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S Z E R K E S Z T Ő S É G  É S  K I A D Ó H I V A T A L :  1054 B U D A P E S T ,  A L K O T M Á N Y  U T C A  21.

Az Acta B otanica  n é m e t, angol f ra n c ia  és orosz n y e lv en  közöl é rtek ezések e t a  b o ta ­
n ik a  tá rg y k ö réb ő l.

Az Acta B otan ica  v á lto zó  te rjed e lm ű  fü ze tek b en  je le n ik  m eg, tö b b  fü z e t a lk o t év en ­
k é n t egy k ö te te t.

A közlésre sz á n t k é z ira to k  a k ö v e tk ező  cím re k ü ldendők :

A c ta  Botanica, B u d a p es t 502, P osta fiók 24.

U gyanerre  a c ím re  kü ldendő  m inden  szerkesztőség i és k iad ó h iv a ta li levelezés.
M egrendelhető  a  b e lfö ld  szám ára  az  „ A k ad ém ia i K ia d ó ” -nál (1363 B u d a p es t P f  24. 

B a n k sz ám la  215.11428), a  külfö ld  szám ára  p ed ig  a  „ K u ltú ra ”  K ö n y v - és H ír la p  K ü lk e res­
k ed elm i V á lla la tn á l (1389 B u dapest 62, P . O .B . 149. B an k szám la  218-10990) v a g y  an n ak  
k ü lfö ld i képv isele te iné l, b izom ányosainál.

D ie A cta B o tan ica  verö ffen tlichen  A b h a n d lu n g en  au s d em  B ereiche d e r b o tan isch en  
W issen sch aften  in  d e u ts c h e r , englischer, fran zö sisch e r u n d  russischer S p rache.

D ie  Acta  B otan ica  e rscheinen in  H e f te n  w echselnden  U m fanges. M ehrere  H e fte  b ilden  
e in en  B an d .

D ie zu r V e rö ffen tlich u n g  b e s tim m te n  M an u sk rip te  sind  an  fo lgende A dresse zu 
sen d en :

A c ta  Botanica, B u d a p es t 502, P osta fiók 24.

A n die gleiche A n sch rif t ist auch  je d e  fü r  die R e d ak tio n  und  den  V erlag  b estim m te  
K orresp o n d en z  zu r ic h te n . A bo n n em en tsp re is  p ro  B an d : $ 32.00.

B este llb ar bei d em  B u ch - und Z e itu n g s-A u ssen h an d e ls -U n te rn eh m en  »K u ltú rá t  (1389 
B u d a p e s t  62, P . O. B . 149 B ank k o n to  N r. 218-10991) oder b e i seinen A u s la n d sv e rtre tu n g en  
u n d  K om m issionären .
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EAST AFRICAN BRYOPHYTES, II

C O LLEC TIO N S M ADE B Y  L . R Y V A R D E N  IN  M A L A W I. SE  A F R IC A

B y

M. B l Z O T ,  M . N . D u R Y  and T.  PÓCS

U N IV ER SITY  OF D IJO N , FR A N C E —  TEA CH ERS’ COLLEGE, E G E R , HUNGARY 

(R ece iv ed  J a n u a ry  27, 1976)

S ix ty  species of b ry o p h y te s  w ere co llected  b y  Dr. L e i f  R y v a r d e n  (U n iv e rs ity  of 
Oslo, N orw ay) in  M arch 1973, m o stly  fro m  th e  M ulanje M o u n ta in s . A g re a t p a r t  of 
th e  records is new  for th e  c o u n try  an d  tw o  species, C am pylopus flaccidus  (w ith  a new  
form ) and Leucoloma albocinctum , a re  new  fo r th e  A frican  c o n tin e n t, p rev io u sly  known 
on ly  from  M adagascar an d  fro m  th e  M ascarenes. The la rg e s t group  of 10 species is 
d is tr ib u te d  in  SE  A frica, 4 w ere  k n o w n  from  S o u th  A frica  o n ly , 9 are E a s t  A frican , 
3 a fro m o n tan e , 2 afroalp ine  a n d  th e  o th ers  hav e  a w ider d is tr ib u tio n .

Introduction

D r. L e if  R y v a r d e n , a m yco log ist from  Oslo U n iv e rs ity , N o rw ay , 
accom pan ied  b y  E n a r  Sa h l i n , a p h an ero g am  b o ta n is t from  G öteborg  U n i­
v e rs ity , Sw eden, v is ited  the  s o u th e rn  p a r t  o f M alawi in  M arch  1973. As M alaw i 
is a bryologically  neglected  c o u n try , D r. R y v a r d e n  k in d ly  offered to  collect 
som e b ry o p h y tes  w hich were s e n t us for id en tif ic a tio n , fo r w hich we express 
our g ra titu d e . W e are also in d e b te d  to  D rs. R. Gro lle  (Jen a), J .  V á n a  
(P ra h a ) , and to  Professors J .  L . D e  S loo ver  (N am ur) a n d  € . V a n d e n  B e r g h e n  
(L o u v ain ) for th e ir  k ind help  in  id en tify in g  or rev is in g  som e p ro b lem atic  
ta x a . I f  n o t o therw ise s ta te d , th e  H ep a tic s  w ere id en tif ied  b y  T . P Ó C S  an d  th e  
M usci b y  M. B izot and  Mlle M. N . D u r y .

T en of  th e  60 species h av e  a lre a d y  been published  in  B izot an d  P é c s  (1974), 
v iz .: Gottschelia schizopleura, Schistochila  lim bata , P tychan thus striatus, M etz- 
geria hamata, Cam pylopus procerus, R hizogonium  sp in ifo rm e, Rhacocarpus 
purpurascens, Trachypodopsis laxoalaris, T . serrulata  v a r . serrulata  an d  Rigo- 
d iu m  kilim andscharicum .

In  th e  en u m era tio n  th e  lo c a lity  n u m b er and  th e  co llec ting  n u m b er o f D r. 
R y v a r d e n  are  g iven a fte r th e  species nam e. T he n am e  o f th e  geograph ical 
e lem en t, to  w hich th e  species b e long , is s ta te d  in  b rack e ts . T h e re a fte r  we h av e  
g iven th e  know n d is trib u tio n , u s in g  th e  ab b rev ia tio n s p u b lish ed  in  o u r E ast 
A fr ic a n  Bryophytes I ,  pages 397 an d  399.

1 Acta Botanica Academiae Scientiarum Hungaricae 22, 1976



2 BIZO T, M.—DURY, M. N .—PÓCS, T .

Fig. 1. L ik a b u la  V alley  seen from  th e  W est. P h o t. E . S a h l i n

The collecting localities

1. M ulanje M o un ta ins, L ik a b u la  V alley, a t  900 —1600 m a lti tu d e , su b m o n tan e  and  m on­
ta n e  evergreen  forests. M ost o f th e  specim ens re p o rte d  in  th is  p ap er w ere  collected below  th e  
s teep  c liff on th e  left in  F ig . 1. T he lo ca lity  lies a t  15°55’ S and a t  35°30’ E . D ate: 9 — 10 M arch 
1973.

2. M ulanje M ou n ta in s , L ich en y a  P la teau , a t  1800 — 2000 m a lti tu d e . The p la teau , o ften  
co vered  by  m ist, is rich  in  m o o rlan d  and p e a t bog v eg e ta tio n , w ith  sc a tte re d  forests along 
th e  s tream s. The em erg en t, ro c k y  p a r ts  are d o m in a ted  b y  a shrub-like  m onocoty ledon , Vellozia 
splendens  (see Fig. 2). T he lo ca lity  lies a t  15°58’ S an d  a t  35°30’ E . D a te  o f collection: 9 —10 
M arch  1973.

Ch a p m a n  an d  W h i t e  (1970: 162 — 163) describe  M t. M ulanje as follows: “ M t. M lanje 
is s i tu a te d  in  th e  so u th -e a s t co rn er of M alaw i, close to  th e  M ozam bique border . . “ M t. 
M lan je  is th e  m ost p ro m in e n t m o u n ta in  fe a tu re  in  so u th -cen tra l A frica . An iso lated  m assif 
o f a b o u t 500 square  k ilo m e tre s  (200 square  m iles), i t  rises a b ru p tly  to  nearly  2450 m  . . . 
ab o v e  th e  su rround ing  p la in s, w hich  lie a t a genera l level of 600 m  . . . M t. M lanje consists 
e ssen tia lly  of a large sy en itic  in tru s io n  . .

“  . . . L ichenya P la te a u , w hich  faces so u th -eas t, has a m ain  a n n u a l ra in fa ll of 3108 m m , 
w ith  643 m m  falling in  th e  d ry  season. A t th e  fo o t o f th e  m o u n ta in  below  L ichenya . . . th e  
m ean  an n u al ra in fa ll is 2425 m m  w ith  no m o n th  receiv ing  less th a n  50 m m .”

3. Thyolo  D is tric t, T h y o lo  (Cholo) M t., a t  1100— 1400 m a lt i tu d e ,  16°5’ S — 35°4’ E . 
D a te : 13 M arch 1973. “ T he fo res t o f th e  m ain  b lock  is C hrysophyllum  gorungosanum  su b ­
m o n ta n e  fo res t”  (1. c. page  156). “ T he Shire H ig h lan d s lie to  th e  so u th  of Zom ba Mt. . . . 
T h e ir  w estern  ridge overlooks th e  R if t Valley. T he h ighest p a r t  o f th e  escarp m en t is fo rm ed  
b y  Cholo M t. (1. c. page 154). T he m ain  a n n u a l ra in fa ll varies b e tw een  1200 —1300 m m  an d  
th e  m is t effect is also s ig n ific a n t according to  th e  availab le  d a ta .

Acta Batanica Academiae Scientiarum Hungaricae 22, 1976



EAST AFRICAN B R Y O PH Y T ES, I I 3

F ig. 2. R ocky v e g e ta tio n  dom inated  b y  Vellozia splendens, in  th e  h igher p a r ts  of L ich en y a
P la teau . P h o t. E . S a h l i n

List o f species

H E P A T I C A E

Telaranea nematodes (G o ttsch e  ex  A ust.) Howe S yn .: T . sejuncta  
(A ngstr.) S. A rnell —  2: 11770 (O ceanic cosm opolite , in  A frica: C ape, N a t, 
T v l, SE -Z re, K il).

Kurzia tabularis (St.) G rolle —  1: 11734/B (South  A frican : Cape).
Bazzania adnexa (Mont.) T re v . S yn .: B . decrescens (L ehm , e t L in d en b .) 

T rev . — 2: 11790 (P alaeo tropic: in  A frica N a t, T vl, P o r, W us, U lu , K il, 
R uw , Comores, M ad, Réu).

Calypogeia arguta Nees e t M ont, ex  Nees —  2: 11770/B (O ceanic cosm o­
p o lite , in A frica : Canaries, K il, S E -Z re , Swz, T vl, N a t, Cape, M ad, R éu).

Cephaloziella kiaerii (A ust.) S. A rn . —  1: 11731/C, d e t. J. Varia (S o u th ­
e a s t A frican : C ape, N at, Tvl, M oz).

Jungerm annia borgenii G o tt. —  1: 11734/C, d e t. J .  V án a  (A fro m o n tan e : 
Cam , Nig, S— T , Congo, Zre, Z, U ga, K , T , R w a, Mai, B o tsw an a , A ng, SAf, 
M ad, R éu, M au).

1* Acta Botanica Academiae Scientiarum. Hungaricae 22, 1976



4 BIZOT, M__ D U R Y , M. N.—PÓCS, T.

Jungerm annia sphaerocarpa H o o k . —  1: 11731/A, d e t. J .  V án a  (H ol- 
a rc tic , in  A frica a ltim o n tan e : Cam , M uh, N iragongo, E lg, R uw , K il, M ad, 
R éu).

Plagioehila crispulo-caudata G o tisch e  —  3: 11629 (S ou th -east A frican : 
Cape, N a t, T v l, R h o , M al: Zom ba M ts., E -Z re, U lu , M ad).

Plagioehila heterostipa S teph . —  1: 11745 (S o u th -east A frican: C ape, N a t, 
T v l, Swz, R ho, A ng, S and  E Zre, M al: Z om ba M ts., Shire H lds, M ul; R ur, 
M ad).

Plagioehila lastii M itt. —  1: 11756 (E a s t A frican  m ontane  e lem en t: U ga, 
K en , R w a, K il, W U s, U sa, Mul, T vl).

Radula boryana (W eb.) Nees —  2: 11796/A (P an tro p ica l).
Frullania angulata M itt. —  3: 11627, d e t. C. Y anden  B erghen  (Afro- 

m o n tan e : S-T, F -P , A nn , Cam, Zre, A ng, M er, K il, U sb, P or, M ad).
Frullania areeae (Spreng.) G o ttsche  —  3: 11625, d e t. C. V anden  B erghen  

(P an tro p ica l) .
Frullania serrata G ottsche — 2: 11790/B (P a laeo tro p ica l, in A frica: C ape, 

N a t, T v l, R ho, Zre, U lu , Usb, Kil, K as).
Aphanolejeunea eapensis (S. A rnell) S. A rnell —  2: 11796/B, on leaves 

an d  stem s o f R adula  boryana  (South  A frican : Cape, Tvl).
M icrolejeunea africana Steph. —  2: 11796/C, on R adula  boryana (Afro- 

m o n tan e , w idespread  in  tro p ica l and  S o u th  A frica).
Sym pliyogyna podophylla (T hunb .) Nees e t M ont. —  2: 11770 (P a n ­

tro p ic a l, w idespread  in  trop ica l and  in  S o u th  A frica).
Asterella w ilm sii (S teph .) S. A rn. —  1: 11738, d e t. R . Grolle (S ou th  

A frican : Cape, N a t, T v l, Swz, R ho, M oz, M ad?).

M U S C I

Fissidens asplenioides H edw . —  2: 11798 (P an tro p ica l).
Fissidens ovatus B rid . var. ochrolom a R en. e t C ard. —  1: 11755 (D is­

ju n c t  A frican  e lem en t: A çores, South  A frica , E a s t  A frica, M ascarenes).
Fissidens plum osus H ornsch . —  1: 11746 (S o u th -east A frican: Cape, T v l, 

R ho : In y a n g a ; U lu).
Dicranella subsubulata (Hpe) Ja e g . —  2: 11784 (S ou th -east A frican : 

Cape, N a t, R ho : In y a n g a , Ulu).
Campylopodium euphorocladuin (C. M üll.) B esch. —  2: 11771/A (P a laeo ­

tro p ica l, in  A frica o n ly : A be, Kil).
Campylopus flaccidus R en. et C ard. fo .n . epilosa B izot —  2: 11775. 

A ty p o  d iffe rt folds ap ic ibus sine acum ine h y a lin o , cellulis tenu ib u s (H olo- 
ty p e : 0). (The species is know n only from  M adagascar: Betsileo.)

Campylopus inchangae (C. M üll.) P a r . —  1: 11737, 11758; 2: 11767 
(S ou th -east A frican : C ape, N a t, Tvl, R ho , M ai, Moz).

Acta Botanica Academiae Scientiarum Hungaricac 22, 1976



EAST A FR IC A N  B R Y O PH Y T ES, II 5

Campylopus polytrichoides D e N o t. —  1: 11726/A; 2: 11767/B (O ceanic 
cosm opolite).

Leucolom a albocinctum R en. e t  C ard . —  2: 11769 (K now n  o n ly  from  
M adagascar and  from  th e  St. M arie Is lan d ).

Leucolom a aspericuspes P . Y a rd é  —  2: 11794, 11797 (E a s t A frican  
m o n ta n e  elem ent: K en , W Us, K a n , U lu).

Leucolom a holstii B roth . -— 1: 11732 (E ast A frican  m o n tan e  e lem en t: 
W U s).

Leucobryum acutifolium B ro th . —  1: 11728/A (S o u th -east A frican : N a t? , 
U sa , M ad).

Leucobryum cucullatum  B ro th . —  1: 11728 (E A f m o n tan e : U sb).
Didymodon afro-rubellus B ro th , e t W ag. ex D ix. —  1: 11739 (S o u th  

A frican : N at).
Hyophila cyathiformis (D ix.) S im . —  1: 11747 (S o u th -east A frican : C ape, 

N a t, T v l, R ho, Z).
Brachym enium  acuminatum (H ed w .) K indb . —  2: 11786, 11787 (P an - 

tro p ica l) .
Bryum alpinum R ehm . ex C. M üll. —  2: 11782 (C osm opolite).
Bryum argenteum  Hedw. v a r . lanatum  (P . B eauv.) H am pe —  2: 11789 

(C osm opolite).
Philonotis hastata (Dub.) W ijk . e t M arg. —  2: 11771, 11785 (P an - 

tro p ica l) .
Breutelia gnaphalea (P. B eau v .) M itt. —  1: 11725, d e t. J .-L . De S l o v e r . 

A M algassian  species a lready  p u b lish e d  from  th e  L ichenya P la te a u  b y  E . B . 
B ar t r a m  (1953: 194) w ith  a q u e s tio n  m ark .

Schlotheim ia laetevirens B ro th . —  3: 11628 (E A f m o n tan e : U sb).
Calyptothecium hoehnelii (C. M üll.) A rgent. S yn .: R enauld ia  hoehnelii 

(C. M üll.) B ro th . —  2: 11763 (W id esp read  in E ast and  in S ou th  A frica).
Pilotricliella ampullacea (C. M üll.) Jaeg . — 1: 11733, 11747; 2: 11791 

(E A f m o n tan e : A be, K en, K il, U sb , K a n , U lu, Shi, Com ores).
Papillaria africana (C. M üll.) J a e g . —  1: 11750; 2: 11779 (T ropical 

A frican , Avidespread).
Aerobryidiuni subpiligerum (H p e .)  Card. — 1: 11757 (E A f m o n ta n e : 

K il, E U s, U lu, SH I, M ad. R éu, C om ores).
Porotham nium  hildebrandtii (C. M üll.) F leisch. —  1: 11735/B (W id e­

sp read  in  tro p ica l and  in South  A frica ).
Hypopterygium mildbraedii B ro th . —  1: 11749 (E A f m o n tan e : E lg , K a r , 

K il, U lu).
Hypopterygium viridissimum C. M üll. — 1: 11751; 2: 11793 (W idespread  

in  tro p ic a l A m erica and  in A frica).
Ectropothecium reguläre (B rid .)  Jaeg . — 2: 11798 (T ropical A frican : 

C am , G ab, Zre, E U s, U lu, Cape, N a t ,  E A f islands).

Acta Botanica Academiae Scientiarum Hungaricae 22, 1976



6 BIZOT, M.—D URY , M. N .—PÓCS, T.

Hypnum aduncoides (B rid.) C. M üll. —  2: 11788 (P a laeo tro p ica l: C ape, 
N a t, T vl, Maci, R éu , In d ia ) .

Atrichum androgynum  (C. Müll.) J a e g . —  1: 11735/A (S ou th -east A frican : 
C ape, N a t, Zul, T v l, R h o ).

Polytrichum com m une Hedw. —  2: 11768 (C osm opolite).
T he above spec im ens are deposited  in  th e  h e rb a r ia  o f 0 ,  E gr an d  som e 

m osses in th e  h e rb a r iu m  o f P rofessor M. B izot.

Phytogeographical distribution

T h e 60 species w ere  analysed  as to  geograph ica l d is tr ib u tio n : 

S ou th -east A frican  elem ents:

South A frican  elem ents: 
E a s t A frican  m on tane : 
A from on tane  
A froalpine:
Tropical A frican : 
M adagascan  (M algassian) 
P a laeo tro p ica l: 
N eo trop ica l:
P a n tro p ic a l:
C osm opolitan  elem ents:

H olarc tic :
S u b a n ta rc tic :
D isjunct:

10 species, o f w hich  3 
also occur in  M adagascar 

4 species 
9 species
3 species
2 species
4 species
3 species 
7 species 
1 species 
7 species
7 species, o f w hich 4 w ith 

oceanic c h a ra c te r  
1 species 
1 species 
1 species 

60 species

T h e  geographical p o s itio n  of th e  M ulan je  M ounta ins is o f course re flec ted  
in  th e  h igh  num ber o f  S o u th -e a s t A frican species. H ow ever, th e re  are also im ­
p o r ta n t  E a s t A frican m o n ta n e  and alp ine e lem en ts, besides som e S outh  A frican 
species. T his p a tte rn  o f  d is tr ib u tio n  has analogues am ong th e  h igher p lan ts . 
T h u s , w ith in  the  Cupressaceae these m o u n ta in s  are  th e  m eeting  place of th e  
S o u th  A frican  genus W iddrin g to n ia , rep re sen ted  b y  th e  endem ic W . whytei, and  
o f th e  n o rth e rn  J u n ip e ru s  excelsa, w idespread  in  th e  E a s t A frican m oun ta in s 
( K e r fo o t  1975: 147). T h e  tw o afroalp ine species: C am pylopus procerus (C. 
M uell.) P a r . and Trachypodopsis laxoalaris B ro th , have  in M alaw i an iso la ted  
o ccu rrence  (see B izot a n d  P o es  1974: 419, 431). T he presence of M algassian 
e lem en ts, like C am pylopus flaccidus  R en . e t C ard ., Leucoloma albocinctum
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Fig. 3. D is tr ib u tio n  of E a s t  A frican  m o n tan e  e lem ents: Plagio- 
chila lastii M itt, (full circle) and  Leucoloma aspericuspis P . Y ardé 

(open circle)

F ig. 4. D is tr ib u tio n  of a S o u th -eas t A frican  e lem ent: Dicranella  
subsubulata  (H p e .) Jaeg . (full circle) and  of a M algassian e lem en t: 

Breutelia gnaphalea  (P . B eauv .) M itt, ( trian g le)
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R en. e t  C ard , an d  B reutelia  gnaphalea  (P . B eau v .) M itt., in  th e  old c ry s ta llin e  
m assifs in  E a s t A frica  has a g rea t sign ificance  from  th e  h is to rica l p o in t o f 
view , as d iscussed  b y  P ó c s  (1975: 127— 128). T h e ir rôle in  th e  M ulan je  M oun­
ta in s  seem s less im p o r ta n t  th a n  in  th e  m o u n ta in s  o f E a s te rn  T an zan ia .
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THERMOLABILE AND THERMOSTABLE 
INTERPHASES IN THE VERNALIZATION OF WINTER 
WHEAT (TRITICUM AESTIVUM VAR. BÁNKÚTI 1201)

B y

M . D ÉV A Y , E .  P Á L D I an d  I .  KOVÁCS

AGRICU LTURA L RESEA RCH  IN STITU TE, H U N G A R IA N  ACADEMY OF SCIENCES, M ARTONVÁSÁR

(R eceived M a rc h  12, 1976)

T he n u m b er o f th erm ostab le  a n d  th e rm o lab ile  in te rp h ases b ro u g h t a b o u t b y  th e  
v e rn a liz a tio n  of w in te r w heat (T riticu m  aestivum  va r. B á n kú ti 1201) h a s  b een  ex am ined  
b y  m eans of “ k in e tic  analysis”  e x p e rim e n ts  using  v e rn a liza tio n , d ev ern e liza tio n  an d  
rev ern e lizatio n .

T he developm en t-acce lera ting  e ffe c t o f v e rn a liza tio n  can  be rev ersed  b y  36 h o u rs’ 
t r e a tm e n t  a t  32°C. T he successfulness o f  d ev ern a liza tio n  depends on th e  d u ra tio n  of 
th e  foregoing vern a liza tio n . The d a ta  su g g est th a t  several th e rm o sta b le  an d  th e rm o ­
lab ile  in te rp h ases  occur in  th e  course o f  th e  v e rn a liza tio n  of w in te r w h ea t. T he com plete  
rev ers ib ility  d u rin g  th e  early  stages o f  v e rn a liz a tio n  in d ica tes  t h a t  th e  processes w hich  
ta k e  p lace a t  th e  beginning of v e rn a liz a tio n , an d  also th e ir  en d -p ro d u c ts , are  sensitive  
to  tem p e ra tu re . A fter th is  th e  f irs t  th e rm o s ta b le  in te rp h ase  m ay  com e in to  ex is ten ce , 
follow ed b y  y e t  a n o th e r therm olab ile  p h a se . T he th erm o stab le  end -p h ase  is fo rm ed  a f te r  
v e rn a liza tio n , and  sim ultaneously  in d ic a te s  th e  s tab iliza tio n  of th e  v e rn a liz a tio n  effect. 
T h e  ap p ro x im ate  p osition  of th e  th e rm o s ta b le  in te rp h ase  in  th e  course o f v e rn a liz a tio n  
also has been  discussed.

Introduction

T h e w ord “ m orphogenesis“  m ean s  in  general th e  o rg an iza tio n  of ce rta in  
o rg an . T he a u th o rs  agree w ith  B o p p  (1963) th a t  m orphogenesis shou ld  be 
co nsidered  to  include all th e  processes o f  developm en ta l m orpho logy  w hich  
re s u lt  in  d iffe ren tia tio n . T herefore, n o t  on ly  th e  ap p earan ce  o f th e  grow ing 
o rg an s, b u t  also th e  processes w hich p re p a re  for or m ake possib le th is  g row th  
m a y  be classified  as m orphogenesis. T h ese  processes are in flu en ced  b y  ce rta in  
e x te rn a l and  in te rn a l factors.

N a tu ra lly  th is  im m ed ia te ly  ra ise s  th e  question  of ív h a t con n ec tio n  th e re  
is b e tw een  th e  m echanism s affected  b y  ecological fac to rs an d  th o se  p ro v o k in g  
m o rp h o g en e tic  processes. The re a c tio n  system  p roduced  b y  en v iro n m en ta l 
e ffect can  only  be d irec tly  connected  w ith  th e  m orphogenesis in  ex cep tio n a l 
cases. I n  m ost cases i t  causes th e  fo rm a tio n  of such fu n c tio n s as re su lt in  
responses by  in itia l cells ( B o p p  1963). F ro m  th is  v iew po in t th e  m echanism  
c o n tro lled  b y  e x te rn a l env iro n m en ta l co n d itio n s  can be in te rp re te d  as a lock ing  
sy s te m  w hich opens an d  closes one o r  m ore channels. W h a t flow s th ro u g h  
th e se  channels depends on th e  g e n e tic  ch a rac te ris tic  of th e  cell (M o h r —  

O h l e n r o t h  1962).
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T he in v e s tig a tio n  of one o f th e  fu n d a m e n ta l phases o f m orphogenesis 
—  th e  tran s itio n  fro m  th e  v eg e ta tiv e  to  th e  re p ro d u c tiv e  s tage  — has been in  
p rogress for a long  tim e , and  considerab le  p rogress has been m ade in  re c e n t 
decades. Of ex cep tio n a l in te re s t in  th is  re sp ec t is th e  c la rifica tio n  of th e  process 
concern ing  th e  acc e le ra te d  in d u c tio n  o f  ripeness to  flow er b y  exposure to  
cold  in  co ld -requ iring  p la n ts . This process, w hich  ra n k s  w ith o u t d o u b t as one  
o f th e  m ost in te re s tin g  problem s o f m orphogenesis, is know n as v e rn a liza tio n . 
V erna liza tion  is e sse n tia lly  th e  acce lera tion  o f p la n t  d eve lopm en t due to  th e  
cold  effect. I t  is a p re req u is ite  for flow er fo rm a tio n  an d  m akes th e  p la n ts  
“ capab le  of re sp o n d in g  to  th e  p h o to p e rio d ” .

I t  is a s ig n if ican t p a rad o x  of v e rn a liz a tio n  th a t  an  en v iro n m en ta l co n ­
d itio n , low te m p e ra tu re , w hich genera lly  reduces th e  in te n s ity  of physio logical 
processes, exerts a fav o u rab le  effect u p o n  one o f  th e  stages in  p la n t d e v e l­
o p m en t.

T he g rea test v e rn a liz a tio n  effect is u su a lly  ach ieved  b y  em ploying te m ­
p e ra tu re s  im m ed ia te ly  above th e  freezing  p o in t o f w a te r. In  cereals, th e  low er 
lim it for the  ac tiv e  v e rn a liza tio n  te m p e ra tu re  is genera lly  — 3°C an d  th e  
u p p e r  lim it 10°C (R a z u m o v  1961). T he te m p e ra tu re  ran g e  10— 20°C is n e u tra l , 
ex h ib itin g  no v e rn a liz a tio n  effect. T he co ld -induced  “ ripeness to  flow er”  can , 
in  th e  m a jo rity  o f co ld -requ iring  p la n ts , be an n u lled  u n d e r certa in  co n d i­
tio n s  b y  th e  ac tio n  o f  h e a t  (ab o u t 3 day s a t  25— 40°C). T his phenom enon  is 
called  dev ern a liza tio n . D everna lization  is n o t ab le  to  produce  a p e rm a n e n t 
s ta te . This is co n firm ed  b y  th e  renew ed v e rn a liz a b ility  a t  low te m p e ra tu re  o f  
p la n ts  devernalized  b y  h e a t. This renew ed v e rn a liza tio n  of devernalized  p la n ts  
is know n  as re v e rn a liza tio n . (Gr e g o r y— P ur v is  1945, 1948, E f e y k i n  1947, 
R azum ov  1950, F r i e n d — P urvis  1963, N a p p -Zi n n  1953, 1957).

A ttem p ts  to  com pile  a m echanism  fo r v e rn a liza tio n  have  been b ased  
p r im a rily  on th e  te m p era tu re -d ep en d en ces  o f th e  v e rn a liza tio n , d ev ern a liza ­
tio n  an d  re v e rn a liza tio n  processes. T h e  ex p erim en ts  w hich  have  been ca rried  
o u t u n d er th e  h e ad in g  o f  “ k inetic  an a ly s is”  h av e  a t  la s t  p ro v id ed  an e x p la n a ­
tio n  fo r the  p a ra d o x ic a l s itu a tio n  w hich  ex ists fo r v e rn a liza tio n . T he k ey  to  
th e  s itu a tio n  lies in  th e  fa c t th a t  th e rm o lab ile  an d  th e rm o sta b le  in te rm e d ia te  
s tages are involved  in  th e  process.

T he sa tisfac tio n  o f  th e  cold re q u ire m e n t m ay  be p rov isionally  described  
as a reaction  A —*• В . В characterizes th e  en d -p ro d u c t of vern a liza tio n  a n d  
m a y  include th e  ex is ten ce  of a ce rta in  flow ering  ho rm one , or o f its  p recu rso r, 
or o f an  enzym e or g ro u p  of enzym es w hich  is able to  sy n thesize  th e  sub stan ces 
t h a t  contro l th e  flo w er in itia tio n  even a t  h igher te m p e ra tu re s . I f  i t  is m issing  
from  th e  system , e.g . fro m  cold -requ iring  p la n ts  В can  on ly  be syn thesized  a t  
low  tem p era tu res , p ro b a b ly  in several s teps. P u r v is  (1961) designated  th e se  
p reced ing  steps as A a n d  p o stu la ted  th a t  in  th e  a c tu a l low  te m p e ra tu re  s tag e  
o n ly  th e  change A —► A  tak es  place. T h is p ro v ed  to  be  reversib le  a t  h igh te m ­
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p e ra tu re s , th u s  devern a liza tio n  an d  rev e rn a liza tio n  are  possible. O th e r a u th o rs  
(M elc h e rs  1952, F r i e n d — P u r v is  1963) p o s tu la te  a th reefo ld  reac tio n  w ith  
v a rio u s  te m p e ra tu re  dependencies. T h e  v e rn a liza tio n  process can be described  
b y  th e  follow ing fo rm ula:

A p recu rso r in te rm e d ia te  —A  
p ro d u c ts

В end -p roduc ts

te m p e ra tu re  dam age to  
th e  in te rm ed ia te  p ro d u c ts

w here  process I I I ,  w hich rep resen ts  th e  decom position  of th e rm o lab ile  in te r ­
m ed ia te  p ro d u c ts  a t  th e  d ev ern a liza tio n  te m p e ra tu re , has a h igher te m p e ra ­
tu re  coeffic ien t th a n  processes I  an d  I I .  In  th e  course of successful v e rn a liz a ­
tio n  a th e rm o lab ile  in te rm ed ia ry  p ro d u c t is sy n th esized , w hich is c ap ab le  of 
re a c tin g  in  tw o  w ays: a t low te m p e ra tu re s  i t  is m ain ly  invo lved  in  th e  s y n ­
th esis  of, for exam ple , a h y p o th e tic a l th e rm o sta b le  flow ering horm one such  as 
v e rn a lin , w hereas a t  h igher te m p e ra tu re s  a n o th e r  process d om ina tes, in  w h ich  
th e  in te rm e d ia te  p ro d u c t is ren d e red  useless for th e  syn thesis  o f su b stan ces  
con tro lling  flow er in itia tio n . In  p la n ts  n o t req u irin g  low te m p e ra tu re s  th e  end- 
p ro d u c t is e ith e r  orig inally  p re sen t, or its  sy n th esis  is ensured  even a t  h ig h er 
te m p e ra tu re s .

N a tu ra lly  i t  is an  over-sim plifica tion  to  assum e only  tw o com peting  processes. 
T he rea l s ta te  m ay  be considerab ly  m ore com plica ted . T he various co ld -req u ir­
in g  p la n ts , such  as H yoscyam us niger, Secale cereale an d  A rabidopsis th a lia n a , 
d iffer in  th e  n u m b e r of th e rm o lab ile  an d  in te rc a la te d  th e rm o stab le  s tag es  
invo lved  in th e  process of v e rn a liz a tio n  ( N a p p - Z i n n  1973).

In  th e  p re se n t p a p e r re su lts  concern ing  th e  therm o lab ile  an d  th e rm o s ta b le  
in te rp h ases  in th e  v ern a liza tio n  o f w in te r  w h ea t (T riticum  aestivum  v a r . 
B á n k ú ti 1201) are  sum m arized . T he n u m b e r o f th e rm o stab le  an d  th e rm o lab ile  
in te rp h ases  b ro u g h t ab o u t b y  th e  v e rn a liz a tio n  o f w in te r w h ea t has been 
e luc ida ted  in  p a r t  b y  m eans of “ k in e tic  an a ly sis”  experim en ts using  v e rn a liz a ­
tio n , d ev ern a liza tio n  and  rev e rn a liza tio n .

Material and methods

(a) V ern a liza tio n , devern a liza tio n , rev ern a liza tio n . Seedlings of w in ter w h e a t (T riticu m  
aestivum  var. B á n k ú ti  1201) were used  in  th e  experim en ts . A fter s te riliza tio n  in  b ro m in e  w a te r  
th e  seeds were g e rm in a ted  for 36 h o u rs  a t  20°C. T he v e rn a liza tio n  of th e  germ s w as c a rried  
o u t in  a re fr ig e ra to r, a t  0° to  —1°C. A t th is  te m p e ra tu re  v e rn a liza tio n  proceeds a t  a n o rm al 
r a te  w ith  cell d iv is ion  p rac tica lly  a t  a  s ta n d s til l  ( D é v a y  1962). The oxygen req u ired  fo r v e r­
n a liza tio n  was p ro v id ed  by  freq u en t v e n tila tio n . T he germ s w ere vernalized  fo r 0, 7, 14, 21, 
28, 35, 42, 49, 56, 63, 70 and  77 d ay s, resp ec tiv e ly . A fter th e  v e rn a liza tio n  p e rio d  th e  germ s 
w ere deverna lized  fo r 0 and  36 h o u rs  a t  32°C w ith  a n  u n re s tr ic te d  supp ly  of w a ter. Som e of 
th e  deverna lized  germ s were th e n  rev ern a lized  for 7, 14, 21, 28, 35, 42, 49 and  56 d ay s a t  0° 
to  — 1°C in a re frig e ra to r.
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T he vern a lized , de- a n d  reverna lized  g e rm s w ere p la n te d  in  perlite  an d  grow n in  a 
c lim atic  ch am b er a t  17°C and  a lig h t in te n s i ty  o f 85,000 erg cm -2  sec- 1 w ith  c o n tin u o u s  
lig h t u n til  th e  a p p ea ran c e  of th e  flower p rim o rd ia .

(b) D e te rm in a tio n  o f th e  v e rn a liz a tio n  effect. T here  is no specific easily  ex am in ed  
p ro p e rty  w hich  can  be  u se d  for th e  d e te rm in a tio n  o f th e  v e rn a liza tio n  effect, since th e  r ip e ­
ness to  flow er p ro d u ced  b y  th e  cold tre a tm e n t does n o t  m an ifes t itse lf m orpholog ically  in  th e  
p lan ts . T h u s, up  to  th e  p re se n t tim e only in d ire c t m e th o d s  are availab le  for th e  d e te rm in a tio n  
of th e  v e rn a liz a tio n  e ffec t. T he m ost com m only  u sed  p rocedures a re  th e  so-called  “ fin a l lea f  
n u m b er”  m eth o d  ( P u r v i s  1934) and  m eth o d s  w h ich  m easu re  th e  v e loc ity  of d ev elo p m en t.

In  ou r e x p e rim e n ts  th e  progress of v e rn a liz a tio n  w as charac te rized  b o th  b y  th e  “ f in a l 
lea f n u m b er”  m eth o d , a n d  b y  th e  n u m b er o f  d a y s  necessary  from  th e  end of th e  t r e a tm e n t  
to  th e  ap p ea ran ce  of flo w er buds. F ive  sam ples w ere ta k e n  from  th e  experim en ta l p la n t  m a te ria l 
w eekly  an d  th e  d e v e lo p m en ta l stage of th e  sh o o t- tip s  w as de term ined . A fte r th e  in it ia tio n  of 
sp ik e le t d iffe re n tia tio n  th e  in te rv a l b e tw een  sam p les w as sh o rtened  t o l  — 2 d ays, a n d  th e  
n u m b er o f p la n ts  te s te d  w as increased  to  25. In  th is  w ay  i t  p roved  possible to  d e te rm in e  th e  
tim e  w hen  flo ra l p r im o rd ia  ap p eared  to  w ith in  2 — 3 days. T he tim e  a t  w hich flo ra l p rim o rd ia  
h a d  a p p ea red  on 50%  of th e  p lan ts  was u sed  to  d iagnose  th e  develo p m en t-acce lera tio n  effect 
of v e rn a liza tio n .

R esults an d  discussion

Low  te m p e ra tu re  tre a tm e n t re su lts  in  a sh o rten in g  o f d ev e lo p m en t p e rio d  
in  B á n k ú ti 1201 w in te r  w heat. T he n u m b e r  o f days necessary  before  th e  
ap p ea ran ce  of flo ra l p rim o rd ia  in n o n -v ern a lized  p la n ts  is 230, as co m p ared  to  
44 in  th o se  w hich  a re  com plete ly  v ern a lized . In  germ s vernalized  a t  0° to  — 1°C 
(F ig . 1) 49 days are  n ecessary  for th e  co m p le te  sa tis fac tio n  of th e  cold re q u ire ­
m en t (i.e. u n til  f u r th e r  cold t re a tm e n t is ineffec tive  in  sho rten in g  th e  tim e  
req u ired  before th e  ap p earan ce  of f lo ra l p rim o rd ia ).

C om pared  to  th e  non -vernalized  co n tro l th e  f in a l lea f n u m b er (i.e. th e  
n u m b er o f leaves fo rm ed  on th e  m ain  sh o o t before heading) decreased  u n d e r 
th e  in fluence  o f v e rn a liz a tio n  (F ig. 1). T h e  sh o rten in g  of th e  tim e  necessary  
for flow er in itia tio n  a n d  th e  decrease in  f in a l le a f  n u m b er, ta k e n  as a fu n c tio n  
of v e rn a liza tio n  level, b o th  give S -sh ap ed  curves.

T he d ev e lo p m en t-acce le ra tin g  effect o f  v e rn a liza tio n  can be rev ersed  
b y  36 h o u rs ’ t r e a tm e n t  a t  32°C. T he successfu lness o f devern a liza tio n  depends 
on th e  d u ra tio n  o f th e  foregoing v e rn a liz a tio n . T he rev e rsib ility  o f th e  v e rn a liz a ­
tio n  effect w as v a r ia b le ; i t  could be rev e rsed  m ore com pletely  a t  th e  beg inn ing  
of th e  v e rn a liz a tio n  t re a tm e n t (T able 1).

T h e  com plete  rev e rs ib ility  d e m o n s tra te d  in  w in te r w h ea t (T e t y u r e v  
1941) could  be o b se rv ed  here only d u rin g  th e  f ir s t  h a lf  o f th e  v e rn a liza tio n , 
a f te r  7, 14 an d  21 d a y s ’ cold tre a tm e n t. Fo llow ing  th is  successful d ev e rn a liza ­
tio n  th e  p la n ts  can  be  revernalized  b y  a renew ed  cold tre a tm e n t. T he tim e  
req u ired  fo r th e  re v e rn a liza tio n  was th e  sam e as th a t  requ ired  fo r v e rn a liza tio n  
itse lf  u n d e r n o rm al cond itions. D urin g  th e  second h a lf  of v e rn a liza tio n  th e  
d ev ern a lizab ility  decreases stepw ise. A fte r  28, 35, 42 and  49 d ay s’ cold t r e a t ­
m en t th e  n u m b er o f d ay s  necessary  befo re  th e  ap p earan ce  of flo ra l p rim o rd ia  
rem ain ed  a lm o st c o n s ta n t, irrespective  o f th e  d u ra tio n  of th e  foregoing v e rn a l­
iza tio n  an d  a un ifo rm  16 day s’ rev e rn a liza tio n  w as requ ired . A p ro longed  cold
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Fig. 1. C old-induced acce le ra tio n  of th e  “ rip en ess  to  flow er”  in  w in te r  w h eat (T. aestivum  
va r. B á n k ú ti 1201). G erm s vernalized in  a re fr ig e ra to r  a t  0° to  —1°C w ere p lan ted  in  p e r li te  
an d  grow n in  a c lim a tic  cham ber a t 17°C a t  a  l ig h t in te n s ity  of 85,000 erg cm “ 2 sec- 1  w ith  
co n tin u o u s lig h t u n til  th e  appearance of th e  f lo ra l p rim o rd ia  or u n til  th e  earing. The p ro g ress  
o f v e rn a liza tio n  w as ch arac te rized  by  th e  n u m b e r o f  leaves form ed on  th e  m ain  shoot b e fo re  
earing  (i.e. f in a l lea f  n u m b er)  as well as b y  th e  n u m b er of days necessary  from  th e  e n d  of 
cold t re a tm e n t  to  th e  ap p ea ran ce  of floral p rim o rd ia  (i.e. days necessary  to  flower in it ia tio n )

Table 1

Correlation between the devernalizability o f  w in ter ivheat (T r iticu m  aestivum  var. B á n kú ti 1201) 
a n d  the foregoing vernalizing  effect o f  cold treatment

D uration  of the  foregoing 
vernalization in days

Number of days necessary before 
the appearance o f floral prim ordia

Residual effect 
equivalent . . . 

days cold 
trea tm en t

Time required  
for com plete 

revernalization 
in daysnot devernalized

X

devernalized
X ±

V ernalization  0 232 233 3.5 0 4 8 - 5 0

7 225 233 3.5 0 48 — 50

14 217 228 3.0 0 4 8 - 5 0

21 174 228 3.0 0 48 — 50

28 100 110 2.5 24 18

35 60 90 2.5 29 16

42 50 89 2.0 30 16

49 44 85 1.5 31 16

S tab iliza tio n  56 43 83 1.5 31 16

63 44 83 1.5 31 16

70 43 46 1.5 45 5

77 44 43 1.5 49 0
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t r e a tm e n t of th e  v a r ie ty  fu rth e r  decreased  th e  devern a lizab ility , and  a f te r  11 
w eeks high te m p e ra tu re  was w ith o u t e ffec t (Table 1).

The d ev e rn a liza tio n  ab ility  c a n n o t be  increased even b y  m eans o f  a 
lo n g e r d ev e rn a liza tio n  period . H ea t t r e a tm e n t  longer th a n  36 hours h a d  no  
fu r th e r  in fluence on th e  degree of d ev e rn a liza tio n  (Table 2).

Table 2

The effect o f  prolonged heat treatment on the devernalizability o f  fu l ly  vernalized  
w inter wheat (T riticum  a estivum  v a r . B únkú ti 1201 )

D uration  of the 
h ea t trea tm en t 

in  hours

Number of days necessary 
before th e  appearance 
of floral prim ordia

Time required for 
revernalization in 

days
X ±

0 44 1.5 10

24 81 1.5 16

36 80 1.5 16

48 82 1.5 16

72 83 1.5 16

T he d a ta  suggest th a t  some th e rm o s ta b le  and th erm o lab ile  in te rp h ases  
o ccu r in  th e  course o f  th e  vern a liza tio n  o f  B á n kú ti 1201 w in te r w h ea t. T h e  
co m p le te  rev e rs ib ility  a t  th e  beginning o f th e  vern a liza tio n  ind ica tes th a t  th e  
p rocesses w hich ta k e  p lace  a t  th e  b eg in n in g  of v ern a liza tio n , an d  also th e ir  
en d -p ro d u c ts , a re  sen sitiv e  to  te m p e ra tu re . A fte r th is th e  f irs t th e rm o sta b le  
in te rp h a se  m ay com e in to  existence, fo llow ed by  y e t a n o th e r th e rm o lab ile  
p h ase . The th e rm o s ta b le  end-phase is fo rm ed  a f te r  th e  v ern a liza tio n , and  s im u l­
ta n e o u s ly  ind ica tes  th e  s tab iliza tion  o f th e  vern a liza tio n  effect.

On the  basis o f th e  tim e  req u ired  a f te r  d everna lization  for successful 
rev e rn a liza tio n , to g e th e r  w ith  a know ledge o f  the  n u m b er of days necessary  
befo re  th e  ap p ea ran ce  o f  flo ra l p rim o rd ia  in  p a rtia lly  v ernalized  and  d ev e rn a l-  
ized  p lan ts , i t  is possib le  to  deduce th e  ap p ro x im a te  p o sition  of th e  th e rm o ­
s ta b le  in te rp h ase .

U nder n o rm a l cond itions (Fig. 1) a f te r  24 d ays’ cold tre a tm e n t th e  
n u m b e r of days n ecessa ry  for the  fo rm a tio n  of flo ral p rim o rd ia  is 160, a n d  a 
d ev e lo p m en ta l perio d  o f 90 days is re q u ire d  a fte r 30 d ay s’ exposure to  low 
te m p e ra tu re . P la n ts  v ern a lized  for 35, 42 a n d  49 days, if  devernalized  fo r 36 
h o u rs  a t  32°C, need ed  ab o u t 90— 160 d ay s  from  th e  end  of te m p e ra tu re  
t r e a tm e n t to  th e  ap p e a ra n ce  of flow er b u d s  (Table l) .T h is  tim e  was e q u iv ­
a le n t to  th a t  req u ired  before the  ap p e a ra n ce  of floral p rim o rd ia  in p la n ts  
v e rn a lized  for 23— 30 days. The n u m b er o f  days generally  requ ired  fo r fu ll 
rev e rn a liza tio n  in  th e se  cases was 16— 18. F ro m  th e  p a r tia lly  devernaliz ing  
effec t, and  from  th e  fa c t  th a t  the  p la n ts  re q u ire d  a sh o rte r cold tre a tm e n t for
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rev e rn a liza tio n , as m en tio n ed  above, i t  m ay  be in ferred  th a t  th e  th e rm o stab le  
in te rp h ase  is form ed a p p ro x im a te ly  be tw een  th e  20 th  an d  30 th  days o f  v e r ­
na liza tio n . N a tu ra lly  th e se  values are  g iven  as a rough  ap p ro x im atio n .

I t  is c e rta in , how ever, th a t ,  a p a r t  from  th e  fin a l s tab iliza tio n  process, 
2 th e rm o lab ile  and  one th e rm o sta b le  p h ase  can be expected  d u ring  th e  v e rn a l­
iza tion  o f w in te r w h ea t (F ig . 2).

Vernalization period

V J  V

Stabilization of 
vernalizing effect 
____________________ /

precursor thermolabile
intermediate
products

temperature 
damage to the 
thermolabile 
intermediate
products

thermostable
intermediate
products

thermolabile 
end -products

temperature 
damage to the 
thermolabile 
end -products

thermostable
end-products

Fig. 2. T he a p p ro x im ate  p o sitio n  of th e rm o sta b le  an d  therm olab ile  in te rp h ases  in  th e  course
of v e rn a liz a tio n

T h e in d iv id u a l phases m ay co nsist of one or m ore series of re a c tio n s . 
T hus th e  v e rn a liza tio n  o f B á n kú ti 1201 w in te r w hea t is n o t fu n d am en ta lly  a 
single p rocess, b u t, on th e  c o n tra ry , it  consists of several phases connected  b y  
periods re la tiv e ly  in sen sitiv e  to  te m p e ra tu re .

I t  is p robab le  t h a t  th e  w in te r w h e a t v arie ties differ in  th e  n u m b e r o f 
th e rm o lab ile  and  th e rm o sta b le  in te rm e d ia te  stages invo lved  in  v e rn a liza tio n , 
as well as in  th e  s ta b iliz a tio n  o f th e  vern a liza tio n  effect. T he c h a ra c te r  o f 
th e rm o lab ile  and  th e rm o sta b le  in te rp h a se s  in  th e  course of v e rn a liza tio n  in 
w in te r w h e a t c u ltiv a rs  is s till n o t k n o w n  in  deta il, so a g rea t deal o f fu r th e r  
research  w ork  is needed . T hese ex p erim en ts  can  th row  lig h t n o t only on p la n t  
d ev e lo p m en t, b u t  also on such im p o r ta n t  fac to rs as fro s t resistance  an d  th e  
earliness o f  th e  v a rie tie s . A n ex ac t know ledge of these m echanism s is im p o r ta n t  
w hen d e te rm in in g  b o th  th e  o rie n ta tio n  o f a selectional p rog ram m e and  c rite r ia  
of selection .
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INVESTIGATION OF THE K-, Ca-, P-, N- AND 
AMINO ACID CONTENT OF THE EPIPHYTIC 

HYPNUM CUPRESSIFORME*
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D EPA RTM EN T OF PLA N T TAXONOMY AND ECOLOGY, EÖTVÖS L. U NIV ERSITY , BUDAPEST 

(R eceived F e b ru a ry  3, 1976)

As a  p a r t  o f th e  ep ip h y tic  m o ss-p h y to m ass in v es tig a tio n s  carried  o u t b y  th e  
a u th o rs  in  th e  a rea  of th e  “ S ík fokú t P ro je c t”  (S im o n  1974), th e  K-, Ca-, P -, N - an d  
am ino ac id  c o n te n t of H yp n u m  cupressiform e  h as now  also been  studied. T he a u th o rs  
d e te rm in ed  th e  a m o u n t of these e lem ents in  th e  liv ing  a n d  dead  fractions of th e  m oss 
and  in  th e  su b s tra te  b a rk . T ak ing  in to  co n sid e ra tio n  a n d  converting  th e  d ry  w e ig h t 
of ep ip h y tic  H y p n u m  cushions fa lling  to  th e  u n i t  a rea  o f 200 sq.m , th e  e s t im a te d  
values fo r one h ec ta re  are th e  follow ing: a b o u t 300 g p o tass iu m , 260 g calcium , 150 g 
ph o sp h o ru s , 780 g n itro g en  and 260 g am ino acid.

On th e  in n e r  co n ten t of m osses (m acro- an d  m icro-elem ents, se v e ra l 
organic com p o u n d s, esters, sucrose alcohols, enzym es, am ino acids, e tc .)  
con tin u a lly  new  in fo rm atio n  is revealed  b y  chem ical analysis (Tamm 1954, 
S mith 1955, H u n e c k  1969, 1972, Ma tsuo  e t al. 1972, L ewis  1971, E r a - 
m etsa— Y l i r u o k a n e n  1971, B e n d z — Sv e n s s o n  1971, S u ir e  1975, e tc .) . T h e  
ecology of e p ip h y tic  m osses and  th e  chem ical com po sitio n  of th e ir s u b s tra tu m  
are fully  d iscussed  in  th e  sum m arizing  w ork  o f B a r k m a n  (1958). On th e  b asis  
of th e  above experiences —  and  ta k in g  in to  co n sid e ra tio n  the  n u tr ie n t u p ta k e  
on the  w hole b o d y  surface of m osses —  one m ay  assum e th a t  these e le m e n ts  
have a special role in th e  m a te ria l p ro d u c tio n  of th e  p ro d u cen t su b sy s tem  of 
ecosystem s, an d  in  its  m a te ria l and  energy  cycle.

To exp lo re  th e  de ta ils  of th is  p rob lem , a m u lti-s tag e  in v es tig a tio n  w as 
p lanned . In  1973 we s tud ied  th e  m oss cover o f tre e  tru n k s  w ith in  th e  tu rk e y -  
oak fo rest m odel area  called “ S ík fő k ú t-P ro je c t”  (J a k ucs  1973) n e a r E g e r, 
in an area covering  200 sq.m  (Quercus petraea  ssp. dalecham pii). The sp ec ific  
com position  of th e  moss covers, th e ir  to ta l  su rface  a n d  w eight, and  th e  cover 
and w eight fo r each  species and  tru n k  w ere d e te rm in ed  (Simon 1974). T h e  
m ajo r p a r t  (49.736 sq .cm ), th a t  is 94 p er cen t of th e  ep iphytic  m oss cover 
(52.969 sq .cm ) fa lling  to  the  given area , is com posed o f H ypnum  cupressiform e. 
C oncerning w eigh t, th is  value is even m ore s ig n if ican t, because 97 p er c e n t of 
th e  to ta l cover (i.e. 798.99 g) falls to  H y p n u m  cupressiform e.

T aking  in to  considera tion  th e  above, an  in v es tig a tio n  of the  K -, Ca-, 
P-, N- and  am ino  acid co n ten t o f th e  H yp n u m -cu sh io n s  was p lan n ed . I t  is

* “ S ík fo k ú t P ro je c t”  No. 16
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o u r opinion th a t  w ith in  th e  p ro d u cen t la y e r  o f the  ecosystem  i t  m a y  be useful 
to  s tu d y  th e  special ep ip h y tic  c o m p a rtm e n ts , concerning m a t te r  tu rn o v e r. 
T h is ep ip h y tic  “ c o m p a r tm e n t” fu n c tio n s  w ith  its  v a s t su rface  p a r t ly  as a 
f i l te r  an d  p a r tly  as a s to re r  of m a tte r  in  th e  given forest ecosystem .

Material and method

T he ep ip h y tic  m oss sam ples used  in  th e  co u rse  o f chem ical in v es tig a tio n s  o rig in a ted  
fro m  th e  m ate ria l co llected  (S im o n  1974) — fo r  th e  purpose of p h y to m a ss  in v es tig a tio n s  — 
in  th e  m odel a rea  called  “ S ík fő k ú t P ro je c t”  n e a r  E ger. The so-called m eso ty p ica l sam ples 
th ic k n e ss  group  No. 1, S i m o n  1. c.) o rig in a ted  fro m  th e  very  b o tto m  of th e  m oss cover. The 
so-called  x e ro ty p ica l sam ples (th in n e r cover — th ic k n e ss  group No. 2, S i m o n  1. c.) w ere col­
lec ted  d irec tly  above th e  fo rm er ones. To su m  u p :  th re e  kinds of sam ples w ere u n d ergo ing  
ch em ica l analysis: x e ro ty p ica l mosses co llected  in  J a n u a ry  (th ickness g ro u p  N o. 2), m eso­
ty p ic a l m osses collected  in  J a n u a ry  (th ickness g ro u p  No. 1) and m eso ty p ica l m osses sam pled  
in  M ay (th ickness group  N o. 1).

F o r chem ical in v es tig a tio n , th e  a ir-d ry  p la n t  m ate ria l was g round  to  d u s t, each  200 g 
w as p u t  in to  d estru c tio n  te s t- tu b e s  and d e s tru c te d  w ith  2 ml of cc H 2S 0 4. T o acce le ra te  d e s tru c ­
tio n , to  th e  m ate ria l being  in  th e  s ta te  of bo iling , 0.5 m l o f HC104 was ad d ed . H a v in g  fin ished  
d e s tru c tio n , th e  m ate ria l w as d ilu ted  w ith  d is tilled  w a te r  to the  a m o u n t o f 20 m l, and  th e  
to ta l  N -, P-, K - a n d  C a-co n ten t of th e  so lu tion  w as de te rm in ed . N itrogen  w as d e te rm in ed  by  
m ean s of th e  N essler-reaction , P  b y  a p rocedure  u s in g  m olybdenum -su lphuric  acid , while as a 
re d u c in g  m ate ria l eiconogene was used. T he co lo u red  solu tions — o b ta in e d  in  th e  course of 
re ac tio n s  — were m easu red  b y  th e  help o f a sp ec tro p h o to m ete r. T he a m o u n ts  o f К  an d  Ca 
w ere d e te rm in ed  by  using  a flam e-p h o to m ete r. B esid es th e  ab o v e-m en tioned  e lem en ts, also 
th e  to ta l  am ino acid c o n te n t an d  th e  am ino acid  co m p o sitio n  of th e  m oss a n d  th e  b a rk  were 
in v es tig a te d . F o r th e  p u rp o se  of th is in v e s tig a tio n  (according to  th e  m e th o d  of PÁLFI, 
1970), 200 m g p la n t m a te ria l was c rum bled  a n d  c en trifu g ed  (8000 r.p .m .). T h e  flo a tin g  so lu­
tio n  w as d istilled  and  th e  sed im en t solved in  2 m l f if ty  per cen t e th y la lcoho l. 0.5 m l o f th is  
so lu tio n  was app lied  to  ch ro m a to g ram  pap er a n d  ch ro m ato g rap h ed  in  a  co m p o u n d  of b u ta ­
n o l— ace tic  acid —w ater (p ro p o rtio n s 4 : 1 : 1 ) ,  u n w a rm ed , a t 3°C. T he c h ro m a to g ra m  was 
developed  by m eans of n in h y d rin , a t  65°C.

To de term ine  th e  to ta l  am ino acid c o n te n t, am o u n ts  of 0.05 ml o f th e  e x tra c ts  and  
s ta n d a rd  so lu tions were ap p lied  to  the  c h ro m a to g ra m  p ap er showing c irc le ts w ith  a  d iam ete r 
o f 3 cm . The ch ro m a to g ram  w as developed b y  th e  help  of cad m iu m -n in h y d rin , a t  80°C, in 
20 m in u tes . The pa tch es w ere e lua ted  in 5 m l f i f ty  p e r  cen t m ethanol. T he o b ta in e d  coloured  
so lu tio n  w as m easured  b y  a  sp ec tro p h o to m ete r 402 MOM, a t 520 m illim icrons.

T he e lab o ra tio n  of th e  o b ta ined  d a ta  (m ea n  v a lu e , errors of m ean  va lu es), th e  com ­
p a riso n  of m ean  values, th e  ev a lu a tio n  of th e  re lia b il ity  o f differences ( t- te s t)  w ere done by  
th e  u su a l m a th e m a tic a l-s ta tis tic a l m ethods (Sváb  1973). In  the  course o f th e  conversion  in to  
u n i t  a rea s of th e  K-, Ca-, P - and N -co n ten t o f th e  J a n u a ry  moss sam ples (liv ing  an d  dead  
frac tio n s), th e  p h y to m ass d a ta  ob ta ined  earlie r (S im on  1974) were used . S ince th e  sam ples 
be longing  in to  th ickness g ro u p  No. 3 (Simon 1., c., p . 346, Table 3) w ere n o t e lab o ra ted , 
th e  p ro b a b le  K -, Ca-, P -, N - an d  am ino acid  c o n te n t  o f these  was e s tim a te d  on th e  basis of 
th e  experiences of our p re se n t d a ta  ( =  7.25 m g /a ir -d ry  m ateria l, Ca =  4.58 m g /a ir-d ry  
m a te ria l, P  =  3.14 m g /a ir-d ry  m ateria l, N =  6.40 m g /a ir-d ry  m ate ria l, am in o  acid  =  4.21 
m g /a ir-d ry  m ateria l).

R esults

P otassium  a p p ea red  in  all th ree  g ro u p s  p red o m in an tly  in  th e  p la n t as 
co m p ared  to  th e  К -c o n te n t of the  b a rk  (T ab le  1). W ith in  th e  p la n t, th e  h ighest 
К -c o n te n t was alw ays found  in the  liv in g  fra c tio n . The К -c o n te n t o f th e  th in ­
n e r (x e ro typ ica l) an d  th ic k e r (m eso ty p ica l) sam ples co llected  in  J a n u a ry
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Table 1

K -, Ca-, P- and N -conlent (m g /lg  dry w eight) o f  epiphytic  H y p n u m  cupressiforme covers, 
their m ean values and the errors o f  mean values ( s xJ

К Ca P N

Mean Mean Mean Mean
n X sx n X SX n X SX n X SX

H yp n u m  cupressiforme
1/ 2 . .

living 7 4.10 0.40 6 2.73 0.12 18 1.99 0.02 18 10.17 0.35
dead 7 3.32 0.24 6 3.48 0.66 18 1.60 0.02 18 7.67 0.45
bark 7 1.16 0.15 6 11.06 2.86 18 1.08 0.08 18 5.58 0.31

H yp n u m  cupressiforme
J/1 .

living 7 4.04 0.06 7 2.87 0.11 9 2.27 0.05 15 15.94 0.53
dead 7 3.55 0.14 7 4.97 0.71 9 1.77 0.05 15 13.34 0.54
bark 7 4.08 0.22 7 7.44 1.16 9 1.12 0.14 15 15.10 0.27

H yp n u m  cupressiforme
v/i .

living 4 3.00 0.08 4 2.32 0.17 3 2.39 0.08 12 13.96 0.93
dead 4 2.37 0.20 4 3.47 0.16 3 1.90 0.07 12 12.97 1.21
bark 4 0.76 0.10 4 12.87 1.52 3 0.52 0.00 12 8.21 0.53

p ro v ed  to  be n ea rly  sim ilar, b u t th e  p o tassiu m  c o n te n t of th e  b a rk  was c o n ­
sid e rab ly  higher u n d e rn e a th  th e  th ic k e r  cushions (T able 2). I f  we com pare 
th e  J a n u a ry  x e ro ty p ic a l and th e  m eso typ ica l sam ples of M ay, we find  th a t  th e  
a m o u n t of К  is a lw ay s higher in th e  x e ro ty p ica l covers, and  m ore s ig n ifican tly  
so i f  th e  living an d  d ead  fractions a re  reg a rd ed  (T able 3). C om parisons of th e  
m eso typ ical sam ples o f J a n u a ry  sam ples con ta in  a s ig n ifican tly  higher am o u n t 
o f po tassium  (T able 4). M aking a com parison  betw een  th e  x ero ty p ica l sam ples 
o f J a n u a ry  and th e  co n trac ted  values of th e  m eso typ ica l sam ples (of J a n u a ry  
and  M ay), one can  see th a t  th e  h igh К -co n ten t of th e  x e ro ty p ica l living an d  
dead  fractions show s a slight overw eigh t, w hile th e  b a rk  has a s ig n ifican tly  
h igher po tassium  c o n te n t u n d e rn e a th  th e  m eso typ ica l cushions (Table 5).

To sum  up , i t  m a y  be s ta ted  th a t  po tassium  is accu m u la ted  in th e  p la n t. 
I t  rem ains u n d er m ore  extrem e co n d itions in th e  ep ip h y tic  cover, while u n d e r 
m ore balanced co n d itio n s  i t  m ay p e n e tra te  in to  th e  su rface  layers of th e  b a rk . 
T h u s  th e  higher К -c o n te n t of th e  m oss cover is a p ro p e r ty  of xero top ic  co n ­
d itions. The c u r re n t s itu a tio n  o f p o tassiu m  in th is  ep ip h y tic  v ege ta tion  is 
p ro b ab ly  co rrespond ing  to  th e  changes of c lim atic  e lem ents. B rehm  (1971) 
m ad e  a sim ilar o b se rv a tio n  in th e  course of in v es tig a tio n  of th e  ion exchange 
in  Sphagnum  hum m ocks. I t  is p ro b ab le  th a t  p o tassium  orig inates, f irs t o f all, 
fro m  th e  p re c ip ita tio n  w ater flow ing dow n th e  tru n k  an d  hav in g  a sign ifican t 
К -co n ten t (Szabó  1976).

The am o u n t o f  calcium  is genera lly  h igher in  th e  b a rk , or the C a-con ten t 
o f  th e  moss and o f  th e  bark  is ap p ro x im a te ly  id en tica l (T able 1). W ith in  th e
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Table 2

Comparative evaluation  o f  the K -, Ca-, P - and N-content (m g/a ir-dry  substance) 
o f  sam ples 1/2 and 1/1 o f  H y p n u m  cupressiforme

Living Dead Bark

H ypnum  Hypnum  
1/2 1/1

H ypnum  Hypnum  
1/2 1/1

H ypnum  Hypnum
' 1/2 111

к

X
x , - x s
t

f5%

S D 5°/° /0

4 .1 0  4 .0 4  

0 .0 6  

0 .1 5  

2 .1 8

3 .3 2  3 .5 5  

0 .2 3  

0 .8 1  

2 .1 8

1 .1 6  4 .0 8  

2 .9 2  

1 0 .8 1  

2 .1 8  

0 .5 9

Ca

X 2.73 2.87 3.48 4.97 11.06 7.44

x , - x 2 0.14 1.49 3.62

t 0.82 2.63 1.42

*5% 2.18 2.20 2.20

SD-o
э  /О

— 5.78 —

P

X 1.99 2.27 1.60 1.77 1.08 1.12

x t - x 2 0.28 0.17 0.04

t 5.41 3.69 0.26

*5% 2.06 2.79 2.06

S D 5o/0 0.10 0.09 —

N

X 10.17 15.94 7.67 13.34 5.58 15.10

X i — X.. 5.77 5.67 9.52

t 7.87 2.25 22.90

te.o/ 2.04 2.04 2.04

SD;% 1.43 5.12 0.87

ab o v e  p a rts , the  C a -co n ten t of the  d ead  frac tio n  of th e  p la n t  is alw ays h igher 
th a n  th a t  of the  liv ing  fra c tio n !  T he com parison  of th e  J a n u a ry  x ero ty p ica l 
an d  m esotypical sam ples shows th a t  th e  C a-con ten t o f the  m eso ty p ica l H yp n u m  
is h igher (in th e  d ead  frac tio n  even s ig n ifican tly  higher) th a n  th a t  of th e  x e ro ­
ty p ic a l H yp n u m . T he  b a rk  shows, how ever, a higher C a-co n ten t u n d e rn ea th  
th e  la t te r  (Table 2). T h e  C a-con ten ts in th e  xero ty p ica l sam ples of J a n u a ry  and
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Table 3

Comparative evaluation o f the K - , Ca-, P- and Di-content (m g/air-dry substance) 
o f  sam ples 1/2 and V /l  o f  H y p n u m  cupressiform e

Living Dead Bark

H ypnum  Hypnum
‘ 1/2 V /l

H ypnum  H ypnum  
1/2 V /l

Hypnum  Hypnum
1/2 V /l

к

X

x , - x 2
l

^5°/° /0
s d 5„,° /0

4.1 3.0 

1.1 

2.71 

2.47* 

1.00

3.32 2.37 

0.95 

2.62 

2.26 

0.82

1.16 0.76 

0.40 

1.80 

2.26

Ca

X
X , - X ,

t

^5°/° /о
SD-„,° /о

2.73 2.32 

0.41 

1.78 

2.31

3.48 3.47 

0.01 

0.01 

2.31

11.06 12.87 

1.81

0.33

2.31

p

X

X i  x 2
t

t-cэ /о
SD -0/ u /0

1.99 2.39 

0.40 

75.47 

2.09 

0.01

1.60 1.90 

0.30 

5.66 

2.09 

0.11

1.08 0.52 

0.56 

2.71 

2.09 

0.43

N

X 10.17 13.96 7.69 12.97 5.58 8.2

x , - x 2 3.79 5.28 2.63

t 4.36 4.67 4.54

2.05 2.05 2.05

SD-„°% 1.78 2.32 1.19

in  th e  m eso ty p ica l sam ples of M a y (re s p .in  th e ir  fractions) are n e a rly  id e n tic a l 
(T able 3). I t  is to  be seen from  th e  com parison  o f th e  m esotypical sam ples of 
J a n u a ry  an d  M ay th a t  in  J a n u a ry  th e re  is m ore Ca in the p la n t (liv ing  an d  
dead  frac tio n s) th a n  in  the  b a rk , w hile in  M ay th e  s itua tion  is th e  reverse  
(T able 4). C om paring  th e  d a ta  of J a n u a ry  x e ro ty p ic a l sam ples w ith  th e  con-
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Table 4

Comparative evaluation o f  the K -, Ca-, P- and N-content ( mg/air-dry substance)  
o f  sam ples 1/1 and V I o f  H y p n u m  cupressiforme

Living D ead Bark

H ypnum  Hypnum  
1,1 V /l

H ypnum  H ypnum  
1/1 V /l

Hypnum  1 H ypnum  
1/1 1 V /l

к

X

X r - X ,
t

's%

S D S%

4.04 3.00 

1.04 

10.19 

2.26 

0.23

3.55 2.37 

1.18 

4.91 

2.26 

0.54

4.08 0.76 

3.32 

10.64 

2.26 

0.70

Ca

X

X x- X t
t

'5 %

S D 3%

2.87 2.32 

0.55 

2.81 

2.26 

0.40

4.97 3.47 

1.50 

1.48 

2.26

7.47 12.87 

5.40 

2.81 

2.26 

4.34

P

X

X i - X t
t

*5%

S D 5%

2.27 2.39 

0.12 

1.21 

2.23

1.77 1.90 

0.13 

1.26 

2.23

1.12 0.52 

0.60 

4.37 

2.23 

0.30

N

X 15.94 13.96 13.34 12.97 8.21 15.10

x t- x 2 1.98 0.31 6.89
t 1.79 0.24 12.21

*5% 2.06 2.06 2.06

SD5% — — 1.16

t r a d e d  va lu es  o f m eso typ ica l sam ples ( J a n u a ry  an d  M ay), we fin d  th a t  th e y  
are n ea rly  id en tica l (th e re  is no sign ifican t d ifference) (Table 5).

To sum  u p , i t  m ay  be estab lished  th a t  ca lc ium  is to  be found in  th e  p la n t 
and  th e  b a rk  in  nearly  id en tica l am o u n ts , th o u g h  th e  C a-content o f th e  h a rk  
m ay be h igher. T he d ynam ism  of Ca seem s to  be opposite  to  th a t  of p o tassiu m ,
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Table 5

Comparative evaluation o f  the K -, Ca-, P- and N-content (m g/a ir-dry  substance) 
o f  sam ples 1/1 — V /l o f  H yp n u m  cupressiform e

Living Dead Bark

H ypnum  H ypnum
1/2 1 I /l-V /1

H ypnum  H ypnum  
'1 /2  I /l-V /1

H ypnum  Hypnum  
1/2 , I / l -V /1

к

X 4.1 3.66 3.32 3.12 1.16 2.87

x t- x 2 0.44 0.20 1.71

t 1.09 0.84 7.91

*5% 2.44 2.12 2.12

S D 3% — — 0.84

Ca

X 2.73 2.67 3.48 4.42 11.6 9.43

x ,- x 2 0.06 0.94 2.17

t 0.38 1.19 0.91

*5% 2.13 2.13 2.13

S D 5% — —

P

X 1.99 2.26 1.60 1.96 1.08 0.96

x ,- x 2 0.21 0.36 0.12

t 5.86 8.78 0.92

*5% 2.05 2.05 2.17*

S D 5% 0.09 0.08 —

N

X 10.17 15.04 7.69 7.90 5.58 12.03

x ,- x 2 4.87 0.21 6.45

t 6.78 0.25 15.21

H% 2.01 2.01 2.01

S D 5% 1.44 — 0.87

because u n d e r m ore ba lanced  cond itions calcium  occurs ra th e r  in the  b o d y  of 
th e  m oss, w hile u n d e r  m ore arid  conditions i t  occurs in  g rea te r q u a n titie s  in  
th e  b ark .

T he a m o u n t o f phosphorus  is th ree  tim es as h igh  in th e  p lan t as in  th e  
b ark . W ith in  th e  p la n t, th e  P -co n ten t o f th e  liv ing  reac tions is alw ays h ig h e r
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(T able 1). A co m p ariso n  betw een th e  P -v a lu e s  of th e  J a n u a ry  xero - and  meso- 
ty p ic a l sam ples show s a sig n ifican tly  h ig h er P -co n ten t in  th e  m esotypical 
H y p n u m  sam ples. T h e  phosphorus c o n te n t of the  bark  u n d e rn e a th  th e  moss 
cush ions is a p p ro x im a te ly  id en tica l (T ab le  2). The com parison  betw een  the 
x e ro ty p ica l sam ples o f  J a n u a ry  an d  th e  m eso typ ical sam ples o f M ay ind icates 
th a t  th e  sam ples co llec ted  in M ay h a v e  a considerab ly  h igher P -c o n te n t (Table
3) , b u t  th e  P -c o n te n t o f  th e  b a rk  is m o re  sign ifican t in  th e  J a n u a ry  sam ples. 
I t  is to  be seen from  th e  com parison  o f  th e  m esotypical sam ples o f J a n u a ry  and 
M ay th a t  th e ir  p h o sp h o ru s  con ten ts a re  n e a r ly  iden tical, a s ig n if ican t difference 
occurs only in th e  b a rk , nam ely  in  fa v o u r  of the  sam ples of J a n u a ry  (Table
4 )  . I f  th e  P -d a ta  o f th e  Ja n u a ry  x e ro ty p ic a l sam ples are co m p ared  w ith  the  
c o n tra c te d  P -va lues o f  th e  m eso ty p ica l sam ples of J a n u a ry  an d  M ay, it  be­
com es obvious th a t  th e  P -co n ten t o f th e  m eso typ ica l H y p n u m  is (sign ifican tly ) 
h ig h er, b u t  th e  b a rk  show s a n early  id e n tic a l P -co n ten t in  th is  case (T able  5).

To sum  up , i t  m a y  be s ta ted  t h a t  th e  am o u n t of P  is s ig n if ic a n tly  higher 
in  th e  moss p la n t th a n  in the b a rk . B esides, it can be p ro v ed  th a t  th e  P- 
c o n te n t of m eso ty p ica l H yp n u m  is a lw ay s  sign ifican tly  h ig h er. T h is m eans 
t h a t  m ore balanced  cond itions m ay  fa v o u r  th e  P -u p tak e  o f th e  p la n t.

T he am ount o f nitrogen in th e  p la n t  is tw o to  th ree  tim es as high as in the  
b a rk . W ith in  th e  p la n t th e  N -co n ten t o f  th e  living p a rts  a lw ays exceeds to  
som e e x te n t th e  N -c o n te n t o f th e  d ead  f ra c tio n  (Table 1). A com parison  be­
tw een  th e  xero- an d  m eso typ ica l H y p n u m  cushions show ed a —  sig n ifican tly  
g re a te r  — one and  a h a lf  to  tw o tim es as h igh N -con ten t in  th e  m eso typ ical 
sam ples, m oreover th e  b a rk  co n ta ined , u n d e rn e a th  th e  la t te r ,  a n ea rly  th re e ­
fo ld  N -co n ten t (T able 2). A com parison  b e tw een  th e  J a n u a ry  x e ro ty p ic a l and  
th e  m esotypical sam ples of May led to  ap p ro x im a te ly  id en tica l re su lts . The 
a m o u n t of n itrogen  w as in  all cases s ig n ifican tly  higher in  th e  m eso typ ical 
sam ples, includ ing  th e  N -co n ten t of th e  b a rk  u n d ern ea th  th e m  (T ab le  3). The 
n itrogen  co n ten t o f  th e  m esotypical sam p les  of Ja n u a ry  and  M ay w as roughly  
iden tica l (Table 4). T h u s  th e  higher N -c o n te n t of th e  J a n u a ry  x e ro ty p ica l 
sam ples an d  of th e  m eso ty p ica l sam ples (o f  J a n u a ry  and M ay) m ay  be regarded  
as ch a rac te ris tic  (T ab le  5).

To sum  up. it  m ay  be estab lished  t h a t  th e  am ount of n itro g en  is alw ays 
h igher in the  moss p la n t  th a n  in the  b a rk . M oreover, it  can be p ro v ed  th a t  the  
N -co n ten t of the  m eso ty p ica l sam ples is n e a rly  alw ays s ig n if ican tly  h igher 
th a n  th a t  of th e  x e ro ty p ic a l sam ples. T h is  proves beyond d o u b t th a t  the  
fav o u rab le  N-cycle o f th e  ep iphy tic  H y p n u m  is connected w ith  m ore ba lanced  
ecological conditions.

D evelopm ent of th e  to ta l  amino acid  co n te n t is sim ilar to  t h a t  of th e  
n itro g en  co n ten t. I t  occurs m ostly  in liv in g  m oss p lan ts , a less a m o u n t is to  be 
fo u n d  in  dead  frac tions a n d  a very  sm all a m o u n t occurs in  th e  b a rk  (T able 6).

Also a com parison  be tw een  x e ro ty p ic a l an d  m esotypical sam ples in d ica tes
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Table 6

1/2 1 1,1 V /l

L iving 3.95 5.38 5.56

D ead 2.20 2.71 3.08

B ark 0.84 0.80 1.33

t h a t  th e  to ta l  am ino  acid  co n ten t o f m eso ty p ica l sam ples is s ig n ifican tly  h igher 
b o th  in  th e  liv ing  an d  in th e  dead  frac tio n s. I t  m ay be p resum ed  th a t  th is  
phenom enon  can be exp la ined  by  th e  d iffe ren t m etabolism  o f th e  tw o ty p es . 
T h is is p roved  b y  th e  investig a tio n s o f P ustovoitova  (1970) w ho estab lished  
th a t ,  du ring  th e  desiccation  of mosses, in  th e  x ero ty p ica l specim ens sub stan ces 
s tim u la tin g  grow ing, w hile in th e  m eso ty p ica l specim ens su b stan ces p ro h ib it­
in g  grow ing, w ere accum ula ted .

Fig. 1. P a p e r  c h ro m a to g ra p h  of am ino acids. 1 =  am ino acid s ta n d a rd , 2 =  liv ing  m oss,
3 =  d ead  m oss, 4 =  b a rk
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T he p a p e r ch ro m ato g rap h ic  am ino  acid investig a tio n s of m osses and  
b a rk s  sim ila rly  in d ic a te  (Fig. 1) t h a t  liv ing  m osses con ta in  th e  g rea te s t 
am o u n ts  o f am ino  acids (strip  2), th e ir  q u a n ti ty  is less in  dead frac tio n  (s tr ip  3), 
while i t  is th e  sm alle st in  the  b a rk  (s tr ip  4). F u r th e r  i t  can  be s ta te d  th a t  all 
th ree  v a r ia n ts  c o n ta in , f irs t of all, am ino  acids m oving  slowly, such as: g lycine, 
serine, a sp a rag in e  ac id , g lu tam ine, a rg in in e , lysine, h istid ine  and  cyste ine .

E stim a tio n  o f  production. T he  to ta l  K -, Ca-, P -, N- and  am ino  acid 
co n ten ts  o f th e  e p ip h y tic  H y p n u m -cush ions occurring  in  th e  fo rest s ta n d  of 
200 sq .m  u n it  a re a , on th e  basis o f d a ta  o b ta in ed  in  J a n u a ry  —  ta k in g  in to  
considera tion  th e  to ta l  d ry  w eight d e te rm in ed  earlie r ( S im o n  1974) —  are 
p resen ted  in  T ab le  7.

Table 7

mg/200 sq. m

Thickness groups

1 2 3 T otal (mg) g/ha

к 2205.6 2499.0 1244.1 5 948.7 297.4

Ca 2278.2 2088.2 785.9 5 152.3 257.6

P 1175.2 1209.1 538.8 2 923.2 146.1

N 8508.5 6008.5 1098.2 15 615.2 780.8

Am ino acid 2350.9 2071.3 722.4 5 144.6 257.2

T his m eans th a t  on one h ec ta re  o f th e  m odel area  th e  re la tiv e ly  poorly  
developed e p ip h y tic  cover contains e x a c tly  300 g of po tassium , 260 g of 
calcium , 150 g o f p hosphorus, 780 g o f n itrogen  an d  260 g of am ino acid .

Summary

As a p a r t  o f th e  ep iphy tic  in o ss-phy tom ass in v estig a tio n s ca rried  o u t 
b y  th e  au th o rs  ( S i m o n  1974) in th e  a rea  o f th e  “ S ík fő k ú t P ro je c t” , th e  K -, 
Ca-, P-, N- and  am ino  acid  co n ten t o f H y p n u m  cupressiform e has now  also 
been s tu d ied .

T he au th o rs  d e te rm in ed  the  a m o u n t o f these  elem ents in  th e  liv ing  an d  
dead frac tio n s of th e  m oss and in th e  su b s tra te  b a rk  (Tables 1 an d  6). 
T he o b ta in ed  d a ta  w ere eva lua ted  by th e  m a th e m a tic a l-s ta tis tic a l m ethod  and  
th e  differences co n tro lled  by  th e  help o f  th e  “ t- te s t”  (Tables 2, 3, 4, 5). T he 
au th o rs  estab lished  th a t  К  is firs t of all to  be found  in  th e  p la n t, h u t its  a m o u n t 
varies accord ing  to  th e  ch a rac te r of th e  m ic ro -h ab ita t. U nder d ry  cond itions 
th e re  is m ore К  in  th e  p la n t, under m ore  ba lanced  (m ore hum id) cond itions 
it  m ay m ove in to  th e  h a rk . G enerally  th e re  is a g rea te r  am o u n t of Ca in  th e
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p la n t, o r th e  C a-co n ten ts  o f th e  m oss and  th e  b a rk  a re  n e a rly  iden tica l. D ead  
m oss frac tions co n ta in  m ore Ca th a n  liv ing ones. T h e  d y n am ism  of Ca seem s 
to  be opposite  to  th a t  o f K . T he a m o u n t of P  is ab o u t th re e  tim es as m uch in 
th e  p la n t as in th e  b a rk  and  p h o sphorus occurs in  g re a te r  q u an titie s  in th e  
liv ing  th a n  in th e  dead  frac tio n . I ts  am o u n t in H y p n u m  grow ing under m ore 
hu m id  conditions is alw ays s ig n ifican tly  higher th a t  in  th o se  growing u n d er 
d rie r conditions. N -c o n te n t is h ig h er in  th e  p lan t th a n  in  th e  b a rk ; wdthin th e  
p la n t th e  liv ing frac tio n s  co n ta in  m ore N th a n  the  d ead  frac tio n s . The n itrogen  
c o n te n t o f H y p n u m  grow ing in  m ore hum id  m ic ro -h a b ita ts  is s ig n ifican tly  
h igher. The d ev e lo p m en t of th e  am ino  acid co n ten t (T ab le  6) is sim ilar to  th a t  
o f th e  N -co n ten t. A m ong th e  am ino  acids, glycine, se rin e , asparag ine acid , 
g lu tam in e , arg in ine , lysine, h is tid in e  and  cysteine w ere traceab le  (F ig . 1). 
T ak in g  in to  con sid era tio n  and  co n v ertin g  the  d ry -w e ig h t o f ep iphy tic  H yp n u m -  
cush ions falling to  th e  u n it a rea  o f 200 sq.m , th e  e s tim a te d  values for one 
h e c ta re  are as follow s: ab o u t 300 g of po tassium , 260 g o f  calcium , 150 g of 
phosphorus, 780 g o f n itro g en  an d  260 g of am ino ac ids.
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CHLOROPHYLL CONCENTRATION AND ITS 
ECOLOGICAL SIGNIFICANCE IN SOME SPECIES 

IN BEECHWOODS
B y

R . M. D rask o vits  and G. F e k e t e

D EPARTM ENT OF PLANT TAXONOMY AND ECOLOGY, EÖTVÖS L. U N IV E R SIT Y , BUDAPEST 

AND BOTANICAL D EPARTM ENT, HUNGARIAN NATURAL HISTORY MUSEUM, BUDAPEST 

(R eceived J a n u a ry  7, 1976)

T he ch lo rophy ll-a  and  -b as well as th e  p igm en t ra tio  in  h e rb  lay e r species d o m i­
n a n t in beechw oods (A speru la  odorata, D entaria bulbifera , M elica u n iflo ra , Viola alba , 
CareX p ilo sa )  were exam ined  in 3 beech  s ta n d s  of various ages an d  s tru c tu re s . All five 
species a re  re m a rk ab le  owing to  th e ir  low  to ta l  ch lorophyll d en sity . I t  is a ttr ib u ta b le  
to  th e  l ig h t c lim ate  c rea ted  by th e  s tru c tu re  o f the  tree  s ta n d  th a t  th e  to ta l  ch lo ro ­
phyll d en sity  o f th e  tw o species, viz. D entaria  bulbifera an d  A speru la  odorata, is d if­
fe ren t acco rd ing  to  th e  age groups. T h e  chlorophyll level o f th e  o th e r th ree  species 
was n o t effected  b y  th e  ligh t c lim ate  o f th e  s tand . The decreasing  tren d s  of th e  a /b  
ra tio s  a re  n o t a ttr ib u ta b le  to  th e  decrease  in  th e  average illu m in a tio n  values. In  Carex 
pilosa  an d  Viola alba indiv iduals, o v e rw in te rin g  leaves also fu n c tio n . These are o f low  
a /b  ra tio  and  of a h igher to ta l ch lo ro p h y ll density  in c h a ra c te r  as com pared  w ith  th e  
fresh  leaves.

Introduction

By a q u a n ti ta t iv e  analysis of th e  p h o to sy n th e tic  p ig m en ts , useful in fo rm a ­
tio n  is o b ta in ab le  in  a num ber of s i tu a tio n  on the  p h o to sy n th e tic  p ro d u c tio n  
and  c a p ac ity  of p la n ts  as well as on th e ir  ligh t ecological sen s itiv ity  an d  
to le ran ce . In  fo rest h e rb  layer p lan ts , as also in our case questio n s arise w h e th e r 
th e  s tan d  s tru c tu re  o f th e  forest, an d  th e  various ligh t ecological effects re la ted  
to  it, have  an y  in fluence  on th e  to ta l  p ig m en t density  an d  on the  d en sity  or 
ra tio s  of th e  vario u s com ponents. I t  m ay  well be of in te re s t  to  know  w h e th e r 
th e  species occurring  a t  th e  sam e v e g e ta tio n  level show sim ilar or d ev ia tin g  
ecological reac tio n s in  re la tion  to  th e  above p roperties.

M aterial an d  m ethods

In  th e  sp ring  of 1974 we collected freq u e n tly  occurring beechw ood p la n t species fo r 
ch lo ro p h y ll sam pling  in  th e  ex trazonal beeches of the  Pilis M o u n ta in  (C entra l H u n g a ry ) in 
th e  ran g e  of th e  V öröskő rock a t the  village of T ah i, la titu d e  47°46’, 350 m  a.s.l. T he species 
w ith  th e  in d ica tio n  of th e ir  life form  were as follow s: Asperula odorata H , Dentaria bulbifera G. 
M elica u n iflo ra  H , Carex p ilosa  H , Viola alba H . T he species e n u m e ra te d  here were co llected  
accord ing  to  age group  per beech s tan d  (in  3 age groups; cf. M. D r a s k o v i t s , 1975), an d  in  
3 re p e titio n s  b y  age groups. For th e  sam p lin g  tim es see Table 2.

Discs o f k n o w n  surface  a rea  were c u t o u t o f th e  leaves. A t th e  tim e  of sam pling , care 
w as tak e n  th a t  th e  discs w ere alw ays c u t from  th e  sam e section  of th e  sam e leaf of th e  p la n t 
in d iv id u a l (for exam ple , one disc from  each  of th e  6 leaves of th e  th ird  w horl from  above in 
A speru la). T he ch lo rophy ll com ponents w ere b ro u g h t in to  so lu tion  by  m eans of cc. ace tone
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(w ith  th e  add ition  of a sm all q u a n ti ty  o f M gC 03); th ey  were filte red  th ro u g h  a g lass-stra in e r, 
th e n  pho tom etered  (on a S p ek tro m o m  p h o to m e te r , a t  E  663 an d  645 nm  w ave len g th s; cf. 
A r n o n , 1 9 4 9 ) .

The differences in  ch lo ro p h y ll co n ce n tra tio n  according to  s ta n d  ages were e v a lu a te d  
b y  m eans of ran d o m -a rran g e d  analysis o f v a rian ce  (S v á b , 1973).

The resu lts  w ere also re la te d  to  th e  p h o to m e tric  d a ta  o b ta in e d  in  1974, w hen th e  in ­
v es tig a tio n s  were carried  o u t  in th e  sam e s ta n d  age groups (M. D r a s k o v i t s , 1975). These s ta n d s  
d iffe r from  one an o th er in  t ru n k  h e ig h t, d iam e te r , den sity  — in one w ord , in the  ligh t c lim ate  
e ffec ting  th e  herb  layer. T h e  m ajo r illu m in a tio n  averages of th e  m easu rem en t days (each  of 
th e m  is an  average of 2 — 3000 m easu rem en ts) a re  given in  T ab le  1 fo r o rien ta tion .

Table 1

The daily average values o f the illu m in a tio n  m easurem ents, in  K lu x

D ate
/  Age 3 Apr. 12 Apr. 23 Apr. 15 May 20 Je. 23 Jul. 17 Sept. 20 Nov.

1. Y oung 6.65 1.93 1.34 0.41 0.38 0.41 0.50 6.44

2. M iddle-aged 6.30 2.61 2.30 0.43 0.38 0.26 4.85

3. Old 6.24 1.67 1.23 0.43 0.36 0.40 0.22 4.40

Table 2

The chlorophyll content

Dentaria bulbifera 
24. 3. 1974.

Asperula odorata 
25. 4. 1974.

Melica uniflora 
21. 5. 1974.

1. I 2. 3. 1. 2. 3. 1. 2. 3.

chl a mg/100 cm2 1.34 1.34 1.34 0.68 0.64 0.65 0.88 0.98 1.29

chi b mg/100 cm2 0.62 0.56 0.57 0.30 0.30 0.30 0.42 0.44 0.65

A chl a / b  mg/100 cm 2 1.96 1.90 1.91 0.98 0.94 0.95 1.30 1.42 1.94

chl a/b 2.17 2.41 2.36 2.22 2.12 2.19 2.10 2.23 1.98

lea f weight g/100 cm 2 0.71 0.78 0.74 0.81 0.79 0.77 0.41 0.40 0.40

chl a mg/100 cm-’ 1.09 l u 1.10 0.85 0.84 0.90 1.19 1.03 0.80

chl b mg/100 cm2 0.48 0.45 0.47 0.37 0.38 0.39 0.55 0.49 0.43
В chl a-f-b mg/100 cm2 1.57 1.56 1.57 1.22 1.22 1.29 1.74 1.52 1.32

chl a/b 2.28 2.45 2.35 2.28 2.20 2.31 2.17 2.11 2.03

lea f w eight g/100 cm2 1.03 0.86 0.95 0.76 0.87 0.90 0.37 0.38 0.35

chl a m g/100 cm2 1.09 1.10 1.10 1.32 0.95 0.74 0.95 1.08 0.88

chl b m g/100 cm2 0.40 0.44 0.41 0.60 0.39 0.37 0.43 0.57 1.44

С chl a-}-b mg/100 cm 2 1.49 1.54 1.51 1.92 1.34 1.09 1.38 1.65 1.32

chl a/b 2.74 2.51 2.63 2.19 2.39 1.95 2.17 1.86 2.01

lea f weight g/100 cm2 0.72 0.80 0.75 0.87 0.80 0.85 0.36 0.33 0.43

1. 2. 3. =  R ep etitio n s
A B C =  Beechw oods o f d iffe ren t ages: A , y o u n g  s tan d ; B, m idd le-aged  stand ; C, old , 

m a tu re  s tan d
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Results

T he d a ta  g iven  in  Table 2 w ill be th e  basis of discussion on th e  possib le  
a d a p ta tio n s  acco rd ing  to  stan d  ages.

F igu re  1 show s th e  result o f ex am in in g  th e  ch lorophyll d en sity  o f th e  
v a rio u s species on th e  basis of th e  d a ta  given above, indep en d en tly  of th e  th re e  
s tan d s . T his p ro v id es  in form ation  on th e  am p litu d e  per species of th e  c h lo ro ­
p h y ll co n cen tra tio n .

S im ilarly  to  th ese  said above, th e  ch lo rophy ll a /b  ra tio  is d e m o n s tra te d  
in  F ig . 2.

T he d iscussion o f th e  results w ill be given p er species.

A speru la  odorata

C hlorophyll co n cen tra tion  rises in  th e  m iddle-aged s tan d . The rise ensues 
in  b o th  com ponen ts.

o f  the species exam ined

Viola alba Carex pilosa
13. 4. 1974. 22. 4. 1974.

fresh leaf overwintering 1. fresh leaf overwintering 1.
1. 2. 3. 1. 2. 3. 1. 2. 3. 1. 2, 3.

1.13 0.91 0.74 1.23 1.38 0.98 0.93 0.77 0.45 2.20 1.36 1.00

0.57 0.40 0.32 1.08 0.62 0.93 0.97 0.33 0.17 1.02 0.86 0.41

1.70 1.31 1.06 2.31 2.00 1.91 1.30 1.10 0.62 3.22 2.22 1.41

2.00 2.24 2.30 1.13 2.20 1.05 2.53 2.28 2.60 2.14 1.58 2.45
0.76 0.75 0.73 0.66 0.57 0.82 0.66 0.78 0.62 0.99 0.86 0.74

0.82 1.17 1.25 1.11 1.44 1.24 0.93 0.84 0.72 1.66 2.49 1.55
0.43 0.47 0.57 0.98 1.14 1.04 0.58 0.46 0.35 0.86 1.22 0.76
1.25 1.64 1.82 2.09 2.58 2.28 1.51 1.30 1.07 2.52 3.71 2.31
1.91 2.45 2.21 1.13 1.26 1.20 1.60 1.83 2.05 1.92 2.04 2.02
0.78 0.84 0.87 0.77 0.75 0.67 0.64 0.61 0.66 0.86 0.86 0.84

1.33 1.62 1.01 1.61 1.63 1.25 0.96 0.92 0.85 2.25 1.79 2.27
0.50 0.60 0.45 1.01 0.78 1.04 0.45 0.43 0.38 1.06 0.81 1.19
1.83 2.22 1.46 2.62 2.41 2.29 1.41 1.35 1.23 3.31 2.60 3.46
2.64 2.70 2.21 1.60 2.10 1.19 2.14 2.15 2.21 2.12 2.19 1.90
0.98 0.87 0.93 0.95 0.82 0.92 0.71 0.61 0.59 1.03 0.83 1.11
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F ig . 1. The v a r ia b ili ty  — on  th e  basis of all d a ta  — of th e  chlorophyll c o n ten t in th e  species
exam ined (m g chi a -f- b/100 cm 2)
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Fig. 2. The v a r ia b ility  — on  th e  basis of all d a ta  — of th e  chlorophyll a /b  ra tio  in th e  species
ex am in ed

A fter su b je c tin g  th e  d a ta  of th e  3 s ta n d s  to  a s ta tis tic a l analysis , it 
ap p eared  th a t ,  ow ing to  th e  great v a r ia b ili ty  of th e  d a ta  of p lan ts  liv ing  in  th e  
old s ta n d , th e  re su lt ( th e  effect of th e  s ta n d  “ tre a tm e n ts ” ) is no t s ig n ifican t 
(N S). W hen th e  co m p ariso n  refers to  o n ly  tw o  age groups, th a t  is, to  th e  y o ung  
an d  m iddle-aged  s ta n d s , the  ch lorophyll c o n cen tra tio n  of A sperula  is s ig n ifi­
c a n tly  d ifferen t in  th e  tw o stands.

I t  c an n o t be s ta te d  w ith c e r ta in ty  to  w h a t cause the  u n am biguous rise 
in  th e  ch lo rophy ll level of the  m idd le-aged  s ta n d , best illu m in a ted  in A pril 
(cf. T ab le  1), is a sc rib ab le . One m igh t assu m e th a t  the  p igm ent level m oves 
a ro u n d  th e  m in im u m , and  in the m id d le -ag ed  s tan d  (w hich is illu m in a te d  
b e t te r  b y  m id A pril) th e  co n cen tra tio n  increases para lle l w ith  illu m in a tio n
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(on th e  s tim u la tio n  of illum ination ). T h is e x p lan a tio n  seem s to  be co n firm ed  
b y  th e  fac t o f an a to m ica l a d a p ta tio n : in  th e  young  s ta n d  it  is th e  sc iophy ll 
leaves o f A sp eru la  w hich develop (low ra tio  o f w eight (surface and  low d e n s ity  
th ick n ess; sensu  M c C l e n d o n , 1962).

Table 3

Variance analysis o f  the data

Source of variability SQ FG MQ

T o ta l 0 .1 2 7 9 5

T rea tm en t 0 .1 2 4 1 1 0 .1 2 4 1 * * *

E rro r 0 .0 0 3 7 4 0 .0 0 0 9 3

*** P  =  0.1%

A ll these , how ever, are  co n trad ic ted  b y  th e  fac t in  th e  in d iv idua ls g row ­
ing in  th e  old s ta n d  w ith  sim ilarly  w eak illu m in a tio n , ch lo rophy ll d en sity  rises 
likew ise, th o u g h  u n ev en ly . I t  is th e re fo re  a likelier e x p lan a tio n  th a t  in  th e  
m iddle-aged  (an d  old) s tan d s  th e  effect o f th e  illu m in a tio n , w hich was d ec reas­
ing  in th e  p reced in g  sum m er v eg e ta tio n  period , m an ifests  itse lf  in th is  long- 
fu n c tio n  in  species. W ith  regard  to  b o th  ch lo rophy ll-a  an d  ch lorophyll-b  th e  
th ree  re p e titio n s  in  th e  old s ta n d  are s tro n g ly  f lu c tu a tin g , possibly because  
of th e  co a rse-g ra in ed  p a tte rn  of s tro n g  lig h t and  shadow  produced  b y  th e  
th ick  beach  tru n k s . In  th e  young and  m idd le-aged  s tan d s  w ith  fine g ra in ed  
ligh t and  shadow  p a t te rn  th e  f lu c tu a tio n  o f th e  ch lo rophy ll co n cen tra tio n s is o f 
a low er degree.

D entaria bulbifera

T he role o f th e  s ta n d  s tru c tu re  is o f a d iffe ren t tre n d  in  th e  early  sp rin g ­
tim e  g eo p h y to n  D entaria  th a n  in th e  h e m ic ry p to p h y to n  A sperula . W hile  in 
A speru la  th e  to ta l  ch lo rophy ll level is low est in  th e  y o ung  s ta n d  and  th is  in ­
creases w ith  th e  age of th e  fo rest, in  D entaria  i t  is h ighest in  th e  young s ta n d  an d  
decreases w ith  th e  age of th e  forest.

T he re su lt o f  th e  3 -tre a tm e n t analysis o f varian ce  is s ign ifican t (T able  4). 
In  a com parison  b y  pa irs , th e  d ev ia tion  o f th e  to ta l  ch lo rophy ll level in  A sp e ­
rula in d iv id u a ls  liv in g  in  th e  young s ta n d  from  those tw o w hich are sim ilar to  
each o th e r is d em o n strab le .

T he ch lo ro p h y ll-a /b  ra tio  in  th e  old s ta n d  increased  considerab ly , w hich  
follows from  th e  decrease in  com ponen t b. I t  is n o t know n w h e th e r the  q u a n t i ty  
of cholophy ll-b  decreases as a re su lt of lig h t f lu c tu a tin g  v e ry  strong ly . F o r  in
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Table 4

Variance ana lysis o f  the data and the comparison by p a irs  
o f  the averages o f  the three stands

Source of variability SQ FG MQ

T o ta l 0.2977 8

T rea tm e n t 0.2947 2 0.14734***

E rro r 0.0030 6 0.00051

*** p  =  0.1%

1 2 3

1 1.926 X X

2 0.356 1.570

3 0.407 0.051 1.519

X P  =  5%

th e  early -sp ring  tim e  in  th e  still leafless, old s tan d , th e  tru n k s  s ta n d in g  fa r  
fro m  each o th e r b rin g  in to  ex istence coarse g ra in ed  lig h t an d  shadow  p a tte rn s . 
T h u s  th e  p la n t in d iv id u a l, grow ing a t a g iven  p o in t of th e  h e rb  lay e r is a l te r ­
n a tiv e ly  u n d er th e  effects o f now s tro n g  illu m in a tio n  th e  deep shadow , fo r 
r a th e r  p ro tra c te d  periods.

T he a d a p ta tio n  ensu ing  in  th e  p h o to sy n th e tic  p ig m en t levels is n o t 
p a ra lle l w ith  th e  an a to m ica l a d a p ta tio n ; th e  w eigh t/su rface  ra tio  is low er 
in  th e  young an d  in  th e  old s tan d s, w hile  i t  is h igher in  th e  m idd le-aged  
s ta n d . These values a re  ad eq u a te  to  th e  illu m in a tio n  v a lu es  m easu red  in  
fu lly -g row n p lan ts .

M elica  uniflora

In  th e  change o f th e  to ta l  ch lo rophy ll co n cen tra tio n  in  M elica, no tr e n d  
p e r  age group ( lig h t—clim ate) m an ifests itse lf. V ariab ility  is h igh  in  all th re e  age 
g ro u p s, th e  re su lt o f th e  varian ce  analysis is NS.

W ith  resp ec t to  th e  ch lorophyll c o n c e n tra tio n  (th e  com ponen ts se p a ra te ly  
a n d  in  to ta l; cf. T ab le  2), M elica, A sp eru la  an d  D entaria  a re  closely re la te d . 
T h e ir  s im ila rity  is u n d e rlin ed  b y  th e  fa c t th a t ,  considering all m easu rem en ts  
ta k e n  in  th e  s tan d s  w ith  d ifferen t illu m in a tio n s , th e  p ig m en t c o n c e n tra tio n  
a n d  th e ir  ra tio  in  a ll th re e  species are  r a th e r  fixed  v alues (narrow  in te rv a l;  
F igs 1 and  2).

T he co n c e n tra tio n  an d  ra tio  in  th e  ch lo rophy ll com ponen ts is, how ever, 
m u ch  m ore evenly  d is tr ib u te d  am ong th e  ex trem e  values in  M elica  th a n  in  th e

Acta Bolanica Academiae Scientiarum Hungaricae 22, 1976



CHLO ROPH YLL CONCENTRATION IN  SOME SPECIES IN  BEECHW OODS 35

o th e r  tw o species. S im ilarly  n e a r  th e  sam e is th e  w eigh t/su rface  ra tio  in  th e  
sam ples of M elica  leaves o rig in a tin g  from  th e  d iffe ren t beechw ood s ta n d s ; 
how ever, in  com parison  w ith  th e  A speru la  an d  D entaria  values, th is  v a lu e  is 
on ly  h a lf  as m uch  as theirs. T h u s , in  th e  h a lf  as th ick  sciophyl le a f  M elica , 
th e  p ig m en t co n cen tra tio n  is tw ice as m uch as th a t  in  th e  o th e r tw o species.

Viola alba

Ow ing to  th e  circum stance  th a t  th e re  are tw o k inds of leaves, viz. fresh  an d  
o v erw in te rin g  leaves, in  Viola alba an d  Carex p ilo sa  (see below ), th e y  ra ise  
p rob lem s in  o th e r d irections as well.

Y oung , fresh  leaves and  o v erw in te rin g  leaves were tre a te d  se p a ra te ly . 
T h e  c o n cen tra tio n  o f chlorophyll in  th e  young , fresh lea f  increases w ith  th e  
age of th e  fo rest. A lthough th is  s ta te m e n t is va lid  for th e  average , th e  d if­
ferences are  n o t s ign ifican t because th e  v a r ia b ility  of th e  3 rep e titio n s  w ith in  
one s ta n d  is g re a t. T he factors ex am in ed  c o n s titu te  a series of g rad u a l tra n s i t io n . 
T he average of th e  chlorophyll a /b  ra tio  is th e  on ly  one w hich rises b o th  in  th e  
fresh  leaves an d  in  th e  overw in te ring  ones in  th e  old s tan d , w hich is m a in ly  
a ttr ib u ta b le  to  th e  accum ulation  o f th e  ch lo rophy ll-a  com ponen t. P re su m a b ly , 
th e  effect o f l ig h t and  shadow  f lu c tu a tio n  also appears in  th is  species (cf. 
D entaria). T h e  ch lo rophy ll d a ta  o f th e  fresh  le a f  sam ples tak en  in  th e  y o u n g  
an d  in  th e  m idd le-aged  forest s ta n d s  are  v e ry  sim ilar; in  th e  o v e rw in te rin g  
leaves, th e  va lu es  orig inating  from  th e  m iddle-aged  and  from  th e  old fo re s t 
s ta n d s  are  closely re la ted . In  v iew  o f th e  fa c t th a t  th e  o v erw in te rin g  le a f  
m an ifests  th e  cond itions of th e  p reced ing  y ea r, th e  s ta te m e n t m ade ab o v e  
coincide w ith  th e  fac t know n from  o u r illu m in a tio n  m easu rem en ts, n a m e ly  
th a t  in  a g rea t p o rtio n  of th e  v e g e ta tio n  period , th e  conditions of illu m in a tio n  
are  sim ilar in  th e  m iddle-aged an d  in  th e  old s ta n d s ; th e  lig h t c lim ates o f  th e  
tw o  fo rest s ta n d s  are  closely re la te d  d u rin g  th is  period.

Carex p ilosa

W ith  re sp ec t to  chlorophyll d en sity  an d  ra tio , Carex p ilosa  — s im ila rly  
to  Viola alba —  show s of a w ide in te rv a l concern ing  b o th  th e  fresh  a n d  th e  
o v erw in te rin g  leaves (see Fig. 2). I t  ap p ears  th a t  am ong th e  species ex am in ed  
Carex p ilo sa  h as  th e  w idest lig h t ecology. W ith in  th e  given beech fo rest ty p e , 
i t  is th e  le a s t sensitive  to  th e  ecological effects follow ing from  th e  d ifferences 
in  age of th e  v a rio u s  stands. H ow ever, th e  d ifference betw een  th e  fresh  a n d  
o v erw in te ring  leaves is rem ark ab le . In  Carex p ilosa , th e  to ta l  ch lo ro p h y ll 
c o n cen tra tio n  o f th e  overw in tering  leaves is 2— 2.5 tim es th a t  of th e  fre sh  
leaves. N o t on ly  th e  chlorophyll-li co m p o n en t increases, b u t in  all o f th e  cases 
th e  ch lo rophy ll-a  com ponen t also does so, to  a considerable e x te n t. T h e  a /b
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ra tio  is also low er in  th e  overw in tering  leaves, s im ilarly  as in  Viola , b u t  th e  
drop  is less expressed . In  th e  overw in te rin g  leaves th e  w eigh t/su rface ra tio  
slig h tly  increases (n o t so in  Viola), w h ich  is p ro b ab ly  a consequence of th e  
con tinuous sc le ren ch y m a form ation .

Discussion

One of th e  in d ic a tio n s  of th e  p h o to sy n th e tic  cap ac ity  in  species —  espe­
cially  in  th e  dom ain  o f low  ligh t in te n s ity  —  is th e  d en sity  of p h o to sy n th e tic  
p igm en ts. T he u n e x p e c te d ly  low p ig m en t co n cen tra tio n  of herb  lay e r p la n ts  
in  beechw oods is re m a rk a b le  in com parison  w ith  o th e r d a ta  pub lished  in th e  
l i te ra tu re . This can  be estab lished  even if  one is aw are of th e  fa c t th a t  in  th e  
com parison  th e  d iffe re n t thickness o f th e  leaves is alw ays d is tu rb in g . The 
u p p e r lim it va lues m easu red  in the  v a rio u s species still express only  ra th e r  low 
p ig m en t c o n cen tra tio n s  (Fig. 1). C oncern ing  “ ob liga to ry  shade p la n ts ” , 
L u n d e g a r d h  (1954) h a d  a lready  called  a t te n tio n  to  th e  narrow  am p litu d e  of 
th e  values.

T he exam ples o f  com parison  ( ta k e n  ra n d o m ly  from  th e  ex tensive  l i te ra ­
tu re )  re fer p a r tly  to  c u ltu re  p lan ts  and  p a r t ly  to  elem ents of n a tu ra l v eg e ta tio n  
(ch lo rophy ll a -|- b , m g /re la ted  to  100 cm 2 le a f  area).

T rifo lium  repens:  3 .4— 5.3; L o lium  ita licu m :  1.5— 6.0 (Ok u b o — O izu- 
Mi— H o sh in o— N i s h i m u r a , 1968); Phaseolus vu lgaris:  0.5— 4.5 (T s u j a — I sa— 
H a t e k y a m a , 1970); M edicago sativa: 3 .2— 5.1 (Ok u b o — K a w a n a b e — H o s­
h i n o , 1971); N ico tia n a  sanderae: 2 .0— 4.5 (S e s t á k — Ca t s k y , 1962); Secale 
cereale : 1.1— 3.2 (O r b á n , 1972); Brassica oleracea v a r. acephala: 1— 5 (S e s t á k , 
1963); Zea m ays:  1— 4 (S e st á k—V á c l a v ik , 1963). T he level is also h igher in  
trees : P opulus trem uloides : 3.6—4.9 (ligh t-leaves), 2 .6 —3.8 (shade-leaves; 
P e a r s o n — L a w r e n c e , 1958); Quercus pe tra ea :  1 .4—3.2 (ligh t-leaves), 1.3— 
3.0 (shade-leaves; F e k e t e — Szujkó-L acza m scr.); Quercus pubescens : 2.2— 2.5 
(F e k e t e — Sz u jk ó -L acza  m scr.). W ith  Rhododendron m a x im u m :  2 .2 — 5.5 
(W h it t a k e r— Ga r f i n e , 1962). In  m ixed  sam ples of open sand  g rassland  
(Festucetum  vaginatae  danub ia le), th e  w e ig h ted  average of th e  com ponen ts 
—- ch a rac te ris tic  o f  th e  v eg e ta tio n  —  is 2 .0— 5.2 (Or b á n , 1972).—  A ccording 
to  Ga b r i e l s e n  (1948) 5 m g is to  be re g a rd e d  as th e  op tim um  level.

In  th e  th ree  ex p e rim en ta l beech s ta n d s  (in th e  3 age groups), th e  fac t 
th a t  th e  ch lo rophy ll d en sity  is co n tro lled  b y  som e en v iro n m en ta l fac to r 
(s tan d  s tru c tu re )  could  he estab lished  in  tw o  of th e  five a b u n d a n t species of 
th e  h e rb  layer. T h e  to ta l  chlorophyll c o n c e n tra tio n  of A speru la  odorata is 
h igher —  confirm ed  also  s ta tis tica lly  —  in  th e  m iddle-aged s tan d , w hile th a t  
o f D entaria bulbifera  is h igher in th e  y o u n g  s ta n d . H ow ever, th e  com parison  
of these  resu lts  w ith  th e  d a ta  of lig h t m easu rem en ts  m ade para lle l w ith  th e

A da  Botanica Academiae Scientiarum Hungaricae 22, 1976



CH LO ROPH YLL CONCENTRATION IN  SOME SPECIES IN  BEECHWOODS 3 7

above ex p erim en ts  suggests th a t  i t  is n o t sim ply  th e  illu m ina tion  g ra d ie n t 
d o m in an t a t  th e  tim e  of the ch lo ro p h y ll sam pling  th a t  determ ines th e  fo rm a ­
tio n  of th e  ch lo ro p h y ll level, b u t also , fo r exam ple, th e  lig h t cond itions o f th e  
preceed ing  p erio d , be i t  th a t  of y e a r ’s v eg e ta tio n .

T he lig h t ecological im p o rtan ce  o f th e  ch lo rophy ll-a /b  ra tio  is w ith o u t 
d o u b t. C h lo rophy ll-b  is know n as “ sh ad e-ch lo ro p h y ll” . I ts  a ccu m u la tio n  in  
th e  low er, sh ad ed  layers of th e  v e g e ta tio n  is usefu l, because by  its  c a p a c ity  
for abso rb in g  l ig h t energy of a s h o r te r  w ave len g th  i t  tran sfe rs  en e rg y  to  
ch lo rophy ll-a  w h ich  can absorb i t  o n ly  o f a longer w ave leng th , an d  w hich 
p erfo rm s th e  chem ical p a r t  of th e  pho to ch em ica l ac tio n  (energy co n c e n tra tio n ). 
O n th e  basis o f th e  w orks by B o a r d m a n — A n d e r s o n  (1964), Gr o s s— S h e f - 
n e r — B e c k e r  (1966) etc. it  is also k n o w n  th a t  ch lo rophy ll-a-b  are p re se n t in  
b o th  of th e  p h o to ch em ica l system s; S ystem  I is cha rac terized  by  a b o u t tw ice 
as h igh  a/b  ra tio  as is ch a rac te ris tic  o f S ystem  I I .  H ow ever, th e  d ec reasin g  
tre n d s  in  th e  a /b  ra tio  of th e  beechw ood species here in  exam ined c a n n o t be 
ex p la in ed  b y  th e  decrease of th e  av e rag e  illu m in a tio n  values. T he e x te n t  up  
to  w hich  th e  r a te  of f lu c tu a tio n  in  th e  illu m in a tio n  is responsible fo r th e  
ten d en c ies  m en tio n ed  above is n o t know n. U nder n a tu ra l cond itio n s, th e  
f lu c tu a tio n  of illu m in a tio n  is also in v a ria b ly  superim posed  on th e  chan g es in 
th e  average  illu m in a tio n  in tensities ; i t  is im possib le to  s tu d y  these tw o  causes 
se p a ra te ly  here.

In  in v e s tig a tio n s  conducted  u n d e r  n a tu ra l cond itions, th e  q u e s tio n  of 
lea f age g roups (fresh  leaves, or o v erw in te rin g  leaves of th e  p reced ing  year) 
also arises. T he low  a /b  ra tio  evolves in  th e  overw in te ring  leaves ra th e r  p ecu li­
a rly . In  b o th  Carex p ilosa  and Viola alba th e  ch lorophyll-b  com ponen t increases 
to  a b o u t its  tw o fo ld , in  com parison w ith  th a t  of th e  fresh  leaves. A t th e  sam e 
tim e , th e  ch lo ro p h y ll-a  co n cen tra tio n  also increases b u t  no t to  an  id en tica l 
e x te n t. (The in crease  in  the  c o n cen tra tio n  of th e  tw o com ponents in  th e  o v e r­
w in te rin g  leaves o f Viola alba and  Carex p ilo sa  re su lts , in  th e ir  p igm en t d e n s ity  
being  a lread y  n e a re r  to  th a t occu rring  in  th e  species tak en  for com parison .) 
T hese tren d s  a re  in d ep en d en t of th e  age g roup  o f th e  tree  s tan d . T he increase  
in p ig m en t d e n s ity , in d ependen t of e x te rn a l effects ( th e  role of s tan d  s tru c tu re ) , 
could  be considered  a k ind  of a d a p ta tio n  induced  by  in te rn a l causes ( “ sh a d in g ” 
by  th e  ep iderm is or cuticle; R a h in o v it c h , 1955). H ow ever, th e  supposed  
change in  in te rn a l s tru c tu re  m an ifests  itse lf  in  th e  w eight/surface ra tio s  —  
accord ing  to  th e  com parison  w ith  th e  fresh  leaves —  only  in one of th e  species,
i.e.: in  Carex p ilo sa .
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SYNTHETIC ENERGY UTILIZATION OF A PLANT 
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B y
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SCHOOL, DUN A FÖ LD V ÁR
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T h e  o rgan ic  m a t te r  p roduction  and  th e  energy  u tiliz a tio n  of th e  p la n t a sso c ia tio n  
Salvio-F estucetum  rupicolae p annonicum  stipetosum  capillatae o f th e  Mezőföld a re a  w ere 
ex am in ed  from  th e  end  of April, 1974 to  th e  end of O ctober o f th e  sam e y e a r. T he 
w e ig h t increase  reach ed  its  h ighest va lue  in  M ay  and  Ju n e  d u rin g  w hich tim e th e  en erg y  
u til iz a tio n  w as 0 .79%  and  1.03% , re sp ec tiv e ly . Considering th e  whole of th e  e x a m in a ­
t io n  period , th e  above-g round  d ry  m a tte r  p ro d u c tio n  w as 281.94 g/m 2, w hile p ro d u c ­
t iv i ty  w as 1.55 g /m 2/d a y , w hich m eans a  0 .1 7 %  average energy  u tiliza tio n . In  th e  d ry  
m a t te r  c o n te n t ca rb o h y d ra te  am oun ts to  34 .5%  and  n itro g e n  to  2 .1% . A close lin e a r  
reg ressional co n n ec tio n  exists be tw een  th e  q u a n ti ty  of d ry  m a tte r  and c a rb o h y d ra te  
an d  n itro g en  p ro d u c tio n , while i t  is looser be tw een  th e  ca rb o h y d ra te  an d  n itro g e n  
p ro d u c tio n s.

Introduction

T h e  p roduction-b io log ica l ex am in a tio n s  conducted  a t  th e  B o ta n ic a l 
D e p a r tm e n t of th e  Jó z se f  A ttila  U n iv e rs ity  ( B odro g k özy— H o rvát h , 1969; 
H o r v á t h , 1972), w ere ex tended  to  an  in v es tig a tio n  of th e  organic m a t te r  p ro ­
d u c tio n  an d  p h o to sy n th e tic  energy u tiliz a tio n  of a loessgrassland  (S a lv io -F estu ­
cetum rupicolae p annon icum  Zólyom i, 58). O f th e  re su lts  o f ex am in a tio n s being  
ca rried  o u t, th e  above-g round  organic m a t te r  p ro d u c tio n  an d  energy u tiliz a tio n  
o f  one o f th e  s tan d s  w ill be discussed (F ig . 1).

M aterial an d  m ethod

T h e  a rea  o f ex am in a tio n  is th e  w este rn  slope of th e  N agy h eg y  a t  D u n a fö ld v ár w here 
th e  a n c ien t loess v e g e ta tio n  (B o r o s , 1958; 1959; Z ó l y o m i, 1958a, b ; 1967), ch a ra c te ris tic  o f th e  
loess a reas o f th e  M ezőföld (Á d á m  et al., 1959; M a r o s i  — Sz il á r d , 1967), has surv ived  p ra c tic a lly  
u n d is tu rb e d  b y  a n th ro p o g en ic  effects. O ur sam p les hav e  been  o b ta in e d  from  th e  stipetosum  
capillatae  Soó 59 (Soó, 1964; 1973) s tan d  of th e  a sso c ia tio n  Salvio-F estucetum  rupicolae p a n n o ­
n icu m  Zólyom i 58, covering  th e  up p er tw o - th ird s  of th e  hillside. T he in v es tig a tio n s  were 
c a rried  o u t on  7 occasions from  th e  end of A p ril to  th e  end of O ctober, 1974.

O f th e  ab o v e-g ro u n d  p la n t p a rts  sam ples w ere ta k e n  m o n th ly , b y  m ow ing (O d u m  1959), 
w ith  ra n d o m  selection , fro m  four areas o f 25 x 2 5  cm  each. In  th e  fu r th e r  ca lcu la tio n s  th e  
av erag e  of th e  fo u r rep lica tio n s was used. T he m ow ed  p lan ts  w ere se p a ra ted  in to  liv in g  p a r ts  
an d  l i t te r ,  w hile th e  liv in g  p a r ts  in to  S íip a , F estuca , Salvia  a n d  o th e r  species. T h e  sam ples 
w ere d ried  a t  80°C u p  u n t il  no change in w e ig h t show ed, and  th e  d ry  w eight w as ca lcu la te d  
fo r 1 m2 area . T he to ta l  c arb o h y d ra te  and  n itro g e n  co n ten ts  w ere de term ined  a n d  re la te d  
also to  a  u n i t  a rea  (1 m 2).
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Exam ination dates
D ays passing between 

tw o samplings

29 April

30 M ay 31

27 Ju n e 28

30 Ju ly 33

30 A ugust 31

28 Septem ber 29

28 O ctober 30

T o ta l period of ex am in atio n : 182 days

T he d e te rm in a tio n  o f th e  to ta l  c a rb o h y d ra te  c o n te n t was carried  o u t w ith  th e  ph en o l- 
su lp h u ric  m ethod  of D u b o is  e t  al. (1956) a f te r  a tw o  h o u rs’ h y d ro liza tio n  on h o t w a te r  b a th ,  
w ith  2 %  hydroch lo ric  acid . T h e  d e te rm in a tio n  o f th e  to ta l  n itrogen  c o n te n t was m ade  a cc o rd ­
in g  to  K e l l e y  e t al. (1946), a f te r  d e stru c tio n  w ith  c o n cen tra ted  su lp h u r. P h o to m e try  was 
c a rr ied  o u t w ith  a  S p ek o l-ty p e  sp e c tro p h o to m ete r a t  495 and 420 nm , resp ec tive ly . T he 
c a lib ra tio n a l s tra ig h t w as d e te rm in e d  w ith  glycose a n d  am m onium  ch loride, re sp ec tiv e ly .

A m ong th e  c lim atic  fa c to rs , a ir te m p e ra tu re , m o is tu re  q u a n ti ty , d u ra tio n  of su n sh in e  
a n d  g lobal rad ia tio n  were considered  (see Table 1). T h e  m easuring  of te m p e ra tu re  an d  m o is tu re  
q u a n ti ty  w as carried  o u t in  th e  fie ld , while th e  d a ta  o f th e  d u ra tio n  of sunsh ine  an d  o f g lo b al 
ra d ia tio n  w ere ob ta in ed  fro m  th e  m easu rem en ts  o f th e  A grom eteorological O b se rv a to ry  
I n s t i tu te  (M artonvásár) o f th e  HA S. (For th e  a v a ila b ili ty  of the  d a ta  th a n k s  are due to  Dr. 
J á n o s  P l e t s e r , H ead of th e  O bserva to ry ).

Table 1

M eteorological data o f  the period  investigated

Period
Min.

tem perature 0 

Max

c

Mean

j Global radiation 
J (eal/cm2)

Sunshine,
h

M oisture,
m m

IV. 2 9 - V .  29. 5.5 27.0 18.1 12.939 195.8 88.40
V. 3 0 - V I .  26. 6.0 31.0 17.9 12.385 195.5 38.05

V I. 27 V II. 29. 11.5 35.5 20.5 15.390 214.0 60.60
V II . 3 0 - V I I I .  29. 11.0 37.0 23.6 12,420 255.0 84.90

V III . 3 0 - I X .  27. 4.0 29.5 18.4 8.389 187.3 32.35

IX . 28 — X . 27. 0.5 17.0 7.7 3.826 75.3 169.90

IV. 29 —X . 27. 0.5 37.0 17.7 65.319 1122.9 474.20

In  calcu la tin g  th e  en erg y  u tiliza tio n , 1 g o f o rgan ic  p lan t m a tte r  w as considered  to  
e q u a l 4000 cal energy (H a y a s h i , 1966). The ra te  o f u til iz a tio n  was c a lcu la ted  according to  th e  
fo llow ing eq u atio n  (M u r a t a  e t ah , 1968):

E nergy  co n v ersio n  %
d ry  w e ig h t (g) X 4000 cal 

ra d ia te d  energy  (cal) ■ 100

T his refers to  th e  g lobal ra d ia tio n , th e  q u a n ti ty  o f w hich is ta k e n  tw ice for o b ta in in g  
th e  p h o to sy n th e tic  energy co n v ersio n  calcu la ted  for P A R .

T h e  co rre la tions b e tw een  va rio u s d a ta  c h a ra c te ris tic  of th e  o rgan ic  m a tte r  p ro d u c tio n  
were ex am in ed  w ith  regression  analysis (S v á b , 1973).
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T he d o m in a n t species o f th e  s ta n d  are S tipa  capillata, Festuca rupicola  an d  Salvia nemo- 
rosa. A m ong th e  o th er species th e  follow ing should  be  m en tio n ed :

Sedum  m a x im u m , C ytisus austriacus, M edicago fa lca ta , A straga lus onobrychis, F alcaria  
vulgaris, A speru la  cynanchica, Scabiosa ochroleuca, L in u m  ten u ifo liu m , Euphorbia  cyparassias, 
N onea p u lla , Stachys recta, C alam intha acinos, T h ym u s m arschallianus , Verbascum lychnitis, 
L in a ria  genistifo lia , Veronica spicata, Papaver dub ium , C am panula  Sibirien , H ypericum  p er­
fo ra tu m , A chillea collina, Senecio jakobaea, X eran them um  a n n u u m , Centaurea sadleriana. 
Taraxacum  serotinum , S ilene otites, A lliu m  sphaerocephalum , A lliu m  f la v u m , A sparagus o f f i ­
cinalis, Poa anguslifolia , D actylis glomerata, Agropyron repens ( th e  en u m e ra tio n  follows Soó — 
K á r p á t i , 1968).

T he m a jo rity  o f th e  d ry  w eigh t of liv ing  p la n t  p a r ts  was th ro u g h o u t ob ta in ed  from  
S tip a  capillata  (its  av erage  sh a re  w as 64% , m in im um  4 1 % , m ax im u m  7 7% ). Festuca rupicola  
is r a th e r  s ig n ifican t (on th e  average: 12% , m in im u m  7 % , m ax im u m  3 3% ), and also Salvia  
nemorosa (10%  on th e  av erag e; m in im um  0% , m ax im u m  23% ).

The average  share  o f th e  o th er species was 13%  (m in im u m  6 % , m ax im um  26% ).

Fig. 1. N ag y h eg y  and  its  e n v iro n m en t n ear D u n a fö ld v ár

Results

T he cover of th e  s ta n d  v aried  betw een  40 an d  60%  d u rin g  th e  v eg e ta tio n  
period ; i t  w as th e  g re a te s t in  Ju n e  and  J u ly .

T he p ro p o rtio n  o f th e  dead  p lan t p a r ts  w as on th e  average  42%  in th e  
d ry  m a tte r  p ro d u c tio n , p a r t  of w hich o rig in a ted  from  th e  p rodu c tio n  o f th e  
p rev ious y ears . A g rea t p a r t  of th e  dead m a tte r  also co nsisted  of Stipa  capillata  
an d  Festuca rupicola.

C hanges in  th e  liv ing  and  dead  m a tte r  w eigh t p ro p o rtio n s  of th e  d om i­
n a n t  species d u rin g  th e  v eg e ta tio n  period  are  show n in F ig . 2.

T he q u a n ti ta t iv e  d a ta  of th e  o rganic  m a tte r  are  g iven in T able 2; th e  
v alues ch a rac te ris tic  o f th e  p ro d u c tiv ity  in  th e  s ta n d  a re  sum m arized  in  T ab le  
3, an d  d e m o n s tra te d  in  F ig . 3.
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Table 2

Quantitative data o f  dry  matter, total carbohydrate and total nitrogen contents

D ry  weight (g/m2)

Time
of sampling

Living parts
D ead p a r t Together

Stipa Festuca Salvia Other T otal

DM 140.10 12.20 8.40 23.08 183.78 201.20 384.98

IV . 29. CH 29.93 3.71 3.47 5.09 42.20 42.15 83.35
N 2.38 0.23 0.37 1.04 4.02 4.02 8.04

DM 210.40 45.20 81.20 51.56 388.36 210.12 598.48

V. 30. CH 61.48 12.18 11.65 11.14 96.45 43.39 139.84

N 3.79 0.79 y4.87 3.09 12.54 4.83 17.37

DM 360.00 58.40 92.60 66.60 577.60 340.00 917.60

V I. 27 CH 98.28 16.53 9.45 14.79 139.05 80.92 219.97

N 10.80 1.23 3.33 4.33 19.69 11.90 31.59

DM 506.80 70.00 185.60 46.00 808.40 384.00 1192.40

V II .  30. CH 152.55 21.56 32.48 10.95 217.54 84.67 302.21

N 14.19 1.64 4.27 2.21 22.31 10.37 32.68

DM 362.60 34.40 25.38 66.76 489.14 339.20 828.34

V I I I .  30. CH 154.83 8.19 4.44 16.36 183.82 85.48 269.30

N 8.34 0.62 0.41 1.90 11.27 7.12 18.39

DM 350.40 40.20 10.40 52.40 453.40 360.20 813.60
IX . 28. CH 144.71 10.83 1.94 12.47 169.95 93.90 263.85

N 8.41 0.74 0.15 1.20 10.50 8.46 18.96

DM 72.80 58.32 — 46.60 177.72 489.20 662.92

X . 28. CH 29.30 21.64 — 9.76 60.70 119.85 180.55

N 1.67 0.96 — 1.35 3.98 10.03 14.01

DM =  d ry  m a tte r  
CH =  ca rb o h y d ra te , to ta l  

N  =  n itrogen , to ta l

I t  can be s ta te d  th a t  th e  s ta n d  increased  up till th e  end  o f J u ly , th e n  th e  
q u a n t i ty  of th e  above-g round  d ry  m a tte r  began  to  decrease, f ir s t  a t  a ra p id  
p a c e  th e n  a t a slow er one. T he to ta l  p ro d u c tio n  in th e  perio d  exam ined  w as 
281.94 g/m 2, w hich in  a da ily  average  am o u n ts  to  1.549 g /m 2.

Changes in  th e  c a rb o h y d ra te  p ro d u c tio n  follow on ly  p a r t ly  th e  course 
o f  th e  d ry  m a tte r  p ro d u c tio n . T h e  cause o f th e  dev ia tions w as th a t  th e  to ta l  
c a rb o h y d ra te  co n cen tra tio n  s ig n ifican tly  changed  du ring  th e  g ro w th  perio d ;
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Table 3

P roductivity  o f  the stand

Dry m atter T otal carbohydrate Total xi itrogen

Period
Total
(g/m 2)

Daily
(g/rrF/day)

Total
(g/m*)

Daily
(g/m2/day)

Total
(g M

D aily
(g/m 2/day)

IV. 29 —V. 29. + 2 1 3 .5 0 +  6.887 + 5 6 .4 9 +  1.822 +  9.33 + 0 .3 0 1

V. 30—V I. 26. + 3 19 .12 +  11.397 + 8 0 .1 3 + 2 .8 6 2 +  14.22 + 0 .5 0 8

V I. 27—V II. 29. + 2 7 4 .8 0 +  8.327 + 8 2 .2 4 + 2 .4 9 2 +  1.09 + 0 .0 3 3

V II. 3 0 - V I I I .  29. -3 6 4 .0 6 -1 1 .7 4 3 -3 2 .9 1 - 1 .0 6 2 - 1 4 .2 9 — 0.461

V III . 3 0 - I X .  27. -  14.74 -  0.508 -  5.45 - 0 .1 8 8 +  0.57 + 0 .0 2 0

IX . 28 — X . 27. -1 4 6 .6 8 -  4.889 —  83.30 - 2 .7 7 7 1 £>■ VO C+
l - 0 .1 6 5

T otal + 2 8 1 .9 4

A.

+  1.549 + 9 7 .2 0 + 0 .5 3 4 +  5.97 + 0 .0 3 3

29 . 4. 30. 5 . 27 . 6 . 30 . 7. 30 . 8 .

B.

28 .9 . 28 . 10.

f  \ living 
dead

I  Stipa 
Ц  Festuca 
I I Saluia 
I I other

100 %

Fig. 2. A : p ro p o rtio n  of living and  d ead  p la n t  p a r ts  (w eight % ); B: d is tr ib u tio n  o f liv ing  
p la n t p a rts  acco rd in g  to  species (w eight % )

i t  re ach ed  its  m ax im u m  in A ugust a n d  i t  w as h igher in  th e  second h a lf  o f th e  
v e g e ta tio n  period .

T h e  c a rb o h y d ra te  p ro d u c tio n  d u rin g  th e  v eg e ta tio n  period  w as 97.20 
g/m 2, th e  daily  increase was 0.534 g /m 2. T his am o u n ted  to  34%  o f th e  d ry  
m a tte r  p ro d u c tio n . The changes in  th e  n itrogen  p ro d u c tio n  show  also  on ly  
a p p ro x im a te ly  a sim ilar course to  th o se  occurring  in  th e  d ry  m a tte r  p ro d u c tio n . 
T he to ta l  n itro g en  co n cen tra tion  in c reased  up till th e  end of J u n e , th e n  i t  
decreased  an d  becam e h igher only  in  th e  f irs t  h a lf  o f v eg e ta tio n  p e rio d  (F ig . 
4). D u rin g  th e  182 days of th e  in v es tig a tio n , th e  to ta l  n itrogen  p ro d u c tio n  
w as 5.97g; th is  corresponds to  a d a ily  0.033 g/m 2 average increase. A b o u t 2 %  
o f th e  accu m u la ted  d ry  m a tte r  c o n te n t is n itrogen .
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1 I ! I I I I
29.4 30.5 27,6 30.7 30.8 28.9 28.10

F ig . 3. Changes in  th e  o rg an ic  m a tte r  q u a n ti ty  (d ry  m a tte r ,  c a rb o h y d ra te  and  n itro g en )
in the  sam pling  pe rio d s

Discussion

T he resu lts  o f  th e  regression analy sis  re la te d  to  th e  organic m a tte r  
q u a n t i ty  of a u n it a re a  are  sum m arized in T ab le  4.

O n th e  basis o f  o u r  d a ta  th ere  is a p o sitiv e  co rre la tion  betw een  th e  q u a n ­
titie s  o f d ry  m a tte r  a n d  c a rb o h y d ra te  and  n itro g e n ; th e ir  co rre la tion  is lin ear; 
th e  to ta l  n itrogen  c o n te n t  is in a r a th e r  close lin ea r  regressional co rre la tion  
w ith  th e  q u a n tity  o f  th e  d ry  m a tte r . H o w ev er, in  th e  dead  p la n t p a r ts  a 
s im ila rly  close c o rre la tio n  can only he fo u n d  in  th e  to ta l c a rb o h y d ra te .
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Table 4

Results o f  the dry  matter quantity , to the total nitrogen content and to the total
carbohydrate content

D rv m atter and carbo- Dry m atte r and nitrogen Carbohydrate and nitro-
hydrate production production gen production

R egressional equa­
tio n  (Y ’ =  a  +
+  bX )
—  in liv ing  p a rts Y’ =  10.81 +  0.27X Y’= — 1.28+0.03X Y’ =  1.37+0.082X
—  in dead  p a rts Y ’=11 .45+ 0 .27X Y ’ =  +  0.47+0.023X Y’ =  1.86+0.079X

R egressional coef-
fic ien t w ith  s tan d ­
ard  dev ia tion
(Ь± * ь ) .
—  in  living p a rts +0.27+0.0545 + 0.03 ±0.0042 +0.082+0.0306
— in  dead p a rts +0.27 ±0.0320 +  0.023+0.0081 +  0.079+0.0315

Correlation coeffi-
c ien t (r)
—  in living p a rts +0.91 +  0.95 +0.77
— in dead p a rts +0.98 +0.78 +0.75

D eterm ination  со-
efficient (r2)
— in living p a rts 0.8295 0.9118 0.5918
— in dead p a rts 0.9663 0.6168 0.5599

P ro b ab ility  level of
significance in the  
correlation  (P ) 1°/ 1 0

\Cоо

5%
—  in living p a rts

10%—  in  dead p a rts © V.
O O'
-' 5%

The co rre la tio n  is looser in  th e  changes o f th e  n itro g en  c o n te n t (Figs 5 
an d  6). T he ra te  o f co rre la tion  is s ig n ifican tly  in fluenced  b y  th e  fa c t, m en tioned  
above, th a t  th e  to ta l  c a rb o h y d ra te  an d  th e  to ta l  n itro g en  co n cen tra tio n s 
d u rin g  th e  ex p e rim en ta l period  are  n o t co n stan t, an d  th e  courses of th e ir  
changes differ even  from  each o th e r  (F ig . 4).

S im ilarly , a positive lin ea r  regressional co rre la tio n  ex ists  betw een  th e  
to ta l  c a rb o h y d ra te  and  to ta l  n itro g en  c o n ten ts ; th e ir  co rre la tio n , how ever, is 
n o t close, expecia lly  n o t in  th e  d ead  p la n t p a r ts  (F ig . 7). T h is is in  connection  
w ith  th e  s ta te m e n t, a lready  m en tio n ed , th a t  changes in  th e  to ta l  c a rb o ­
h y d ra te  and  to ta l  n itrogen  co n cen tra tio n s  are n o t o f th e  sam e ch a ra c te r  d u ring  
th e  v eg e ta tio n  period .

W hen com paring  th e  to ta l  c a rb o h y d ra te  an d  to ta l  n itro g en  co n cen tra ­
tio n s  i t  can  be in fe rred  th a t  a h ig h er ca rb o h y d ra te  c o n c e n tra tio n  is in  genera l 
accom pan ied  b y  a low er n itro g en  co n cen tra tio n  an d  vice versa  (F ig. 4); how ­
ever, th e ir  co rre la tio n  is n o t linear.
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29 . 4. 30.5. 27. 6 . 30.7
1 I I 1 

30.8. 28 .9. 28 . 10.

F ig . 4. Changes in  th e  to ta l  c a rb o h y d ra te  an d  to ta l  n itro g en  co n cen tra tio n s  o f th e  d ry  
m a t te r  during  th e  v e g e ta tio n  period

dry - matter

F ig. 5. C orre la tion  b e tw een  th e  q u a n titie s  o f d ry  m a tte r  a n d  c a rb o h y d ra te

T he energy u tiliz a tio n  o f th e  s ta n d  in  re la tio n  to  th e  v a rio u s exp erim en ta l 
perio d s is given in  d e ta il in  T ab le  5.

U p till the  end  o f J u ly ,  th e  s ta n d  u tilized  0 .79%  o f th e  g lobal ra d ia te d  
energy , th e  h ighest u tiliz a tio n  (1 .03% ) to o k  place in  Ju n e . In  th e  in v es tig a ­
tio n  period  of 128 d ay s , th e  energy  u tiliz a tio n  of th e  s ta n d  w as 0 .17% .
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F ig . 6. C orre la tio n  betw een  th e  q u a n tit ie s  o f d ry  m a t te r  and  nitrogen

F ig. 7. C orre la tio n  betw een  c a rb o h y d ra te  and  n itro g en  qu an titie s

Table 5

E nergy conversion o f  the p la n t stand

Period
Energy value 

of th e  production 
(cal/m2)

Conversion,
%

IY. 2 9 —V. 29. 854.00 0.66

Y. 3 0 - V I .  26. 1276.48 1.03

V I. 27 - V I I .  29. 1099.20 0.71

IV . 2 9 —V II. 29. 3229.68 0.79

V II. 3 0 - X .  27. - —

IV. 29 —X . 27. 1127.76 0.17
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S um m ary

B y  a m o n th ly  sam pling , from  th e  en d  o f  A pril till th e  end  o f O ctober, 
1974, th e  organic m a t te r  p ro d u c tio n  a n d  p h o to sy n th e tic  en erg y  u tiliz a tio n  
o f  a Salvio-Festucetum  rupicolae p a n n o n icu m  stipetosum capillatae  p la n t s tan d  
o f th e  Mezőföld w ere exam in ed . W e can  s ta te  as follows.

1. A m a jo rity  o f th e  d ry  m a tte r  c o n te n t of th e  liv ing  p a r ts  w as g iven 
th ro u g h o u t b y  S tip a  capilla ta; besides i t ,  th e  p roportion  o f Festuca rupicola  
a n d  Sa lvia  nemorosa w as ra th e r  sig n ifican t. In  th e  d ry  m a tte r , th e  p rop o rtio n  
o f  th e  dead  p la n t p a r ts  w as 42%  on th e  average .

2. T he s ta n d  increased  u n til  th e  en d  o f J u ly , and  to  th e  g re a te s t e x te n t 
in  J u n e .  The to ta l  p ro d u c tio n  d u rin g  th e  w hole in v estig a tio n  perio d  w as 281.94 
g /m 2, rep resen tin g  p ro d u c tiv ity  of 1.549 g /m 2; 34%  of th is  w as c a rb o h y d ra te  
a n d  2 %  was n itrogen .

3. The changes in  th e  to ta l  c a rb o h y d ra te  an d  to ta l  n itro g en  c o n ten ts  of 
th e  d ry  m a tte r  follow on ly  p a r tly  th e  course  of changes in th e  d ry  w eigh t. 
T h e  dev ia tio n s can be exp la ined  b y  th e  changes in  th e ir  co n cen tra tio n s  d u rin g  
th e  v e g e ta tio n  period . T h e  to ta l  n itro g en  co n cen tra tio n  was h ig h er in  th e  f ir s t  
h a lf  o f th e  v eg e ta tio n  period  w hile th e  to ta l  ca rb o h y d ra te  c o n te n t in  th e  second 
h a lf.

4 . The q u a n ti ty  o f  th e  d ry  m a tte r  o f  th e  living p a r ts , a n d  th e  ca rb o ­
h y d ra te  and n itro g en  co n ten ts , re sp ec tiv e ly , are in a close p o sitive  lin ea r 
c o rre la tio n . C oncerning th e  dead  p a r ts , th is  is close in  th e  to ta l  c a rb o h y d ra te  
c o n te n t.

5. T here ex ists  a p o sitive  lin ea r  reg ressional connection  betw een  th e  
c a rb o h y d ra te  an d  n itro g en  co n ten ts , b u t  th e  co rre la tion  is n o t close.

6. I t  can be s ta te d  th a t  th e  h ig h e r c a rb o h y d ra te  c o n c e n tra tio n  is in  
g e n e ra l accom panied  b y  a low er n itro g en  co n te n t.

7. D uring its  g ro w th , from  th e  end  o f  A pril to  the  end o f J u ly , th e  s ta n d  
u til iz e d  0.79%  of th e  ra d ia te d  g lobal energy , while in  J u n e  i t  used  1 .03%  
o f i t .  As regards th e  w hole in v es tig a tio n  p erio d , th e  energy  u tiliz a tio n  teas
0 .1 7 % .
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ECOLOGICAL OBSERVATIONS ON THE AQUATIC 
HYPHOMYCETES OF HUNGARY, II

O B SE R V A T IO N S ON B IO T O P E S  O F A Q U A T IC  H Y PH O M Y C E T E S IN  SW  H U N G A R Y

B y

J .  G ö n c z ö l

BOTANICAL DEPARTM ENT, H UN G A RIA N  NATURAL H ISTO RY  M USEUM , BUDAPEST 

(R eceived  J a n u a ry  28, 1976)

The p a p e r describes an  u n u su a l an d  less know n  h a b ita t  of aq u atic  H y p h o m y - 
cetes — hollow s in  trees  — in a d d itio n  to  th e  aq u atic  H y p h o m y c e tes  of g u tte rs  a n d  open 
d itches in  th e  a rea  o f reference.

L eaves d ecay ing  un d er w a te r  in  these  h a b ita ts  w ere s tu d ied  show ing th e  sequence 
of th e  tru e  a q u a tic  H y p h o m y cetes an d  th a t  o f th e  so-called  “ ae ro -aq u a tic”  — helico- 
sporous — H y p hom ycetes .

T he p ap er fu r th e r  discusses a n d  illu s tra te s  th e  co n id ia  of foam  sam ple co llected  
from  a n o n -aq u a tic  and  also u n u su a l h a b ita t.

Introduction

E arlie r p ap ers  ( G ö n c z ö l , 1971; 1974; 1975/a; 1975/b.) d iscussed th e  
a q u a tic  H y p h o m y cetes  of th e  m o n tan e  stream s in  th e  C en tral H u n g a ria n  
R an g e  (300— 1000 m .) T he a q u a tic  b io topes ex am in ed  heretofore  h av e  been 
m o u n ta in  ch a rac te rized  in th e ir  m a jo r ity  by  rap id  flow , and  a u sua lly  rocky  
bed . Sm aller to  la rg e r rap ids an d  w ater-falls are  f re q u e n t th e re , causing  a 
ra p id  m ovem ent a t  w a te r and  th e  fo rm ation  of fresh  w aters rich  in  solved 
oxigén. I s tu d ied  th e  aq u a tic  H y p h o m y ce tes  of th ese  m o u n ta in  stream s m ain ly  
in  th e  M ountains B örzsöny  for som e tim e  (1969— 1975), and  com pared  th em  
to  som e e x te n t w ith  th e  m a te ria l deriv ing  from  o th e r  stream s of H u n g a ria n  
m oun ta in s .

In  th e  sum m er o f 1975, I a tte m p te d  for th e  f i r s t  tim e  to  in v es tig a te  th e  
a q u a tic  H y p h o m y cetes  in SW  H u n g a ry . This p a r t  o f th e  co u n try  ( th e  co m ita ts  
Z ala  and  Vas) d iffers s ig n ifican tly  from  th e  cen tra l ra n g é in  b o th  th e ir  g eo g rap h ­
ical and  h y d ro g rap h ica l cond itions. This is a h illy  te rra in  of 150— 300 m 
h e ig h t covered w ith  sand , clay an d  brow n fo rest soil, in te r ru p te d  fre q u e n tly  by  
valleys. The slopes o f th e  hills a re  u n d e r ag ricu ltu re , while th e  hill to p s  are 
m ain ly  covered w ith  beeches, m a n y  cases m ixed w ith  c h es tn u t ( Castanea  
sa tiva ), while th e  s tream s are m o stly  hem m ed in  b y  a ld er ( A ln u s g lu tin o sa ). 
S tream s sim ilar to  those  of th e  C en tra l R anges are  n o t to  be found  here . The 
w a te r  o f th e  d itches m eandering  a t  th e  feet of th e  hills and  th e  w a te r  of the  
d ra in s  siphoning  o ff in land  w a te rs  flow  slowly, th e y  are a lm ost s ta g n a n t, 
opalescen t owing to  th e ir  c layey  or hum ic deposits.
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R esults

F oam  fo rm atio n  on  th e  w a te r o f th e  d itch es  u n d er th e  co n d itio n s ou tlined  
ab o v e  is rare . In  J u ly , 1975, I collected in  th e  d itches for th e  f ir s t  tim e. H ard ly  
a n y  w a te r  m ovem ent a n d  no foam  w ere to  be found  anyw here . I  could no t 
d e te c t  an y  aq u a tic  H y p h o m y ce te s  spores in  th e  w a te r sam ples exam ined  by  
m ean s of sed im en ta tio n  and  f iltra tio n . In  O ctober, 1975, I  co llected  for the  
seco n d  tim e in th is  h a b i ta t .  L ea f d en u d a tio n  h ad  a lready  s ta r te d  and  in  th e  
w a te r  th e re  were m a n y  o f decaying  a lder leaves. Owing to  th e  ra ins w hich 
h a d  been  falling for a lo n g er tim e , w a te r w as p len tifu l in th e  cana ls an d  ditches 
an d  i t  k e p t m oving an d  I  found  even foam  in one or tw o places.

T he spore m a te r ia l found  in th e  foam  specim ens was ra th e r  poor in bo th  
species and  in d iv id u a l n u m b ers . T he m ost freq u en t was th e  conid ium  of 
T etraclad ium  m archalianum  de W ild, s im ila rly  to  th e  a u tu m n  sam ples of th e  
a ld e r  woods in  th e  m o u n ta in  stream s. T he o th e r  species o ccu rred  in  nearly  
id en tica l frequencies, as follows:

Alatospora acum ina ta  Ing .
Anguillospora long issim a  (de W ild.) Ingóid
H eliscus aquaticus In g .
Tetracladium  setigerum  (Grove) Ing.
Triclad ium  angu la tum  Ing .
Tricladium  anom alum  Ing .

B esides those e n u m e ra te d  above, th e  co lourfu l spores o f v a rio u s  te rre s tr ia l 
fu n g i also occurred in a r a th e r  g rea t n um ber; th e y  h ad  in  all p ro b a b ility  appeared  
seco n d arily  in th e  w a te r .

O n th e  decaying  a ld e r  leaves collected from  th e  w a te r o f th e  canals, th e  
spo re  p ro d u c tio n  of Tetracladium  m archalianum  and  of Anguillospora longissima  
s ta r te d  on the  second to  th ird  day  of in cu b a tio n ; la te r, a t  th e  beg inning  of 
N o v em b er, the  conidia o f Tetracladium  setigerum  appeared  in  g re a te r  num bers.

A ccording to  th e  p re lim in a ry  in v estig a tio n s, th e  aq u a tic  H y p hom ycetes 
o f th e  stream s of th is reg ion  is m uch m ore m onotonous and p o o re r th a n  those 
o f th e  m o u n ta in  s tream s. A m ong th e  causes, th e  slow w a te r m o v em en t, th e  
g re a te r  richness in o rgan ic  m a tte r  and  th e  r a th e r  m onotonous le a f  m ateria l 
m ay  h av e  a p a r t to  p lay .

Seeking  for fu r th e r  a q u a tic  H y p h o m y cetes  bio topes w hen  sam pling  in 
J u ly ,  1975 I found sm alle r an d  larger holes in  trees . In  som e o f th em  th ere  
w ere n o t  only w et, d ecay in g  d e tr itu s  h u t also som e w a te r as well. One well 
accessib le hole was a t  a h e ig h t o f ab o u t 1.5 m , in  th e  tru n k  o f  a beech tree  
40 cm  in d iam eter.

T h e  hollow was a b o u t 20 cm  deep an d  th e  w a te r  reached a h e ig h t of 5— 
10 cm . A t th e  b o tto m  o f th e  hollow  I  found  a decaying  sed im en t of several
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cm  th ickness, b u t  th e  w a te r  above i t  w as clear and  odourless. I  took  a sam ple  
of some 100 m l. T here  w as a copious m a te ria l of m o stly  beech  leaves in a s ta te  
of advanced  decay . 1 also collected som e of these.

U n til th a t  tim e  I  h ad  no in fo rm atio n  th a t  a hole in  a tre e  can also re p ­
re sen t an  a q u a tic  H y p h o m y cetes  h a b ita t .  I w as a s to n ish ed  to  fin d  con id ia  
in  a large n u m b er in  th e  w a te r  sam ple ta k e n  from  th e  hollow  tree  (No. 1.), 
even th ough  th o se  w ere conidia o f A la tospo ra  a c u m in a ta  Ingo ld  th a t  is one 
of th e  m ost w idespread  species over th e  w orld.

T he spores o f C am posporium  pellucidum  (G rove) H u g h es were fo u n d  in  
a b o u t a sim ilarly  large n u m b er. T he spores of b o th  species w ere sound an d  
fresh , w hich p ro v ed  th a t  th e y  m ig h t have com e in to  ex istence  no t sh o rtly  
before I  found th em . A t a d is tan ce  of a few h u n d red  m e te rs  from  th is  beech  
tre e  I happened  on a sim ilarly  hollow  tree . T here w as a sm aller q u a n ti ty  of 
w a te r and  a th ic k e r  lay e r of deposit, b u t th e  conid ia  o f Alatospora acum inata  
could be rem oved in  m asses from  th e  w a te r sam ple.

N ex t d ay  I  w en t to  a fa r th e r  beech fo rest a b o u t 30— 40 km  rem oved  
from  th e  form er p lace of sam ple collecting. H ere I  also succeeded  in  fin d in g  a 
beech tree  w ith  a large hole (No. 2), from  its  w a te r, A la tospora  acum inata  an d  
Cam posporium  pellucidum  could be show n in a g rea t n u m b er. Besides th e m , 
a few conidia, w ith  all p ro b a b ility  those  of T ric lad ium  sp ., em erged from  th e  
sam ple (P la te  I I ,  F ig . 2).

A fter exam in ing  th e  skele ton ized  leaves w hich h a d  been  collected from  
th e  hollow trees, I found  th a t  only  Alatospora acum inata  p roduce  spores, an d  
even th is  species on ly  w ith  a freq u en cy  of a few in d iv id u a ls . On th e  lea f  sk e l­
etons, which w ere k ep t in  P e tr i  dishes un d er a th in  lay e r o f d istilled  w a te r and  
w ere sligh tly  v e n tilla te d , th e  p rodu c tio n  of spores in c reased  a fte r  a few d ay s, 
an d  th e  spores ap p eared  in  g rea t num bers even a f te r  tw o  or th ree  w eeks.

I v isited  th e  tree  holes in  O ctober of th e  sam e y e a r  fo r th e  second tim e . 
D enudation  w as in its  in itia l phase , the  w ea th er h ad  been  chilly an d  ra in y  
since some days. I  succeeded in  fin d in g  th e  trees lab e lled  a t  th e  tim e o f th e  
fo rm er sam ple co llecting  (site  N o. 1); I  took  sam ples o f w a te r  and  of th e  d ecay ­
ing leaves — in th e  m ain  p a r t  beech and  elm  tree  leaves ( Fagus silvatica  an d  
U lm us sp.). In  one of th e  tree  hollows I found  a b o u t th e  sam e q u a n ti ty  of 
w a te r as on th e  prev ious occasion in sum m er, b u t  th is  tim e  I found th e  conid ia  
o f Articulospora tetracladia  in  th e  w a te r sam ple. T he le a f  skeletons w ere in ­
cu b a ted , sim ilarly  to  those co llected  in sum m er, and  a f te r  as sho rt a tim e  as 
24 hours th e  m ass p ro d u c tio n  o f Articulospora tetracladia  cou ld  be experienced . 
Articulospora tetracladia  In g . f. angulata  (T ubaki) N ilsson also occurred  am ong  
th e  conidia.

In  tree  hollow  No. 2, a g rea t n u m b er o f sk e le ton ized  beech leaves w ere 
found  u n d er a r a th e r  th in  lay er of w ate r. W hen s tu d y in g  th em  in th e  fie ld , 
I  found  only a few conidia of Alatospora acum inata  in  th e  sm all w a te r sam ple
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fu ll o f d e tritu s . I  p u t  som e of th e  le a f  skele tons (m ain ly  F agus silvatica  leaves) 
in to  P e tr i  dishes an d  k e p t th e m  u n d e r  a th in  lay er o f d is tilled  w a te r. On th e  
second  day I ex am in ed  th e  m a te ria l an d  observed th e  m ass p ro d u c tio n  of 
D actylella  submersa (In g .)  N ilsson on th e  lea f  skeletons (P la te  I ,  F igs 1— 5).

Mass spore p ro d u c tio n  could be observed  only on th e  beech  leaves. On a 
few  o th e r leaves (p ro b a b ly  U lm us  sp ., o r C arpinus betulus) con id ia  developed 
as on freq u en tly  as m ere ly  a few in d iv id u a ls . T he m a tu re  con id ia  w ere fusiform , 
b a sa lly  ob tuse, ped ice lla te , 50— 6 0 x 8 — 10 p m  (P la te  I ,  F igs 3 an d  5).

B á n h e g y i  (1962) re p o rte d  th e  con id ia  of Dactylella subm ersa  from  m o u n ­
ta in  s tream s in H u n g a ry . I  saw  th em  in  s tream  w aters  on ly  on one or tw o 
occasions; I  have n ev e r fo u n d  th em  grow ing on lea f skele tons. O nly  a few d a ta  
on its  range is know n, a lth o u g h  i t  is an  iNGOLD-species described  ra th e r  long ago 
(1944). A ccording to  N i l s s o n , i t  is r a th e r  ra re , th o u g h  sev era l o f its  h a b ita ts  
a re  know n from  Sw eden . H ow ever, even  these  occurrences are  know n no t 
fro m  m o u n ta in  s tream s b u t  from  d itch es  an d  canals w ith  slow ly m oving  or 
m o re  or less s ta g n a n t w a te rs . T he p re se n t H u n g arian  d a ta  seem  to  confirm  
th a t  th is  species in h a b its  q u ie t o f s ta g n a n t w aters. T ree hollow s are  an  ex trem e 
ex am p le  of these  h a b ita ts .

Discussion

(1) Tree hollows, as h a b ita ts  o f a q u a tic  H y p h o m y cetes , re p re se n t fu r th e r  
in fo rm a tio n  on th e  d is tr ib u tio n  of th is  g roup  of fungi. S ince b o th  sam pling  
s ite s  (N os 1 and 2) w ere fa r  from  an y  k in d  of flow ing or s ta g n a n t w aters, the  
p ro b a b ili ty  of the  fungi b e ing  tr a n s m itte d  d irec tly , for ex am p le  b y  w ind, from  
th e se  b io topes is sm all. N everth e less , tre e  hollows, as e x trem e ly  iso lated  
h a b i ta ts ,  have th e ir  ow n flo ra  of a q u a tic  H y p h o m y cetes  an d  o th e r fungi. 
T h e ir  connection  w ith  o th e r  aq u a tic  an d  lan d  h a b ita ts  is p resu m ab ly  m ore 
re s tr ic te d  th a n  th a t  of s tream s and  o f s ta g n a n t w aters. T h e  orig in  of th e  flo ra  
o f  a q u a tic  H y p h o m y cetes  of these  tre e  hollow s is an  in te re s tin g  prob lem , 
b ecau se  th e ir  connection  “ th ro u g h  th e  a ir”  w ith  th e  tru e  h a b ita ts  of aq u a tic  
H y p h o m y ce tes  is r a th e r  questio n ab le , b u t  th e ir  origin from  th e  g round  is 
also n o t  free from  prob lem s.

I t  seems likely  t h a t  a large p o rtio n  o f th e  leaves reach  hollow s in trees 
d ire c tly , w ith o u t to u ch in g  th e  g round , a t  th e  tim e of d e n u d a tio n , and  it  is 
o n ly  a sm aller po rtio n  w h ich  is tra n s m itte d  from  th e  l i t te r  t h a t  has a lready  
fa llen  on th e  ground.

A  fu r th e r  questio n  is w h e th e r th ese  tre e  hollows o ccasionally  d ry  ou t 
co m p le te ly , and if  so how  th ese  fungi re se ttle  them .

I t  is rem arkab le , in  ad d itio n , th a t  desp ite  th e  sm all d im ensions and  
n e a r ly  closed s ta te  of th e  tre e  hollow s, th e  fungus species follow  each o th e r
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Plate I :  F igs 1 —2. Y oung  conidia o f Dactylella subm ersa  grow ing on skeletonized  beech  
leaves (x 8 0 0 ;  x l5 0 ) .  Fig. 3. M ature  con id ium  of D actylella submersa a t  th e  m o m e n t o f 
lib e ra tio n  (x 7 5 0 ) .  F ig . 4. Section of th e  leaf v e in  w ith  th e  con id ia  of Dactylella subm ersa  
in  v arious stages o f developm en t ( x l l O ) .  Fig. 5. M a tu re , l ib e ra te d  conidia o f Dactylella

submersa ( X410)
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p erio d ica lly  — sim ila rly  to  th e  case w ith  th e  “ large”  b io topes (those  o f stream s 
a n d  lakes) — a t  leas t th e  differences fo u n d  in th e  sum m er and  a u tu m n  sam ples 
allow  th is  inference.

(2) T here is, how ever, also a re m a rk a b le  dev ia tion  in  th e  sequence of 
th e  species, w hich I  h a v e  never been ab le  to  observe on th e  leaves o rig in a tin g  
fro m  stream s. I t  could  nam ely  be o b serv ed  in  b o th  th e  su m m er an d  th e  a u tu m n  
m a te r ia l  o f lea f skele tons th a t  as soon as th e  covering w a te r  lay e r subsided  to  
su ch  an  e x te n t th a t  i t  no  longer covered  b u t  still k ep t th e  leaves w et, th e  helico- 
spo ro u s H yphom ycetes ap p eared  on th e m . T h u s I  found  sp ira l con id ia  in  g rea t 
n u m b e rs  on th e  leaves collected  in su m m er (Ju ly ). T hey  p ro b a b ly  rep re sen ted  
H elicodendron westerdijkae  v an  B ev erw ijk ; according to  th e ir  form  an d  size, 
th e y  agreed w ith  th is  species. U n fo rtu n a te ly , all conidia was observed  on ly  in 
th e ir  m a tu re , lib e ra ted  s ta te  (P la te  I I ,  F ig . 5), th u s  th e ir  e x a c t id e n tif ic a tio n  
w as n o t  possible.

In  th e  case of th e  species ap p ea rin g  on the  lea f m a te ria l co llec ted  in 
a u tu m n  (O ctober), id en tif ic a tio n  w as easier, because th e  le a f  ve in  n e tw o rk , 
em erg in g  from  th e  reced ing  w a te r, w as a lm o st com pletely  covered  w ith  a 
g rey ish -g reen  co a t o f a fungus, re p re se n tin g  Helicodendron paradoxum  Pey- 
ro n e l (P la te  I I ,  Figs 1, 3 and  4).

(3) T he re la tio n sh ip  betw een  th e  fu n g u s  species described  above an d  th e  
ho llow  fo rest trees is obvious, even th o u g h  th e ir  appearence  in  th e m  is still 
u n c la rified .

D uring  the  sam ple collecting  in  O c to b er 1975, I succeeded in o b ta in in g  
a foam  sam ple w hose p lace of origin w as s till m ore unusual. O n th e  d a y  o f col­
lec tin g , i t  ra ined  all d ay , w ashing dow n, as i t  were, every  tre e  o f th e  fo rest. 
D e n u d a tio n  has ju s t  begun , a large p a r t  o f th e  foliage w as s till on th e  trees.

F ro m  beech tree  o f m ag n ifican t size, fa r  from  all k in d s o f flow ing  or 
s ta g n a n t  w ate rs, a foam  from  th e  ra in  w a te r  accum ula ted  a t  th e  base  o f th e  
tre e . F ro m  th e  foam  sam ple  collected  th e re , th e  conidia (d em o n stra ted  in  P la te  
I I I ,  F igs 1— 9) were o b ta in ed . Some o f th e m  h av e  a lread y  been  described  from  
s tre a m  foam . The freq u en cy  of conidia in  th e  foam  specim en d id  n o t reach  th e  
u su a l one from  th e  foam  o f stream s, b u t  ev en  so, 100—200 con id ia  could  on th e  
av e rag e  be found in  th e  w a te r  drops ex am ined .

I could id en tify  on ly  th e  c h a ra c te ris tic , b ifu rca te  conidia o f D iplocladiella  
scalaroides  A rnaud , a lread y  well know n from  stream  foam  sam ples (G önczöl 
— T ó t h , 1974; I n g o l d , 1975). O f th ese  co n id ia , I found only  a few specim ens 
in  one or tw o drops. T he m ost f re q u e n t con id ium  of th e  sam ple resem bled  
m acro co n id ia  of a N ec tria  sp. o f 5 0 —9 0 x 5 .5 —6.5 pm  s ite  (F ig . 5). I found  
5 0 —100 ind iv iduals p e r drop . The con id ia  show n in Figs 1—4 w ere o f sim ilar 
freq u en cy . Am ong these , th e  T -shaped  con id ia , show n in Figs 1— 2, was o b se rv ­
ed on one occasion also in  a s tream  foam  sam ple. T hey  are  su re ly  id en tica l 
w ith  th e  ty p e  described b y  Miu r a  (1974, p . 295; Fig. 27).
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Plate I I : Figs 1 an d  3. C onidiophore o f H elicodendron paradoxum  Pey ronel, w ith  grow ing 
a n d  m atu re  conidia ( x 8 5 0 ;  x230). Fig. 2. C onidium  of Tric lad ium  sp. found  in  th e  w a te r  
o f a tree  hollow ( X 900). Fig. 4. L ib e ra te d  m a tu re  conidia o f Helicodendron paradoxum  
(x 8 5 0 ) .  Fig. 5. M atu re  con id ia  of Helicodendron westerdijkae v an  B everw ijk  (xlOOO)
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Plate I I I :  Figs 1 — 9. C onid ia  found  in  th e  fo am  of ra in w ate r  w ash ing  dow n a  beech  tree
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On the  basis o f th e ir  freq u en cy  of occurrence, th e  spore ty p es  show n in 
F igs 3 and  4 follow. I  am  n o t q u ite  sure w h e th e r th e y  are  fungi. In  th e ir  form  
an d  size th ey  w ere s im ila r to  th e  ty p e  show n b y  Miura (1974, p. 302; Fig. 85).

A few re p re se n ta tiv e s  of th e  ty p es  show n in  F igs 6 an d  7 occurred  con­
sis ten tly  in each o f th e  d rops exam ined , h u t m ore ra re ly  th a n  th o se  of th e  fo rm er 
ty p es . In  Fig. 7, th e  re p re se n ta tiv e  o f a conid ium  is p resu m ab ly  iden tica l w ith  
th o se  described b y  Ma r v a n o v á  an d  Ma r v a n  (1963, p . 114; F ig . 6), an d  by  
M iu r a  (1974, p . 297, F ig . 53). T he ty p es  show n in  F igs 8 an d  9 could be seen 
only  a few tim es. T h e  fo rm er one m ay  possib ly  rep re sen t a Volucrispora  sp.

Summary

F o u r a q u a tic  H y p h o m y ce tes  (Alatospora acum inata , Articulospora tetra- 
cladia. Dactylella submersa, Tr ic lad ium  sp.) could  be d e m o n s tra te d  in th e  co l­
lec ted  sam ples from  a re la tiv e ly  ra re  h a b ita t  i.e. tre e  hollow s; th is  b io tope  is 
u n u su a l for these  fung i. In  ad d itio n , in th e  w a te r o f tre e  hollow s also a te rre s tr ia l 
fungus appeared  (C am posporium  pellucidum  (G rove) H ughes) w hich  occurs 
—  n o t ra re ly  — also in  s tream  foam s (G önczöl — T ó t h , 1974; I n g o l d , 1975). 
A ccording to  th e  o b se rv a tio n s , th is  fungus seem s a n o t exclusively  te rre s tr ia l 
ty p e . I ngold  (1975) fo u n d  i t  p ro duc ing  spores on  su b m ersed  a lder leaves. I ts  
occurrence in th e  w a te r  o f tree  hollow s in H u n g a ry  also co rro b o ra tes  its  aq u a tic  
life form  in ce rta in  cond itions. T he ra th e r  fre q u e n t occurrence  in  a re la tiv e ly  
sm all num ber of sam ples of conid ial ty p es , o u tlin ed  b rie fly  in  (3) o f th e  D is­
cussion, allows th e  in ference  th a t  th e ir  presence th e re  is n o t acc id en ta l b u t 
som ehow  connected  w ith  th e  liv ing  tree . T h e ir in tro d u c tio n  from  th e  soil o r 
ev en tu a lly  from  th e  l i t te r  is h a rd ly  likely, since th e y  accu m u la ted  in th e  foam  
deriv ing  from  th e  ra in  w hich w a te red  th e  fo liage, b ran ch es an d  tru n k  of th e  
tree .

In  recent y ea rs  som e observ a tio n s w ere p u b lish ed  w hich  p roved  th e  lan d  
occurrence (on th e  g ro u n d , on decayed  and  liv ing  p la n ts )  o f fungus species w hich 
form erly  had  been  assu m ed  to  be aq u a tic : m ost re c e n tly  P a r k  (1974) pub lished  
th e  lis t of these species. A t th e  sam e tim e , in  th e  course o f in v es tig a tin g  aq u a tic  
H y p hom ycetes also fu n g u s species w ere found  w hich , th o u g h  h ith e r to  regarded  
as te rre s tr ia l, grow  w ell an d  p roduce  spores w hen  covered  w ith  w a te r ( Campo­
sporium  pellucidum , Diplocladiella scalaroides) .

These o b se rv a tio n s  call a tte n tio n  to  th e  f a c t 'th a t ,  accord ing  to  our p re s ­
e n t know ledge, th e  b o rd e r be tw een  aq u a tic  an d  te r re s tr ia l  H y p hom ycetes is 
fa r  from  being c larified .
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SPATIAL DEPENDENCE OF PLANT POPULATIONS 
PART I. EQUIVALENCE ANALYSIS (AN OUTLINE 

FOR A NEW MODEL)

P . J u h ász-N agy

D EPA RTM EN T OF PLANT TAXONOMY AND ECOLOGY, EÖTVÖS L. U N IV ER SITY , BUDAPEST 

(R eceived  F eb ru a ry  1, 1976)

T rad itio n a l te rm s an d  m eth o d s can n o t cover m an y  aspects o f sp a tia l dependence  
of n a tu ra l  p o pu lations. (S p a tia l dependence includes such  old te rm s as “ assoc ia tion  
b e tw een  species’*, “ in te rsp ecific  co rre la tio n ” , “ sam ple  sim ila rity ”  as well.) T h is series 
o f p ap ers  is aim ed a t p re sen tin g  a n u m b er of new  m odels w hich m ay  p ro v ide  a b e tte r  
in sig h t in to  som e neg lected  p rob lem s. Special em phasis is p u t  on  a space-d y n am ic  
a p p ro ac h  (i.e . on some sp a tia l processes). O ur f irs t  m odel is concerned  w ith  a ce rta in  
g en era lizatio n  of th e  a ttr ib u te  d u a lity  principle.

0. Primary discussion

0.1 In  an excellent rev iew , Goodall has recen tly  sum m ed  up  a huge 
n u m b e r o f stud ies on “ sam ple  sim ila rity  an d  species co rre la tio n ” . This im ­
p o r ta n t  p a p e r  (Goodall, 1973) m akes qu ite  unnecessary  to  re p e a t here  m a n y  
e stab lish ed  resu lts , and  m akes possible to  p a y  m ore a tte n tio n  to  ce rta in  
fu tu re  ta sk s . Goodall, in  one o f his m ain  concluding  rem arks (p. 141), w ro te  
th a t  “ . . . th e re  is n o th ing  ab so lu te  ab o u t co rre la tio n  betw een  species —  it  is 
en tire ly  c o n te x t-d e p e n d en t” . In d eed , a fte r too  long a period  of p ioneering  
w ork , i t  is h igh  tim e  to  s tu d y  th e  m anyfo ld  sources an d  problem s o f co n tex t-  
dependence. T his, to  say  th e  le a s t, is n o t going to  be an  easy  job .

0.2 In  th e  f irs t place, o u r te rm ino logy  is qu ite  in ad eq u a te  to  th e  com ­
p a ra tiv e  w ork  th a t  m u st be perform ed. E ven  our m ost fu n d a m e n ta l te rm s 
are  vague and  am biguous, in p rax i .

0.2.1 “ C orrelation” , for in stan ce , c an n o t be such a cen tra l concep t as 
i t  is suggested  b y  th e  t itle  an d  w ording of Go o dall’s p aper. As i t  is well 
know n, tw o  random  v ariab les , X  and  Y ,  m ay  be d ep en d en t and  y e t u n ­
co rre la ted  [p(X , Y )  — 0], because co rre la tion  is re s tr ic te d  to  th e  linear  de­
pendence  o f X  and У  (cf. e.g. F e l l e r , 1957, p. 222). This re s tr ic tio n  has th e  
heu ris tic  im p lica tion  th a t  “ in te rspec ific  co rre la tio n ” is som ehow  a subcase  of 
“ association  betw een  species”  (a n o n -p aram etric  m easure o f local dependence). 
A ssociation , how ever, has a n u m b er of serious re stric tions o f o th e r  ty p es . 
D isreg ard in g  a t th e  m o m en t e ith e r  th e  con troversia l usage o f th is  te rm  in 
s ta tis tic s  (K e n d a l l — St u a r t , 1963—67; Ma x w e l l , 1961), o r som e ra th e r  
special m ean ing  a tta c h e d  to  i t  (e.g. V o lt e r r a , 1926, p . 3 3 —), we m ay
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confine our a t te n tio n  to  a single ecological conven tion . A ssociation  is t r a d i­
tio n a lly  connected  w ith  “ q u a d ra t m e th o d s”  ( i.e. m ethods im ply ing  geom etric 
m easures); th is is w h y  P ie lo u  (1961, 1969) has in tro d u ced  her im p o r ta n t 
concep ts of seg reg a tio n  an d  sy m m etry  (connected  w ith  plotless m ethods). 
I t  is clear th a t  all th e se  te rm s (like “ co rre la tio n ” , “ associa tion” , “ segrega­
tio n ” ) do rep resen t d iffe ren t aspects o f a m ore general concept, say , “ in te r ­
local dependence”  o f pop u la tio n s.

0.2.2 A ccord ing  to  a m e tap h o r used  b y  Go o d a l l , in terlocal dependence 
is ju s t  one side o f th e  coin. The o th e r side o f i t  m ay  said  to  be “ in te rf lo ra l 
d ependence” , p ro v id ed  th a t  our sam pling  p rocedure  is of th e  b in a ry  (flor- 
is tic ) type.*  I f  th is  is n o t th e  case, th e n  we have sim ply  no accep tab le  te rm  
for covering  th e  a t t r ib u te  dual re la tions o f in te rlo ca l dependence. “ Sam ple 
s im ila r ity ” is a d u b ious te rm  for several reasons. F irs t, in terlocal dependence 
m a y  be reg a rd ed  as sam p le  sim ila rity  as w ell, p ro v id ed  th a t  we use th e  te rm  
“ sam p le”  in a p ro p er w ay  (cf. W il k s , 1962). Secondly , th e  world “ s im ila rity ” 
has a n u m b er o f d iffe ren t m eanings (J a r d in e — Sib s o n , 1971). T h ird ly , i t  
w ould  be highly  d es irab le , if  our te rm s w ere able to  express th e  a t tr ib u te  dual 
re la tio n s.

0.3 This possib le  confusion o f m ean in g  is, how ever, a m in o r problem  
co m p ared  w ith  th e  d iff ic u lty  of estab lish in g  how  a g iven m odel is re la ted  to  
a ce rta in  a spec t o f a g iven  phenom enon . C on tex t-dependence  is, in  fac t, 
m odel-dependence to  a considerable e x te n t. The basic  tro u b le  is th a t  our 
a b ility  of com paring  re su lts  gained by d iffe ren t m odels b u t  applied  to  the  
sam e o b jec t is e x tre m e ly  lim ited . This lim ita tio n  is due to  several reasons. 
One of these is th a t  we h av e  still very  few re le v a n t m odels. W e use fre q u e n tly  
ad hoc “ indices” , in s te a d  o f using func tions w ith  w ell-know n properties. 
W e know  very  l i ttle  o f  th e  “ sen sitiv ity  reg ions”  o f ou r m odels, and , con­
seq u en tly , o f how m odels are re la ted  to  ce rta in  classes o f m odels. W e have 
such  classes o f m odels as “ s tru c tu ra l m odels” , “ c lassifica to ry  m odels” , “ sys­
tem s m odels” , and  so on . (O f course, we m ay  th in k  o f classes o f o th e r  ty p es, 
like “ m odels of A N O V A ” , “ n o n -p aram etric  m odels” , etc.)

0.4 “ C o n tex t-d ep en d en ce”  in  th e  p re sen t co n tex t refers m ain ly  to  
“ s tru c tu ra l  m odels” . T h e  function  of th ese  m odels is to  rep resen t spatio - 
te m p o ra l and  “ a b s tra c t”  (e.g. topological) s tru c tu re s  o f ecological phenom ena. 
T here  is a s trik in g  w eakness of th e  p re sen t-d ay  s tru c tu ra l m odelling. N ote 
th a t  from  th e  m id -six ties on (due m ain ly  to  th e  s ta r tin g  period of IB P , and  to 
th e  w orld-w ide fash ion  o f  system s m odelling  an d  o rd in a tio n ) very  few  a t te n ­
tio n  has been paid  to  develop ing  new s tru c tu ra l m odels. The resu lts o f th is 
eclipse are  ju s t  dep lo rab le . W e are in  com plete  ignorance o f th e  scale-de­

* The term “spatial dependence’* in the title of this paper includes both interlocal and 
interfloral similarity.
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p endence  of “ non-physiognom ic”  s tru c tu re s . W e know  n e x t to  n o th in g  of 
th e  precise  change of sp a tia l dependence  d u rin g  th e  successional processes. 
W e are  unab le  to  cope w ith  the d ifficu lt p rob lem s of “ p a tc h y  en v iro n m en t”  
(P ia n k a , 1974). T here  are  very  few p a p e rs , indeed , w hich w ould  em phasize 
even  th e  m ost e lem en ta ry  relations o f  sp a tia l processes (e.g. J u h a sz -N a g y , 
1967a; N o y -Meir  e t ah , 1970; F e k e t e  —S zőcs, 1974).

0.5 The aim  o f th is  series of p ap e rs  is to  s tu d y  ce rta in  neglected  p ro b ­
lem s o f con tex t-dependence . A ccord ing  to  th e  ru d im e n ta ry  rem ark s m ade 
above, th is  in te n tio n  should  im ply  sev era l th ings (e.g. p ropositions of new  
co n cep ts  and m odels, investiga tions on th e  sen s itiv ity  regions o f old and  new  
m odels, etc.). Special em phasis is p u t  on som e sp a tia l processes and  o th e r 
“ fa c tu a l ev idence”  o f co n tex t-d ep en d en ce . The series is n o t a tte m p te d , 
h o w ev er, to  being sy stem atic  or com p reh en siv e  in  an y  sense.

I. Praeam bulum

1.1 The p re sen t paper gives a  b r ie f  o u tline  of a sim ple m odel. Some 
use o f th e  th e  m odel will be d iscussed  in  th e  second p a r t of th is  series.

1.2 In  o rder to  show some sim p le  fea tu res  of our p re sen t p rob lem s, 
le t us consider th e  following w ell-know n tab les :

A

h h h h h *6 t- *8 <1> <0>
a 1 1 1 1 1 0 1 0 6 2
b 1 0 1 1 0 1 0 1 5 3
C 0 1 1 0 0 1 0 1 4 4 ( I ;  1)
d 0 0 1 0 0 1 0 1 3 5

<i> 2 2 4 2 1 3 1 3 18 14

/4о4/ 2 2 0 2 3 1 3 1 14

a <i> <o> Z  ß b 27

<i> f < l l >  f<01> f < . l > 3 1 4
<0> f <10> f<00> f  <.0> 2 2 4

A f < l . )  f < 0 . ) f < . . >  Z 5 3 8

1.2.1 T ab le  ( I ; 1) is called here  a floristic  composition,* w here row  
e lem ents rep resen t a floral universe, a basic  set of local p la n t p o p u la tio n s,

* “ C om position” , “ species c o m p o s itio n ” , “ flo ris tic  com position”  e tc. is u sed  m ost 
f req u e n tly  for a  lis t (a  set) of p lan t p o p u la tio n s . T his ja rg o n  seems to  be q u ite  id io tic  for th e  
sim ple  reason  th a t  no se t of colours, sy m b o ls  e tc . is ab le to  rep resen t th e  com position  of an y  
non-single  o b jec t (say , t h a t  of a piece o f a r t) .  C om position  is alw ays an  arrangement (a “ basic  
s tru c tu re ” ) of som e k in d ; i t  is ra th e r  a set o f  relations, in stead  of being  a se t of single ob jec ts  
(o r th e ir  a ttr ib u te s ) .
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Q =  {a, b, c, d \ ,  an d  co lum n elem ents s ta n d  for a se t of sam pling u n its  (say , 
“ q u a d ra ts” ), T  =  {tls t2, . . . , t8}. E ach  e n try  of (I; 1) is an ou tcom e of a 
b in a ry  re la tio n , e ith e r  “ presence”  ( (1 ) )  or “ absence”  (<0>) of a p o p u la tio n  
in  a sam pling  u n it. S uch  an outcom e is an  e lem en ta ry  (“ a tom ic” ) ev en t o f a 
sam pling  ex p erim en t. B inary  row v ec to rs  of (I; 1) are called local vectors 
rep resen tin g  “local behaviour” of e lem ents of Q in  te rm s of ordered  se t f -  
B in ary  colum n v ec to rs  are called f lo ra l  vectors rep resen tin g  “floral behaviour’’ 
o f elem ents of T  in te rm s  of ordered  se t Q. A ccordingly , row an d  co lum n 
m arg inals are called local and  f lora l marginals, respective ly . F u rth e r , in  b o th  
pairs of m arg inals th e re  is a valence distribution  (due to  even t <(1)) an d  an  
invalence distribution  (due to  even t <0>). The g ran d  to ta ls  of valence an d  
invalence  values are  called  total valence an d  total invalence, respectively .

1.2.2 Tables in  ( I ; 2) s tan d  for th e  usual 2 x 2  tab les , w here pairs of 
vec to rs of (I; 1) are  to  be com pared  an d  te s ted  u sua lly  for stoch astic  in d e ­
pendence. The degree o f “ dependency”  (i.e. non-independence) is usually  
called “ s im ila rity ”  (or, b e tte r ,  “ d iss im ila rity ” ) betw een  th e  p a rticu la r  v ec to rs. 
Such a com parison im plies a 4 -te t of “ m olecular e v e n ts”  (<11>, <10>, <01>, 
<00>) as i t  is show n in ta b le  a, w here f  <11>, f  <10>, . . .  is th e  frequency  of 
th e  p a r tic u la r  ev en t. T ab le  ß  p resen ts a special case of a , where “ in te rlo ca l 
s im ila rity ”  (vulgo, association) be tw een  local b eh av io u r of b and c can  be 
s tu d ied  by  some su ita b le  function .

1.3 Pairw ise com parison  of th is k ind  is alw ays conven ien t and  usefu l, 
in  p a r tic u la r  for c lass ifica to ry  purposes (see W h it t a k e r , 1973). I t  has, how ever, 
som e serious d raw backs as well. (B esides, th ere  is no theo re tica l basis for 
say ing  th a t  com parison  o f 3 -te ts, 4 -te ts , . . is “ less n a tu ra l”  th a n  th a t  o f 2- 
te ts .)  Indeed , we c a n n o t draw  any inference from  a pairw ise com parison  as 
to  th e  p a r tia l  and  m u ltip le  re la tions am ong  com ponen ts o f Q or T  (J u h a sz - 
N a g y , 1967b). The sam e is tru e  for som e m easu re  o f “ overall d iss im ila rity ”  
(J u h á sz -N a g y— D é v a i — H o rváth , 1973).

1.3.1 Suppose we are  in te re s te d  in  such  a m u ltip le  m easure and  in  one 
neg lected  aspect o f local b ehav iou r. In  co n stru c tin g  ß  o f  (I; 2) we neglect 
en tire ly  flo ral m arg ina ls . The question  arises how  th is  re la tion  betw een  
flo ristic  vecto rs and  du a l m arg inals can  be tak en  in to  accoun t.

1.3.2 L et us in tro d u c e  th e  no tion  o f equivalence o f e lem en tary  even ts 
in te rm s of valence v a lu es . O utcom es of (I; 1) are sa id  to  he eq u iv a len t if  
an d  only  i f  th ey  are re la te d  to  th e  sam e o b jec t (elem ent of Q or T)  and  have  
the  sam e dual valence (o r  invalence) values.

1.3.3 Consider, for in stan ce , th e  ev en t <1) re la te d  to  p o pu la tion  d 
in  (I; 1). Two outcom es (in  t6 and  is) are eq u iv a len t to  each o th e r (hav ing  
th e  sam e flo ral valence v a lu e , 3) b u t th e  th ird  outcom e (in ig) is no t eq u iv ­
a len t to  th e  o thers, because  its  flo ral valence is 4. Follow ing th is line o f m a k ­
ing d is tin c tio n  betw een  eq u iv a len t and  n o n -eq u iv a len t outcom es, we can
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l 2 3 4 E

a 2 3 0 1 6
b 0 2 2 1 5
C 0 1 2 1 4
d 0 0 2 1 3

2 6 6 4 18

65

( I ; 3)

(I; 3) is called  a <1>-equivalence table [w ith resp ec t to  (I; 1)].
1.3.4 S im ilarly , for even t <0> an d  flo ra l invalence values o f ( I ;  1) we 

can get a <Oy-equivalence table as follows

1 2 3 4 E
a 2 0 0 0 2

b 0 1 2 0 3
C 0 2 2 0 4
d 0 3 2 0 5

E 2 6 6 0 14

1.4 H ow  can one draw  som e inference from  tab les (I; 3) an d  (I; 4 )?  —  
th is  is th e  p ro b lem  of th e  p resen t p ap er. T he n a tu re  of d a ta  suggests a sim ple 
m odel b ased  on in fo rm ation  th e o ry . F o r th e  sake  of a fa irly  concise t r e a t ­
m e n t, f ir s t  a m ore precise n o ta tio n  is to  be in tro d u ced .

II. Notation

I I . 1 L e t Ту be a s tan d  area  o f a ce rta in  p la n t co m m u n ity  whose flo ra  
is Qy =  {qx, q2, . . . .  qc, , qs} . Qy is reg ard ed  to  be a basic (un iversal) se t 
and  called  f lo ra l universe as before. L e t Ty be a set o f sam pling  u n its  (“ p lo ts” ) 
o f geom etric  size T- =  (tyl, t]2, . . . , tja, . . . , tym}. E lem en ts o f T; are r a n ­
dom ized over ry. I t  is assum ed th a t  m  —* oo. By confin ing  th e  te rm  “ p resence”  
(and , o f cou rse , “ absence” ) to  a re la tio n  betw een  r v and Qy, le t nejg be a 
b in a ry  re la tio n  (nam ely, an in d ic a to r  function) such  th a t

{L if  qe is co inciden t w ith  tJg , 
0, if  qe is inco inc iden t w ith  tJg , ( I I ;  1)

w here co incidence m eans th a t  qe is an  e lem ent of th e  flo ra  (pj„ (i.e. th e  flo ra

5 Acta Botanica Academiae Scientiarum Hungaricae 22, 1976



6 6 JUHÁSZ-NAGY, P.

o f t j g) . T hus, a f lo ris tic  com position , K j , is g iven  b y

2 ’

tjl, • • •  5 jg9 • * * 9 tjm < 1 > < o >

?1

He ieg nje. n je .

4 s

i a > n.
ie N J n J

о X
/

a -jg n J ms

( I I ;  2)

w h ich  is, of course, a “ general fo rm ” o f ( I ; 1). I t  is alw ays assum ed  th a t  
m s.

11.1.1 The fo llow ing  sim ple te rm in o lo g y  is p roposed :

—  r i je. is local valence of qe in  K j,
—  üje. is local invalence of qe in  K j,
—  n.jg is f lo ra l valence of tja in  K j ,
—  n .ja is f lo ra l invalence of tjg in  K j,
—  N j  is to ta l  valence of K j,
—  rij is to ta l  invalence of K j.

11.1.2 L et

V j 4) =  { » j v » n J2-,  ■ ■ •}

VJ4) =  {«,!•’ nj2., . . .}
=  { n -jl> n ' j 2 ’ • • •}

Vf  =  { » V I ’  » V 2 ’ • • • }

as freq u en cy  d is tr ib u tio n s  of valence an d  inva lence  d a ta  of K j ,  re spec tive ly .
11.2 Suppose t h a t  th e re  is a class o f sets o f sam pling  u n its  0 ;  la id -o u t

over Ty ,  0 ;  =  {T15 T 2, . . . , Tj, . . . , T u) ,  such  th a t

<a> h g C t 2 g CZ . . .  C  t j g  c  . . • C l u g ’

<b> hg <  h g  <  • • • <  tjg <  • • • <  lug•

C onditions <a) an d  <(6) a re  satisfied  s im u ltan eo u sly  if, for in tan ce , we have 
concen tric  and  m o n o to n o u sly  increasing  c ircu la r p lo ts  as sam pling  un its . 
In  th is  case, to  each  e lem en t of 0  a flo ris tic  com position  can be a tta c h e d .
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T he resu lting  set o f  com positions, {fC15 K 2, . . . , K j, . . . , K u}, has a n u m b er 
o f m on o to n ity  p ro p e rtie s  (e.g. N x <[ IV2 <7 . . . <[ N j  <[ • • • N ; n l >  n2 >  
7> . . . 7> tij . . .). T h e  spa tia l processes connected  w ith  К г —► Х 2 
—<• K j  . are a p p ro x im a ted , for in s tan ce , b y  p ro p er fu n c tio n  defined  on
freq u en cy  d is tr ib u tio n s  o f I I . 1.2.

I I . 3 Let R  be  a d iscrete  ran d o m  v ariab le  fo r th e  possib le  values of flo ra l 
va lence; R  =  0, 1, 2 , . . . , r, . . . , s. L e t gjr be th e  freq u en cy  of the  v a lu e  r  

[(ii =  r)J in  K j,  a n d  n.jr =  rgjr. W ith  th is  n o ta tio n  in  h a n d , we h av e

27

-jer ( I I ;  3)

n . , N ,

w hich, of course, is a “ general fo rm ”  o f (I; 3). A sim ilar genera l form  is gained  
easily  for (I; 4) b y  d en o tin g  f  =  s —  r, rg,T =  n.,r, from  w hich  we have  ( I I ;  4)

2 ’

( I I ;  4)er

I I .4 F o r im m ed ia te  use, le t 

£ nJe- log nJe. =  A j , 

Z n je. log  nje. =  dj , 

Zn.jg  log n.jg =  B j , 

Z n . jg log n.jg =  bj ,

£  Z n jer log n jer =  D j  > 

£ P 'l ;er log n jer = d j ,
27n.jT log n . j r =  E j , 
Z n . j r log n.jr =  Vj ,

N j  log  N j  =  Cj, 

U j  log n.j =  Cj.
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I I .5 C ontingency in fo rm atio n  o f ( I I ;  3) and ( I I ;  4) is given by  ( I I ;  5) 
a n d  ( I I ;  6), respective ly ,

N j î j ( E )  =  Cj -  A j  -  E j  +  D j , ( I I ;  5)

njîj{e) =  Cj —  dj —  ej +  d j .  ( I I ;  6)

N j î j ( E )  is called ( In e q u iv a le n c e  in fo rm atio n , and n ;7; (e) is called (O )-equiv- 
a lence in fo rm ation . C onsu lt K u l l ba c k  (1959) for a p ro p e r fo u n d a tio n  of 
th e  concept “ con tin g en cy  in fo rm a tio n ” .

III . A n additive relation

111.1 Let us d e fin e  th e  follow ing p a ir  o f q u an titie s

Njîj(K) =  Cj — Aj  — B j , (III; 1)
nj î j ( k ) =  Cj —  Clj —  b j  . ( I l l ;  2)

( I I I ;  1) is called coincidence infornidtion  [w ith  respect to  ev en ts  ( 1 )  of ( I I ;  2)] 
an d  ( I I I ;  2) is called incoincidence information  [w ith re sp ec t to  even ts <0> 
o f ( I I ;  2)].

111.2 In  order to  re la te  ( I I I ;  1) to  ( I I ;  5) [and, mutatis mutandis,  ( I I I ;  2)
to  ( I I ;  6)] a simple t r ic k  is in tro d u ced  b y  decom posing ta b le  ( I I ;  2) in to  a
n u m b e r of su b con tingency  tab les  accord ing  to  the  p a r tic u la r  values of v a ­
riab le  R .  This p rocedure  can easily  be dem o n stra ted  b y  our fic tious and  
oversim p lified  d a ta  o f I .  B y decom posing tab le  (I; 1) in to  a se t of p roper 
su b ta b le s , we have

(R  =  i ) (R =  2) (R  =  3 ) (7? =  4)

h h h h h *6 h h
1 1 2 1 1 1 3 0 0 0 1 I
0 0 0 1 0 1 2 1 1 2 1 1
0 0 0 0 1 0 1 1 1 2 1 1
0 0 0 0 0 0 0 1 ] 2 1 1
1 1 2 2 2 2 6 3 3 6 4 4

I t  is e a sy  to  see th a t  row  m arg inals  o f ( I I I ;  3) correspond e x a c tly  to  colum ns 
o f ( I ;  3), th a t  is we h av e  th e  following “ general su b tab le”

(R  — r) E

4 je n

L ' r ....................r n -jr  =  Cgjr

( I I I ;  4)

S r
w here  gjr (as in I I .3) is th e  frequency  o f v a lue  r in V j .
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I I I .3  L et us define th e  sum  o f w eighted in fo rm a tio n  co n ten ts of such 
a com plete series o f tab les  like th a t  in  ( I I I ;  3) as

Y j  =  Y 0rëjr b g  rg]r —  Z ogjr г log r —  £ n jer log nJt
( I I I ;  5)

=  E j - B j - D j .

Y j  is called subcoincidence information  o f a Kj.  F ro m  ( I I ;  5) an d  ( I I I ;  5) we 
see th a t

N j î j iK )  -  Yj  =  Cj -  Aj -  Bj - E j +  BJ +  Dj

=  Cj Aj Ej +  Dj

=  N jÎ j(E),

( I I I ;  6)

th a t  is, in w ords, coincidence in fo rm atio n  m inus subco incidence in fo rm ation  
equals to  { In e q u iv a le n c e  in fo rm atio n  of a K j .  M uta tis  mutandis,

n jî j (k )  — ÿ j  =  njîj(e), ( I I I ;  7)

a s im ila r re la tio n  is tru e  for <0)-equivalence in fo rm a tio n  o f a K j , In  th e  
sequel we use m o stly  ( I I I ;  6) for de tec tin g  som e p ro p erties  of equivalence 
in fo rm ation .

I I I .4  As a sim ple illu s tra tio n  le t tab le  (I; 1) be ta k e n  as a “ t ru e ” K j  
(d isregard ing  problem s o f sam pling , etc.) for w hich

A j  =  39.874 , Bj =  29.509 , C, =  75.058 ,

Dj =  14.755 , Ej  =  41.019 ,

w here each q u a n tity  is g iven in  w eighted  bits. A ccord ing  to  ( I I I ;  1), N j î j ( K )  =  
=  75.058 —  63.383 =  11.675. F rom  ( I I I ;  3), Y j  =  2.755. T hus, follow ing our 
key  re la tion  in  ( I I I ;  6), N j î j ( E )  — 11.675 —  2.755 =  8.920. The sam e resu lt 
is given by  estim a tin g  in fo rm a tio n  con ten t o f ta b le  ( I ; 3) by  ( I I ;  5),

N jî j (E )  =  75.058 —  39.874 — 41.019 +  14.755 =  8.920.
S im ilarly ,

aj =  26.364, bj =  15.509, c, =  53.302, 

dj =  14.755, ej =  33.019.

njî j fk )  =  53.302 — 41.873 =  11.429, and y } =  2.755. A ccording to  ( I I I ;  7), 
Ujîj(e) =  11.429 —  2.755 =  8.674. The sam e re su lt is given by  estim a tin g  
in fo rm ation  co n te n t o f ta b le  (1; 4),

n j î f e )  =  53.302 —  26.364 — 33.019 +  14.755 =  8.674.
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IV. Special cases

IY .l In  o rd er to  s tu d y  th e  ad d itiv e  re la tion  in  ( I I I ;  6) m ore closely, 
le t  us consider a few  re le v a n t cases u n d e r some idealized  co n d itio n s. A lthough  
m o s t o f these cases a re  q u ite  irrea lis tic  (in th e  sense th a t  th e y  are  u nexpec ted  
in  a n y  “ real s i tu a tio n ” ), th e y  hopefu lly  prov ide a b e tte r  u n d e rs ta n d in g  of 
“ n a tu ra l  tren d s”  o f N jI j (E ) .  In s te a d  o f following a ra th e r  a b s tra c t  line of 
reaso n in g , the t r e a tm e n t  is confined  to  a few h eu ristic  p o in ts .

IY .2 Suppose t h a t  in  a sp a tia l process (see I I . 2), w hen  J<C, —► K 2 —> 
К , w e th in k  o f th e  change o f th e  co m positiona l states. 

S u p p o se , fu rth er, t h a t  som e special (e.g. “ reg u la r” ) s ta te s  are  to  be d is tin ­
g u ish ed  a t any  p o in t o f  th e  process.

IV .2.1 A K j  is sa id  to  be
—  (1) in an f-monovalence state (or, in  brief, in  an  f-s ta te ) ,  w hen  n.jg —

=  N j/m  =  S j , fo r g  =  1, 2, . . . , m ,
—  (2) in an l-monovalence state (or, in  brief, in  an  l-state), w hen  nje. =

=  N j/s  =  m j ,  fo r e =  1, 2, . . . , s,
—  (3) in an  F-oligovalence state (or, in  brief, in  an  F-state),  w hen

gjs =
—  (4) in an  L-oligovalence state (or, in  brief, in  an  L-sta te) ,  w hen

hjm — sj ’ _
w here  hjm is the  freq u en cy  o f  m -valued  local valences in  V/ . Sj an d  m; are 
ca lled  f lo ra l  and local density ,  respective ly . N ote th a t  s ; an d  (as a rith m e tic  
m ean s o f V]1'1 and Vj4)) a lw ays ex ist and  im p o rta n t w ith o u t re g u la r ity  of 
a n y  k in d  b u t a ssu m p tio n s (1 )—(4) rep re sen t special cases w ith  re sp ec t to  
th e  d ispersion  of valence d a ta . In  th e  m onovalence s ta te s  th e re  is a m in im um  
(zero) dispersion, and , on  th e  o th e r h an d , in th e  oligovalence s ta te s  th e re  is 
a m ax im u m  dispersion a ro u n d  th e  p a r tic u la r  m ean.

IY .2 .2 By using (1)— (4), K j  is said  to  be
—  (5) in an f-L-s ta te ,  w hen  b o th  (1) and  (4) are sa tisfied ,
—  (6) in an F-l-state, w hen  b o th  (3) and  (2) are sa tisfied ,
—  (7) in an f-l-state,  w hen b o th  (1) and  (2) are sa tisfied .

N o te  th a t  an  F-L-state [w hen b o th  (3) an d  (4) are sa tisfied ] is a lw ays im pos­
sib le. I n  o th e r words, (5) a n d  (6) are  o b lig a to ry  in  th e  sense th a t  once single 
a ssu m p tio n s  (3) or (4) a re  es tab lish ed , th e n  dual valence d is tr ib u tio n s  are 
fix ed  [i.e. (3) should occu r w ith  (2), and  (4) should  occur w ith  (1)]. On the  
o th e r  h a n d , single assu m p tio n s (1) an d  (2) m ay  occur w ith  no such  re s tr ic ­
tio n s , a n d , for th is reason , a K j  is said  to  be

—  (8) in  a single f-s ta te ,  w hen  (1) is sa tisfied  regard less o f V j ,
—  (9) in  a single l-state, w hen  (2) is sa tisfied  regardless o f V f \
IV .2.3 N ote th a t  in  a ll a ssum ptions m ade above a t  leas t tw o  po in ts 

need  fu r th e r  com m ent. F ir s t ,  i t  is assum ed th a t  Sj and  are  in teg e rs ; in  th e
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m a jo r ity  o f “ real cases”  b o th  s. and  my are  rea l num bers. This sim p lifica tio n  
is ju s tif ie d , how ever, b y  th e  u tm o s t s im p lic ity  o f re la tions in  IV .3 t h a t  are  
n o t in flu en ced  b y  such  a d istinc tion . Second, i t  is assum ed th a t  co n fig u ra ­
tio n s (5)— (9) are possible from a c o m b in a to ria l p o in t o f view  (i.e. b in a ry  
v ec to rs  can  be a rran g ed  in a such a w ay  th a t  a co n figu ra tion  w ould occur). 
C learly , th is  is n o t alw ays th e  case. D isreg ard in g  difficu lties a t  th e  m o m en t, 
we discuss some com binato ria l p o in t la te r  on (V.— ).

IV .3 R e tu rn in g  to  ( I I I ;  6), le t us se t up four re lev an t cases.

[Case 1] N j î j ( K )  =  0, Yy =  0, N j î j { K )  =  Y j ,  and  so N jî j (E )  =  0 .

[Case 2] N j î j { K )  >  0, Ÿ j  >  0, IV/ Д К )  =  Ÿ j  an d  so N jî j{ E )  =  0 ,

[Case 3] N j î j ( K )  >■ 0, Y j  =  0, N j l j ( K )  >- 0, and  so N jî j (E )  =  N j î j ( K ) .

[Case 4] N j î j ( K )  >  0, Ÿ j  >  0, N j î j ( K )  >  Ÿ j ,  and  so N jî j (E )  <  N j î j ( K )

IV .3.1 C onditions for [Case 1] a re  sa tisfied  w hen K j  is
—  [ la ]  e ith e r  in  an  f - L  s ta te , o r in  an  F-l-state,
—  [lb ]  or in  a “ m inim um  a re a ”  s ta te , w here N j  =  ms,

an d  Sj =  s, and my =  m.

N o te  th a t  [ lb ]  is a special case o f an  f - l - s ta te . N o te, how ever, th a t  [Case 1] 
is n o t  sa tisfied  in  an y  o th e r /-1 -s ta te  th a n  [ lb ] . In  [ lb ]

N j l j ( K )  =  sm  log sm  —  sm  log m  —  ms  log s =  0, ( IV ; 1)

a n d  Y j  =  0, since we have only one single su b tab le  w ith  (R  =  s )  an d  n.js =  
=  N j  =  m s .  In  [ la ] ,  e ither

N j l j ( K )  =  m s j  log m s j  —  m s j  log s j  —  sym log m  =  0 , ( IV ; 2)

or

N j î j ( K )  =  smj log smy —  sm j  log my —- mys log s =  0 . ( IV ; 3)

C learly , in  b o th  subcases Y j  =  0.
IV .3.2 C onditions for [Case 2] are  sa tisfied , w hen  K j  is 
[2a] e ith e r  in  a single / - s ta te ,
[2b] or in  an  f - l -s ta te  such  t h a t  N j  <[ ms.

In  [2a]

N j î j { K )  =  Ÿ  i
=  Cj — msy log Sj —  A j  
=  N j  log m —  ^4y.

(IV ; 4)
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In  [2b]
N j î j ( K )  =  Ÿ j

=  C j  —  s i r i j  log rri j  —  m s j  log S j

=  C j  —  C j  +  N j  log s  —  C j +  N j  log m  

=  N j  log m s  —  C j  

ms
=  N j  log N .

(IV ; 5)

I t  is clear th a t  i f  N j  =  ms, th en  N j l j ( K )  =  ms  log 1 =  0, an d  so [Case 2] 
is collapsed in to  [Case lb ] .  C onsequently ,

i f  N j  —► ms, th e n  N j î j ( K )  — 0; (IV: 6)

th is  sim ple lim itin g  re la tio n  will be used  in  th e  sequel (see P a r t  I I .) .  N o te  
th a t  (IV ; 4) an d  (IV ; 5) are th e  sam e if  A j  =  sm ; log =  Cj —  N j  log s, 
i.e. if  in  (IV ; 4)

N j î j { K )  =  N j  log m  —  A j

=  N j  log m  —  Cj +  N j  log s 

=  N j  log ms  —  Cj, 

w hen [2a] is collapsed to  [2b].
IV .3.3 C onditions for [Case 3] are sa tis f ied , w hen th e  following “ inner 

re g u la r ity ”

(R =  r)

1 ........  1 S jr

1 .....................  1 8jr

\T ........  r rS j r

8 jr

(IV ; 6)
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is t ru e  for all th e  subcon tingency  tab les  (w ith  R  =  1, 2, . . . , s) o f a K j.  In  
th is  case,

Y j =  E  rgjr log rgjr —  E g Jrr log r —  Z  rgjr log gjr =  0, ( IY ; 7)

an d , consequen tly , N jî j (E )  =  N j l j (K ) .
IV .3.4 In  [Case 4] n e ith e r th e  “ m arg in a l regu larities”  o f [Case 1] and , 

[Case 2] no r th e  “ in n e r reg u la rity ” of [Case 3] are satisfied . [Case 4] is likely  
to  be expec ted  in  an y  “ real s itu a tio n ” , w hen  N j  <  ms.

V. F lo ra l o rderliness

Y .l F rom  I I I .  and  IV. we see th a t

0 < : N jî j (E )  <  N j î j ( K ) . (V; l)

I t  is clear th a t  th e  low er bound of (V; 1) is due to  e ither [Case 1] or [Case 2], 
an d  th e  u p p er b o u n d  of (V; 1) is due to  [Case 3]. L et us exam ine m ore closely 
th e  ecological m ean ing  of these cases.

V.2 F irs t o f all, s till following o u t th e  sp irit of the  p rev ious reason ing  
le t us consider som e sim ple and  f ic titio u s  exam ples.

V.2.1 As a s ta r tin g  p o in t, we m a y  ask  w hat is th e  basic  difference 
betw een  (V;2) an d  (V; 3) rep resen tin g  [Case 7] and  [Case 9 ], re spec tive ly .

1 2 3 4 5 6 7 8

a 1 1 1 1 4
b 1 1 1 1 4
c 1 1 1 1 4
d 1 1 1 1 4

2 2 2 2 2 2 2 2 16

1 2 3 4 5 6 7 8

a 1 1 1 1 4
b 1 1 1 1 4
c 1 1 1 1 4
d 1 1 1 1 4

1 1 1 1 3 3 3 3 16

(V; 2)

(V; 3)

V .2.2 T his sim ple question  is n o t tr iv ia l a t all. Suffice it  to  say  th a t  
th e  sum  of pairw ise association  is o f th e  sam e value for b o th  cases (nam ely , 
48 w eighted  b its). Suppose th a t  we t r y  to  answ er our questio n  by  m eans o f  
a fa irly  new  m odel (J uh ász-N a g y — D é v a i— H o rváth , 1973). This m odel is 
concerned  w ith  th e  problem  o f “ o v era ll association”  (called, associatum ) of
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a K j.  A ssocia tum , m /ДА], is th e  m u ltip le  co n tin g en cy  info rm ation  o f  a 
2 x 2  X 2 x 2  ta b le  (a ta b le  of 2s cells, in  general),

m î j[ l]  =  sm  log m  —  ay —  (V; 4)

w here a  ■ =  A j  -)- a , an d  m H is a fu n c tio n  called  f lo ra l  diversity. F lo ra l 
d iv e rs ity  is defined  on th e  frequency  d is tr ib u tio n  of th e  pow er set o f a f lo ra l 
un iverse . More p rec ise ly , i f  I f ,  is th e  pow er se t o f Qy,

П у =  {nv  л 2, . . .  , л к, . . .  , л ю} , (Y; 5)

w here со =  2s, л к (a potential f lo ra  o f Qy) is an y  co m b in a tio n  of elem ents o f Qy 
(and , per conventionem, л 1 is th e  e m p ty  flo ra  [л1 =  Ф ], л ш is the com plete  
flo ra  [лю =  Qy]), th e n  each  K j  has a u n iq u e  freq u en cy  d istrib u tio n ,

Fj =  { f j js f j , ,  ■ ■ ■ , f ]k, • • • >/,«,}> (V; 6)

w here f j k is th e  f req u en cy  o f л к in  K j,  an d  27/д . =  m . F lo ra l d iversity  th e n  is 
show n to  be

m H f ] =  m  log m —  27 f jk log f jk . (Y; 7)

F o r b o th  (V ;2 ) an d  (V; 3), how ever, using  s till log to  base 2,

т /Д А ] =  96 —  64 —  8 =  24 .

On th e  o th e r h an d , N j î j ( E )  =  0 for (V; 2), and  N jî j (E )  —  12.98 for (V; 3). 
This show s c learly  t h a t  association  (or, even , associa tum ) is qu ite  insensitive  
to  ce rta in  d ifferences in  com position  (if F jŸ) an d  F j  are  th e  sam e), and , in  
p a r tic u la r , to  th e  “ in n e r  re g u la rity ”  of [Case 9].

V .3 The in n e r re g u la r ity  of a K j  in  IV .3.3 requ ires a certa in  k ind  o f 
orderliness in  com position . More precisely , a K j  is sa id  to  be florally ordered 
if  an d  on ly  if  K j  is n o t in  an  /- s ta te ,  an d  to  each  va lu e  o f R  w ith  non-zero  
frequencies a u n iq u e  p o te n tia l  flo ra  is a tta c h e d . In  (V; 3), for in stance , R  
has tw o  values w ith  non-zero  frequencies, an d  (R  =  1) and  (R  =  3) are 
rep resen ted  b y  tw o u n iq u e  elem ents o f (V; 6) (nam ely , b y  “ a” and  “ b ed ” ). 
On th e  o th e r  h an d , K j  o f (V; 2) is in  a n / - s t a te ,  and  (R  =  2) is rep resen ted  b y  
tw o k inds of p o te n tia l flo ras (by “ a h ” an d  “ cd” ). C onsequently , (V ;2 ) is 
n o t o rdered  flo ra lly , an d  (V; 3) has a r a th e r  h igh  degree o f flo ral orderliness.

V.4 The cond itions o f V.3 m ay  be rev ersed  and  asked  w hat happens 
w hen a ce rta in  k in d  o f  “ perfec t flo ra l d iso rd e r”  occurs. In  o th e r w ords, we 
m ay  face a s itu a tio n , w here  each flo ra  of a K j  is d iffe ren t from  an y  o ther flo ra .
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V.4.1 Suppose t h a t  m =  2s, a n d  f j k =  1, for к  =  1, 2, . . . , со. I f , for 
in s ta n c e , s =  4, m  =  16, we have th e  follow ing tab le

l 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

a 0 1 0 0 0 1 1 1 0 0 0 1 1 1 0 1 8
b 0 0 1 0 0 1 0 0 1 1 0 1 1 0 1 1 8
C 0 0 0 1 0 0 1 0 1 0 1 1 0 1 1 1 8 (V; 8)
d 0 0 0 0 1 0 0 1 0 1 1 0 1 1 1 1 8

0 1 1 1 1 2 2 2 2 2 2 3 3 3 3 4 32

T h e  correspond ing  { In e q u iv a le n c e  ta b le  is show n by  (V; 9)

l 2 3 4

a l 3 3 1 8
b l 3 3 1 8
C l 3 3 1 8
d l 3 3 1 8

4 12 12 4 32

(Y; 9)

У .2.4 In such a table as (Y; 9) each row corresponds exactly  to  the 
(s —  l) th  row o f the PASCAL-triangle, th at is, n]e. =  2S_1, n.jr =  s(s7 1), 
and N j  =  s 2S_1. W e m ay guess th a t for (V; 9) N j î j ( E )  =  0, and, if  this is 
true, then

Cj — A j  =  Ej  — D j . (V; 10)

F o r p rov ing  (V; 10), le t (s7 r) =  ar. T h e  le ft side of (V; 10) is

s 2s- 1 log s 2s“ 1 —  s 2s- 1 log 2s- 1 =  s log s 2s“ 1 ,

a n d  th e  r ig h t side o f  (V; 10) is

27 sar log sar — 27 sar log ar =  27 ar s log s ,

b y  w hich, since s log s is co n stan t, a n d  27 ar =  2s-1 , th e  e q u a lity  holds. In d eed ,

fo r  (V; 9), Cj =  160, A j  =  96, E j  =  102.0376, Dj =  38.0376, w here each 
q u a n t i ty  is expressed  in w eighted  b its , Cy —  A j  =  E j  —  Dj =  4 log 4 • 8 =  64, 
a n d , consequen tly , N jî j (E )  =  0.

V.4.3 I t  is w o rth  rem ark in g  th a t  a p roper < 0)-equivalence ta b le  for 
(V ;8 )  corresponds exactly  to  ta b le  (V ;9 ) . This co rrespondence is tr iv ia l 
[because ( sr ) =  ( sf_r )], b u t i t  has a fu r th e r  im plication  as well. Since 2s, 
in  m o st cases, is a fa irly  large n u m b e r  (viz. 210 ^  103, 220 ^  10®, . . . , 210Z 
я« 103Z, for z =  1, 2, . . .), th e  a ssu m p tio n  m ade in  V .4.1 (m  =  2s) is a lm ost
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alw ays irrea lis tic . F o r  p rac tica l reasons, if, say , s 10, th e n  we m u st choose 
m  such th a t  m  2s. B y choosing m  m uch  sm aller th a n  2s, how ever, we m ay  
in tro d u ce  a rtific ia lly  som e unknow n degree of flo ral orderliness in to  o u r 
re fe ren tia l sy stem . T his d raw back  can be com p en sa ted  as a f irs t ap p ro ach  
b y  considering N jl j (E )  and  n /f y(e) s im u ltan eo u sly ; th is  is w hy invalence va lu es  
are  as im p o rta n t as valence values in  a K j.  A m ore advanced  ap p ro ach  is 
to  hand le  m  (“ n u m b e r of q u a d ra ts” ) as a v a riab le , b u t  in th is  case th e  com ­
p lem en ta ry  role o f N j î j ( E )  and  n -/-(e) (or th a t  o f o th e r  functions) still ho lds.

V.5 T he s im p lest w ay of looking a t  flo ra l o rd e r is possible b y  con sid er­
ing  p o ten tia l flo ras  as b in a ry  co lum n vec to rs o f a K j.  Such vectors (i .e . 
o rdered  s-te ts  o f  <1, 0>), m ay  or m ay  n o t belong to  th e  sam e value o f f lo ra l 
valence. K j  is f lo ra lly  o rdered  if  th e  sam e co lum n v ec to r  belongs alw ays to  
th e  sam e value o f R.

VI. Orderliness in com position

V I .1 So fa r  th e  tre a tm e n t has been confined  to  o rd e r of the  flo ra l ty p e . 
C learly , th e  d efin itio n  o f V.3 or V.5 can be generalized  in to  

<1> local o rderliness, 
and  <(2> double orderliness

o f a K j .  F o r th e  sake  o f sim plic ity  (and  for av o id in g  a fa irly  com plica ted  
sym bo lism ), suffice i t  to  apply  som e ro u g h -an d -read y  d em o nstra tions.

V I.2 L et us com pare  th ree  tab le , (V ;3 ) , (V I; 1), an d  (VI; 2).

1 2 3 4 5 6 7 8

a l 1
b l l  l 3
C l i i i 4
d l i i i 4

1 1 1 1 2 2 2 2 12

1 2 3 4 5 6 7 8

a 1 1 1 3
b 1 1 1 1 1 5
c 1 1 1 1 1 5
d 1 1 1 1 1 5

1 1 1 3 3 3 3 3 18

(V I; 1)

(V I; 2)

V I.2.1 I t  has a lre a d y  been show n th a t  (V ;3 ) is flo ra lly  ordered (V.3). 
I t  is, how ever, n o t o rd e red  locally , because d ifferen t row  vecto rs (local v ec ­
to rs) belong to  th e  sam e value of local va lence, and  vice versa. In  a reverse
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w ay , (Y I; 1) is n o t o rdered  flo ra lly  [since d ifferen t p o ten tia l floras, “ a ”  an d  
“ 6” , belong to  th e  sam e value o f flo ra l valence, (R  =  1)], b u t it is o rdered  
locally . F in a lly , (V I; 2) is doub le-o rdered , because b o th  d ifferen t flo ra l an d  
local vecto rs belong  alw ays to  th e  sam e values of bo th  flo ral and  local v a lences.

V I .2.2 I t  is w o rth  no tic ing  a t  once th a t  if  K j  is doub le-o rdered , th e n

N jî j (E )  =  N j î j ( K )  =  Cj — E j . (V I; 3)

T he sim p lest w ay  o f p rov ing  th is  red u c tio n  is to  show  th a t  A ,  =  D j.  B y  the. 
cond itions given

A j =  E  r g]r log g j r , (V I; 4)

an d , using a m odified  version o f (V ;6 ) ,

Dj  =  r f j ?  log f £ \  (V I; 5)

w here f j ^  is freq u en cy  of a p o ten tia l flo ra  of K j  w hich consists o f r e lem en ts 
o f Qy ■ gjr — f j  ', because each v a lu e  of R  belongs alw ays to  th e  sam e p o te n tia l  
f lo ra , and , co n sequen tly , A j  —  Dj.

V I.3 I t  is s tra ig h tfo rw ard  again  th a t  equivalence in fo rm ation  o f th e  
local ty p e  is eq u a l to  th e  dual q u a n ti ty  o f th e  flo ra l ty p e  if  and  on ly  i f  К ,■ 
is doub le-o rdered .

VII. Some interim  remarks

V I I .1 C om positional “ o rd e rs”  o f d iffe ren t ty p es are , p re su m ab ly , im ­
p o r ta n t  in m an y  respects. I t  rem ains to  he in v es tig a ted , of course, how  th e  
idealized  cond itions o f V I .—V I. are  usefu l in  u n d e rs tan d in g  “ real s i tu a tio n s” . 
Som e use o f th e  m odel will be d iscussed  in  th e  second p a r t  o f th is  series.

V I I .2 T h is d em o n stra tio n  is p o stp o n ed , because we have s till a n u m b e r 
o f  p rob lem s to  he considered . D ue to  lim ita tio n  of space, th e  p re sen t p a p e r 
h ad  no o p p o r tu n ity  to  deal w ith  th e  problem s of sp a tia l processes. T he second 
p a r t  o f th is  series shou ld  s ta r t  w ith  th e  s ta te m e n t th a t  conditions for o rd e r­
liness depend  on th e  size of sam p lin g  u n its  to  a considerab le e x te n t.
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SHRUB LAYER PHYTOMASS INVESTIGATIONS IN 
THE QUERCUS PETRAEA-QU. CERRIS ECOSYSTEM 
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The p a p e r  con ta ins th e  re su lts  of p h y to m ass in v es tig a tio n s  m ade in  th e  sh ru b  
level of th e  tu rk e y -o a k  forest eco sy stem  a t S ík főkú t (S ík fő k ú t P ro je c t) . The e s tim a tio n  
of th e  p h y to m a ss  w as perform ed b e tw een  A ugust a n d  S e p tem b e r 1973, w ith  th e  “ a v e r­
age shrub m e th o d ”  per sublevel, a n d  in  a b reak -dow n  acco rd in g  to  species.

W ith in  th e  fram ew ork  of th e  “ In te rn a tio n a l B io logical P ro g ram ”  an d  
o f th e  “ Man a n d  B iosphere” re sea rch  p rogram , com plex  ecosystem  in v es tig a ­
tio n s  have a lre a d y  been  launched  in  various research  c en tre s  abroad.

S im ilar to  th e m  are th e  researches launched  in  th e  ecosystem  of th e  
H u n g arian  S ík fő k ú t tu rk ey  oak fo re s t (S ík főkú t P ro je c t) . A su b stan tia l p a r t  
o f these  researches consists o f th e  p h y to m ass  in v e s tig a tio n s  re la ted  to  s tru c tu re  
exam inations. T h e  phy tom ass o f  th e  s tan d -fo rm in g  tre e  species in  th e  eco­
system  was e s tim a te d  by B. P a p p  (1974), w hile th a t  o f th e  herbaceous lay e r b y  
J a k u c s — P a p p  (1974). In  th e  p re se n t p ap er th e  re su lts  o f th e  sh ru b -lay e r 
in v estiga tions a re  sum m arized.

Description o f the forest

The d esc rip tio n  of the S ík fő k ú t forest, th e  d e ta iled  p rog ram  of th e  c o m ­
p lex  biosphere re sea rch  and th e  m a in  research  d a ta  h a v e  been fu rn ished  b y  
J a k u c s  (1973), w hile the re su lts  re la tin g  to  s tru c tu ra l  cond itions have been  
sum m arized  b y  J a k u c s — H o r v á t h — K á r á s z  (1975). T herefo re  p rio r to  o u r 
ow n research re su lts , we m en tio n  here  only tho se  d a ta  w hich  are m ost d ire c tly  
connected  w ith  th e  phy tom ass in v es tig a tio n s  of th e  sh ru b s .

The ecosystem  stud ied  is an  ab o u t 65-year-o ld , c lim azonal, hom ogeneous 
tu rk e y  oak fo re s t  ( Quercetum petraeae-cerris)  in  w hich  th e  cover value o f th e  
free canopy is 8 0 % . The q u a n t i ty  of th rou g h -fa ll ra d ia tio n  perm its th e  d e v e l­
opm ent of p h o to p h y llo u s an d  th e rm o p h ilo u s sh rubs r ic h  in  species. T he sh ru b  
layer, consisting  o f 16 species, c an  be subd iv ided  in to  tw o  d istin c t levels (low 
and  high sh ru b  levels). In  our g roup ing , th e  high sh ru b  level com prises sh ru b s

* S ík fő k ú t P ro je c t No. 21
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o f h igher th a n  1 m h e ig h t and  o f a t  le a s t 1.2 cm stem  d ia m e te r , w hile shrubs 
n o t  possessing th e se  ch a rac te ris tic s  a re  grouped  in to  th e  low  sh ru b  level.

The d o m in an t sh ru b  species in  th e  h igh  shrub level are  Cornus  m as, Acer  
campestre , Cornus sanguined , Acer ta taricum , Quercus petraea ; in  th e  low shrub  
level: Lingustrum vulgare , E u o n y m u s  verrucosus, Cornus sanguinea , Quercus 
petraea.

Method

In  every  fo rest ecosystem  th ere  c an  be fo u n d  shrubs whose d im en sio n s (he igh t, stem  
d iam e te r, etc .) are av erag e, th a t  is, th e ir  d im en sio n  values are a ro u n d  th e  m ean  va lue  d e te r­
m in ed  on the  basis o f m easu rin g  several h u n d re d s  o f indiv iduals. T h e  to ta l  w eigh t o f these 
sh ru b s  o f average d im ensions, or th a t  of th e ir  com ponents (foliage, b ra n c h , stem , e tc .), can  
also  be considered av erage  (O v in g t o n -  F o r r e s t  —A rmstrong 1968). In d iv id u a ls  can  th u s 
b e  se lec ted  from  th e  s ta n d  th e  d im ensions a n d  w e igh t of w hich are  in  all p ro b a b ility  near 
th e  average  of th e  to ta l  or p a r tia l  size a n d  w e ig h t re la tin g  to  all o f th e  in d iv iduals . I t  is th is 
in feren ce  on w hich th e  “ av erag e-sh ru b ”  m e th o d , used  in  the  e s tim a tio n  o f th e  p h y to m ass of 
th e  sh ru b  layer in th e  S ík fo k ú t fo res t b e tw een  A u g u st 29 and S e p tem b e r  5, 1973, is based. 
T h is period of y ear is considered  su itab le  fo r e s tim a tin g  because i t  is th e  la s t phase of 
th e  v eg e ta tio n  period w hen  grow th  can be ex p ec ted  to  be p rac tica lly  com ple ted .

T he estim ation  of th e  phy to m ass w as c a rried  ou t in a b re ak d o w n  of species by  
sh ru b  layers, th u s th e  e rro rs  o rig in a tin g  from  th e  differences in  w eigh t d a ta  betw een  dom i­
n a n t  an d  suppressed sh ru b s could be red u ced  to  a m inim um . A ccord ing  to  th e  d a ta  avail­
ab le  from  th e  l ite ra tu re , th e  accuracy  o f th e  e stim a tio n s m ade w ith  th is  m eth o d  is be­
tw e en  d= 7-10%  (Stato  1966, Ov ing to n  e t. a l., 1968).

A ccording to  our m easu rem en ts, th e  p a ra m e te rs  m ost ch ara c te riz in g  th e  d im ensions 
o f th e  sh rub  ind iv iduals are  h e igh t, stem  d ia m e te r  (m easured a t  5 cm  above  g ro u n d  level), 
a n d  cover value. The p a ram e te rs  o f th e  av erag e  sh ru b s were d e te rm in ed  fo r 6 species ( Acer 
cam pestre , A . tataricum , Cornus m as, C. sa n gu inea , Ligustrum  vulgare, Quercus petraea) in  the  
h ig h  sh ru b  level, while in  th e  low sh rub  leve l fo r 10 species (the  sam e as in  th e  h igh  shrub  
leve l, a n d  also Crataegus m onogyna , E u o n ym u s europaeus , E. verrucosus, R osa can ina ), on th e  
b asis  o f m easurem ents o f 302 h igh shrub  an d  o f 561 low shrub specim ens (50 60 ind iv iduals
of each  species). H eigh t w as m easured  w ith  a 4 m  long yard stick , w hile  s te m  d iam e te r w ith  
a s lid ing  caliper 5 cm above ground. In  h ig h  sh ru b s , th e  stem  d iam e te r w as m easu red  from  
tw o  d irec tio n s su b ten d in g  a r ig h t angle a n d  th e  average  of th e  re su lts  o f  th e  tw o m easu re ­
m e n ts  w as accepted  as th e  stem  d iam ete r v a lu e . Cover values were re a d  of th e  p ro jec tio n  
m ap  o f foliage closing in  sh ru b s  (K árász , 1973). In  h igh  shrubs, ro o t rem o v a l w as m ade in 
a c irc le  o f ab o u t 1 m ra d iu s  to  a d e p th  of 60 — 70 cm , while in  low sh ru b s  w ith in  a circle of 
a b o u t 25 — 30 cm rad iu s a n d  to  d ep th  of 35 — 40 cm . W here the  ra m if ic a tio n  of th e  roots 
m ad e  i t  necessary, we follow ed th e  p a tte rn  ro o t positions.

S a m p lin g

S h rubs o f  average d im ensions were se lec ted  from  bo th  th e  h ig h  a n d  th e  low  shrub  
lev e ls , 10 ind iv iduals of each  species (sam ple  sh ru b s), and  these w ere c u t  ou t. T h eir roo ts 
to g e th e r  w ith  th e  adh erin g  soil were rem oved  an d  th e n  washed th ree  tim e s  u n d e r ru n n in g  
w a te r  th ro u g h  griddles used  in  soil ex am in atio n s . T he fresh foliage w e ig h t, stem  -f- b ran ch  
w e ig h t an d  roo t w eight o f all sam ple sh ru b s w ere w eigh ted  on a la b o ra to ry  ta re -b a lan ce  in 
th e  field . A t th e  sam e tim e  th e  follow ing sam ples w ere collected for th e  d e te rm in a tio n  of leaf 
n u m b er an d  dry w eight va lues:

500 leaves per sam ple  sh ru b  in  th e  h igh  sh ru b  level, th a t  is a to ta l  o f 5000 leaves; and 
100 leaves per sam ple  sh ru b  in th e  low sh ru b  level, th a t  is a to ta l  1000 of leaves; in  b o th  
o f categories for each  species;
m ixed  stem  b ran ch  sam ples (ab o u t 250 g s tem  and a t least 3 k in d s  o f  b ra n ch  sam ples
w ith  d ifferent w id th s, from  each species);
ro o t sam ples to ta l  ro o t q u a n tity  as de fin ed  above.

4cta Botanica Academiae Scientiarum Hungaricae 22, 1976



SHRUB L A Y E R  PHYTOMASS IN  Q UERCUS PETR A EA -C ER R IS ECOSYSTEM 8 1

T he sam ples w ere d ried  to w eight s ta b il i ty  in an  ex sicca to r a t  85°C. A fter and  before 
d ry in g , th e  sam ples w ere  w eighed w ith in  a n  accuracy  of 100th  gram . (The f irs t m easu rem en t 
w as m ad e  a t  the  tim e o f  rem o v a l in  th e  f ie ld .)  In  th e  know ledge of th e  fresh  w eigh t o f th e  
frac tio n s  (leaf, stem  -f- b ra n c h , root) and o f th e  sam ples, we c a lcu la ted  th e  co rresponding  leaf 
n u m b er for th e  in d iv id u a l sh ru b  as well as th e  d ry  w eight pe r frac tio n , an d  also th e  to ta l  d ry  
w e igh t, b y  using th e  d ry  w eigh t da ta . B y  m u ltip lica tin g  th e  w e igh t d a ta  th u s  o b ta in ed  by  
th e  serial num ber per h e c ta re , the  p h y to m ass d ry  w eight pe r h e c ta re  w as e s tim a te d  in a b re a k ­
dow n per species.

L e t us note h e re  t h a t  no deta iled  sam p lin g  of th is  c h a ra c te r , re la te d  to  sh rubs, has 
been  m ade in  a tu rk ey  oakw ood forest eco sy stem  so far. S im ilar e lab o ra tio n s w ith  regard  to  
o th e r  ecosystem s hav e  b e en  reported  in  th e  w orks, for ex am p le , of D u d a  — K o lek  (1970), 
D u v ig n e a u d  (1971), D u v ig n e a u d  — D e n a e y e r —A m b r o e s—T im pe r m a n  (1971).

Results

T he ch a ra c te ris tic  p a ram ete rs  (height, s tem  d iam ete r, cover) o f th e  
av erag e  shrubs in  com parison  w ith  th e  d im ensions of th e  sam ple sh rubs are  
given in  Table 1. A s is seen in th e  T ab le , the  d im ensions o f th e  sam ple sh rubs 
do n o t differ, or d iffe r only to  a m in im u m  e x te n t, from  th e  dim ensions of th e  
av erag e  shrubs d e te rm in e d  by  m easu rem en ts  an d  ca lcu la tions.

R esults of th e  phy tom ass e s tim a tio n  in  a b reak d o w n  p er species are  
sum m arized  in T a b le  2, where also th e  n um ber o f  sh ru b  stem s p er h ec ta re , 
th e ir  lea f num ber, a n d  th e  p h y to m ass  of the  sh ru b s  expressed  in  d ry  w eigh t 
p e r  h ec ta re  are g iv en , in  a b reak d o w n  per species an d  in  to ta l  va lues. T he 
le a f  n um ber of th e  sh ru b s  per h e c ta re  is 12,157, 764; o f th is , 1,997, 488 leaves 
(16 .42% ) are in th e  low  shrub level, w hile 10,160,276 leaves (83.58% ) are in  th e  
h igh  sh rub  level. I n  th e  fo rm ation  o f  assim ilating  le a f  su rface , m ost leaves are 
ca rried  by Cornus mas  (5,643,902 leaves/hectare), an d  b y  Acer campestre  
(3,666,645 leav es/h ec tare ). F u r th e r  sign ifican t p la n ts  are : Ligustrum  vulgare 
(809,312 leaves/ha), Cornus sanguinea  (584,395 leaves/ha), and  E u o n ym u s  
verrucosus (504,500 leaves/ha) w h ich  occurs a lm o st exclusively  in  th e  low 
sh ru b  level.

T he to ta l p h y to m a ss  of in d iv id u a ls  of av erag e  d im ension  of th e  h igh 
sh ru b  level species changes b e tw een  220 g and  1150 g. I t  is th e  h ighest Acer  
campestre  (1151.82 g/specim en, fo llow ed by Acer tataricum  (1095.75 g/specim en) 
an d  cornus mas  (1070.82 g/specim en).The sequence is d iffe ren t concern ing  
to ta l  d ry  w eight p e r  hectare . S im ila rly  to  th e  case o f s tem -f-b ran ch  p h y to - 
m ass, Cornus mas  rep resen ts e ssen tia lly  g rea te r q u a n titie s  (2765.99 kg, w hich 
am o u n ts  to  4 0 .6 3 %  o f the  to ta l) ,  an d  so does Acer campestre  (2263.31 kg; 
33 .25% ) th an  a ll th e  o ther species w ith  a to ta l  p h y to m ass  of 1777.71 kg 
(26.12% ) per h e c ta re .

On one h e c ta re  area of th e  fo rest, th ere  is a to ta l  o f 6807.01 kg sh rub  
p h y to m ass. O f th is ,  757.34 kg (11 .13%  of th e  to ta l  ph y to m ass) appears in  th e  
low  shrub  level, w h ile  6049.67 kg (88.87% ) in  th e  h igh  sh ru b  level. I ts  d is trib u -
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Table 1

Height, stem-diameter and cover data o f  the average shrubs and o f  the sam ple shrubs (l =  low shrub , h =  high shrub)

Name of shrub species

Height,
m

Stem  diameter, 
cm

Cover,
m 2

Average shrubs Sample shrubs Average shrubs Sample shrubs Average shrubs Sample shrubs

1 1 h 1 h ■ h 1 h 1 h 1 h

Acer campestre 0.329 2.294 0.330 2.500 0.44 2.60 0.439 2.606 0.034 2.79 0.054 3.10
Acer tataricum 0.291 2.677 0.296 2.720 0.35 2.41 0.351 2.418 0.040 1.87 0.040 1.85
Cornus mas 0.422 2.359 0.452 2.410 0.51 2.45 0.511 2.444 0.190 2.45 0.190 2.93
Cornus sanguinea 0.434 2.031 0.429 2.332 0.308 1.34 0.302 1.345 0.043 0.73 0.043 0.75
Crataegus monogyna 0.437 — 0.437 — 0.75 — 0.751 — 0.035 — 0.035 —
E uonym us europaeus 0.175 — 0.175 — 0.203 — 0.203 — 0.0068 — 0.0068 —
E uonym us verrucosus 0.291 — 0.295 — 0.35 — 0.351 — 0.036 — 0.036 —
Ligustrum  vulgare 0.409 1.560 0.435 1.673 0.31 1.25 0.318 1.272 0.031 0.93 0.031 0.92
Quercus petraea 0.227 1.920 0.228 1.920 0.38 2.20 0.382 2.202 0.033 1.18 0.0325 1.16
Rosa canina 0.668 — 0.669 — 0.39 — 0.387 — 0.012 — 0.011 —
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Table 2

о*

N um ber o f  stems and leaves, as well as phytom ass o f  the shrub level per hectare, according to frac tions and their total
(l =  low shrubs , m  =  high shrubs)

Name of shrub species
N um ber of stem s/ha N um ber of leaves/ha Foliage w eight, kg/ha

1 h to ta l 1 ь total 1 h to ta l

Acer campestre 5,699 1905 7,604 170,970 3,495,675 3,666,645 9.43 189 64 199.07
Acer tataricum 7,335 430 7,765 73,350 351,310 424,660 8.20 37.90 46.10
Cornus mas ,959 2335 3,294 79,597 5,564,305 5,643,902 2.60 182.68 185.28
Cornus sanguinea 13,676 690 14,366 232,495 351,900 584,395 11.99 17.80 29.79
Crataegus monogyna 1,654 — 1,654 67,814 — 67,814 3.05 — 3.05
E uonym us europaeus 7,782 — 7,782 38,910 — 38,910 2.33 — 2.33
E uonym us verrucosus 14,700 — 14,700 504,500 — 504,500 7.39 — 7.39
Ligustrum  vulgare 21,059 256 21,315 673,888 135,424 809,312 12.97 2.60 15.57
Quercus petraea 10,963 382 11,345 65,777 248,682 314,459 6.30 30.15 36.45
Rosa canina 508 — 508 42,164 — 42,164 0.78 0.78
O ther* 3,069 52 3,121 48,023 12,980 61,003 1.67 1.70 3.37

T o ta l 87,404 6050 93,454 1,997,488 10,160,276 12,157,764 66.71 462.47 529.18

Stem -f- branch w eight, kg/ha Root, kg/ha Total phytom ass, kg/ha
Name of shrub species

1 h total 1 h to ta l 1 h to ta l

Acer campestre 19.71 1291.40 1311.11 39.95 713.18 753.13 69.09 2194.22 2263.31
Acer tataricum 17.45 313.67 331.12 53.40 119.65 173.05 79.05 471.22 550.27
Cornus mas 10.74 1894.80 1905.54 3.06 672.11 657.17 16.40 2749.59 2765.99
Cornus sanguinea 24.07 122.60 146.67 77.68 41.97 119.65 113.74 182.37 296.11
Crataegus monogyna 20.25 — 20.25 5.79 — 5.79 29.09 — 29.09
E uonym us europaeus 7.35 — 7.35 19.14 — 19.14 28.82 — 28.82
E uonym us verrucosus 26.90 — 26.90 83.94 — 83.94 118.23 — 118.23
Ligustrum  vulgare 40.43 30.66 71.09 138.36 23.79 162.15 191.76 57.05 248.81
Quercus petraea 23.68 155.89 179.57 53.61 184.22 237.83 83.59 370.26 453.85
Rosa canina 1.57 — 1.57 1.42 — 1.42 3.77 — 3.77
O ther* 6.14 14.48 20.62 15.99 8.78 24.77 23.80 24.96 48.76

T o t tl 198.29 3823.50 4021.79 492.34 1763.70 2256.04 757.34 6049.67 6807.01
GO
CO

E stim a te d  values

S
H

R
U

B
L

A
Y

E
R

 PH
Y

T
O

M
A

SS IN
 Q

U
E

R
C

U
S P

E
T

R
A

E
A

-C
E

R
R

IS
 E

C
O

SY
ST

E
M



8 4 KÁRÁSZ, I.

1 stem + branch
2 root
3 foliage

□ high shrub level

Ш Я low shrub level

F ig . 1. P hy tom ass d is tr ib u tio n  of th e  sh ru b s according to  frac tio n s , p e r  h ec tare , in  t /h a  and
in  p e rcen tag e  of th e  to ta l

t io n  according to  f ra c tio n s  is as follow s: stem  -f- b ran ch  re p re se n ts  4021.79 kg 
(5 9 .1 0 % ), roots 2256.04 kg  (33 .14% ) foliage 529.18 kg (7 .76% ). T he d is tr ib u ­
t io n  according to  frac tio n s  is show n in F ig  1.
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DIE BEDEUTUNG DER BALATON-UFERZONE 
FÜR DEN UMWELTSCHUTZ AM SEE

V on

M. K ovács

BOTANISCHES FORSCHUNGSINSTITUT D ER  UNG A RISCH EN  AKADEM IE D E R  W ISSENSCHAFTEN,
VÁCRÁTÓT

(E ingegangen  J u n i  18, 1975)

Die B öden  der U ferzone des B a la to n  sind dank d en  an ae ro b en  V erh ä ltn issen  
re ich  an  organ ischen  S u b stan zen  u n d  so m it im stande , grosse M engen biogener E le m en te  
zu adsorb ieren . B öden  m it grosser A d so rp tio n sk ap az itä t e n tfa lte n  eine F ilte rw irk u n g , 
die die B eschaffenheit des Seewassers g ü n stig  beeinflusst. D ie B ebauung  des U fe r­
stre ifens h a t  die N ied rig h a ltu n g  des W assers tan d es u n erläss lich  gem acht, die S enkung  
des W asserstandes ab er fü h r t  zum  A ufk o m m en  aerober V e rh ältn isse  u n d  d a m it  zur 
M ineralisierung der aufgespeicherten  organ ischen  Stoffe, w obei die fre ig ese tz ten  b io ­
genen E lem en te  — u n te r  ihnen  b esonders der S ticksto ff — d e n  N äh rs to ffre ich tu m  des 
Sees v e rm eh ren  können .

Die b estan d b ild en d en  P flan zen  de r U ferzone spe ich ern  in  ih ren  O rgan ism en  
grosse M engen b iogener E lem en te , beso n d ers  K alium , S tic k s to ff  u n d  P h o sp h o r auf. 
D ank  seinem  N ährsto ffan re ich eru n g sv erm ö g en  »durchseiht« de r U ferbew uchs e in e r­
seits die vom  U fer he r kom m enden  N äh rsto ffe , w ährend er an d ere rse its  die b e re its  ins 
W asser ge lan g ten  A ufbausto ffe  »ausfiltert« .

Seit einer R eihe von  Ja h re n  d ro h t zunehm end die G efah r der V e rn ich tu n g  
d er n a tü rlich en  U ferzone des Sees. T ro tz  jedem  G egenargum en t der E x p e rte n  
und  allen gesellschaftspolitischen  E rw ägungen  w urde ein  erheblicher Teil der 
U ferzone des Sees pa rze llie rt und  b e b a u t. W ie von F e l f ö l d y  und  T óth (1970) 
tre ffen d  festg este llt, b ild e t die B eb au u n g  des U ferstre ifens ein »abschreckendes 
B eispiel einer v e rn u n ftw id rig en  u n d  das Leben des Sees völlig  m issach ten d en  
S iedlungspolitik« .

Zufolge der m enschlichen E ing riffe  sind  zahlreiche fü r  den B a la to n  k e n n ­
zeichnende A ssozia tionen  v e rsch w u n d en  und  w ertvo lle  B iotope m it ih re r  
c h a ra k te ris tisch e n  F a u n a  v e rk ü m m ert.

D er n iedrige W asse rs tan d  des B a la to n  beein flusst —  wie dies von  H y d ro ­
logen und  Biologen v ielfach  b e to n t w urde  — die B ew irtsch aftu n g  des See­
w asserv o rra tes  sowie seine chem ischen u n d  biologischen V erhältn isse . B ei dem  
niedrigen  W asse rs tan d  h aben  sich überre iche  Algen- u n d  L a ich k rau tm assen  
(Gelege) en tw icke lt, die Schilfzone is t  von  L and  her in  das W asser v o rg e d ru n ­
gen, d. h. die N äh rsto ffan re ich e ru n g  u n d  die A uffü llung  des Sees bzw . sein 
A lterungsprozess h ab en  sich besch leun ig t.
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D ie B edeutung der U ferzonation

Die U fe rv eg e ta tio n  u n d  ih r  B io top  b ild en  einen o rgan ischen  Teil des See- 
Ö kosystem s. A m  U fer des B ala to n  e n tla n g  erscheinen je  n a c h  den F euch tig - 
k e its-  und  B o d en v erh ä ltn issen  in g ü rte la r tig e r  A no rd n u n g  un tersch ied liche  
P fla n z e n a rten . H in te r  d e r L a ich k rau tzo n e  b ilden  au f d e r eu tro p h en  G y tt ja  
b is zu  einer W assertiefe  von  2,5 m Schoenoplectus lacustris u n d  sodann Phrag- 
mites communis  (bis 2 m W assertiefe) u n d  stellenw eise T y p h a  angustifolia  
au sg ed eh n te  B estän d e  (vg l. Soó 1933, K á r p á t i— V arg a  1970). A uf s tän d ig  
w asserü b erd eck ten , an  organischen u n d  an  N ährsto ffen  re ich en  S tan d o rten  
dom inieren  Glycerin m a x im a  und  Phalaris arundinacea. A u f den höher gele­
genen  M oorwiesen- u n d  W iesenböden sow ie a u f  den ze itw eilig  von W asser 
ü b e rd eck ten  S tellen  b e fin d en  sich versch iedene Magnocaricion-A ssoziationen 
(Caricetum acutiformis, Caricetum gracilis)  sowie Sum pfw iesen (m it Agrostion : 
Festucetum pratensis-, J u n c u s  subnodulosus-B estände).

Die W asser- u n d  d ie  U ferp flanzen  h ab e n  eine ganz b e s tim m te  biologische 
u n d  ökologische F u n k tio n :  sie beeinflussen  den  S au e rs to ffh au sh a lt des W as­
sers, die K alk- u n d  K o h len d io x y d v e rh ä ltn isse  und  die m ineralischen  N ä h r­
sto ffe , auch sind sie a n  d e r A usgesta ltung  d e r V erdun stu n g s- u n d  T e m p e ra tu r­
v e rh ä ltn isse  (Ja k u c s— M a r o si— Szilárd  1971), an der V erlandung , am  
M ateria l- sowie E n e rg ie h a u sh a lt u n d  schliesslich  an  der S elbstre in igung  des 
W assers be te ilig t (B it t m a n n  1968). B e k a n n t is t auch die F ilte rw irk u n g  des 
U ferbew uchses (F e l f ö l d y — T óth 1970, T óth  1970, 1972). W o im  W asser vor 
dem  U fer der S ch ilfg ü rte l u n v e rseh rt s te h t, gelangen von  U fer her w eniger 
eingeschw em inte N ä h rs to ffe  und  versch iedene S chm utzsto ffe  in  den See. N ach 
U n te rsu ch u n g en  am  V elence-See wra r dessen  W asser, wo es keinen Schilf­
g ü rte l gab, an  N äh rs to ffe n  reicher.

D ie ch a ra k te ris tisch e  U ferzonation  h a t  sich in e rste r L in ie  am  N ordufer 
des B a la to n  und  in  d e r B u c h t von K esz th e ly  h e rausgeb ilde t, wo sie dem  See 
den  gleichen S chu tz  b ie te t ,  der ihm  einst von  dem K isb a la to n  (der K leine- 
B a la to n )  und  dem  u n te rsch ied lich en  B usch w erk  am  S üdufer des Sees geboten  
w u rd e .

D er w eitgehenden  A u sro ttu n g  der U ferzonen , die in  d en  le tz te n  Ja h re n  
u m  sich  gegriffen h a t ,  is t  die s ta rk e  N äh rsto ffan re ich e ru n g  am  ganzen  B alaton- 
N o rd u fe r en tlang  zuzu sch re ib en . Sie t r i t t  besonders d o rt in  E rscheinung , wo 
d er e in st geschlossene Schilfbew uchs aufgelöst w urde; an  d iesen  Stellen e r­
sch e in t als b io logischer In d ik a to r  der N äh rs to ffan re ich e ru n g  Stratiotes aloides 
in  grossen M assen (T óth  1974).

E ine  äusserst erg ieb ige  und  s tän d ig  fliessende G efahrenquelle  stellen die 
lan d w irtsch a ftlich  g e n u tz te n  G ebiete (E rosion , K u n std ü n g e r- und  Pestizi- 
deausw aschungen , V ieh h a ltu n g sb e trieb e  usw .) d a r. N ach U n te rsu ch u n g en  von 
N é m e t h  und  T óth (1974) in  J a h re  1971 w u rd en  in  der B ala ton -G egend  von 1 ha
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lan d w irtsch aftlich  g e n u tz te r  F läche 199 kg N ährsto ffe  ausgew aschen , die zu 
34%  aus N , zu 24%  aus P 20 3 und  zu  4 2%  aus K._,0, d. h. aus N ährsto ffen  
b e s ta n d e n , die in  der N äh rs to ffan re ich e ru n g  d er G ew ässer eine seh r b ed eu ten d e  
R olle spielen. Im  E inzugsgeb ie t des B a la to n  is t von den lan d w irtsch a ftlich  
g e n u tz te n  F lächen  eine S ticksto ffausw aschung  von  jä h r lic h  2 0 0 0 —3000 t  zu 
e rw arten . In  den ru n d  68 V ieh h a ltu n g sb e trieb en  u n d  S tä llen  fallen  jä h r lic h  
schätzungsw eise 800 000— 900 000 m :i J a u c h e  an  (OM FB 1974).

Die B odenverhältn isse  in  der U ferzonalion

Z ur E rfassung  der Boden- u n d  V eg e ta tio n sv e rh ä ltn isse  in  der U ferzone u n d  zur B estim ­
m u n g  der ökologischen u n d  zönologischen U n te rsch ied e  b ed ien ten  w ir u n s  der T ran sek t-  
M ethode. Die Boden- u n d  P flan zen p ro b en  sa m m e lte n  w ir durch  die ve rsch ied en en  Z onen (je  
n ach  der räu m lich en  A usdehnung  der Z o n a tio n en  in  A b s tän d en  von  1, 2 u n d  5 m an  n o rm al 
au f das B a la to n u fer ve rleg ten , g ed ach ten  G eraden  en tlang . A u fg ru n d  de r M ethodik  v o n  
B alleneg g er—D i Gléria  (1962) b e s tim m te n  w ir folgende F ak to ren : die W assersto ffionen- 
k o n z e n tra tio n  (pH ), das C aC 03% , den G eh alt an  hygroskopischem  W asser (hy) u n d  an  H u m u s 
sow ie d ie H u m u ss ta b ilitä tsz ah l (Q), den  G esam tg eh a lt an  S tickstoff, A m m o n iak  u n d  N itra te n , 
a n  P h o sp h o r u n d  an  le ich t au fnehm barem  K a liu m , die adso rb ierten  Ca- u n d  M g-M engen sowie 
sch liesslich  das p o ten tie lle  N itrifik a tio n sv e rm ö g en  de r Böden.

D ie chem ische Z usam m ensetzung  d e r P flan zen  b es tim m ten  w ir n ach  den M ethoden  
v o n  P a e c h —T ra cey  (1956) u n d  Cooke (1969).

D ie U n te rsu ch u n g en  e rstreck ten  sich  a u f  folgende S tichprobengeb ie te :

a) D ie M ündung  des Flusses Zala (A bb. 1), der a n  N äh rsto ffen  re ich ste  Teil des B a la to n ­
ufers. A n der B elastung  des B a la to n  m it o rgan ischen  S u b s ta n z en  is t die Z ala  m it 
einem  A n te il v o n  50%  b e te ilig t, w äh ren d  sich die am  N o rd u fe r in  den See ergie- 
ssenden G ew ässer zur B elastung  m it 20% , jen e  am  Südufer h ingegen  m it e inem  A n ­
te il von 30%  beitragen . M it S tick s to ff  b e la s te t  den See a lle in  de r F luss Z ala  m it 
einem  A nte il v o n  30 — 40%  (die G ew ässer de r nörd lichen  Seite  h a b en  eine B e la s tu n g  
v o n  30 — 4 0 % , jene der süd lichen  Seite  eine solche von  2 0 % .) Ä hnlich  hoch is t  a u ch  
die P hosph o r-B elastu n g  der Z ala  (50%  gegenüber der B e la s tu n g  der G ew ässer der 
nörd lichen  u n d  südlichen U fer m it je  25% ). D er G esam tstick sto ffg eh a lt d e r  Z ala  
b e trä g t 2,18 m g, ih r G esam tp h o sp h o rg eh a lt 0,68 m g jew eils je  L ite r  (O M FB 1974). 
S tick s to ff u n d  P hosphor in  so lchen  M engen e n th a lte n  w eder d ie fliessenden G ew äs­
ser der nörd lichen , noch die de r sü d lichen  Seite.

b)  Die B u ch t v o n  Szigliget (A bb. 2), wo der G ehalt des Seew assers an  o rg an ischen  
S ub stan zen  u n d  seine Io n e n k o n ze n tra tio n  geringer, u n d  d ie U ferzone a u ch  d em ­
en tsp rech en d  w eniger e u tro p h  ist.

c) Die H a lb insel T ihany  (der U fe rab sch n itt u n te r  dem  C súcshegy).

D ie R e su lta te  der in T ra n se k te n  d u rch g efü h rten  B o d en u n te rsu ch u n g en  
sind  in den A bbildungen  3, 4 u n d  5 d a rg es te llt. Z usam m enfassend  k a n n  fe s t­
g este llt w erden:

U n te r  der E in w irkung  von W asser, B oden und  V eg e ta tio n  än d e rn  sich 
au ch  die q u a n tita tiv e n  V erhältn isse  d er B o denfak to ren . B ei der A u sg esta ltu n g  
d er B od en fak to ren  aber spielen die F eu ch tig k e itsv e rh ä ltn isse  eine au ssch lag ­
gebende Rolle.

Als Folge d e r s ta rk en  V erm eh ru n g  in  der P ro d u k tio n  der b e s ta n d b ild e n ­
den P flan zen  d er U ferzone (Schoenoplectus lacustris , T ypha  angustifolia , Phrag-
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Abb. 1. Die M ündung des Z ala-F lu sses in der B u c h t v o n  K esz th ely . L u ftb ild au fn ah m e  der
W asse rw irtsc h a ftsd ire k tio n  Pécs

mites com m unis , Glyceria m a x im a , Phalaris arundinacea, versch iedene Carex 
A rte n  usw .) gelangen a lljä h rlic h  grosse M engen o rgan ischer S toffe in  das See- 
tvasser bzw. au f die B odenoberfläche . D ie B öden  der S chilfrohr- und R ied ­
g rasassozia tionen  sind w äh ren d  eines G rossteils des J a h re s  überschw em m t, 
bzw . m it W asser völlig  d u rc h trä n k t . Die an ae ro b en  V erh ä ltn isse  füh ren  zu r 
A n h äu fu n g  von erheb lichen  M engen o rgan ischer S u b stan zen . D er G ehalt des 
B odens an  diesen lieg t fü r  gew öhnlich  ü b e r 10% . In  d er M ündung  der Z ala , 
wo d e r Boden ausser d er P ro d u k tio n  von  Phragmites com m unis, Glyceria 
m a x im a  und  Phalaris arundinacea  zusä tz lich  auch  noch von  den vom  F luss 
h e ran g e trag en en  o rg an isch en  S ubstanzen  b e la s te t w ird , e rre ich t die M enge 
der ang ere ich erten  o rg an isch en  S u b stan zen  A nteile  von  3 0 —40% . M it den
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Abb. 2. Dem  Schutz  des See-Ö kosystem s d ie n t  de r Sch ilfrohrgürtel v o r dem  U fer der B u c h t 
von Szigliget. L u ftb ild au fn ah m e der W asserw irtsch a ftsd irek tio n  Pécs

an g eh äu ften  o rgan ischen  Stoffen sc h a lte n  die Ö kosystem e der U ferzone aus 
dem  biogeochem ischen Zyklus fü r  eine b es tim m te  Z e itd au er eine grössere 
Z ah l von  E lem en ten  aus. Zwischen dem  G eh a lt der Böden an  o rgan ischen  S u b ­
s ta n z e n  und ihrem  G esam tstick sto ffg eh a lt b esteh t eine p o sitiv e  K o rre la tio n  
(A bb . 6). An der M ündung  der Z ala  lieg t d er G esam tstick sto ffg eh a lt der B öden  
be i 0 ,7— 1,3% . D ie dauernde Ü b e rd e c k u n g  m it W asser bzw . die a n ae ro b en  
V erh ä ltn isse  v e rh in d e rn  zw ar die M inera lisierung  von grossen  M engen o rg a ­
n ischen  S u b stan zen  beim  A bsinken  des W asserspiegels sind  sie jed o ch  als 
p o ten tie lle  G efahrenquellen  anw esend  (vgl. w eiter u n ten ).

Böden m it hohem  G ehalt an  o rgan ischen  S ubstanzen  h ab en  eine grosse 
A d so rp tio n sk a p a z itä t und F ilte rw irk u n g . (N ach  den U n te rsu ch u n g en  von
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ZALA - MÜNDUNG

Caricetum Scirpo- Glycerietum
gracil is Phragmitetum maximae

Wiesenboden Moorwiesenboden

zunehmende Bodenfeuchtigkeit

Balaton
(Wasserspiegel)

pH - Wert 

CaC03 %

Wasserkapazität (hy) 

Humus %

Humusstabilitätszahl (Q) 

Gesamtstickstoff %

NH3 - N mg /100 g 

N03 -N mg /  100 g

30-1
20-
10-

0 -

S0-J
40-
2 0 -

0 -

AO-i
30-
2 0 -

10 -

0-

P2 O5 mg /100 g 

K2 0 mg/100 g

absorbiertes 
Ca mval / 100 g

absorbiertes 
Mg mval/100 g

in 28 Tagen 
mineralisiertes  
N 0 3 -N m g/100  g

Abb. 3. Die Ä n d eru n g  de r B o d en fak to ren  im  U n te rsu ch u n g sfläch en tran sek t
an  der Z ala-M ündung

B a il e y  und  W h it e  —  1964 — haben  die P estiz id e  in  den  Böden m it hohem  
G eh alt an  o rgan ischen  S u b stan zen  die geringste  to x ische  W irkung.)

Ab le ich t au fn e h m b a rem  K alium  e n th a lte n  die W iesenböden  ( Festucetum  
pratensis)  der h ö h e r gelegenen Zone 5— 10 m g/100 g, die M oorw iesenböden 
des u n m itte lb a r  am  W asse r gelegenen U ferstre ifens 10— 30 mg/100 g.

Die k a liu m re ich en  (T abelle 1) b e s tän d eb ild en d en  P flan zen  der w asser­
n ah en  U ferzone b le ib en  in  der Regel an ih rem  S ta n d o rt s teh en , so dass das im  
P flan zen o rg an ism u s an g ere ich erte  K alium  n ich t aus dem  lokalen biogeo-
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SZIGUGET

Festucetum pratensis
magnocari - 
cetosum

Scirpo - Phragmitetum 
magnocaricetosum

hydrocharicetosum

Wiesenboden Moorwiesenboden

zunehmende Bodenfeuchtigkeit

Balaton
(Wasserspiegel )

pH - Wert

CaC03 %

Wasserkapazität  (hy)

Humus %

Humusstabilitätszahl (Q)

Gesamtstickstoff %

NH3 - N mg/100 g 

N03 -N mg/100 g

P2 0 5 mg/100 g

K2 О mg / 100 g

absorbiertes 
Ca mval/100 g

absorbiertes 
Mg mval/100 g

in 28 Tagen 
mineralisïertes 
N03 - N mg/100 g

Abb. 4. Die Ä n d eru n g  der B o d en fak to ren  im  U n te rsu ch u n g sfläeh en tran sek t bei Szig liget

chem ischen  Z yk lus h inausgerä t. D em gegenüber w erden  die Sum pfw iesen der 
räu m lich  hö h er gelegenen Zonen (z .B . m it Festucetum  pra tensis)  J a h r  fü r  J a h r  
regelm ässig  g em äh t, w om it e rheb liche  M engen des in  die P flan zen  e in g eb au ten  
K aliu m s aus dem  lokalen K re is la u f  ausscheiden , wie dies die Ä n d eru n g  des 
G eh a lts  des U ferzonenbodens an  le ic h t au fn eh m b arem  K aliu m  bzw . die s tu fe n ­
w eise Z unahm e des K aliu m g eh alts  in  der R ich tu n g  des w assernahen  U fer- 
Streifens d eu tlich  beweisen.
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TIHANY

Calamag- Caricetum Scirpo-  
rostis gracilis Phragmitetum
Bestand

Wiesenboden Moorwiesenboden

zunehmende Bodenfeuchtigkeit

Balaton
(Wasserspiegel)

8.0
7.0
30
20
20
0

]

]

]

201
10 -

0 J
1. 000-1
0.000-1

pH - Wert

C a С О 3 %

Wasserkapazität (hy) 

Humus %

Humusstabilitätszahl (Q)

10
0] Gesamtstickstoff %

1.0
0.0 ]
2,0 -i 
1. 0 -  

0.0-
10
0

10
0

20

0

]

]

]

NH3 - N mg/100 g

N03 - N m g /100 g

P2 0 5 mg / 1 0 0  g

K20 mg/100 g

absorbiertes 
Ca mval / 100 g

E Z

absorbietes 
Mg mval/100 g

in 28 Tagen 
mineralisiertes 
N03 - N mg/100 g

Abb. 5. D ie Ä nderung  der B o d en fak to ren  im  U n te rsu ch u n g s flä c h en tran sek t bei T ihany

A n der E rh ö h u n g  des N äh rsto ffg eh a ltes  der G ew ässer und  an  der V er­
m eh ru n g  der W asserp flan zen  is t neben dem  P h o sp h o r-, S tickstoff- u n d  K oh len ­
d io x y d g eh a lt in erheb lichem  Masse auch  das K alium  b e te ilig t (D ietr ic h  1973).

Im  M oorw iesenboden des U ferstre ifens f in d e t sich im  allgem einen auch 
eine grössere P h o sp h o ran re ich e ru n g . In  besonders grossen M engen is t P 20 5 in 
den  B öden  um  die M ü n d u n g  der Zala an zu tre ffen  (14 m g/100 g), w as in  e rh eb ­
lichem  U m fang  auch a u f  die P h o sp h o r-B e lastu n g  der Z ala  zu rü ck zu fü h ren  ist.

A ufg rund  der B o d en u n te rsu ch u n g en  in  d er U ferzona tion  k an n  zusam m en- 
fassend  festg eh a lten  w erd en : nach  den tie fe ren  L agen  u n d  nach  dem  W asser-
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Abb. 6. D er Z u sam m en h an g  zw ischen dem  G eh alt der B ö d en  an  organischen S to ffen  u n d
ihrem  G esam ts tick sto ffg eh a lt

Spiegel des Sees h in  w ächst p a ra lle l zu r Z unahm e des G ehalts an  o rgan ischen  
S u b stan zen  die W asse rh a lte fäh ig k e it (W asse rk ap az itä t)  des B odens, seine 
A d so rb tio n sk a p a z itä t sowie sein G eh a lt an  ad so rb ie rten  K a tio n en  u n d  an 
S ticksto ff, P h o sp h o r und  K alium .

Die Dynam ik der Nitrifikation in den Böden der Uferzonation

D ie D y n a m ik  der M inera lisa tion  (N itr if ik a tio n ) in  den B öden d er U fe r­
zone u n te rsu c h te n  w ir u n te r  L ab o ra to riu m sv e rh ä ltn is sen .

D ie bis zu  60%  ih re r W a sse rk a p a z itä t d u rch feu ch te ten  B o d en p ro b en  
Hessen w ir im  T h e rm o s ta t u n te r  s te rilen  V erh ä ltn issen  28 bzw. 35 T age lan g  
reifen .

D ie B öden  des sich u n m itte lb a r  am  W asser en tlan g  h inziehenden  U fe r­
stre ifens sind d u rch  eine gu te  N itr if ik a tio n sd y n a m ik  gekennzeichnet. A u f den 
P hragm ites-B öden  m inera lisierten  sich  in  35 T agen  10— 15 m g/100 g, in  den 
C arex-B öden hingegen  13— 19 m g/100 g N 0 3— N  (Tabelle 2).

B esonders re ich  an  N itra te n  w aren  die B öden  der Glyceria m axim a-  
B es tän d e  im  M ündungsgeb ie t d er Z a la  (36 m g/100 g. S. Abb. 3,54 m g/100  g. 
vgl. T abelle  2, P ro b e  8).

M it dem  R ü ck g an g  des G eh a lts  an  o rgan ischen  Stoffen sink t die A d so rb ­
tio n sk a p a z itä t  bzw . die F ilte rw irk u n g  der B öden.
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Tabelle 1

Chemische Zusam m ensetzung der aus den

Lfd. N r Nam e der Pflanze Sammelstelle Asche
%

Ca
о//О

l . Glyceria m axim a Z ala-M ündung 1 0 ,4 0 ,1 8

2 . Glyceria m axim a Zala-M ündung 1 0 ,4 0 ,1 9

3 . Phragmites com m unis Z ala-M ündung 9 ,8 0 ,1 9

4 . Phragmites com m unis Zala-M ündung 9 ,7 0 ,2 3

5 . Phalaris arundinacea Z ala-M ündung 1 0 ,2 0 ,1 4

6 . Phalaris arundinacea Z ala-M ündung 9 ,2 0 ,1 2

7 . Car ex gracilis Z ala-M ündung 8 ,1 0 ,1 9

8 . Phragmites com m unis Szigliget 9 ,9 0 .3 0

9 . Phragmites com m unis Szigliget 8 ,2 0 .2 0

1 0 . Carex gracilis Szigliget 8 ,3 0 ,1 5

1 1 . Carex gracilis Szigliget 8 ,6 0 ,1 6

1 2 . Festuca pratensis Szigliget 1 0 ,8 0 ,3 3

1 3 . Festuca pratensis Szigliget 1 1 ,8 0 .2 6

1 4 . Phragmites com m unis Tihany 1 1 ,8 0 ,1 0

1 5 . Carex gracilis Tihany 8 ,3 0 ,2 0

1 6 . Carex gracilis T ihany 8 ,3 0 ,1 8

1 7 . Calamagrostis arundinacea T ihany 7 ,3 0 .0 6

1 8 . Calamagrostis arundinacea Tihany 7 ,4 0 ,0 6

Tabelle 2

Die nach 28- u n d  35tägiger Inku b a tio n  in  den Böden der U ferzonation  
m in eralisierten N H 3- N  und  N 0 3-N -M engen

Lfd. Nr. N am e der Pflanzengesellschaft Sammelstelle

D er ursprüngl. 
G ehalt des 
Bodens an

In 28 In  35

Tagen m ineralisierte Menge n von

N H 3-N NOs-N NH3-N N 0 3-N 1 N H 3-N N 0 3-N

mg/200 g mg/100 g

í . Scirpo-Phragmitetum B.fűzfő 0 ,8 0 ,3 3 ,6 1 ,8 S puren 1 0 ,0

2 . Scirpo-Phragmitetum В .alm ádi 0 ,9 0 ,3 1.1 1 0 ,6 0 ,6 1 1 ,4

3 . Scirpo-Phragmitetum Tihany 0 .9 0 ,3 0 ,5 1 5 ,1 0 ,4 1 6 ,1

4 . Scirpo-Phragmitetum В.udvari 0 ,9 0 ,3 0 ,1 1 4 ,6 S p u ren 1 5 ,8

5 . Caricetum gracilis Á brahám hegy 0 ,8 0 ,5 2 ,6 1 4 ,6 0 ,6 1 9 ,6

6 . Caricetum gracilis B adacsony 0 ,8 0 ,5 0 ,2 1 0 ,3 S puren 1 3 ,5

7 . Caricetum gracilis Gyenesdiás 0 ,6 1 ,7 2 ,0 1 0 ,7 0 ,3 1 3 ,4

8 . Glycerietum m axim ae Fenékpuszta 1 ,2 0 ,3 0 ,2 4 9 ,0 0 ,1 5 4 ,0
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Transekten stam m enden P flanzenarten

К
%

Na
%

Mg
%

P A
%

N
%

Mn
ppm

Fe
ppm

Zn
ppm

2,18 0,03 0,34 0,82 1,99 252 128 20

2.21 0,03 0,36 0,84 1,87 173 168 25

1,65 0,01 0,31 0,69 4,13 466 121 32

1,31 0,01 0,47 0,63 3,95 488 171 24

1,42 0,01 0,28 0,38 2,33 97 114 21

1,66 0,01 0,29 0,46 2,37 61 150 22

1,67 0,01 0,34 0,45 1,90 217 203 16

1,03 0,02 0,43 0,37 2,46 113 99 33

1,37 0,01 0,29 0,46 2,85 241 94 18

1,20 0,02 0,29 0,29 1,31 184 137 15

1,18 0,02 0,22 0,24 1.36 171 116 15

0,39 0,06 0,46 0,24 1,06 54 164 11

0,46 0,07 0,46 0,23 1,11 56 141 18

1,20 0,02 0,20 0,36 2,97 174 98 38

1,27 0,01 0,30 0,20 1,31 178 96 20

1.26 0,02 0,29 0,20 1,36 155 101 15

1,05 0,01 0,19 0,19 0,99 59 87 30

0.98 0,01 0,18 0,17 0,82 48 58 24

Die F ilte rw irk u n d  des Bodens is t fü r  den  S chu tz  des Sees von g rö sste r 
B ed eu tu n g . D ie N äh r-  u n d  ein Teil d er S chm u tzsto ffe  w erden  dem  See d u rch  
das strö m en d e  G rundw asser zu g efü h rt. N ach  U n te rsu ch u n g en  des W issen ­
schaftlichen  F o rsc h u n g s in titu ts  fü r W asse rw irtsch a ft s trö m t das G ru n d ­
w asser den See zu ; d u rch  diese S trö m u n g  gelangen jä h r lic h  168 000 m 3 G ru n d ­
w asser in  den See.

Z usam m enfassend  d a rf  fes tg este llt w erden , dass die B öden des u n m it te l ­
b a r  am  See gelegenen U ferstreifens in  grossen  M engen organische S u b stan zen  
und  S tick s to ff e n th a lte n . Im  n a tü r lic h e n  Z u stan d , d. h. u n te r  an ae ro b en  
V erhä ltn issen  g eh t d er A bbau  der o rgan ischen  S u b stan zen  langsam  v o r sich, 
u n d  ebenso is t die D y n am ik  der N itr if ik a tio n  schw ach . D er ak tuelle  N i t r a t ­
g ehalt der B öden  lieg t bei 0,3— 4,0 m g/100 g.

D urch  die L ockerung  der U ferzonenböden , d u rch  K o n s ta n th a ltu n g  des 
n iedrigen  S eew asserstandes und  d u rch  die zu nehm ende  D u rch lü ftu n g  b e ­
sch leun ig t sich die Z ersetzung  der K eserven  des B odens an o rganischen  S u b ­
stan zen  u n d  die D y n am ik  der M in era lisa tion  (vgl. Z im e n k o  1972), d. h. es
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T abelle  3

Chemische Zusam m ensetzung einzelner

Lfd. Nr. Name der Pflanze Sammelstelle
Asche

% v©
 П

 
eN

 SS

l . Phragmites com m unis B. fűzfő 12,8 0,30
2. Pliragmites communis В .alm ádi 10,3 0,29
3. Phragmites com m unis T ihany 14,0 0,31
4. Phragmites communis В .udvari 12,6 0,51
5. Phragmites communis Á brahám hegy 11,6 0,54
6. Phragmites communis Badacsony 11,3 0,31

7. Phragmites com m unis Gyenesdiás 11,9 0,37
8. Schoenoplectus lacustris Fenékpuszta 13,0 0,28

9. Typha angustifolia B. udvari 5,6 0,51

10. Typha angustifolia Badacsony 7,3 0,39
11. Typha angustifolia Fenékpuszta 6,7 0,25

12. Sparganium  erectum B adacsony 13,5 0.89
13. Carex riparia T ihany 9,1 0,18
14. Carex gracilis Gyenesdiás 8.8 0,45

15. Carex acutiform is B .alm ádi 9,8 0,38

16. Carex acutiform is B adacsony 8,4 0,44

17. Carex acutiform is B adacsony 8,2 0,29
18. Juncus subnodulosus Á brahám hegy 11,9 0,32

19. Agrostis alba F enékpuszta 12,3 0,13

20. Glyceria m axim a Fenékpuszta 8,8 0,15

m uss m it der p o ten tie llen  G efahr gerechne t w erden , dass S tic k s to ff  in  grossen 
M engen in  den See ge lang t.

Die chem ische Zusam m ensetzung der bestandhildenden Pflanzen
der Uferzone

N eben der F ilte rw irk u n g  des an o rgan ischen  S u b stan zen  reichen  B odens 
m a c h t sich zu sä tz lich  auch  die »F ilter-W irkung« der P fla n z e n  der Z o n a tio n  
g e lten d .

Die chem ische U n te rsu ch u n g  des P flan zen m a te ria ls , das von m eh reren  
P u n k te n  der nö rd lich en  U ferlinie des B a la to n  (Tabelle 3), fe rner aus den  
T ra n se k te n  der Z ala-M ündung  und  aus je n e n  von Szigliget u n d  T ih an y  (T a ­
belle  1) e ingesam m elt w orden  w ar, so llte  die F rag e  k lären , inw iew eit der N ä h r ­
s to ffg eh a lt des B odens die A nreicherung  b iogener E lem en te  in  den einzelnen  
P fla n z e n a rten  b es tim m t.
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P flanzenarten  der Uferzonation

К
%

Na
%

Mg
%

P A
%

N
%

Mn
PPm

Fe
PP111

Zn
PP01

0,81 0.03 0,38 0,20 1,95 233 63 32

0,41 0,04 0,30 0,20 1,56 85 58 35

0,54 0,03 0,40 0,16 1,58 131 63 35

0,50 0,04 0,31 0,14 1,36 114 55 26

0,54 0,03 0,31 0,13 1,24 237 55 23

0,45 0,02 0,43 0,17 1,55 159 70 38

0,34 0,03 0,38 0,14 1,52 114 55 16

3,71 0,06 0,39 0,22 1,97 234 78 16

0,85 0,27 0,39 0,19 1,52 346 55 46

1,03 0,57 1.22 0,26 2,15 1417 42 122

1,94 0,16 0,48 0,29 2,78 342 121 33

2,12 0,59 0,93 0,26 2,11 97 86 15

0,86 0,01 0,33 0,16 1,41 98 61 4

0,85 0,02 0,44 0,13 1,13 240 71 43

1,03 0,01 0,42 0,18 1.46 150 105 13

0,44 0,03 0,43 0,18 1,87 230 100 26

0,85 0,04 0.89 0,23 1,41 237 63 13

2,03 0,36 0,43 0,21 1,69 398 84 38

1,60 0,03 0,38 0,28 2,04 115 105 19

2  24 0,02 0,38 0,24 2,39 72 85 26

Im  W asser d er Zala k o n n te  neben grossen M engen organ ischer S u b ­
stan zen  auch eine bedeu tende  G e sa m t-Io n e n k o n z en tra tio n  festgeste llt w erden . 
In  besonders grossen  M engen fü h r t  es Ca und  Mg. In  dem  an organischen S u b ­
stan zen  reichen  B oden der Z a la -M ündung  fin d en  sich  abso rb ie rtes Ca (m it 
80— 100 m val/100  g) und  Mg (m it 10—20 m val/100 g) in  grösseren M engen, 
w ogegen sich s tä rk e re  C a-und M g-A nreicherungen  in  d en  P flan zen  e in d eu tig  
n ic h t nachw eisen  lassen (T abelle 1).

A uf allen d re i T ran sek t-P ro b e fläch en  e n th ä lt  Phragm ites com m unis  m it 
1 ,0 - 1 ,6 5 %  m e h r К  als beispielsw eise die a u f  den h ö h er gelegenen W iesen­
böden  v o rkom m enden  Calamagrostis arundinacea  (0 ,9— 1,0% ) oder Festuca  
pra tensis  (0,3— 0,4 % ).

Bei regelm ässigem  M ähen d er höher gelegenen Sum pfw iesen  m it ansch lie ­
ssendem  F o rtsch a ffen  der M ahd s in k t der G eh a lt des B odens an le ich t auf- 
nehm barem  K a liu m .

Das gem eine Schilfrohr ( Phragm ites com m unis)  v e rm ag  in seinem  O rg a­
n ism us neben K a liu m  auch P h o sp h o r und  S tick s to ff in  grösseren  M engen auf-
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T abelle  4

Der Gehalt von U nterw asserpflanzen

Lfd. Nr. N am e der Pflanze Sammelstelle
Asche

%
Ca
%

l . Cercitophyllum subm ersum T ihany 26,9 2,03
2 . Ceratophyllum submersum B adacsony 23,2 0 ,6 8

3. Elodea canadensis T ihany 27,5 2,57
4. Hydrocharis morsus-ranae T ihany 32,4 2,72
5. Hydrocharis morsus-ranae B adacsony 30,9 0,70
6 . M yriophyllum  spicatum T ihany 27,1 2,84
7. Stratiotes aloides T ihany 34,8 5,06
8. Stratiotes aloides B .udvari 35,2 5,47
9. Ltricularia vulgaris T ihany 31,7 3,78

1 0 . Utricularia vulgaris B adacsony 27,9 3,08

z u n eh m en  (Tabellen l u n d 3 ) .  Diese beiden  E lem en te  re ich e rn  sich im  Schilf 
b eso n d ers  do rt in grösseren  M engen an , wo sie auch in  B oden  s tä rk e r  v e rtre te n  
sin d . Phragmites com m unis  aus der Z ala-M ündung  z.B . e n th ä lt  0,63— 0,69%  
P 20 5 u n d  3 ,9 - 4 ,1 %  N .

In  grösseren M engen e n th a lte n  P h o sp h o r und  S tick s to ff Glyceria m axim a  
(s. T abe lle  1, P roben  1— 2 u n d  T abelle 3, P ro b e  20), sowie T yp h a  angustifolia  
(T abe lle  3, P roben  9— 11).

U n te r  den P flan zen  d er U ferzone re ichern  vorzugsw eise Glyceria m axim a, 
P hragm ites com m unis , Schoenoplectus lacustris und  T ypha  angustifo lia  S tick ­
s to ff , P hosphor u n d  K a liu m  an , d. h. jen e  E lem en te , die bei d er E rh ö h u n g  des 
N äh rsto ffg eh a ltes  des W assers eine R olle spielen.

A us der L ite ra tu r  is t  das E lem en te-A nreicherungsverm ögen  von Schoeno- 
p lec tu s  lacustris b e k a n n t (S e i d e l  1966, 1967).

R e la tiv  viel N a e n th a lte n  Spargan ium  erectum, T yp h a  angustifolia  und  
J u n c u s  subnodulosus (T abe lle  3). B e k a n n t is t auch  das K a liu m an re ich eru n g s­
v e rm ö g en  von Ju n cu s  subnodulosus  ( K ovács  1974).

Y on den S p u ren e lem en ten  k o m m t Mn in  v e rh ä ltn ism äss ig  grösseren 
M engen vor. N ach den T ran se k t-U n te rsu ch u n g e n  fin d e t sich Mn besonders in den 
P f la n z e n  der w assernahen  U ferzone u n d  der w ährend  eines G rossteils des 
J a h re s  w asserüberdeck ten  F läch en , so in  Phragm ites com m unis  (113— 488 ppm ), 
in  d e r Glyceria m axim a  (173— 252 ppm ) u n d  in  Carex gracilis  (155— 217 ppm ) 
(T abe lle  1). E inen h ö h eren  M n-G ehalt k ö nnen  w eiterh in  J u n c u s  subnodulosus, 
Carex acutiform is u n d  T yp h a  angustifolia  aufw eisen (T abelle 3).

A uffallend viel (1417 ppm ) Mn e n th ä lt  T ypha  angustifo lia  in  der U fer­
zone bei B adacsony. W ahrsche in lich  b e s itz t T ypha angustifo lia  in den an 
M n reichen  G ew ässern bzw . a u f  den M n-reichen Sed im enten  ein s ta rk es  selek-
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an  mineralischen S to ffen

К
0//о

Na
%

Mg
0/

P ,O s
О//о

N
о/

Mn
ppm

Fe
ppm

Zn
ppm

2,21 0.43 1,56 0.28 2.22 1065 959 67

4,96 0.53 1,57 0,38 2.95 1137 1219 236

2.10 0.44 0.66 0,29 2,88 260 565 31

3,84 0,83 1.92 0.23 2,25 215 1702 71

2,15 0,41 1,18 0.33 3,24 394 1485 183

1,65 0.10 1.07 0,26 1.90 229 1213 36

5,42 0,77 1,91 0.29 1.83 374 587 46

4.36 0.55 2,00 0,16 1.13 243 319 42

3.41 0.71 2,20 0.42 — 719 2781 16

2,24 0,82 1,22 0,63 — 1417 1459 236

tiv es  V erm ögen zu r A nreicherung  von  M n-K ationen . D ie P flanze  e n th ä lt 
ü b rigens au f dem  G ebiet des B ad acso n y  auch re la tiv  v iel Zn (122 ppm ).

K ra f t ih res grossen N ährsto ffan re ich eru n g sv erm ö g en s »filtert« die 
U ferv eg e ta tio n  e inerse its die vom  L and  her dem  See zuströ m en d en  N ä h r­
stoffe, w ährend  sie an d ererse its  die bereits in  das W asser gelangten  N ä h r­
stoffe »ausfiltert«.

Gehen jed o ch  die U ferzone in  ih rem  n a tü rlich en  Z u s ta n d  und  deren  V ege­
ta tio n  zugrunde, gelangen die N äh rsto ffe  m angels »Aufnehm er« u n g eh in d ert 
in  das Seewasser u n d  verb le iben  ebenso un g estö rt in  d iesem .

Es erschein t also g era ten , die n a tü rlich e  P flan zen d eck e  der U ferzone zu 
schü tzen  und  die R o h r-, B insengras- u n d  S ch ilfbestände  an  den U fern en tlan g  
zu  e rh a lten , u n d  dies besonders d o rt, wo die U ferzonen  an  N ährsto ffen  reich  
sind , oder in d er N äh e  von  E in m ü n d u n g en  fliessender G ew ässer (wie e tw a die 
Z ala-M ündung), die das W asser des B ala to n  m it grossen M engen organ ischer 
S u b stan zen  u n d  N äh rsto ffe  b e lasten .

B leiben die grosse M assen liefernden  und  grosse M engen biogener E le ­
m en te  an re ich ern d en  P flan zen  des U ferzonengürtels an  ih re r S telle, d an n  
gelangen die b iogenen  E lem en te  bei der Z ersetzung  der pflanzlichen  O rgan is­
m en in  die B öden  (V erlandungen) oder in das Seew asser zu rück , wo sie eine 
w eitere  N äh rsto ffan re ich e ru n g  v e ru rsach en  können , w eshalb  es sich em p fieh lt 
bzw . erforderlich  is t, die Gelege des U fergürtels regelm ässig  zu  m ähen  u n d  die 
M ahd zu en tfe rn en .

Zu V ergleichszw ecken u n d  zu r B ean tw o rtu n g  d er F rag e , w ieviele B io­
e lem ente den P flan zen  des U ferzonengärte ls  gegenüber die einzelnen L a ich ­
k ra u ta r te n  in ih ren  O rgan ism en  e inzubauen  verm ögen , b estim m ten  w ir die 
chem ische Z u sam m ense tzung  ein iger L a ic h k ra u ta r te n  (T abelle 4).
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N ach  den E rg eb n issen  un se re r eigenen U n te rsu ch u n g en  und  nach 
L ite ra tu ra n g a b e n  ( H a r p e r — D a n i e l  1939, T óth 1962, B o j c e n k o — U d e l - 
n o w a  1964, B o jc e n k o — S a e n k o — U d e l n o w a  1968 c it. in  St u g r e n  1967, 
W a g n e r  1966, T ö l g y e s i  1969 usw .) re ichern  die versch iedenen  L a ich k räu te r 
v o n  Ca, K , N a u n d  M g das M ehrfache je n e r  M engen an , die die b es tän d e ­
b ild en d en  Pflanzen  d e r U ferzone aufnehm en . In  besonders grossen Mengen 
re ic h e r t  m ineralische E le m e n te  die am  N o rd u fe r en tlan g  infolge der zuneh ­
m en d en  N äh rsto ffan re ich e ru n g  in  s ta rk e r  V erb re itu n g  begriffene A rt Stratiotes 
aloides an. N und  P , die den  Prozess der N äh rs to ffan re ich e ru n g  fö rdern , kom ­
m en  in  anderthalb - bis zw eim al so grossen M engen vo r wie in den P flanzen  
des U ferstreifens.

U n te r  den S p u ren e lem en ten  is t es w ieder das Mn, w elches in  den L aich­
k rä u te rn  in  re la tiv  g rösseren  M engen an zu tre ffen  ist als in  den  P flan zen  der 
U ferzone . D urch ih r se lek tiv es  K atio n en an re ich e ru n g sv erm ö g en  ragen  beson­
ders Ceratophyllum subm ersum  (1065— 1137 ppm ) und  U tricu laria  vulgaris 
(719— 1417 ppm ) h e rv o r. A uch  viel E isen  re ichern  einzelne L a ic h k rä u te r­
a r te n  an , so C eratophyllum  subm ersum  (959— 1219 ppm ), H ydrocharis morsus 
ranae  (1485— 1702 p p m ), M yrio p h y llu m  sp ica tum  (1213 ppm ) u n d  Utricularia  
vu lgaris  (1459— 2781 p p m ). D ie U n te rsu ch u n g  von L a ic h k rä u te rn  aus den 
G ew ässern  unw eit des B ad acso n y  ergaben , dass sie das M ehrfache je n e r  Z ink ­
m en g en  en th a lten , die in  P ro b en  derse lben  A rten  von  a n d e ren  P u n k te n  des 
B a la to n  anzutreffen  sin d .

N ach  L ite ra tu ra n g a b e n  ( P in k o l a— T óth  1971) k ö n n en  sich  in  L aich­
k rä u te rn  des B a la to n  au c h  versch iedene P estiz ide  an re ichern .

W ie die U n te rsu ch u n g  gezeigt h a t,  en tz iehen  die L a ic h k rä u te r  dem  See­
w asser fü r j e eine b e s tim m te  V egeta tionsperiode  grosse M engen verschiedener 
b io g en er E lem ente u n d  b au en  sie in  ih re  O rganism en ein.

D er re la tive  »N ährsto ffm angel« , der sich im  Seew asser infolge der A uf­
n a h m e  grösserer N äch rs to ffm en g en  du rch  die L a ic h k rä u te r  e in ste llt, v e r­
h in d e r t  die s tä rk e re  V erm eh ru n g  der A lgen (Ge s s n e r  1939, Ma c k e n t h u n  
1962, M ulliga n— B a r a n o w s k i  1969, T óth 1969, T óth— T ölg— K o nt ur  
1969).

Die Dekom position der Pflanzen, das Freiwerden 

der biogenen Elem ente unter Laborverhältnissen

F ü r  die V erh ä ltn isse  im  Seew asser des B a la to n  is t es von  B edeu tung , 
in n e rh a lb  welcher Z eit u n d  in w elchem  U m fang  sich die an  O rt u n d  Stelle 
v e rb le ib en d en  ab g esto rb en en  P flan zen , die p flanzlichen  o rgan ischen  Stoffe 
m inera lisieren  und  wie ra sch  u n d  in  w elchem  U m fang die versch iedenen  E le ­
m e n te  frei w erden.
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D ie U n te rsu ch u n g  der D ekom p o sitio n  w urde an 5 A rten  ( P hragm ites  
co m m unis , Glyceria m axim a , Phalaris arundinacea, Carex gracilis, Festuca  
p ra ten sis)  aus den T ran sek ten  an  der Z ala-M ündung , bei S zig liget u n d  T ih an y  
(T abelle 1) nach  dem  V erfahren  von J e n n y — G e ss e l— B lNGHAM (1949) bzw . 
R a p p  (1967, 1971) u n te r  L abor* ..o rium sverhältn issen  vo rgenom m en . Die 
D ek o m p o sitio n su n te rsu ch u n g en  e rs tre c k te n  sich über einen Z e itrau m  von  20 
M o n a ten  (3. O k t. 1973— 31. M ai 1975), w obei die m in era lis ie rten  E lem en te  
(Ca, K , Mg, N , P 20 5, Mn, Zn, Fe) m o n a tlich  q u a n tita tiv  b e s tim m t w u rd en . 
D ie S chaffung  g ünstiger V orausse tzungen  fü r  die Z ersetzungprozesse besch leu ­
n ig t die D y n am ik  der M ineralisierung  u n d  g e s ta tte t R ücksch lüsse  a u f  die in 
d e r N a tu r  sich absp ielenden  V orgänge.

Die Untersuchungsergebnisse

a) Gewichtsverlust:

D er V ergleich der P robengew ich te  (25 g) vo r der D ek o m p o sitio n  m it den 
n a c h  20 M onaten  festgeste llten  G ew ich ten  ergaben bei den  versch iedenen  
P f la n z e n a rte n  folgende d u rch sch n ittlich e  G ew ich tsverluste:

Glyceria m axim a 65%

Phragmites com m unis 60%

Phalaria arundinacea 55%

Carex gracilis 53%

L a u t der U n tersuchungen  w aren  m eh r als 50%  d e r P flan zen  in  20 
M onaten  dekom pon iert. Am sch n e lls ten  zerse tzen  sich die P fla n z e n  von  den 
u n m itte lb a r  am  W asser gelegenen U ferzonen , jene  A rten  also, die die m eisten  
b iogenen  E lem en te  e n th a lten  (vgl. T ab e lle  1). Die aus dem  T ra n se k t der Zala- 
M ündung  s tam m ende , an biogenen E le m e n te n  reiche A rt Phragm ites com m unis  
(T abelle  1, P roben  3 und  4) e r li t t  in  20 M onaten  einen G ew ich tsv e rlu st von 
7 7 % , w ährend  dieser bei den w eniger b iogene E lem ente e n th a lte n d e n  Schilf- 
P ro b e n  von  Szigliget und  T ih an y  bloss 54— 58%  betrug .

b) Der globale Verlust an E lem enten und  die Zersetzungsgeschivindigkeit

Die B estim m ung  der biogenen E lem en te  in den P flan zen  vor deren  
D ekom position , ferner der m o n atlich  m obilisierten  M engen u n d  schliesslich 
d er chem ischen Z usam m ensetzung  d er n ach  20 M onaten v e rb liebenen  P f la n ­
zen su b stan z  ergab  fü r die einzelnen b iogenen M akroelem ente fo lgende Ge-
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w ich tsverlu ste  (in % ):

Ca К Mg N P A
Phragmites com m unis 35 100 27 72 41
Glycerin m axim a 54 100 35 66 35
Phalaris arundinacea 59 100 61 52 51
Carex gracilis 49 100 38 40 56
Festuca pratensis 42 100 81 30 62

Am schnellsten  w u rd e  K alium  frei; n ach  dem  V erlau f von 12 M o n aten  
w urde  bei jed e r A rt 100%  des in  den P ro b en  befin d lich en  K alium s m obilisiert.

H ier muss n a tü r lic h  in B e trach t gezogen w erden , dass die P flanzen  der 
U ferzone re la tiv  v iel K , N u n d  P  e n th a lte n , die 41% ige P hosphorersch liessung  
bei Pliragmites com m unis  b ed eu te t also in ab so lu ten  Z ah len  (54 mg) m ehr als 
d er 62%  bei Festuca pratensis  (37 mg).

Die G eschw ind igkeit des Freiw erdens der E lem en ten  bei den e inzelnen  
A rten  zeigt folgendes B ild :

Phragmites com m unis  
Glycerin m ax im a  
Phalaris arundinacea  
Carex gracilis  
Festuca pratensis

К  >  N >  P  >  Ca >  Mg
К  >  P  >  Ca >  N  >  Mg
К  >  N >  Mg >  Ca >  P
К  >  P  >  Ca >  N  >  Mg
К  >  Mg >  P  >  Ca >  N

N ach der Z erse tzungsgeschw ind igkeit w erden  bei den  bestan d b ild en d en  
P flan zen  der U fe rzo n a tio n  (Pliragmites com m unis , Glyceria maxima, Phalaris  
arundinacea)  im  L au fe  d e r  D ekom position  von  К  u n d  S tick s to ff  (Phragmites  
u n d  Phalaris)  sowie v o n  P h osphor (Glyceria m a x im a )  je n e  E lem ente  r e la tiv  
schnell frei, die fü r  die N äh rs to ffan re ich e ru n g  im  Seew asser besonders g e fä h r­
lich sind.

c) Der globale Verlust an Mikroelementen  
u n d  die Zersetzungsgeschwindigkeit

Die p ro zen tu a len  G ew ich tsverlu ste  (in % ) an  M ikroelem enten  (Fe, Mn, Zn) 
w äh ren d  der D ek o m p o sitio n  b e trä g t:

Zn Fe M n

Phragmites communis 64 47 40
Glyceria m axim a 76 60 18
Phalaris  arundinacea 48 40 10
Carex gracilis 50 42 33
Festuca pratensis 25 25 18
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B ei je d e r  d e r u n te rsu ch ten  A rte n  w urde  fo lgende G eschw indigkeit d er 
M ik roe lem en tenzerse tzung  festgeste llt:

Zn >  F e  >  Mn

Z usam m enfassung  u n d  Propositionen

M it den ih r  eigenen Boden- u n d  Y eg eta tio n sv erh ältn issen  b ild e t die 
U ferzona tion  einen  organischen Teil des See-Ö kosystem s.

M it dem  F o rtsc h re ite n  vom  L an d  zum  W asser h in  und  m it der Z u n a h m e  
der F e u c h tig k e it bzw . der anaeroben  V erh ä ltn isse  än d e rn  sich auch  m eh re re  
B o d en fak to ren .

Von den h ö h eren  zu den n ied rigeren  H öhen lagen  zu steig t der G eh a lt 
des B odens an  o rgan ischen  Stoffen u n d  zugleich d a m it auch seine A dsorb- 
tio n sk a p a z itä t, fe rn e r die Zahl der ad so rb ie rten  K a tio n en , sowie der G eh a lt 
des B odens an  P h o sp h o r, S ticksto ff u n d  le ich t au fn eh m b arem  K alium .

B ei a n h a lte n d e r  Senkung des W assersp iegels k o m m t es in der U ferzone 
zum  Ü berg an g  zu  aeroben  B o d en v erh ä ltn issen  u n d  d a m it zu einer in te n s iv e n  
M ineralisierung  d e r u n te r  den an ae ro b en  V erhältn issen  angere icherten  o rg a n i­
schen S toffe. D ie h ierbei frei w erdenden  biogenen E lem en te , besonders aus d er 
U m setzung  N 0 3— N , b ilden eine p o te n tie lle  G efahrenquelle .

D er S eew asserstand  des B a la to n  v o n  115 cm (in bezug a u f  den N u ll­
p u n k t bei Siófok) m uss unb ed in g t k o n s ta n t  geha lten  w erden. Bei a n h a lte n d  
hohem  W a sse rs ta n d  v e rlangsam t sich  infolge der anaeroben  V erh ä ltn isse  in 
der U ferzone die D y n am ik  der M inera lisierung  der M oorwiesen u n d  M oor­
böden  u n d  so m it d er Prozess des E inschw em m ens d er d u rch  die M ineralisie­
ru n g  frei w erd en d en  N ährstoffe  in  den  See. Die S tab ilis ierung  des B o d en ­
gehalts an  o rgan ischen  S ubstanzen  v e rh in d e rt die H erab se tzu n g  der B oden- 
a d so rb tio n sk a p a z itä t  und  F ilte rw irk u n g .

D ie U fe rv eg e ta tio n  »filtert« d a n k  ih rem  grossen N äh rsto ffan re ich eru n g s- 
V erm ögen e in erse its  die vom  L and  h e r  e in ström enden  N ährsto ffe , w äh ren d  sie 
an d ererse its  die b e re its  ins W asser g e lan g ten  »ausfiltert« .

D ie U ferzone u n d  die n a tü rlich e  U fe rv eg e ta tio n  bedürfen  in  zu n e h m e n ­
dem  M asse gezie lten  Schutzes. Ä hn lich  wie in  den U m w eltschu tzgesetzen  des 
A uslandes m ü sste  der Schutz der U fe rs tre ifen  säm tlich e r n a tü rlich e r G ew ässer 
in  R ech tsn o rm en  festg ese tz t w erd en . N ach  dem  U m w eltschu tzgesetz  der 
D eu tschen  D em o k ra tisch en  R ep u b lik  m uss in den  U ferzonen n a tü r lic h e r  
G ew ässer ein 200 m  tiefer S treifen fre i b leiben , d. h. er d a rf  fü r keine w ie im m er 
g ea rte te  Zw ecke in  A nspruch genom m en  w erden. D er Schutz der R o h r-, 
B in sen k rau t-, Schilf- und  anderen  B e s tä n d e  is t besonders d o rt von e m in e n te r  
W ich tig k e it, wo die U ferzone reich an  N äh rsto ffen  is t, bzw. in der N äh e  von
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E in m ü n d u n g en  fliessen d er G ewässer (am  B a la to n  z.B . nahe  d er Z ala-M ündung), 
die den See m it v ielen  organischen u n d  N ährsto ffen  b e lasten .

D ie Z erse tzung  des P fla n z e n m a te ria ls  der U ferzone v erm ag  dem  See­
w asser grosse M engen biogener E lem en te  zuzu füh ren  u n d  d a m it eine N ä h r­
s to ffan re ich eru n g  zu  v e ru rsach en , w esha lb  die P flanzen  des U ferstre ifens reg e l­
m ässig  gem äht w erden  m üssen, und  au ch  die E n tfe rn u n g  der M ahd nö tig  is t.

D a sie grosse M engen biogener E lem en te  zu b inden  verm ögen , b ed ü rfen  
die n a tü rlich en  U ferzonen  der B u ch ten  v o n  K eszthely  und  Szigliget, sowie die 
S ch ilfro h rh estän d e  des N ordufers des B a la to n  des gesteigerten  Schutzes.

D ie P flan zen  d er U ferzone ze rse tzen  sich v e rh ä ltn ism ässig  rasch , u n d  
ebenso  geh t die Z erse tzu n g  jen e r b iogenen  E lem en te  re la tiv  schnell u n d  in  
h o h en  P ro zen ten  v o r sich , die eine N äh rs to ffan re ich e ru n g  im  W asser v e ru r ­
sach en  können .

A uch die G eschw indigkeit der Z erse tzu n g  der biogenen E lem en te  m a c h t 
es erfo rderlich , die abgesto rb en en  P fla n z e n  am  E nde der V eg e ta tio n sze it zu  
en tfe rn en .
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PHLEUM STUDIES I.
DATA ON THE TAXONOMY AND MORPHOLOGY 
OF PHLEUM BERTOLONII DC.* AND PHLEUM

PRATENSE L.

By

D . K ováts

BOTANICAL DEPARTMENT OF T H E  N ATURAL H ISTO RY  MUSEUM, BUDAPEST 

(R eceived J a n u a ry  17, 1976)

C o m p ara tiv e  m orphological m easu rem en ts  were carried  ou t on th e  culm s of th e  
d ip lo id  (2n =  14) Phleum bertolonii DC. an d  th e  hexap lo id  (2n =  42) Phleum  pratense  
L. On th e  b asis  o f th e  m easu rem en ts a n d  ob se rv a tio n s i t  can  be s ta te d  th a t  d ifferences 
in  size occur in  th e  epiderm al cells o f cu lm s, sp ike le ts an d  grains, num bers a n d  len g th  
values of th e  in te rn o d es , a t in te rn o d e  an d  node levels, w hen  considering  also th e  n u m b er 
o f  tu b ers  a n d  in novations. The in v es tig a tio n s  were carried  o u t on p lan ts  o b ta in e d  from  
original h a b ita ts  an d  experim ental gardens.

In tro d u c tio n

In  th e  H u n g a ria n  flora, th e  species c h a ra c te r  o f th e  diploid (2n =  14, 
N o r d e n s k i ö l d , 1941; 1945; D a r l i n g t o n — W y l i e , 1955) Phleum  species (P h. 
bertolonii DC.) h as  been m istaken . T h u s  i t  is n o t considered an in d e p e n d e n t 
species b u t a subspecies of the  h ex a p lo id  (2n =  42) Phleum  pratense  L ., or 
a v a r ie ty  of it, u n d e r  the  following n am es: P hleum  pratense  ssp.? va r.?  nodo­
sum  (L .) Schreb. p . p .; Phleum pra tense  ssp.? va r.?  Bertolonii (DC.) A. e t G. 
p . p . (J á v o r k a , 1925 p. 71); Ph. pra tense  ssp. nodosum  (L .) R ieh t, p. p. (S o ó — 
J á v o r k a , 1951 p . 958); Ph. pratense  ssp. nodosum  (L .) T ra b u t p. p . (Soó — 
K á r p á t i , 1968 p . 781; Soó, 1973 5. p. 407).

I t  should  be m entioned  th a t  D e g e n  in  his w ork  e n titled  F lo ra  V eleb itica  
also w ro te  of P h. bertolonii DC. as e a rly  as 1936, an d  according to  his collec­
tio n s  w hich h av e  been preserved in  th e  H erb ariu m  of th e  N a tu ra l H is to ry  
M useum , he in d eed  m ean t the d ip lo id  Phleum  u n d e r th e  above nam e. In  his 
w ork  cited  above  th e  Ph. pratense  L . v a r . nodosum  A uct. also occurs an d  in 
his collection u n d e r  th is  nam e th e re  are also P h. pratense  L. stem s.

* C oncerning th e  ty p es and n o m en c la tu re , th ere  are  a few questions s till aw aitin g  
c la rifica tio n  for m e. I in te n d  to deal w ith  th e m  in  a la te r  p u b lica tio n . U n til th a t  t im e , on  th e  
basis o f th e  G erm an  (H erm a n n , 1956), a n d  th e  E ng lish  (Cl a p h a m —T u tin  — W a r b u r g , 1959; 
1962; H u b b a r d , 1968) lite ra tu re , I  use th e  n am e P hleum  bertolonii DC. for th e  d e n o m in a tio n  
of th e  diploid (2n  =  14) species (p. p. sy n . P hleum  nodosum  L .).
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T he H u n g a ria n  tax o n o m ists  se p a ra te d  th e  tw o p lan ts  on th e  hasis o f th e  
nod o su s ch a rac te r w hich  is of no tax o n o m ica l value, th erefo re  i t  is com pletely  
o bv ious th a t  th e y  w ere unab le  to  recognize th e  species c h a ra c te r  o f th e  P h. 
bertolonii DC.

In  th e  new er w orks on E u ro p ean  f lo ra , th e  diploid P hleum  appears as 
an in d ep en d en t species; u n d e r th e  n am e P h. nodosum  L. (L i n n é , 1759): D a l l a - 
t o r r e — Sa r n t h e i n  (1906), Gro ssh e im  (1928), L id  (1952); H u b b a r d  (1954), 
B u t c h e r  (1961) an d  H e s s — L a n d o l t — H ir z e l  (1967); and  u n d e r th e  nam e 
P hleum  bertolonii DC. ( D e Ca n d o l l e  1813): G rossheim  (1928), H e r m a n n  
(1956), D a n d y  (1958), Claph am— T u t i n — W ar b u r g  (1959), Cl a p h a m —  
T u t i n — W a r b u r g  (1962) and  H u b b a r d  (1968).

In  o th e r w orks, th e  diploid Phleum  species appears as a subspecies, or 
a v a r ie ty , o f Ph. pratense  L.: Visiani (1842); F iori (1896 —1908); F iori 
(1923— 1925); H egi (1927); Bordzilowskio—Lavrenko (1940); Dostal 
(1954); J ordanov (1963); Savulescu P op (1972); or Ph. pratense  L. s. 1.: 
Schmeil—F itschen (1965); or as a m in o r species: Ehrendorfer (1973).

In  H u n g ary , P h. bertolonii DC. grow s in  several h a b ita ts  as a p ro g en ito r 
o f th e  hexap lo id  P h. pratense  L. (N o r d e n s k i ö l d , 1945), in o rig inal h a b ita ts  
an d  in  com m unities, m a in ly  on acidic rocks su b stra te s . Ph. pratense  L. also 
grow s on w a te r logged m eadow s, m arshes, g raz ing  lands and  hay fie ld s (Soó— 
J á v o r k a , 1951; S oó— K á r p á t i , 1968; Má t h é — H e s z k y , 1972; Soó, 1973); in  
w eed com m unities an d  on w astes.

W hen  sep a ra tin g  th e  tw o P hleum  species, th e  designation  “ nodosus”  
o rig in a tin g  from  L i n n é  (1759) is d is tu rb in g  since th e  nodosus c h a ra c te r  in th is  
case can n o t be used  as a sep a ra tin g  c h a ra c te r is tic  as is clear from  th e  w orks 
o f th e  following a u th o rs : H u b b a r d  (1954; 1968). B utcher  (1961), H e s s — 
L a n d o l t —H irzel  (1967).

So fa r as I know , th e  m ost th o ro u g h  descrip tion  o rig inates from  H u b ­
b a r d ; on th e  basis o f th is , th e  sep a ra tio n  o f th e  tw o Phleum  species is ju s t i f i ­
able.

A ccording to  N o r d e n s k iö l d  (1945), th e  tw o species can be clearly  
s e p a ra te d  genetically , cyto logically  an d  ecologically . H e says th a t  th e y  are 
m orpho log ica lly  v e ry  n e a r to  each o th e r be in g  d ifferent only in  size. H e even 
d e ta ils  accu ra te  differences in sizes of th e  organs of th e  tw o species.

In  H u n g ary , Ú j h e l y i  deals w ith  th e  ev o lu tio n ary  research  in to  Grami- 
neae ( Poaceae). H e uses th e  m eth o d  o f e x a c t exam ina tion  of th e  h isto log ical 
c h a rac te ris tic s  w hen describ ing  tax o n o m ica lly  th e  various species (Ú j h e l y i , 
1938), or p o in ting  o u t affin ities in Sesleriae ( Ú j h e l y i , 1959). T he ev o lu tio n ary  
ex a m in a tio n  of th e  E u ro p ean  Koeleriae led to  th e  e s tab lish m en t of n a tu ra l 
e v o lu tio n a ry  rows or series (Ú j h e l y i , 1961— 1974). In  th e  course of m o rp h o ­
logical an d  an a to m ica l exam in a tio n s, severa l researchers have  a lread y  d ea lt 
w ith  th e  deve lopm en t o f in te rn o d e  len g th  in  th e  shoots of vario u s p lan ts . In
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H u n g a ry , am ong o th ers , St i e b e r — P á l  (1957; 1959) and  St i e b e r  (1972) 
exam ined  i t  in  w h ea t and  rye; B a r a t h — ifj. MÁt h é — Math e  (1973) in  S o la ­
num  genus; K ováts  (1973) in L ithosperm um  purpureo-coeruleum  L. ; S z u j k ó - 
L acza— S ző cs  (1976) in P im pinella  a n isu m  L.

In  th e  p re se n t w ork, I in ten d  to  p rov ide , on th e  basis of m orphological 
and  an a to m ica l d a ta  as well as on th e  basis o f th e  investig a tio n s ca rried  o u t 
up till now , th e  reason ing  behind th e  sep ara tio n  of th e  tw o P hleum  species. 
O w ing to  th e  d ifference in th e  “ p lo id ”  levels of th e  tw o species, th e  d ip lo id  
P h. bertolonii DC. is fa r sm aller th a n  th e  hexap lo id  P h. pratense  L.

M aterials an d  m ethod

T he overw helm ing  m ajo rity  of th e  p la n ts  w ere collected  from  various p a r ts  o f th e  
co u n try  by  Jó zse f Ú j h e l y i , who called m y a tte n tio n  to  th is  top ic . I t  was a t  his in sp ira t io n  
th a t  I  o rig inally  s ta r te d  to  deal w ith  P hleum s. Ph. bertolonii DC. p lan ts  were p ro v id ed  fro m  
H á rsk ú t in  th e  B ak o n y  M ountains, by  S ándor T ó th . In  th e  la s t th ree  years I m yself h av e  also 
jo in ed  in  collecting  Phleum .

My P hleum  p la n ts  all grow in id en tica l co nd itions in  an  experim en ta l g a rd en ; th e y  are  
p lan te d  side by  side a t  a  d istance  of ab o u t 40 cm from  each  o th er. The p lan ts  g row n  in  th e  
e x p erim en ta l g a rd en , and  w hich have b een  exam ined  and  m easu red  m orpholog ically  an d  
a n a to m ica lly  in  th e  fram e-w o rk  of the  p re sen t w ork , were o b ta in ed  from  th e  follow ing h a b ita ts :

Ph. bertolonii DC.
H u n g á ria  sep ten trio n alis . In  saxosis an desitic is  m on tis Sa lgóvár ad pag. Salgó, p ro p e  

opp. S a lg ó ta rján . A lt. cca 600 m .s.m . 4. V II . 1966. leg. J .  Ú j h e l y i .
H u n g á ria  occiden ta lis , Őrség. In  p ra tis  m o n tis  N agyhegy , ad  pag. Zalalövő, p ro p e  opp. 

Z alaegerszeg. A lt. cca. 250 m .s.m . 30. IX . 1970. leg. E . Valkó  e t J .  Ú j h e l y i .
H u n g á ria  occiden ta lis. In  p ra tis  siccis pag. H á rsk ú t, m o n tiu m  “ B akony  heg y ség ” , 

prope opp . Zirc. 1. X . 1970. leg. S. T óth e t 30. IX . 1975. leg. J .  Ú j h e l y i , S. T óth e t D. K o v á ts .
Ph. pratense  L.
H u n g á ria  cen trá lis . In  ű rbe  B u d ap est. A d rip am  lacus “ V árosligeti tó ” . In  ru d e ra lis . 

V II I .  1966. leg. J .  Ú j h e l y i .
H u n g á ria  occiden ta lis . Őrség. In  p ra tis  m on tis N agyhegy , ad  pag. Zalalövő, p ro p e  opp. 

Z alaegerszeg. A lt. cca. 250 m .s.m . 30. IX . 1970. leg. E . Valkó  e t J . Ú jh e l y i .
H u n g á ria  sep ten trio -o rien ta lis . M ontes M átra-hegység. In  p ra tis  sy lva tic is m o n tis  

K ék es te to , p rope  opp . G yöngyös, solo andesitico . A lt. 1000 m .s.m . 23. V II. 1971. leg. J .  Ú j ­
h e l y i.

H u n g á ria  sep ten trio -o rien ta lis . M ontes B ükk-hegység. In  p ra tis  m ontis N ag y eg ed , 
ap u d  opp. E ger. Solo calcareo. A lt. cca. 400 m .s.m . 8. IX . 1971. leg. S. T óth .

T h e  P hleum  p la n ts  were dug up from  th e  ex p erim en ta l ga rd en  on A ugust 24, 1975.
T he o th e r  p o rtio n  of th e  ex p erim en ta l m a te ria l was collected  for processing fro m  th e  

orig ina l h a b ita t,  th e  fie lds a round  P ilisszen tlászló  v illage, in  th e  P ilis M ountains (on O c to b er 
29, 1975); Phleum  pratense  L. var. p ilisense  B oros (1963) described  b y  A dám  B oros was 
o b ta in ed  from  these  fields.

Ph. bertolonii DC.: H u n gária  cen tra lis . In  m o n tib u s “ Pilis-hegység” , ad  m arg in es syl- 
v a ru m , prope pag. P ilisszen tlászló , solo andesitico . A lt. cca. 500 m .s.m . 29. X . 1975. leg. 
D. K o váts .

Ph. pratense  L.
H u n g á ria  cen tra lis . In  m o n tib u s “ P ilis-hegység” , ad  m arg ines v iarum , p ro p e  pag. 

P ilisszen tlászló , solo andesitico . A lt. cca. 500 m .s.m . 29. X . 1975. leg. D. K ováts.
C ytological ex am in atio n s , and chrom osom e coun ting  w ere carried  ou t on th e  ro o t apex  

of seedlings and  of fu ll-g row n p lan ts; for f ix a tio n  CARNOY-type so lu tion  dyeing ca rm in e-ace tic  
acid  w as used  (Ö s t e r g r e n  —H e n s e n , 1962; Sá rk á n y  — Sza la i, 1964). Skin p re p a ra tio n  from  
culm s (Ú j h e l y i , 1954) were from  th e  u p p e rm o s t in te rn o d es , below  th e  panicles, w here  th e  
culm  becom es free from  th e  sheath . All th e  p re p a ra tio n s  w ere dyed  w ith  toluene, th e n  pho to - 
m ic rographed  on N P  15 O RW O  negatives, w ith  a Zeiss N fP K  m icroscope, a t  id en tica l m ag ­
n if ic a tio n .
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T he lengths o f th e  in te rn o d es  are given in cm , th e  average values i llu s tra te d  in  g rap h s; 
s ig n ificance  is ca lcu la ted  a t  in te rn o d e  levels by  u sin g  te s ts  t  and  d of tw o  sam ples (Sv áb , 1967; 
H a jt m a n , 1968).

T he developm en tal s tag es and  th e  p h en o p h ases o f th e  specim ens exam in ed  were la ­
b e lled  a f te r  Sz u jk ó -L acza — F e k e t e  (1973) (T ables 1 a n d  2).

R esults and  discussion

A lthough  th e  tw o  P hleum  species are  easily  d istingu ishab le  on th e  basis 
o f  g ro w th  and  e x te rn a l m easu rem en ts , especia lly  in  th e ir  fu lly -grow n s ta te , 
I  m y se lf  verified  w h e th e r  th e  p lan ts  u n d e r  in v estig a tio n  w ere indeed  in d i­
v id u a ls  of diploid (2n =  14) and  hexap lo id  (2n =  42) chrom osom e num bers b y  
c o u n tin g  the  chrom osom es of a few of th e  ex p erim en ta l p lan ts .

A ccording to  m y  observ a tio n s, th e  ep id e rm al cells o f culm s below  th e  
p an ic les  are sm aller in  P h . bertolonii DC. th a n  those  a t th e  sam e level in  Ph. 
pra tense  L. of th e  sam e g row th  stage  (P h o to g ra p h s  1 and  2).

T he differences in  size also ex ist w ith  re g a rd  to  th e  m uch sm aller sp ikelets 
a n d  g ra ins in Ph. bertolonii DC. and  th o se  o f P h. pratense  L. (P h o to g rap h  3, 
N o r d e n s k i ö l d , 1945, p p . 94, 99, 102; H u b b a r d , 1954, pp . 294— 7, 1968, pp . 
320— 3).

D istribution o f  culm s according to internode numbers

I  coun ted  th e  in te rn o d es  of th e  cu lm s bearing  panicles (re la tiv e  m ain  
ax is) on 4 x 3 0  (i.e . 120 culm s). I  co m p ared  th e  tw o species from  th is  p o in t 
o f v iew  and exam ined  th e  differences b e tw een  p lan ts  from  orig inal h a b ita ts  
a n d  th o se  from  ex p e rim en ta l gardens (F ig . 1).

A ccording to  th e  observ a tio n s, th e  in te rn o d e  num bers o f culm s in Ph. 
bertolonii DC. grow n u n d e r  n a tu ra l co n d itions show  g rea te r v a rian ce  th a n  do 
th o se  o f Ph. pratense  L . since in  th e  fo rm er, g re a te r  as well as sm aller in te rn o d e  
n u m b e rs  are to  be fo u n d . U nder garden  co n d itio n s, the  in te rn o d e  n u m b er of 
P h. bertolonii DC. is m u ch  g rea te r th a n  th a t  o f P h. pratense  L. V ariance is also 
g re a te r  here in th e  case o f Ph. bertolonii DC. (F ig . 1).

T h e  culms of Ph. bertolonii DC. ex am in ed  h av e  5, 6, 7, 8, 9, 10 in te rnodes 
in  o rig in a l h a b ita ts , w hile  those of Ph. pra tense  L . are only of 6, 7, 8 in te r ­
n o des. T he la tte r  p la n ts  show  th e  sm allest v a r ia tio n , th e ir  culm s are  only of 
3 ty p e s  of in ternode n u m b e r, w hile Ph. bertolonii DC. has double th is  n u m b er, 
t h a t  is 6 k inds (Fig. 1).

In  garden co n d itio n s, th e  culm s of P h. bertolonii DC. are  o f th e  g rea te s t 
v a r ia n c e  w ith  reg ard  to  in te rn o d e  n u m b ers  in  th e  exam ined  m ate ria l, since 
th e y  h av e  8, 9, 10, 11, 12, 13, 14, 16 in te rn o d e s , th a t  is 8 ty p e s ; w hile th o se  
o f P h . pratense  L. only  h a v e  6, 7, 8, 9, 10 in te rn o d es , th a t  is 5 ty p e s . T he d is­
tr ib u t io n  according to  in te rn o d e  num bers o f  cu lm s in  Ph. bertolonii DC. shows 
a g re a te r  varia tion  th a n  th a t  of Ph. pratense  L. (F ig . 1).
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Photographs 1 and 2. E p id e rm al cells o f P hleum  bertolonii DC. culm s, and  Ph. pratense  L. 
cu lm s, below the  pan ic les ( X 250 in every case)
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Photograph 3. S p ik e le ts a n d  grains w ith  u p p e r an d  low er g lum es of Ph. bertolonii DC. and
Ph. pratense  L. ( X  14)

A  com parison between the two species on the basis o f  their vegetative spreading

In  th e  e x p e rim en ta l garden , decum bency  an d  th e  g row th  of steins p la n te d  
40 cm a p a r t are  n o t h indered  b y  o th e r p la n ts , i t  is fo r th is  reason th a t  u n d e r 
garden  cond itions th e  s tro n g ly  in n o v a tio n a l Ph. bertolonii DC. stem s w ere able 
to  develop. T h e ir culm s lie in  a d ecu m b en t p osition , som e of th em  ex ten d in g  
to  a len g th  of 72 cm  (P h o to g rap h s  4 and  5).

The Ph. pratense  L. stem s, on th e  o th e r h an d , are  no t in n o v a tio n a l in 
ch a rac te r, even u n d e r id en tica l g ard en  cond itions, or, a lte rn a tiv e ly  th e y  have  
in n o v a tio n s on ly  to  a sm all e x te n t in  sp ite  of th e  fa c t th a t  th ey  have su ffic ien t 
space for d ev e lo p m en t, sim ilarly  to  th e  Ph. bertolonii DC. stem s (th e  d is tan ce  
betw een  th e  v a rio u s stem s is 40 cm ). T h e ir culm s m o stly  grow u p rig h t (P h o to ­
g rap h  6), th e y  n ev er creep along ground . T hey  a re  only  rare ly  b roken  a t  th e  
nodes, w hich on th e  o th e r h an d  is a general ch a ra c te ris tic  of the  culm s o f Ph.
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Fig. 1. D istrib u tio n  o f culm s b y  in te rn o d e  nu m b er

bertolonii DC. T he reclining cu lm s, in n o v a tio n s of re la tiv e  m ain  axis, a re  in  
m a n y  cases develop  roo ts and th e y  th e re fo re  rep roduce  them selves v e g e ta tiv e ly  
(P h o to g ra p h s  5 an d  7).

Photograph 4. Ph. bertolonii DC. grown in  th e  ex p erim en ta l g a rd en ; th e  p la n t is loose, i t  h as 
innovations, i ts  cu lm s are  d ecu m b en t
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Photograph  5. The d e cu m b en t re la tiv e  m ain  and  side axes exh ib itin g  b ran ch in g  a t  several 
node  levels o f Ph. bertolonii DC. grown in th e  ex p e rim e n ta l ga rd en  (orig inal m ag n itu d e)

D istribution  o f  the internode lengths o f  culms by levels

O n th e  culm s o f  exp erim en ta l g ard en  P hleum s  co llected an d  m easured  
on J u ly  24, 1975, th e  flow ering  was fin ish ed , th e  ripen ing  of f ru it w as begun, 
th e  panicles were still w hole, m arks of d iso rg an iza tio n  could no t be seen on 
th e m , un like in th e  case of culm s from  P ilisszen tlász ló , w hich w ere collected 
an d  m easu red  on O c to b er 29 in  the  sam e y e a r. In  those  th e  seeds h ad  a lread y  
r ip en ed , in fac t, m ost o f th em  had d ro p p ed , th e  panicles w ere b roken  and  had  
com e o ff (therefo re, th e ir  leng th  could n o t be m easured).

T he in te rn o d e  len g th s  by  levels of th e  culm s of the  tw o species were 
m easu red  and com pared  w ith  one an o th e r. T he in te rn o d e  num bers o f th e  culm s 
ex am in ed  varied  to  a v e ry  g rea t e x te n t (F ig . 1). T he com parison  o f th e  various 
in te rn o d e  levels w as b eg u n  from  below ; t h a t  is from  th e  ro o ty , u n d erg ro u n d , 
tu b e ro u s ly  th ickened  in te rn o d es. In  th is  w ay , th e  m ost ch a rac te ris tic , longest 
in te rn o d es  of th e  v a rio u s  culm s, th a t  is, th o se  u n d e r the  panicles did no t fall 
in to  th e  sam e level. W h en  the  com parison  s ta r te d  from  above, th e  low er in te r ­
nodes becam e d isp laced ; therefo re , th e  in te rn o d e  leng ths of th e  culm  m ate ria l 
w ere com pared  in  v a rio u s  w ays.

O f the  culm s fro m  P ilisszentlászló  an d  from  th e  ex p erim en ta l garden , 
I se lec ted  the  ones w hich  had  the  m ost fre q u e n tly  occurring  in te rn o d e  num bers 
a n d  I  m easured  th e ir  id en tica l in te rn o d e  levels. As a re su lt, from  th e  Pilis-
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Photograph 6. F ro m  th e  dense stocks o f Ph. pratense  L.
m an n er

th e  cu lm s clim b high in  an  u p rig h t

szen tlász ló  m a te r ia l o f the  tw o species only th e  culm s hav ing  7 in te rn o d es , 
w hile from  the  g a rd en  m ateria l o n ly  th o se  h av in g  8 in te rnodes were su b jec ted  
to  com parison  (F ig . 2a, b; T ab le  1). In  these, th e  sh ifting  of th e  in te rn o d es  
o f id en tica l level w as elim inated .

T he in te rn o d e  lengths, from  th e  average  o f 66 culm s, are g rap h ica lly  
d e m o n s tra te d  (F ig . 2a, b). C urve S, ch a rac te ris tic  of culm s w hose g ro w th  is 
n o t u n lim ited  (T r o l l , 1937), is w ell dep ic ted  in th e  case of the  n o n -d ecu m b en t 
P h. pratense  L. cu lm s ob tained  fro m  th e  orig inal h a b ita t ,  while in  th e  case 
of P h. bertolonii DC. (also o b ta in ed  from  th e  o rig inal h a b ita t)  it is e x p o n en tia l 
(F ig . 2a). U nder garden  cond itions, th e  in te rn o d e  leng ths s ligh tly  f lu c tu a te  
in itia lly , before reach ing  the  m ax im u m , in b o th  o f th e  species (F ig . 2b).

N a tu ra lly , th e  lengths of th e  in te rn o d es  in  th e  hexaplo id  Ph. pratense  L. 
are g rea te r  th a n  those  of the  d ip lo id  Ph. bertolonii DC. W ith  reg a rd  to  th e
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Pilis .mountains Experimental garden
"Pilisszentlászló"

cm cm cm

cu lm s growing in the  original h a b i ta ts  th e re  is a significant difference of 1% , 
a t  all th e  in te rnode  levels, be tw een  th e  tw o  species (Fig. 2a, T ables  1 an d  2). 
W i th  reg a rd  to the  culms hav in g  8 in te rnodes  of  th e  two P hleum  species grown 
in th e  experim enta l  garden , it  is only th e  average  lengths of th e  panicles and  
of th e  tw o upperm ost  in te rnodes  ( in ternodes 7 an d  8) t h a t  differ s ignificantly , 
while th e  lengths of th e  6 lower in te rnodes do n o t  (Fig. 2b, T ab le  1).

T h e  experim enta l  m a te r ia l  showed t h a t  th e  in ternodes of  th e  culms 
h a v in g  fewer in ternodes —  in the  case of  P h. bertolonii DC., th e  culms hav ing  
8 in te rn o d es ,  under  garden  conditions th e  ones which have th e  sm allest  n u m b er  
of in te rn o d e s  (Fig. 1) —  are  in  general longer t h a n  those having  a g rea t  n u m b er  
of in te rn o d es .  This is p ro b a b ly  w hy  th e  lower in ternodes of th e  culms hav ing  
few in te rnodes  in the  decu m b en t  Ph. bertolonii DC., grown in garden  condi­
tions, ex te n d  fu r ther  th a n  those of the  hexap lo id  Ph. pratense  L. a t  identical 
levels. This  difference in len g th  is no t s ign if ican t (Fig. 2 b, Tab le  I) .  As soon 
as th e  u p p e r  in ternodes of  th e  Ph. pratense  L. are longer, the  in te rn o d e  length  
d ifferences in  the  two species become s ign if ican t  (internodes 7 a n d  8 and  th e  
leng th  o f  th e  panicle).

I n  a comparison be tw een  th e  lower in te rnodes  of the  culms of Ph. berto­
lon ii DC. grown in th e  original h a b i t a t  and  those  in garden conditions, th e  
in te rn o d es  of  the  form er are rem ark ab ly  sh o r te r  t h a n  those of the  la t te r .  On an 
average , i t  is only the  in te rn o d e  6 th e  leng th  of which is slightly  longer th a n  
5 cm (5.3 cm), whereas in th e  culms grown in th e  experim enta l garden, th e
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Table 1

Averaged data o f  internode lengths, cumulate lengths and significances by internode levels o f  
the 7 and 8 internode cu lm s o f  P hleum  bertolonii DC. and  P hleum  pratense L . grown in  the original 

habitat and in  the experimental garden, based on 40 and 26 data

Culms of 7 internodes from  “ Pilisszentlászló”

Date

Develop­
m ental 

stages and 
phenophases

Internode
serial

num bers

Phleum bertolonii Phleum pratense

Signif - 
icance

Level,
%average 

length 
in cm

cum ulate 
length 
in  cm

average 
length 
in cm

cum ulate 
length 
in cm

29. X . 1975 24 l 1.3 1.3 2.3 2.3 s l

34 2 1.4 2.7 10.0 12.3 s l

41, 42 3 2.0 4.7 15.8 28.1 s l

Average heigh t, in cm 4 2.1 6.8 12.7 40.8 s l

w ithou t panicle 5 2.6 9.4 12.9 53.7 s l

Ph. bertolonii 32.9 6 5.3 14.7 20.5 74.2 s l

Ph. pratense: 110.0 7 18.2 32.9 35.8 110.0 s l

Culms of 8 internodes from  experim ental garden

24. V III . 24 l 2.3 2.3 2.3 2.3 NS

1975 33 2 3.6 5.9 3.1 5.4 NS

3 5.6 11.5 4.4 9.8 NS

4 6.1 17.6 6.1 15.9 NS
Average heigh t, in  cm

5 7.5 25.1 6.8 22.7 NS
w ithou t panicle

6 8.8 33.9 8.5 31.2 NS
Ph. bertolonii 56.2

7 8.5 42.4 13.6 44.8 S l
Ph. pratense: 72.1

8 13.8 56.2 27.3 72.1 s 1

panicle 6.1 62.3 8.9 81.0 s 5

th ird  in te rn o d e  is a lre a d y  of an average  len g th  of 5.6 cm  (Fig. 2a, b, T ab le  1). 
This is all th e  m ore re m ark ab le  as, p re su m ab ly , th e  g ard en  culm s — w hich  a re  
still a t  th e  b eg in n in g  o f  th e  fru itin g  s ta g e  —  w ill fu r th e r  increase in  le n g th  
(even th o u g h  th is  m a y  be only a few m m ). In  th e  fu lly -g row n s ta te , th e  av erag e  
length  of th e  u p p e rm o s t in ternodes b e n e a th  th e  panicles is indeed m uch g re a te r  
(18.2 cm) in  th e  o rig in a l h a b ita t , th a n  in  g ard en  cond itions (13.8 cm) n o t m uch  
la te r  th a n  th e  post-flo w erin g  s ta te . In  th e  case of th e  P h. pratense  L ., a ll th e  
in ternodes of th e  fu lly -g row n culm s (ex cep t th e  low erm ost) in  th e  o rig inal 
h a b ita t  a re  on th e  av e rag e  longer th a n  th o se  o f th e  g a rd en  culm s in  th e  p o s t­
flow ering s ta te  (F ig . 2a, b, T able 1).

In  o rd e r to  be ab le  to  eva lua te  n o t only  th e  culm s hav ing  7 an d  8 in te r ­
nodes, I h av e  m ade a com parison also betw een  th e  averages of th e  in te rn o d e  
lengths o f all th e  cu lm s m easured (m ore th a n  200). T he m ain prob lem  w ith
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Table 2

Averaged data o f  internode lengths, cum ulate lengths and significances by internode levels o f  the 
cu lm s o f  Phleum  bertolonii DC. and P hleum  pra tense  L . grown in  the original habitat and  in 

the experim ental garden, fro m  the complete investigational material, based on over 200 data

“ Pilisszentlászló”

D ate

Develop­
m ental 

stages and 
phenophases

Internode
serial

numbers

Phleum bertolonii Phleum pratense

Signif-
icance

Level,
%average 

length 
in cm

cum ulate 
length 
in cm

average 
length 
in cm

cum ulate 
length 
in  cm

29. X . 1975 24 l 1.4 1.4 2.8 2.8 s l

34 2 1.6 3.0 9.1 11.9 s 1
41, 42 3 2.1 5.1 13.4 25.3 s l

4 2.6 7.7 11.4 36.7 s l

6 1.6 33.7 8.5 97.7 s l

5 2.1 32.1 13.8 89.2 s l

4 2.0 30.0 11.9 75.4 s l

3 2.9 28.0 11.8 63.5 s l

2 6.1 25.1 18.3 51.7 s l

1 19.0 19.0 33.4 33.4 s l

Experim ental garden

24. V I I I . 24 1 2.3 2.3 2.6 2.6 ns ;
1975 33 2 3.1 5.4 3.7 6.3 \ s

3 4.0 9.4 5.0 11.3 NS
4 4.5 13.9 6.3 17.6 S 1

5 5.1 19.0 8.2 25.8 s 1

6 4.8 47.3 4.6 69.2 №

5 5.1 42.5 6.3 64.6 S 5

4 5.7 37.4 7.0 58.3 s 5

3 7.0 31.7 9.1 51.3 s 1

2 6.7 24.7 14.1 42.2 s 1

1 13.2 18.0 29.5 38.1 s 1

panicle 4.8 4.8 8.6 8.6 s 1

re g a rd  to  th e  differences in  in te rn o d e  n u m b ers , w hich still aw aits  so lu tion , w as 
a t te m p te d  to  be avo ided  b y  m easuring  on ly  u p  to  a certa in  level o f nodes from  
ebove dow nw ards an d  vice versa. T his w ay  o f m easuring  leads in  p rinc ip le  to  
rea l v a lu es  w hich are  u sab le  to  som e e x te n t. I  should  like to  em phasize, how ­
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ever, th a t  th is  p ro b lem  w as n o t fu lly  solved in  th is  w ay , an d  I  in ten d  to  deal 
w ith  th is  question  in  g re a te r  d e ta il in  th e  fu tu re .

In te rn o d e  len g th s  w ere m easured  from  below  u p w ard s , up  to  in te rn o d es
4 an d  5, as long as th e  n on -sign ifican t differences (NS) tu rn e d  in to  sign ifican t 
ones (S), and vice versa, th a t  is from  above, ta k in g  th e  longest in te rn o d es 
below  th e  panicles as N o. 1, dow nw ards to  in te rn o d e  6, ex p erim en ta lly , as long 
as th e  difference S becam e NS (F ig. 2c, T ab le  2). D ue to  th e  causes m en tioned  
above, th e  co n tin u a tio n  of th e  com parison  be tw een  th e  in te rn o d e  levels w as 
n o t w orth-w hile.

Now, a fte r th e  averages of all th e  d a ta  h av e  been com pared , it can  be 
s ta te d  th a t  th e  in te rn o d e  leng ths o f th e  culm s o f P h. bertolonii DC. and  Ph. 
pratense  L ., o rig in a tin g  from  th e  o rig inal h a b i ta t  o f P ilisszentlászló , differ 
s ig n ifican tly  on a 1%  level, a t 10 in te rn o d e  levels. T he in ternodes of P h. 
pratense  L. are on th e  average  m uch longer th a n  tho se  o f Ph. bertolonii DC. 
(T able 2).

In  m easuring a n d  com paring  th e  whole m a te r ia l of in v estig a tio n , a m ore 
s ig n ifican t difference is to  be found  betw een  th e  tw o P hleum  species grow n 
in th e  experim en ta l g a rd en  in th e  case of culm s h av in g  severa l in ternode levels 
th a n  in  culms h av in g  on ly  8 in te rn o d es (Tables 1 an d  2). In  th e  case of all d a ta  
th e  len g th  of th e  u p p e r  5 in te rn o d es is S in  c h a ra c te r , w hile in th e  case of 
culm s having  8 in te rn o d es , only th e  u p p er 2 in te rn o d es  are  S in n a tu re .W h en  
considering  all th e  d a ta , th e  4 th  in te rn o d e  from  below  is a lread y  S, w hile in  
th e  case of culm s h av in g  8 in te rn o d es, only  th e  7 th  in te rn o d e  from  below  is
5 (F ig . 2b, c, T ab les 1 an d  2).

Since all th e  cu lm s were considered , th a t  is th e  P h. bertolonii DC. culm s 
h av in g  g rea ter in te rn o d e  num bers an d  sh o rte r  in te rn o d es , too , th e  d ifference 
S occurred  a t m ore in te rn o d e  levels th a n  w hen on ly  th e  culm s of Ph. pratense  L ., 
h av in g  longer in te rn o d e s , were com pared .

D istribu tion  o f  the tubers* and o f  the innovations by 
node levels

I  counted  a n d  com pared  th e  n u m b er o f tu b e rs  an d  innov a tio n s on 
4 x 3 3  (i.e. 132) cu lm s. T he n u m b er of tu b e rs  an d  o f in nova tions is, in  
genera l, th e  g re a te s t in  re la tio n  to  th e  low erm ost nodes in  m ost of the  culm s, 
th e ir  n um ber decreases to  a rem ark ab le  e x te n t in  th e  case o f th e  upper nodes. 
T he exceptions are  th e  culm s of th e  P h. bertolonii DC. p la n ts  grown in garden  
cond itions. These are  o f a n o th e r c h a ra c te r  (F ig . 3).

* The tu b ero u s th ic k en in g  of th e  low erm ost in te rn o d es  an d  of a few  up p er in te rn o d es . 
I  in te n d  to  deal w ith  th e  desc rip tio n  of th e ir  ex te rn a l a n d  in te rn a l m orphology , in one of m y 
fu tu re  publications. I use  th e  te rm : tu b er, a f te r  A rber (1965).
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Pills mountains Experimental garden
''Pilisszentlászló"

int er node serial numbers

Fig. 3. D istrib u tio n  of tu b e rs  (p seu d o b u lb s) an d  in n o v atio n s by  node levels, in  132 culm s

L e t us consider f i r s t  th e  tu b e rs . In  th e  case of b o th  species, the  
low er p a r t  of th e  low erm o st in te rn o d e  —  in the  Ph. bertolonii DC. species 
m o s tly  th e  whole in te rn o d e  —  th ick en ed  tu b e r  (P h o to g rap h s  7, 8, 9). 
T h is re fers to  125 culm s o u t of th e  132; th e  7 Ph. bertolonii DC. cu lm s grow n 
in  th e  exp erim en ta l g a rd en  w ere ex cep tions. On th e  o th e r h an d , in  th e  case 
o f th e  P h. bertolonii DC. cu lm s grow n in  th e  experim en ta l g a rd en , th e re  were 
tu b e rs  even a t in te rn o d es  Nos 6, 7 an d  8. On th e  o th e r  culm s exam ined  
th e re  w ere no tu b ers  a t  such h igh in te rn o d e  levels. T h is is in  connec tion  
w ith  th e  g rea te r n u m b er o f in te rn o d es  in  P h. bertolonii DC. culm s (F ig . 1, 3), 
esp ec ia lly  am ong garden  co n d itio n s, w here th e  culm s lie in  a d ecu m b en t posi­
tio n  a n d  develop roo ts (P h o to g ra p h s  4, 6 and  7).

T h e  d is trib u tio n  o f th e  n u m b e r o f in n o v a tio n s b y  node levels is s im ilar 
to  t h a t  of th e  tu b ers  (F ig . 3). N a tu ra lly , m ost of th e  in n o v a tio n s  are  on 
th e  low erm o st nodes, th e ir  n u m b er decreases on th e  u p p er nodes. In  th e  p lan t 
e x a m in e d , th ere  are no in n o v a tio n s  even a t  th e  4 th  node. D ev ia tio n s  a re  also 
in  th is  case the  Ph. bertolonii DC. cu lm s grow n in garden  and h av in g  m an y  
n o des, because th e y  h a v e  in n o v a tio n s  even on the  12 th  node. M ost o f th e  
in n o v a tio n s  — a lto g e th e r 14 —  o ccu rred  on th e  6 th  node level in  th e  33 culm s 
m easu red , i.e. more th a n  on th e  low erm ost nodes, w here a to ta l  o f on ly  9 in n o ­
v a tio n s  s ta r te d  to  grow  (F ig . 3).
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Photograph 7. T he side culm  ram ify ing  from  th e  re la tiv e  m ain  ax is o f Ph. bertolonii DC.;
its f irs t  in te rn o d e  has tu b ers

In  secondary , d is tu rb ed  h a b ita ts , th e  n u m b er o f P h. bertolonii DC. 
tu b e rs  and th e  n u m b e r of th e ir  in n o v a tio n s re m a rk a b ly  increase , w hereas 
th e  num ber of th e  Ph. pratense  L. tu b e rs  and  o f th e ir  in n o v a tio n s  do no t 
sign ifican tly  change even u n d er secondary  cond itions.

A ccording to  th e  observations, th e  in n o v a tio n s  of th e  g ard en  Ph. berto­
lon ii DC. are m o stly  well developed b y  th e  m idd le  of A u g u st, possib ly  th e y  
ex h ib it m u ltifu rca tio n  (P h o to g rap h s 4, 5). T he f irs t in te rn o d es  of th e  b ra n c h ­
ings have tu b e rs  (P h o to g rap h s  5, 7) and  in  m an y  cases these  a lready  
com e off th e  re la tiv e  m ain  axis. Since u n d e r g ard en  co n d itio n s th e re  is space 
( th e  p lan ts  are 40 cm  a p a rt) , th e  o th e r p la n ts  do n o t h in d e r th e  p lan ts  ly ing  
along th e  g round , th e  side culm s w hich h av e  com e off, an d  have tu b ers , 
co n tin u e  th e ir  ex is ten ce  as in d ep en d en t geo troph ic  p la n ts . T h ey  reproduce 
them selves v e g e ta tiv e ly . I have n o t experienced  th is  in  th e  case of Ph. pratense
L ., even in  g ard en  cond itions.

Acta Botanica Academiae Scientixrum Hungaricae 22, 1976



122 K O V Á T S , D .

P h o to g r a p h  8 . The lower internodes of P h . p r a te n s e  L. have tubers (original magnitude)

P h o to g r a p h  9. The lowermost irternodes of P h . p r a te n s e  L. are completely “tuberouse d'* 
this is conspicuous in the stems freed from lea*’ sheaths (original magnitude)
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There is a d ifference betw een  th e  tw o species also in  th e  num ber of in n o ­
v a tio n s  by  th e  n o d e . B y  exam in ing  th e  culm s (re la tiv e  m a in  axes) each se p a ­
ra te ly , it  can be s ta te d  th a t  in b o th  of th e  species, th e  m o st freq u en t occurrence

Photograph 10. L ow er p a r t  of Ph. pratense  L. u p p e r in te rn o d es , w ith  tubers

is th a t  one in n o v a tio n  grows from  one node. T he case o f tw o  innovations s t a r t ­
ing  from  one node is also ra th e r  freq u en t, b u t to  h av e  th re e  o f them  is a lread y  
ra re . B y exam ining  th e  culm s of th e  tw o  species b y  nodes, i t  is only th e  lo w er­
m ost nodes from  w hich  tw o or th ree  in n o v a tio n s  s ta r t  b y  node, while from  th e  
second and th ird  nodes only one in n o v a tio n  grow s. As opposed  to  th is , from  
th e  fo u rth , s ix th  an d  sev en th  nodes o f th e  garden  Ph. bertolonii DC. culm s tw o  
innov a tio n s s ta r t  o ften  by  node. A t th e  low erm ost node I found  th ree  in n o v a ­
tions only once o u t o f th e  33 cases.
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In  a com parison o f  all th e  node levels , i t  can be in fe rred  th a t  th e  n u m b er 
o f tu b e rs  and in n o v a tio n s  decreases from  the  low erm ost nodes upw ards. 
T h e  n u m b er of tu b e rs  follows th e  decrease in n u m b e r o f in n o v a tio n s. 
T h e  cu lm s of garden P h. bertolonii DC. a re  d ifferen t from  th is . H ere , be tw een  
th e  3 rd  an d  5th  nodes, th e  n u m b er o f in n o v a tio n s  increases w ith  th e  decrease 
in  n u m b e r  of tubers. C oncern ing  th e  cu lm s o f  th e  garden P h . pra tense  L. p lan ts , 
b e tw een  th e  firs t an d  second nodes, th e  num ber o f tu b e rs  rem ark ab ly  
d ecreases , while th a t  o f  th e  in n o v a tio n s  increases to  a s lig h t e x te n t (F ig . 3).

T h e  tubers of th e  culm s develop  even a t one-tw o n ode  levels h igher 
(P h o to g ra p h  10) th a n  th e  in n o v a tio n s . H ere  again, th e  cu lm s o f g ard en  Ph. 
bertolonii DC. are d iffe ren t, since th e  in n o v a tio n s  occurred  a t  even fou r nodes 
h ig h e r levels (the h ig h es t level o f tu b e rs  was th e  e ig h th  no d e , w hile th a t  
o f th e  innovations w as th e  tw e lfth  n o d e ; F ig . 3).

Sum m ary

In  all sizes, th e  d ip lo id  (2n =  14) P hleum  bertolonii DC. is sm aller th a n  
th e  hexap lo id  (2n =  42) P hleum  pratense  L . (N o r d e n s k iö l d , 1945; H u b b a r d , 
1954; 1968). Q u a lita tiv e  and  q u a n t i ta t iv e  as well as in fo rm a to ry  m easu re­
m e n ts  w ere carried  o u t w ith  reg ard  to  th e  sizes of the  ep id e rm al cells of culm s, 
sp ik e le ts  and grains. In  o rd e r to  d e te rm in e  th e  num ber an d  le n g th  of th e  in te r ­
n o d es an d  th e  n u m b e r of tu b e rs  a n d  innov a tio n s d e ta ile d  m easu rem en ts 
an d  com parisons w ere ca rried  o u t on th e  culm s of th e  tw o  P hleum  species, 
a t  in te rn o d e  and node levels.

T he Phleum bertolonii DC. cu lm s generally  have m ore  in te rn o d es  th a n  
h av e  th e  identical P hleum  pratense  L. cu lm s. This difference is m ore s ign ifican t 
in g a rd en  conditions w here  th e  P hleum  bertolonii DC. cu lm s sp read  in  a de­
c u m b e n t position, th e ir  rh izom e develop  innovations to  a re m a rk a b le  e x te n t 
an d  rep roduce  th em selves v eg e ta tiv e ly .

A ccording to  th e  ex am in a tio n s , th e  in te rn o d e  len g th s  d iffer s ig n ifican tly  
a t  ev e ry  in ternode level be tw een  th e  tw o  P hleum  species g row n in th e  orig inal 
h a b i ta t .  In  the  culm s o f  th e  garden  p la n ts , th e  upper 5 in te rn o d e  len g th s  differ 
s ig n ifican tly  when a p p ly in g  a g rea t n u m b e r of specim ens (w hich m eans a 
m e th o d  m odified for reasons of p rin c ip le ), while the u p p er 2 only  differ w hen 
usin g  few  and selected  specim ens.

In  th e  lower th ird  of th e  culm s o f b o th  of the  species, th e  low er p a r t  of 
th e  in te rnodes, or a lte rn a tiv e ly  th e  w hole in te rnodes th ic k e n  (tuber). 
T h e  n u m b e r of th e  tu b e rs  decreases ra p id ly  upw ards on th e  culm s, excep t 
in  th e  Phleum  bertolonii DC. culm s grow n in  th e  garden; w ith  th em , m ost of 
th e  tu b e rs  appear b y  and  large on th e  m iddle  in ternodes o f th e  culm s on 
th e  average .
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W ith  b o th  species, in n o v a tio n s  grow  from  th e  low er nodes of th e  culm s, 
w hile from  th e  u p p e r  nodes few er grow . In  th e  33 P hleum  bertolonii DC. culm s 
grow n in th e  g a rd e n , innovations grow  on th e  average from  ev ery  node, ex cep t 
th e  upp erm o st nodes.

In  seco n d ary , garden co n d itio n s , th e  tu b e rs  an d  innov a tio n s by  
nodes of th e  P h . bertolonii DC. cu lm s increase  re m a rk a b ly  as aga in st those of 
P h . pratense  L . grow n under id e n tic a l cond itions. T his is in  connection  w ith  
th e  g rea te r n u m b e r  of in ternodes in  Ph. bertolonii DC. an d  especially  w ith  its  
being  inclined to  rep roduce  i ts e lf  v eg e ta tiv e ly .
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THE MELOCACTUS SPECIES OF CUBA

By

Z . MÉSZÁROS

RESEA RCH  IN STITU TE F O R  PLA NT PROTECTION, B U D A PEST 

(R eceived  N o v em b er 10, 1975)

The a u th o r collected  cac ti in  C uba in  1974— 1975. As a re su lt of his collecting 
ac tiv itie s  he describes five new M elocactus species (M . ja k u s i i  sp. n ., borhidii sp. n., 
evae sp. n., radoczii sp. n ., nagyii sp . n .), a new subspecies (M . acunai L eón ssp. lagu- 
naensis  ssp. n.) and  a new v a r ie ty  (M . acunai León va r. f la v isp in u s  va r. n.). On th e  
basis of th e  new species and  of th e  fo u r know n Melocactus species (M . harlowii Br. e t 
R ose, acunai León, gu ita r tii  L eón, m atanzanus  León), th e  a u th o r  su b m its  also a m ono­
g rap h ic  e laboration  of th e  C uban  M elocactus species.

T he f irs t Melocactus species o f  C uba ( Melocactus harlow ii)  w as described 
by  B r i t t o n  and R o s e , from  th e  p ro v in ce  O riente (“ C o asta l cliffs, U .S. N aval 
S ta t io n ”  —  G u an tán am o ), in  1912. More th a n  tw e n ty  years  passed  before 
th re e  o th e r Melocactus species w ere  described by  L e ó n  (1934) from  Cuba, 
n am e ly  Melocactus acunai (P u n ta  M aisi, O riente), M . g u ita r tii (S ierra de J a t i-  
bonico  del Sur, on th e  o u tsk ir ts  o f  C am agiiey  and  L as V illas, an d  M . m atanza­
nus  (C uabal de las T rès Ceibas, M atan zas).

In  th e  sam e w ork , L e ó n  re p o r te d  an o th er locality  o f M . harlow ii, nam ely  
Im ias  on the  sou thern  coast. R e fe rrin g  to  a personal co m m u n ica tio n  by  B r i t ­

t o n , he m entioned a fu r th e r  s ite  ca lled  E nsenada de M ora n ea r Cabo Cruz 
in th e  coasta l section.

I h ad  o p p o rtu n itie s  on th ree  occasions in O rien te  to  co llec ting  cacti w ith  
th e  k in d  assistance of th e  H u n g a ria n  geologist exp ed itio n . T he f irs t occasion 
w as b e tw een  D ecem ber 29, 1974 a n d  Ja n u a ry  19, 1975, w hen  I was w ith  
E lem ér N a g y , betw een  G u a n tá n a m o  and  Surgidero de M acam bo, and  also 
P ilo n  an d  El Macio; th e  second occasion  was betw een M arch  6 and  10, 1975, 
w hen I was w ith  P é te r  J a k u s  b e tw een  T ortugu illa  an d  P la y ita s  de C ajobabo, 
as w ell as in the  S ierra  Cerro G a lan o ; th e  th ird  occasion w as betw een  M ay 
13 a n d  17, 1975, w hen  I  was w ith  G yula  R a d ó c z , b e tw een  T o rtu g u illa  and 
P u n ta  C aleta, as well as in  th e  a reas  o f  S ierra de P u ria l an d  S ierra  de B aracoa. 
In  a d d itio n  to  these jo in t  co llec ting  activ ities, E lem ér N a g y  collected  cacti 
for m e on th e  o u tsk ir ts  o f G u a n tá n a m o , and of P u n ta  M aisi, in  A pril, 1975; 
G yula  R a d ó c z  collected M elocacti fo r  m e betw een P ilon  an d  S an tiago  de Cuba 
on th e  sou thern  coast, in  M ay, 1975. O ur collecting to u rs  re su lted  in species 
new  for science, in ad d itio n  to  th e  collection of species a lread y  know n.
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W e also succeeded  in  co llecting  tw o Melocactus species (M . m atanzanus 
L eó n  and  M . gu ita rtii L eón) in  localities o u tside  o f th e  te r r i to ry  of O riente, 
b e tw e e n  M arch an d  M ay , 1975.

D ifficulties arose w h en  th e  no m in a te  subspecies o f  M . harlow ii was to  
b e  determ ined . A ccord ing  to  our collecting  experience, c losely  re la ted  y e t 
d is t r ic t  species grow in d isco n tin u o u s  areas on th e  so u th e rn  co as t. The p o p u la­
t io n  found  on th e  so -ca lled  “ M acam bo te rra c e ” , w est from  th e  village Im ias, 
seem s to  come n ea re s t B ritton and  Rose’s d escrip tio n . S ince the  original 
d e sc rip tio n  is ra th e r  ta c i tu rn ,  and  th e  ty p e -lo ca lity  of th e  species (G u an tá ­
n am o ) is no t accessible ow ing  to  s tra teg ic  reasons, i t  seem ed  p roper to  give 
a m o re  detailed  d esc rip tio n  of th e  m orphological c h a ra c te ris tic s . This solution 
seem ed  the  m ore a p p ro p r ia te  as León (1. c.) m en tio n ed  th e  v illage Im ias as 
th e  second know n lo c a lity  o f M . harlowii.

T he sou thern  co a s t o f O rien te  is rem ark ab ly  rich  in  M elocactus species. 
O n  th e  southern  coast a n d  in  th e  d ry  valleys an d  th e  se rp e n tin e  areas in tru d in g  
fo r  som e kilom etres in  m a n y  places tow ards th e  n o r th  n u m ero u s  Melocactus 
p o p u la tio n s  grow w h ich  h a v e  sep a ra ted  p a r tly  in to  d is tin c t species p a r tly  in to  
subspecies. I am  con v in ced  th a t  th is  coast section has o th e r  Melocactus species 
a n d  infraspecific fo rm s s till in  sto re . My opinion in th is  re sp ec t agrees w ith  
t h a t  of J .  R iha (1971), w ho also collected M elocacti in  th e  area . H ow ever, 
a m ore  accurate  su rv ey  o f  th e  areas is h a rd ly  conceivab le  w ith o u t the help 
o f  th e  Cuban a u th o ritie s .

The type-specim ens o f th e  new  species an d  subspecies h a v e  been deposited 
in  th e  N ational H e rb a riu m  o f Cuba (S an tiago  de las V egas, L a  H ab an a , Cuba).

A su rv ey  o f th e  M elocactus species o f Cuba

S eries: M atanzanus

1. M . m atanzanus L eón  —  C uabal de las T rès Ceibas, n o r th  o f Corral N uevo 
(M atanzas), on se rp e n tin e  grounds.

S eries: Guitartii

2. M . guitartii L eón  —  S ierra  de Ja tib o n ico  del S ur, to  th e  n o rth -w est of 
A rroyo B erm ejo , in  th e  d irec tion  of B oca Chica, in  th e  te r r i to ry  of F inca 
D agam al and  F in c a  J u a n  López (C am agiiey), on p y ro x en e  andesite  rocks.

3. M . ja k u s ii  sp. n o v a  — S ierra Cerro G alano, to  th e  eas t of H olguin 
(O riente), on se rp e n tin e  rocks.
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Series: H arlow ii

4. M . harlow ii agg.
4 .a. M . harlow ii B r. e t R ose —  S urg idero  de M acam bo, to  th e  w est of 

Im ias  (O rien te), on coasta l lim estone  te rraces .
4.1). M . borhidii sp. n o v a  —  betw een  T o rtu g u illa  an d  B a itiq n iri, to  th e  eas t 

o f th e  m o u th  of R io  Y a te ra s  (O rien te), on co asta l lim estone  te rra c es .
4 . C. M . evae sp. nova —  on th e  w estern  side of G u an tán am o  B ay , to  th e

so u th -w est of C aim anera  (O rien te), on single cong lom erations a rising  
from  sandstone .

5. M . radoczii sp. n o v a  —  Sierra de B aracoa , to  th e  n o r th  of L a T in ta , 
on th e  o u tsk ir ts  o f G uajim ero  (O rien te), on se rp en tin e  su b s tra te .

6. M . acunai León
M . acunai ssp. acunai v a r. acunai —  sou th -w est an d  w est from  P u n ta  
M aisi (th e  ea s te rn m o st p o in t of C uba) up  to  Im ias (O rien te), on co as ta l 
lim estone  te rraces .
—  —  v a r. f la v is p in u s  v a r. nova —  in  th e  fo rm er te r r ito ry , a ro u n d  th e  
m o u th  of th e  R io T acre , on coasta l lim estone te rraces .
M . acunai ssp. lagunaensis  ssp. n o v a  —  S ierra de P u ria l, to  th e  n o r th  
an d  n o rth -w est of C ajobabo , on th e  w estern  side of Rio Jo jo , to  th e  
n o r th  an d  n o rth -w est o f L aguna  de Jo jo , on local serp en tin e  ex tru s io n s .

7. M . nagyii sp. nova  —  betw een  L a M ota an d  O cujal, in  th e  co as ta l b e lt 
ly ing  along th e  so u th e rn  side of th e  S ierra  M aestra  (O rien te), on vo lcan ic  
rocks an d  cliff walls.

F ig .  1 . M e lo c a c tu s  species of Oriente. 3 =  M . j a k u s i i ;  4 /A  =  M . h a r lo w i i ;  4/B =  M .  b o r ­
h i d i i ;  4/C  =  M .  e v a e ; 5 =  M .  r a d o c z i;  6 =  M . a c u n a i ;  6/A  =  M . a c u n a i  ssp. l a g u n a e n s e ;

7 =  M .  n a g y i ;  8 =  M e lo c a c tu s  sp.?
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Id en tifica tio n  key to  th e  M elocactus species o f  Cuba

1. a. P la n ts  of sm all o r m edium  s ta tu re ;  f la tte n e d , globulose, or th e ir  h e ig h t
n o t  m uch  d iffe ring  from  th e ir  d ia m e te r ; n o t ram ify in g . R ad ia l an d  
c e n tra l b ris tles  read ily  d is tin g u ish ab le , rad ia l b ris tles  cu rv ing  to w ard s
b o d y , ce n tra l ones p ro tru d in g  or cu rv in g  to w ard s bo d y  ...................  2

b . P la n ts  o f v a rio u s  sizes, a p p ro x im a te ly  colum ellar, th e ir  h e igh t a lw ays 
g re a te r  th a n  th e ir  d iam ete r (w ith o u t cephalium ). M atu re  in d iv id u a ls  
r a th e r  inc lined  to  ram ifica tio n . R a d ia l an d  cen tra l b ristles h a rd ly  d is­
tin g u ish ab le , ra d ia l b ristles n o t o r h a rd ly  cu rv ing  to w ard s body  . . 4

2 . a. S ta tu re  sm all, f la tte n e d , globose; m ax im u m  d iam ete r 10 cm ; e igh t ribs.
R ristles n o t m eetin g , body  o f p la n t  free ly  seen am ong its  sh o rt g rey  
b ris tle s , all b ris tle s  cu rv ing  to w ard s  b o d y , an d  even longest b ris tle  n o t 
reach in g  2 cm

M. m a tan zan u s  León
b. S ta tu re  m ed ium , d iam ete r 10— 12 cm , h e ig h t less or h a rd ly  m ore (w ith ­

o u t ceph a liu m ); 11— 13 ribs. R a d ia l b ristles bend in g  tow ards body , 
c e n tra l b ris tles  p ro tru d in g  an d  ex ten d in g  to  a len g th  of m ore th a n  
2 cm  ...............................................................................................................................  3

3 . a. F la tte n e d , globose, h e igh t less th a n  i ts  d iam ete r (w ith o u t cephalium ).
R ristles dense, its  tw o s tro n g  c e n tra l b ris tles  exceeding 3 cm

M. g u ita rtii L eón
b . G lobose, b ro a d e s t in  its  low er th ird , h e ig h t id en tica l w ith  d iam e te r  or 

s lig h tly  h igher (w ith o u t cephalium ). R ristles sparser, one or tw o ce n tra l 
b ris tles  g en era lly  2— 2.5 cm, or a t  m o st 3 cm

M. ja k u s ii sp. n o v a

4 . a. R ris tle s  e x trem e ly  s trong  an d  th ic k ; c e n tra l b ris tles  exceeding 4 cm i
b asa lly  exceeding  3 m m . S ta tu re  la rg e , co lum ellar, o ften  ram ify in g . 
A v a ry in g  species, rich  in  local fo rm s.

M. acu n a i León
—  C ephalium -bristles rig id , re g u la rly  a rran g ed , f ru i t  e longated  o b o v a te

M. acu n a i ssp. acu n a i León
—  —  B ristles b row n  —  —  v a r. a cu n a i
—  —  B ristles honey-coloured , occasionally  base of b ris tles  b row nish

— — v ar. flav isp inus v a r . n o v a
—  C ephalium -bristles soft, irre g u la r ly  a rran g ed , f ru i t  sh o rt, w idely  

o bova te
M. acu n a i ssp. lagunaensis  ssp. n o v a  

b . B ristles th in n e r , i f  subuliform , th e ir  len g th  n o t reach ing  4 cm , b asa lly  
n o t  th ic k e r th a n  3 m m  ............................................................................................  5
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5 . a. B ristles rig id , non-e lastic . C ephalium  h igher th a n  w ide; b ristles of
cephalium  loose, soft, m ore or less irregu la rly  p laced , du ll. C olum ellar 
p la n ts  o f large s ta tu re , o ften  ram ify ing . A v a ry in g  species, r ich  in  local 
form s

M. nagyii sp. nova
b. B ristles th in n e r, m ore or less elastic . C ephalium  discoid , h e ig h t sm aller 

th a n  w ide (v ery  ra re ly  old in d iv id u a ls  e longated). B ris tle s  o f cephalfum  
h a rd , strong , e rec t, reg u la rly  a rran g ed  and  g en era lly  of a v iv id  co loura­
tio n  .................................................................................................................................  6

6 . a. S ta tu re  large, globose or e lo n g a te ly  ovate (d ia m e te r  12— 16 cm , heigh t
11—  18 cm, w ith o u t cepha lium )

M. harlow ii B r. e t Rose
—  F ru it  deep p ink ish  p u rp u reo u s

------f. harlow ii
—  F ru it  w hite

------ f. candidus
b . S ta tu re  sm aller in  d iam e te r  (in  fu lly  grown s ta te ) , genera lly  less th a n  

10 cm, ex cep tiona lly  10— 12 cm  ......................................................................  7
7 . a. S lender, co lum ellar, d ia m e te r  o f fully-grow n in d iv id u a l n o t exceeding

6— 8 cm, h e ig h t a t least tw ice  g rea te r; m a tu re  p la n t  w ith  5— 8 strik in g ly  
lanuginose a reo la r rows below  cephalium

M. borh id ii sp. nova
b. S ta tu re  sm aller e longate ly  o v a l, d iam eter 8— 10 (— 12) cm , h e ig h t a l­

w ays g rea te r th a n  d iam ete r, b u t  no t one a n d  a h a lf  or tw ice h igher; 
a reo la r row s below  cep h a liu m  h ard ly  lanug inose  ...................................  8

8 . a. D ensely  rib b ed  (13 ribs). C en tra l bristles e rec t o r s lig h tly  upcurv ing .
B ristles of cephalium  du ll b row n , sparsely  spaced , d iam e te r  of fu ll­
b low n flow er g rea te r  th a n  20 m m

M. evae sp. n ova
b. S parsely  rib b ed  (10 ribs). C en tra l bristles d e fin ite ly  u p cu rv in g . B ristles 

of cephalium  b rig h t ru fo u s , denser. D iam e te r o f fu ll-b low n flow er
12—  14 m m  or less

M. radoczii sp. nova

The M elocactus species of the Province Oriente

The so u th e rn  coast o f th e  P ro v in ce  O riente is th e  p o o rest in  p rec ip ita tio n  
in  Cuba. T he an n u a l q u a n tity  of p rec ip ita tio n  is g en era lly  below  1000 m m , b u t 
occasionally  below  800 m m  (A tlas N ációnál Cuba, L a  H a b a n a , 1970). A ccord­
ing  to  th e  m ore d e ta iled  c lim ate  ana lyses by  A ttila  B orhidi, a t  c e rta in  places 
th e  p rec ip ita tio n  is essen tia lly  less th a n  th a t:  b e tw een  300— 500 m m  (Bor­
h id i, 1974). W ith  th e  excep tion  o f  one species, all M elocactus species of O rien te 
grow  in th is  area.
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T he excep tional species is M . ja k u s ii  sp. n o v a , grow ing  on th e  serpentine 
ro ck s o f Sierra Cerro G a lan o , in  N W  O rien te . (The tw o  species w hich grow 
o u ts id e  the  bou n d aries  o f  O rien te , viz. M . m atanzanus  León an d  M . guitartii 
L eón , are to  be found  m ore  in lan d , in sim ilar co n d itions, on se rp en tin e  or on 
p y ro x en e  andesite .) C oncern ing  its  m orphology M . ja k u s i i  sp . nova stands 
close to  M . gu itartii L eó n , w hich  grows in  th e  P ro v in ce  C am agiiey , and i t  can 
be  re leg a ted  to  th e  sam e  Series. M . ja k u s ii  is a tra n s ito ry  fo rm  b e tw een  certa in  
fo rm s o f M . g u ita rtii a n d  M . n a gy ii sp. nova of SW  O rien te .

T he w este rnm ost M elocactus species o f th e  so u th e rn  co as t is M . nagyii 
sp . n o v a , in h ab itin g  a sec tio n  o f som e 40 km  in th e  low er reg ions o f th e  southern  
ro ck  walls of th e  S ie rra  M aestra , betw een  La M ota an d  O cu ja l. This species 
p ro d u ces several local fo rm s, m ore or less in  c o n ta c t w ith  one ano ther. The 
type-specim ens w ere co llec ted  betw een  La M ota an d  E l M acio on andesite 
tu fa - tu f i te  rocks, a b o u t 10— 20 m  a.s.l. in  J a n u a ry , 1975 (leg. Z. Mészáros 
an d  E . Nagy). A d d itio n a l specim ens were collected b y  Gy . Radócz, in May, 
1975. These o rig inate  from  th e  following localities:

1. Between El Macio and the mouth of Rio Macio, on andesite porphyrine rocks, at 
about 50 m a.s.l. Plants of rather small stature, conical, vivid green, with basal shoots.

2. Between the mouth of Rio Macio and El Macho, on andesite tufa-tufite, at 20 — 50 m 
a.s.l. More yellowish, conical plants.

3. East of El Macho, on diorite rocks, at a distance of some 100 m from the coast, 
about 50 m a.s.l. Medium-sized plants.

4. Between Magdelena and La Plata, on andesite tufa-tufite, on slanting, barren cliff 
faces, along the clefts, about 10 — 20 m from the coast, about 50 —100 m a.s.l. More vividly 
shooting plants.

5. About 1 km eastward from the former locality, at the meeting of diorite and tufa, 
about 100 m from the coast, about 20 — 50 m a.s.l. This population is rather heterogeneous, 
with columellar to stout specimens.

6. At a distance of a few hundred meters to the west of the mouth of Rio La Plata, 
on andesite tufa-tufite, at about 50 m a.s.l. The plants growing there are of the largest stature, 
elongated columellar (one old plant is 38 cm high and 13 cm in diameter). This population is 
probably identical with R i i ia ’s M e lo c a c tu s  labelled OL-21, of a high stature.

7. To the east of La Plata, on a diorite vein, about 50 m a.s.l. Elongated, globose plants 
with extremely robust bristles.

8. Between Cuevas del Turquino and Potrerillo, on diorite, at about 30 — 50 m a.s.l. 
The plants are of small stature, growing in the half shade of trees and shrubs, apparently 
the easternmost locality of the species. Eastwards to Santiago de Cuba (that is, along the 
great continuous block of the Sierra Maestra) no more M e lo c a c tu s  occurence was found.

A n in te resting  d a tu m  shou ld  be m en tioned  here. In  one of th e  localities 
m en tio n ed , in site  5, Gy . Radócz observed  am ong th e  c h a ra c te r is tic  form s of 
M elocactus nagyii som e specim ens of a s trik in g ly  d iffe ren t s ta tu re . He even 
co llec ted  tw o of th e m . T hese  are  v e ry  slender, co lum ellar p la n ts  w ith fine 
b r is tle s ; u n fo rtu n a te ly , a t  th a t  tim e  none of th em  h a d  a cep h a liu m  as yet. 
P re su m a b ly  th ere  lives in  th e  h ig h er regions of th e  S ierra  M aestra , above the  
h a b i ta t  be lt of M . n a g y ii, also a n o th e r d is tin c t species, an d  R adócz acciden­
ta l ly  collected exem plars o f th is  species. H ow ever, to  c la rify  th is  question 
w o u ld  be a ta sk  v e ry  d iff ic u lt to  accom plish techn ica lly .

R etw een S an tiag o  de C uba an d  th e  B ay  o f G u a n tá n a m o , th e  Sierra
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M aestra  is a con tiguous b lock  w ith  a nam e o f its  ow n: S ie rra  de la G ran P ie d ra . 
W e h av e  d a ta  on M elocacti from  tw o p a r ts  o f th e  b lock . In  th e  w estern  end  
of th e  area, b e tw een  S iboney  an d  E l M orro (n earer to  S iboney), we saw M elo­
cacti on th e  p e rp en d icu la r  cliff w alls. L ack  of tim e  an d  techn ica l cond itions 
p rev en ted  us from  co llecting  specim ens, and  to  ad ju d g e  sp ec ific ity  by  b in o c u ­
la rs  w ould , especially  in  th is  case, have  been  un feasib le . In  th e  eastern  end  
of th e  block, in  th e  v a lley  o f R io S igua, a n o th e r M elocactus p o pu la tion  occurs, 
labelled  O L— 17 by  R iha ; he considers i t  a v a r ie ty  of M . harlow ii. I was u n a b le  
to  v is it th is  site , b u t  E . Nagy collected  a few specim ens in  Ju n e , 1975, a ro u n d  
th e  m o u th  of R io S igua, on th e  coasta l lim estone  te rra c es . These specim ens 
seem  to  confirm  R iha’s assu m p tio n s. The M elocacti g row ing  in  the  area o f th e  
S ierra  de la G ran  P ied ra  req u ire  fu r th e r  s tu d y .

A round  th e  R ay  o f G u an tá n a m o  and  to  th e  ea s t o f i t ,  th e re  live d is tin c t 
Melocactus p o p u la tio n s  rep re sen tin g  m orphologically  a n d  geographically  d is ­
t in c t  species re legab le  to  M . harloivii agg. Britton an d  R ose described M .  
harlow ii from  th e  coast o f G u an tán am o . T h is area  is n o t  accessible ow ing to  
m ilita ry  reasons. E a s t  o f th e  b ay  to  Im ias, th e  M elocactus species are closely 
re la te d  to  M . harlow ii. A m ong th e m , th e  p o p u la tio n  g row ing  m ain ly  on th e  
f ir s t  coasta l lim estone  te rra c e  (Surgidero  de M acam bo) betw een  Im ias an d  
San A ntonio  del Sur co rresponds m ost to  Britton and  R ose’s original d e sc rip ­
tio n . A ssum ing th is  as th e  le c to ty p e  of th e  species, th e  ind iv iduals co llected  
th e re  serve as a basis  fo r th e  redescrip tion .

To th e  w est from  th e  B ay  o f G u an tán am o , in  a d irec tio n  tow ards th e  
so u th -w est from  C aim anera , Melocactus evae sp . n ova  grow s on a g ravel-con ­
g lom erate  field . A special fe a tu re  o f th is re la tiv e ly  sm all-sized  species is th a t  
it has th e  la rg est flow er (th e  d iam e te r of th e  full-b low n flow er is 22— 25 m m ) 
of all of its  C ubanese congeners.

To th e  eas t o f th e  B ay , on th e  easte rn  side o f th e  R io  Y ate ras , from  th e  
v illage of T o rtu g u illa  to  a b o u t th e  line o f B a itiq u iri, M elocactus borhidii sp . 
n o v a  grows n e a r th e  co ast. T his slender co lum ellar M elocactus species occurs 
in  large num bers on th e  b a rren  rocks of th e  f irs t, second, an d  sporad ically  on 
th e  th ird , lim estone  te rrace .

To th e  ea s t o f th e  line o f Im ias  an d  in  a long n a rro w  strip  up to  th e  
ea s te rn  end o f th e  is lan d , grows Melocactus acunai L eón. T h is large and  r a th e r  
v a ry in g  species w as described  b y  León from  th e  a rea  o f P u n ta  Maisi, th e  
ea s te rn  end o f C uba. T he species is n o t p a r tic u la r  to  s u b s tra te , occurring a lm o st 
everyw here w ith in  its  ran g e , in  sites w ith o u t a closed v eg e ta tio n . We fo u n d  
a p o p u la tio n  also in  a ha lf-sh ad ed  area: large-sized acuna i specim ens grew  
am ong trees an d  sh ru b s on m ag m atic  rock  (d io rite -p o rp h y ry ) im m ed ia te ly  
n e a r C ajobabo. W ith in  th e  range  o f th e  species, th e  v a r ie ty  w ith  yellow b ris tle s , 
v a r . fla v isp in u s  v a r . n o v a , grows on lim estone te rraces  on th e  tw o sides o f th e  
m o u th  of R io T acre .
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To N  — N W  of C ajobabo , on th e  w e s te rn  side of th e  R io  J o jo  (N  — N W  from  
th e  L ag u n a  de Jo jo ), ssp. lagunaensis  ssp . nova, a m orpho log ica lly  w ell d is­
t in g u ish a b le  subspecies o f M . acunai, grow s on local se rp e n tin e  ex tru sions.

To th e  n o rth  of th e  long, n a rro w  east-w este rn  zone o f ra n g e  o f th e  fo rm er 
species, Melocactus radoczii sp . n o v a  grow s on se rpen tine  rocks in  th e  area 
o f  S ie rra  P u ria l. T his sm all-sized  species w ith  fine spines grow s in  colonies 
s c a tte re d  in a re la tiv e ly  sm all a rea , a ro u n d  th e  valley  o f  R io  Jau co , to  the  
n o r th  of La T in ta , an d  in  th e  env irons o f  G uajim ero. I t s  p ro b ab le  n o rth e rn  
co n fin es  is th e  valley  o f R io  Y u m u ri, a n d  to  the  w est th e  b lock o f Lom a 
L a  F aro la .

D escrip tion  o f  new  taxa 

M elocactus ja k u s ii  M észáros sp. n o v a

G lobose by  co lum ellar, w id est in  its  low er th ird . A lw ays occu rring  singly, 
ev e n  old p lan ts  no t ram ify in g . A bou t as h igh  as or slig h tly  h ig h er th a n  w ide. 
D ia m e te r  9— 12.5 cm, h e ig h t 10— 14 cm  (w ith o u t cephalium ). 11— 13 an g u la te  
r ib s  w ith  6— 7 areoles p e r 10 cm .

R ristles ro b u st, rig id , so m ew h at sparse , b row nish  corneous, young  
b r is tle s  v iv id  redd ish  b row n , ap ica lly  s lig h tly  darker; 1— 2 ce n tra l b ristles 
p o r re c t or s ligh tly  u p cu rv in g , ab o u t 2— 2.5 cm long, w ith  8 — 10 rad ia l b ristles 
a b o u t  1— 2.5 cm long, low erm ost one lo ngest, upperm o st ones sh o rtest.

C ephalium  depressed , d isco idal, 1.5— 3.5 cm high, 4— 5 cm  w ide. C epha­
liu m  bristles pale redd ish  b row n, so ft, en tan g led , p ro jec tin g  a b o u t 6— 10 m m  
fro m  a greyish w hite  lan u g in o sity .

F low er deep p u rp lish , 10— 11 m m  w ide, p ro tru d in g  fro m  th e  sh o rt cep h a ­
liu m  bristles. S tigm a 5— 6 -lo b u la te , h a rd ly  p a le r th a n  p e ta ls . F ru it  unknow n. 
S eeds b lack , sh iny , su b m u rica te .

T ype : on se rp en tin e  rocks, SW  slopes o f the  S ierra C erro G alano , E  of 
H o lg u in , NW  O rien te , C uba. L eg.: Z. Mészáros and P . J akus, M arch, 1975.

D ed icated  to  its  d iscoverer, P é te r  J akus, m em ber o f  the  H u n g a rian  
geo log ist expedition .

Caulis subgloboso-ovatus, in parte tertia inferiore latissimus, semper simplex, nun- 
quam ramificatus, latitudine aequilongus vel paullo longior, 10 —14 cm altus (sine cephalio), 
in diam. 9 — 12.5. Costae 11 — 13 angulatae emergentes, areolae 1.4 —1.6 cm longe distantes 
(6 — 7 areolae per 10 cm). Spinae robustae, rigidae, subfusco-corneae, juveniles rufescentes vel 
castaneae, apice obscuriores, centrales 1—2, rectae vel paullo sursum curvatae, 2 — 2.5 cm 
longeae, radiales 8 — 10, 1 — 2.5 cm longae, infima longissima, supremae brevissimae. Cepha­
lium depressum discoideum, 1.5 — 3.5 cm altu, in diam. 4 — 5 cm. Setulae cephalii gilvo-ferru- 
gineae, molliter curvatae, 6 — 10 mm longe exsertae. Flores obscure-purpurei, 10—11 mm in 
diam., e setulis cephalii exserti. Stylus apice 5 — 6 lobulatus sepalis vix muricata.

Typus: Cuba, Provincia Oriente, Sierra Cerro Galano, in declivibus aridis serpentinosis, 
meridionali-occidentalibus pr. opp. Holguin. Leg.: Z. M é s z á r o s  et P. J a k u s ,  March 1975.
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M elocactus borhidii M észáros sp . n o v a

Slender, co lum ellar, d ia m e te r  of fully grow n specim en  6—8 cm. G enerally
15— 20 cm high, h u t  some old ind iv iduals even 22— 29 cm high (w ith o u t 
cephalium ); 11— 12 sh a rp , p ro tru d in g , ra th e r  n a rro w  rib s . O ld in d iv idua ls som- 
tim es  apically  p ro life ra tin g , sp ro u ts  globose, s lig h tly  e lo n g a ted , 3— 6 in n u m b er, 
B ristles re la tiv e ly  acicu lar, f lex ib le . R ad ia l an d  c e n tra l  b ristles h a rd ly  d if­
fe re n tia ted , 2—4 c e n tra l b ris tle s  20—25 m m  long , 10— 15 (or less) ra d ia l 
b ris tles  10— 15 cm  long. B ristles as a whole slig h tly  u p cu rv in g , w hitish  co rne­
ous, th e ir  tips red d ish , fresh b r is tle s  entirely  red d ish . D istan ce  betw een areoles 
sm aller th a n  1 cm ; 11— 14 areo les per 10 cm ; 5— 8 row s of areolae below  
cephalium  of fu lly  grow n p la n ts  w hitish , lanug inose.

C ephalium  slig h tly  f la t te n e d , cylindrical, 2 .5— 3.5 cm  high, 3— 4.5 cm 
w ide. B ristles o f cephalium  p o rre c t, rigid, th in , a c icu la te , v iv id  fox-red  and  
p ro tru d in g  ab o u t 10— 12 m m  fro m  the  w hite lan u g in o sity .

Flow er sm all, open b lossom  sho rte r th a n  b ris tle s  o f  cephalium , som e­
tim es ju s t  reach in g  th e ir  le n g th ; 7— 9 mm w ide. P e ta ls  deep p ink ish  pur- 
p u reous, s tam en  an d  5— 6 -lo b u la te  stigm a pale p in k . F ru i t  obovate , 8 —9 m m  
th ic k , 17— 19 m m  long. Seeds dark -b row n , globose, sh in y , sligh tly  m u rica te .

Type: a t  10— 20 m h e ig h t above sea level n e a r  co as t, on th e  second an d  
th ird  lim estone te rraces  on th e  o u tsk irts  of T o rtu g u illa , E  of th e  m o u th  of 
R io  Y ateras, on th e  so u th e rn  side of the  S ierra P u r ia l , coast of the  P rov ince  
O rien te , Cuba. L eg .: Z. Mé sz á r o s  and  E . N a g y , J a n u a ry , 1975.

D edicated  to  A ttila  B o r h i d i , H ungarian  b o ta n is t  w ork ing  in Cuba.

Caulis co lu m n aris  e longatus, cy lin d ricu s (in s ta tu  ben e  ev o lu to ), 7 — 8 cm  c rassus e t 
15 — 20 longus, ra re  u sq u e  ad 22 — 30 cm  altus, apice ra re  ra m ig eru s , ram i 3 — 6 globosi, sub- 
globosi V . brevissim e o v a ti. C ostae cau linares 11 — 12. S p inae  acicu lares , tenues, flexuosae, 
rad ia le s  10 — 15, u sq u e  ad  10 —15 m m  longae, cen tra les 2 — 4, u sq u e  ad  20 — 25 m m  longae, 
lev ite r  sursum  c u rv a ta e , a lbo-co rneae, apice p u rp u rascen tes , novellae  pe r to ta m  lo n g itu d in em  
roseae. Areoleae dense  d ispositae , 0 .7 — 0.9 cm  longe d is ta n te s  (11 — 14 areoleae pe r 10 cm ), 
superio res in 5 — 8 line is (sub cephalio ) dense a lb o lanatae . C ephalium  lev ite r  depressum  discoi- 
d eum , 2.5 —3.5 cm  longum , in d iam . 3 —4.5. Setulae cephalii re c ta e , rig idae, te n u ite r  aciculi- 
fo rm es, rub ig inosae, ex  lan a  cep h a lii 10 — 12 m m  longe ex se rta e . F lores p a rv i, 7 — 9 m m  in  
d iam ., in  s ta tu  a p e r to  se tu lis c ep h a lii breviores. P e ta la  o b scu re  ro seo -p u rp u rea , a n th e rae  e t 
s ty lu s  apice 5 — 6 lo b u la tu s  p a llu d e  roseae. F ru c tu s  o b o v a tu s , roseo-alb icans, 17 —19 m m  
longus e t 8 —9 m m  crassus. Sem in a  su borb icu laria , lu c id a , fu sc a , lev ite r  m u rica ta .

Typus: C uba, P ro v in c ia  O rien te . In  saxosis calcareis lito ra lib u s , in  o rien tem  de bucca  
riv i Y ateras, p r. p ag . T o rtu g u illa , su p ra  scalam  secundam  e t te rc ite ra m , in  a ltitu d in e  10 — 20 m  
s.m . Leg.: Z. Mészá ro s  e t E . N a g y , J a n u a ry  1975.

M elocactus evae M észáros sp . n o v a

Slender, co lum ellar, o f  sm all s ta tu re , d ia m e te r  o f fully-grow n p la n t 
6 — 8 (— 9) cm , h e ig h t (w ith o u t cephalium ) 8— 12 cm . O ld  specim ens occasion­
a lly  ram ify ing , reach ing  a h e ig h t of 18—20 cm . 13 sh a rp , p ro tru d in g  ribs.
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D is ta n c e  betw een areo lae a b o u t 1 cm ; ab o u t 9— 12 areo lae p e r  10 cm ; upper 
a reo lae  sligh tly  lanug inose . B ris tle s  re la tiv e ly  acicu lar, f lex ib le , corneous, 
ap ica l tw o -th ird s  of y o u n g  b ris tle s  brow nish . 1— 3 cen tra l b ris tle s  2 5 —30 cm 
long , 12— 14 rad ial b ris tle s  10— 20 m m  long.

C ephalium  slig h tly  f la t te n e d , 2 .5— 3 cm high, 4— 5 cm  w ide. B ristles 
o f cep h a liu m  pale b row n, sp a rse ly  spaced  an d  p ro tru d in g  a b o u t 4— 6 m m  from  
y ellow ish -w h ite  lan u g in o sity .

F low er large, 20— 25 m m  w ide, deep p ink . P e ta ls  in  sev era l row s, ex ­
te rn a l  ones recurving. S ty le  5 -lo b u la te , s ligh tly  ligh te r p in k ish . F ru i t  obovate , 
18— 20 m m  long and  9— 11 m m  th ic k , deep p ink , lig h te r b a sa d . Seeds b lack, 
m u ric a te .

T y p e : on gravel co n g lo m era tio n  SW  o f C aim anera, on th e  w este rn  side 
o f G u a n tá n a m o  B ay, P ro v in ce  O rien te . L eg.: E . N a g y , A p ril, 1975.

I  ded ica te  th is  s lender, large-flow ered  Melocactus species to  m y wife, 
w ith o u t w hose assistence th is  s tu d y  could n o t have been accom plished .

C aulis colum naris e lo n g a tu s, s ta tu r a  p a rv a , 6 — 8 ( — 9) cm  crassus, 8 —12 cm  longus, 
sine cep h a lio . In  s ta tu  evo lu to  ra ro  ra m if ica tu s , u sque  ad  18 — 20 cm  longus. C ostae 13, acutae , 
e x s ta n te s . D is ta n tia  a reo laru m  fe rm e  1 cm , 9 —12 areolae  per 10 cm , su p erio res  pa ru m p er 
la n a ta e . S p inae  aciculares, re la tiv e  ten u e s , flexuosae, coloris cornei, novellae  in  p a r te  superiore 
su b fu sca e . C entrales 1 — 3, 25 — 30 m m  longae, rad ia les  12 —14, long. 10 — 20 m m . Cephalium  
le v i te r  d ep ressum , 2.5 — 3 cm  a ltu m , 4 — 5 cm  crassum . Setu lae  cephalii lu rid e  subfuscae, longe 
d is ta n te s ,  e lan a  helochroleuca 4 — 6 m m  longe ex stan tes . Flores m agn i, d iam . 22 — 25 m m , 
o b scu re  rose i. P e ta la  in  p lu rib u s o rd in ib u s  co llocata , e x te rn a  reflexa. S ty lu s  5 lo b u la tu s , sub- 
roseus. F ru c tu s  obovatus, 18 — 20 m m  longus, 9 —11 m  crassus, obscure roseus, in fern e  albicans. 
S em in a  n ig ra , m uricata .

T y p u s : Cuba, P ro v inc ia  O rien te , in  régióné occidental! sinus G u an tan em en sis , prope 
C a im an era , in  conglom erato g lareoso . L eg.: E . N a g y , A pril, 1975.

M elocactus radoczii M észáros sp. nova

B arre l-shaped , of re la tiv e ly  sm all s ta tu re , w idest m ed ia lly . D iam e te r of 
fu lly -g ro w n  p lan t 9— 12 cm , h e ig h t 11— 13 cm  (w ith o u t cep h a liu m ). O ld p lan ts  
f re q u e n tly  ram ifying, b ran ch es o ften  as h igh as 20 cm. Ten a n g u la r  p ro tru d in g  
rib s ; d en se ly  areo la ted , 11— 12 areoles p er 10 cm.

B ris tle s  finely  ac icu lar, as a w hole u p cu rv in g , yellow , y o u n g  b ris tle s  fox- 
red . 3— 4 cen tra l b ristles 20— 25 m m  long, 14— 16 rad ia l b ris tle s  10— 25m m  
long.

C ephalium  depressed, d isco idal, 3 cm  h igh , 4.5— 5.5 w ide. B ristles of 
c e p h a liu m  v iv id  fox-red , in  a re g u la r  p a tte rn , p ro tru d in g  from  yellow ish-w hite  
la n u g in o s ity  to  a leng th  o f 6— 8 m m .

F lo w er 10— 12 m m  w ide, in ten se  p in k ; stam ous an d  6 -lo b u la te  sty le  
lig h te r  p in k . F ru it o b ova te , 14— 21 m m  long an d  7— 10 m m  w ide, deep p ink , 
b a sa lly  som etim es ligh te r. Seeds b lack , h eav ily  m urica ted .
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T y p e : on se rp en tin e  rocks on th e  o u tsk ir ts  o f  G uajim ero , n o r th  o f L a 
T in ta , S ierra  de B a raco a , P ro v in ce  O rien te . L eg.: Z. M észáros  an d  Gy . 
R adócz , M ay, 1975.

D ed ica ted  to  G y u la  R adócz , m em b er of th e  H u n g a ria n  geologist ex p ed i­
tion .

C aulis re la tiv e  p a rv u s , dolio sim ilis, in  p a r te  m edia  la tissim us. D iam e ter in  s ta tu  evo- 
lu to  9 —12 cm , a lt i tu d e  sine cephalio  11 — 13 cm . Caules V e terea  saepe ra m ifica ti e t  u sq u e  ad 
20 cm  longi. Costae 10, a cu tae , ex s tan tes , dense  a reo la tae , p e r  10 cm  11 — 12 areo las , Sp inae 
acicu lares, lev ite r su rsu m  c u rv a tae , su b fla v ae , novellae ru fae . C entra les 3 — 4, long. 20 — 
25 m m , rad ia le s  14—16, long. 10 — 25 m m . C ephalium  depressum , discoideum , a lt. 2.5 — 3 cm , 
diam . 4.5 — 5.5 cm. S e tu lae  cephalii a c rite r  ru fae , o rd in a tae , e lan a  helvola  6 — 8 m m  longe 
erec tae . F lo re s  p a rv i, 10 — 12 m m  in  d iam ., in ten se  rosae, a n th e rae  e t sty lu s apice 5 — 6 lobu- 
ja tu s  p a llide  roseae. F ru c tu s  obo v a tu s , o b scu re  roseus, long. 14 — 21 m m , d iam . 7 — 10 m m , 
jn fern e  n o n n u n q u am  a lb icans. Sem ina n ig ra , m an ifes te  m u rica ta .

T y p u s: Cuba, P ro v in c ia  O riente , S ie rra  de B aracoa, in  sep tem trio n es a L a  T in ta , 
circum  v icu m  G uajim ero , in  saxis serpen tinosis. Leg.: Z. Mészáros e t Gy . R adócz, M ay, 1975.

M elocactus nagyii M észáros sp. n ova

G lobose, s lig h tly  e longated , fu lly -g row n specim en 10— 16 cm  w ide, 12—  
18 cm  high (w ith o u t cephalium ). 10— 12 acu to -angu lose , em ergen t, m ostly  
s tra ig h tly  d ecu rren t rib s , som etim es slig h tly  cu rved . M ature  p la n ts  som etim es 
ap ically  ram ify ing , shoo ts globose, 4 — 7 in nu m b er. D istances betw een  areolae 
ra th e r  v a ry in g , 7— 12 areo lae per 10 cm ; b ristles ro b u s t, su b u la te , 9— 15 in 
n u m b er. R ad ia l an d  c e n tra l b ristles h a rd ly  d iffe ren tia ted , 3— 4 ce n tra l spines 
25— 38 m m  long, ra d ia l ones 15— 30 m m  long. B ristles yellow ish or b row nish  
corneous, fresh  spines m ore brow nish .

C ephalium  cy lin d rica l, s lig h tly  h igher th a n  w ide (4.5— 6.5 cm  h igh , 
4 .5— 6 cm  wide). C ephalium  of old p la n ts  o ften  e longated . B ristles a rc u a te , 
soft, pa le  brow nish , p ro tru d in g  a b o u t 5— 8 m m  from  yellow ish-w hite lanug i- 
nosity .

F low er em ergen ts from  bristles o f cephalium , open blossom  p ro jec tin g  
over b ris tle s . P e ta ls  p in k ish  p u rp u reo u s , s tam ens an d  5— 6-lobu la te  stig m a 
pale p in k . D iam eter o f fu lly  open flow er 14— 16 m m . F ru it  e longated  ob o v a te , 
20— 22 m m  long an d  5— 6 m m  w ide, deep rosaceous, basa lly  w h ite . Seeds 
b lack , h eav ily  m u rica te .

T y p e : n ear th e  co ast betw een  L a M ota and  E l M acio, on th e  steep  
so u th e rn  rock  w alls o f th e  S ierra M aestra , so u th e rn  coast o f C uba. L eg.: 
Z. M é s z á r o s  and  E . N a g y , J a n u a ry , 1975.

D ed ica ted  to  its  discoverer, E lem ér N a g y , h ead  of th e  H u n g a ria n  ge­
ologist exped ition .

C aulis globosus, le v ite r  ob longatus, d iam . 10 — 16 cm , sine cephalio  12 — 18 cm  a ltu s  
(in  s ta tu  p e rfec te  evo lu to), costae  10 — 12 cm , acu tan g u lo sae , em ergentes, p le ru m q u e  rec tae , 
ra r i te r  lev ite r  cuvatae . C aulis apice ra ro  ram o su s , ram i 4 — 7 globosi. A reolae v a rie  d is ta n te s ,
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7 — 12 areolae per 10 cm . Sp inae  9 —15 ro b u sta e , su b u la ta e , flav ido- vel subfusco-corneae, 
n ovae  brunnescen tes , ra d ia le s  cen tra lib u s paullo  d ifferen tes, rad ia les 15 — 30 m m  largae, cen­
tra le s  3 — 4, 25 — 38 m m  longae . C ephalium  cy lin d ricu m  la ti tu d in e  pau llo  longius (4.5 — 6.5 cm  
longum , 4.5 — 6 cm  la tu m ). S e tu lae  cephalii c u v a tae , m olles, e lan a  lu tescen ti 5 — 8 m m  longe 
exse rtae . Flos a p e rtu s , 12 — 14 m m  in  d iam ., se tu los cephalii p a ru m  sup eran s , p e ta la  roseo- 
p u rp u re a , an th e rae  e t s ty lu s  5 — 6 lo b u la tu s pa llide  roseae. F ru c tu s  lin ea ri-o b o v a tu s , 20 m m  
lon g u s e t 5 m m  la tu s , in te n se  roseus, inferne a lb icans. Sem ina n igra  su b o rb icu la ria , m anifeste  
m u ric a ta .

Typus: C uba, P ro v in c ia  O riente. In  ru p ib u s  vu lcan ic i lito ra lib u s decliv ium  m erid iona- 
liu m  m ontium  S ierra  M aestra , in te r  pag. L a M ota e t E l M acio, 10 — 20 m  su p ra  m are . Leg.: 
Z. M és z á r o s  e t E . N a g y , Ja n u a ry ,  1975.

Melocactiis acunai León ssp. lagim aensis M észáros ssp. nova

R o b u st, co lu m ella r, ram ify ing , b ran ch es of old p la n t occasionally  again  
ram ify ing . E n tire  p la n t  11— 13 cm w ide, 13—16 cm  high (w ith o u t cephalium ). 
10— 11 angu la te , em erg en t ribs, 6— 7 areo lae p er 10 cm . M ultip ly  ram ify ing  
old  p lan ts  even 40— 55 cm  high and  2 0 —22 cm  w ide. B ristles no t differing  
from  those of ssp. a cu n a i. C ephalium  cy lind rica l, e longated  in old p lan ts , as 
h igh  as 15 cm an d  as w ide as 7.5 cm . B ristles of cephalium  soft, d isa rranged , 
redd ish -b row n or pa le  b row n, p ro tru d in g  som e 5— 8 m m  from  grey ish-w hite  
lanug inosity .

Flow er pale  p in k , 8— 10 m m  w ide. S tigm a 6— 8-lo b u la te , lig h t p ink . 
F ru it  sho rt, w ide, o b o v a te , 8— 9 m m  th ick , 12— 14 m m  long, deep p ink , 
b asa lly  w hitish . Seeds d a rk  brow n, slig h tly  m u rica te .

T ype: on local se rp en tin e  ex tru sio n s on th e  N W  side o f th e  L ag u n a  de 
Jo jo , NW  of C ajobabo , in  the  area of S ierra  de P u ria l, P rov ince  O rien te , Cuba. 
L eg .: Z. Mészáros  a n d  P . J a k u s , M arch, 1975.

Caulis ro b u stu s  co lum ellaris, saepe ra m ifica tu s , ram i in  s ta tu  evo lu to  non  ra ro  i te ru m  
ram ifica ti. Caulis in  d iam . 11 — 13 cm , 13 —16 cm  longus (sine cephalio). C ostae 10 —11 em er- 
g en tes, angu la teae , a reo lae  6 — 7 pe r 10 cm. Caules ev o lu ti p lu ries ram ifica ti usque ad  40 — 
55 cm  longi e t 20 — 22 cm  in  d iam . Spinae ú t i  a p u d  ssp. acunai. C ephalium  cy lind ricum , elon- 
g a tu m , long, m ax im a  15 cm , diam . 7.5 cm . S e tu lae  cephalii m olles, irreg u la rite r  d ispositae , 
fe rrug ineae  vel p a llide  subfuscae, e lan a  a lb id a  5 — 8 m m  exsertae . Flos pa llide  roseus, 8 — 
10 m m  in  d iam ., s ty lu s  6 — 8 lo b u la tu s, gilvo roseus. F ru c tu s  brev is , la te  o b o v a tu s , 8 — 9 m m  
crassus, 12 —14 m m  lo n g u s, in ten se  roseus, in ferne a lb icans. Sem ina fusca, su b m u rica ta .

T ypus: C uba, P ro v in c ia  O riente , S ierra  de P u ria l, in  regione boreo-occiden tale, in  clivo 
L ag u n ae  de Jo jo  se rp en tin o so . Leg.: Z. Mészáros e t  P . J a k u s , M arch, 1975.

Melocactiis acunai León v ar. flavispinus M észáros v a r. nova

B ristles e n tire ly  d a rk  yellow , or d a rk  yellow  and  b asa lly  brow n.
The v a r ie ty  grow s w ith in  th e  range  of th e  n o m in a te  form , on th e  coasta l 

lim estone rocks a ro u n d  th e  m o u th  of R io T acre .

Spinae a u t pe r to ta m  lo n g itu d in em  flav ae , a u t  in  p a r te  superio re  f lav ae , inferiore  su b ­
fuscae. H aec v a r ie ta s  h a b i ta t  in tra  te rr itó riu m  subspeciei nom inális , in  saxis calcareis l ito ra ­
libus, ap u d  buccam  riv i T acre .
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M elocactus harlowii B r it to n  e t Rose (redescrip tio n )

G lobose, s lig h tly  e longated , fu lly -g ro w n  specim en 11— 16 cm  w ide, 
11— 18 cm  high (w ith o u t cephalium ). 10— 12 angular, em erg en t, s tra ig h tly  
d e c u rre n t ribs. Old p la n ts  ra re ly  ra m ify in g . Areolae m ore th a n  1 cm  a p a rt 
8— 10 areo lae per 10 cm . B ristles th ic k , acicu lar, about 1 m m  th ic k , corneous; 
fresh  b ris tle s  redd ish  b row n , apically  d a rk e r . R adial and  ce n tra l b ristles h a rd ly  
d iffe re n tia ted , 2— 4 c e n tra l b ristles 30— 38 m m  long, 8— 10 (— 12) ra d ia l ones 
15— 28 m m  long. C ephalium  discoid , depresso-globose; sh o rte r  th a n  wide 
(2— 2.5 cm  high, 3— 5 cm  w ide); so m etim es  cephalium  o f v e ry  old specim ens 
e lo n g a ted . B ristles of cephalium  rig id , s tra ig h t , p ro tru d in g  from  g rey ish -w h ite  
lan u g in o sity  to  ab o u t 10 m m , red d ish  b ro w n  or dark  b row n.

F low er p ro tru d in g  from  b ristles o f  cephalium , fu lly  open  blossom  p ro ­
je c tin g  over bristles. P e ta ls  deep p in k ish  purp le , s tigm a 5— 7-lo b u la te , pale 
rosaceous. D iam eter o f fu lly  open flo w er 10— 12 mm. F ru it  o b o v a te , 9— 11 m m  
th ic k , 20— 22 m m  long; deep p in k ish  p u rp le  (f. harlowii) or b r ig h t w hite  
(f. Candida). Seeds b lack , w eakly  m u ric a te .

L ec to ty p e : im m ed ia te ly  on th e  c o a s t  a t  a height of 4— 5 m , on th e  su r­
face o f th e  f irs t  lim estone  te rrace , in  th e  a rea  of Surgidero  de M acam bo (be­
tw een  S an  A ntonio  del S u r and  Im ia s ) , sou thern  coast o f P ro v in ce  O rien te  
C uba.

L eg.: Z. Mészáros  an d  E. N a g y , Ja n u a ry , 1975.
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F ig . 2 . Melocactus m atanzanus  L eón

Fig. 3. Melocactus matanzanus León
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Fig. 4. M elocactus g u ita r tii  L eón

F ig. 5. M elocactus g u ita r tii León
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F ig . 6. Melocactus ja k u s i i  M észáros sp. n ova

Fig. 7. Melocactus harlowii B r itto n  e t  Hose
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Fig. 8. Melocactus harlow ii B ritto n  e t Rose

Fig. 9. Melocactus harlow ii B ritto n  e t Rose f. Candida
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Fig. 11. Melocactus borhidii M észáros sp. nova
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F ig . 10. Melocactus borhidii M észáros sp. nova
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Fig. 13. Melocactus radoczii M észáros sp. nova

F ig. 12. Melocactus evae M észáros sp. nova
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A C K N O W L E D G E M E N T S

I t  is a p leasan t d u ty  to  express m y  g ra t i tu d e  to  E lem ér N a g y , h ead  of th e  НАС ge­
o log ist exp ed itio n  w ork ing  in  Cuba, as well as to  th e  tw o m em bers o f th e  ex p ed itio n , P é te r  
J a k u s  an d  G yula R a d ó c z , w ho no t only m ad e  i t  possible for m e to  v is it these  a reas, b u t  who 
also called  m y a tte n tio n  to  th e  occurrences o f  u n k n o w n  M elocacti an d  who sy s tem atica lly  
co llected  M elocacti a t  m y req u est, in c e rta in  p a r ts  o f O riente. I t  is an  equally  p leasan t o b liga­
t io n  to  express m y th a n k s  to  Carlos E stevez  M o n t e s  d e  O c a  for his k in d  help in  th e  d e tec tio n  
o f th e  h a b ita t  of M elocactus matanzanus. F in a lly , I am  also in d eb ted  to  A ttila  B o r h i d i , w ho 
fro m  th e  beginning has to  a  g rea t ex te n t su p p o r te d  m y w ork b y  his v a lu ab le  advice.
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SOME RESULTS OF THE RESEARCHES OF CLUJ 
CONCERNING THE NUTRITION OF ALGAE

B y

I .  P é t e r f i , F . N a g y -T ó t h , and A. B arna

IN ST ITU TE OF PLA N T PHYSIOLOGY, BA BE§-BO LY AI U N IV ER SITY , CLUJ-NAPOCA, ROMANIA 

(R eceived S ep tem b er 10, 1975)

A chronological review  of th e  m ore im p o r ta n t  researches concern ing  th e  n u t r i ­
tio n  of algae, m ade a t th e  U n iv e rsity  o f C luj, show s th a t  th e y  becam e m ore an d  m ore  
ad v an ced .

T hese  s tu d ies co n trib u ted  to  th e  e x p la n a tio n  of th e  role of sim ple (Cu, Zn, F e , 
B a, Sr, N H j, K , Mg, Ca, N a, L i; S 0 3, S 0 4, C 0 3, I, C r0 4, H P 0 4. N O ,, N 0 3, Cl, B r) a n d  
com plex (n itra to -b o ra te s , p h o sp h a to -b o ra tes , n itra to -p h o sp h a te s , n itra to -co b a lts )  a n o r­
ganic n u tr ie n ts  an d  of th e  organic ones (g lucides, am ino-acids, alcohols, sy n th e tic  an d  e n ­
dogenous IA A  e x tra c te d  from  v a rio u s p la n ts , g ibberelline, ascorbic acid , degranol, m era- 
pid) u p o n  th e  g ro w th  and  develo p m en t in  p u re  s ta tic  and  in ten siv e  cu ltu res  o f d iffe re n t 
a lga  species an d  s tra in s  ( Chlorella pyrenoidosa , Coccomyxa dispar, Schizochlamys gelati- 
nosa, Scenedesm us acutus, Sc. acu tiform is , Sc. obtusiusculus, Sc. quadricauda, Sc. quadri- 
sp ina , Oocystis p u silla , Stichococcus exig u u s , S t. m irabilis, S t. bacillaris, Gloeotila pro to - 
genita , Pseudopleurococcus p r in lz ii, M icro tham nion  k iitzin g ia n u m , Stigeoclonium  varia- 
bile, Tribonem a ulotrichoides) from  T ran sy lv a n ia .

T he ac tio n  of th e  su bstances s tu d ie d  w ith  algae an d  th e  n u tr it iv e  m ed iu m  w as in  
con n ec tio n  w ith  sim ple m edia ( B e n e c k e , tw o  ty p e s , K n o p — P r i n g s h e i m , W i t s c h )  or 
m ore com ple te  ones ( K n o p  — P r i n g s h e i m  — F e l f ö l d y , T a m i y a  “ u re a  E H ” a n d  “ n i­
t r a te  A ” , T a m i y a  m odified b y  u s ) ,  an d  h as  allow ed th e  selection of som e sensitive  s tra in -  
b io te s ts  — su itab le  fo r th e  d e m o n s tra tio n  o f d ifferen t su bstances an d  fo r m assiv e  
cu ltu res  — as well as to  p rove  th e  p o ss ib ility  o f using  som e re sid u al w a ters  fo r th e  
c u ltiv a tio n  of algae.

In  th e  p u re  cu ltu res of algae, th e  w o rk  done by  P rofessor I . G rin tzesco  
(1902, 1903, 1930) m ade an  im p o r ta n t c o n tr ib u tio n . H is f irs t  m onograph ic  
p ap ers  on th e  algae Scenedesmus acutus (1902) an d  Chlorella vulgaris , s tu d ie d  
in pu re  cu ltu re s , becam e classics in  algology. The exp erim en ta l algology in  
Cluj has arisen  from  th e  a c tiv ity  o f th is  sc ien tis t.

B ased on p u re  cu ltu res, I . G rin t z e sco  and his co-w orker P é t e r f i  h av e  
m in u te ly  s tu d ied  th e  genus Stichococcus (1932), iso lating  an d  com paring  th e  
ac tio n  of d iffe ren t n u tr itiv e  m edia  an d  fin a lly  iden tify in g  and  describ ing  
several species from  T ran sy lv an ia .

T he s tu d y  in  pu re  cu ltu res of som e species of Stichococcus (S t. ex iguus, 
S t. m irab ilis)  an d  Gloeotila (G. pro togen ita ), in  sy n th e tica l so lu tions of d iffe r­
e n t p H , p ro v ed  th a t  th e  to le ran ce  lim its  o f these  algae are v e ry  large  (p H  
3.6— 9.6). T h ey  are  euryionic, b u t  th e ir  m ax im u m  grow th  is found  be tw een  
p H  6— 7. In  th e  acid m edia, Stichococcus show s a m ore ev id en t g row th  th a n  
Gloeotila. In  m ed ia  w ith  p H  6.0— 8.0 th e  developed  cells are  sh o rte r (F ig . 1) 
(P é t e r f i , 1939).
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T he v a r ia tio n  o f th ese  green filam en to u s  algae in re la tion  w ith  n u tr i t iv e  
m edia  w as also s tu d ie d  (PÉt e r f i , 1947). T h e  ac tio n  o f anorganic  ions is d iffe r­
e n t concern ing  th e  th a llu s  grow th, co lony  s tru c tu re , cell g row th  and  d iv ision . 
A ccording to  th e ir  a c tio n  on cell d iv ision , th e  anorgan ic  ions m ay  be d iv id ed  
in to  tw o large g roups:

a) ions s tim u la tin g  cell d iv ision: Cl, S 0 4, N 0 3, K , N a;
b) in h ib itin g  ions w hich stop  cell d iv ision : S 0 3, F e , Li, Sr.

Fig. 1. T halii o f Stichococcus m irabilis grow n on m ed ia  w ith  p H  3.65 (1 — fo. f ila la ,)  6.00 (2), 
6.91 (3), 7.78 (4 — fo. coccoidea) and  9.60 (5)

T he p H  of th e  n u tr i t iv e  m edia an d  th e  ions, respective ly , in fluence  th e  
th a llu s  m orpho logy  a n d  s tru c tu re  b y  re g u la tin g  th e  in h ib itio n  degree o f  cell 
wall biocolloids an d  th e  cohesion of th e  d a u g h te r  cells. In  th is  w ay, u n ice llu la r 
th a lii (fo. coccoidea) a rise  u n d er the  in flu en ce  o f N a and  К  ions in acid m ed ia , 
an d  p lu rice llu la r filam en to u s  th a lii (fo. f i la ta )  un d er th e  in fluence of Ca ions 
in  n e u tra l  an d  in  th e  w eak est a lkaline m ed ia  (F ig. 1). T he recen t w orks p u b ­
lished  b y  So e d e r  a n d  T h ie l e  (1967) an d  b y  I wasa  an d  M urakami (1968;1969) 
a b o u t th e  a u to sp o ru la tio n  of Chlorella an d  Chlam ydom onas agree w ith  th ese  
conclusions fo rm u la te d  35 years ago.

A m onograph ic  s tu d y  was d ev o ted  to  th e  species M icrotham nion k iitz in -  
g ia n u m , c u ltiv a te d  on d ifferen t n u tr i t iv e  m ed ia  u n d er various lig h t co n d itio n s 
(PÉt e r f i , 1933; 1937; G rintzesco  — P É t e r f i , 1936). In  these  researches th e  
sexual rep ro d u c tio n  o f  a lg a  was discovered an d  its  rep ro d u c tiv e  cycle w as e s ta b ­
lished  (1933). T he a c tio n  o f n u tr itiv e  m ed iu m  com position  an d  co n cen tra tio n  w as 
also n o ted  (1937), as w ell as th e  effect o f d iffe ren t m icroelem ents (1936) on  its
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gro w th  an d  deve lopm en t. This alga show s d iffe ren t shapes accord ing  to  m ed ium  
firm ness (liquid or so lid ), reaction  (acid , n e u tra l  or a lk a lin e  pH ) and  com posi­
tio n  (sources and co n cen tra tio n s  of n u tr ie n ts ) .  On f irm  m edia the  th a lli a re  
g rouped  in  colonies, th e  vegeta tive  g ro w th  is obvious an d  th e  cells te n d  to  
h av e  an  isod iam etrica l shape . D evelopm ent lim its  v a ry  b e tw een  pH  3.2— 8.8, 
h u t th e  op tim um  g ro w th  is found a t p H  5 .0— 6.0 (F ig . 2).

r„„3m

Fig. 2. G row th  of M icro tham nion  k iitzing ianum  dep en d in g  of th e  com p le te  B e n e c k e  m ed iu m  
p H  (1), free of Ca (2), or supp lem en ted  w ith  H 2S 0 4, or N aO H , respec tive ly  (3)

M icrotham nion kiitzingianum  c a n  use m ineral an d  organic n itro g en  
(F ig. 3) as well as sev e ra l organic su b stan ces  (glucides, o rgan ic  acids, g lycerine) 
w hich ac tiv a te  its  g ro w th .

T he cations a n d  anions were a d d e d  to  som e n u tr i t iv e  m edia in  equ i- 
m olecu lar q u a n titie s  (M/40— M/25) w h ich , follow ing th e  num erous e x p e ri­
m en ts , p roved  to  b e  op tim um  for th is  species. I t  w as estab lished  th a t  th e  
ca tio n s and  anions —  depending on th e ir  effects u p o n  th e  alga — can  be 
p laced  in  the  fo llow ing tox ic ity  lio tro p  series:

C ations: Cu Z n  Fe Ba Sr N H 4; К  Mg Ca N a
A nions: S 0 3 C 0 3 I: C r0 4 H P O t N O , Cl B r N 0 3 S 0 4

S odium  chloride a d d e d  to  n u tritiv e  so lu tio n s enh an ced  th e  grow th of M icro ­
tham nion  k iitz ing ianum . The range o f  o p tim u m  g ro w th  is betw een  0 .97—  
2.92 g/1.
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T he n u tr itio n  prob lem s w ere m ore  deep ly  s tud ied  in  th e  researches co n ­
c e rn in g  th e  ac tion  o f som e m icroelem ents (G rintzesco  — P é t e r f i  1936, P é t e r f i , 
1937). B y  m eans o f p u re  M icrotham nion  cu ltu res , th e  effect o f Mn, Zn, a n d  F  
(1936), and  of Li, Cu, B , A1 an d  Co (1937), respective ly , w as b io te s ted . I t  w as

F ig . 3 .  E ffec t o f d iffe ren t N  sources u p o n  th e  g ro w th  of M icrotham nion k iitz in g ia n u m ; 
B e n e c k e  m edium  w ith  K N 0 3 (1), K N 0 2 (2), N H 4N 0 3 (3), (N H 4)2H P 0 4 (4), (N H ,)2S 0 4 (5), 
N H 4-o x a la te  M/40 (6), an d  M/160 (7), N H 4- ta r ta r a te  (8), asparagine M/40 (9), M/80 (10) a n d

M/160 (11), a n d  p e p to n e  (12)

fo u n d  th a t  very  high d ilu tions o f th ese  e lem en ts  favour th e  g ro w th  an d  re p ro ­
d u c tio n  of th e  species. T he op tim u m  c o n c e n tra tio n  for M nC l2 w as of 0.0001 gl 
fo r Z n C l2 i t  varied  betw een  0.0001— 0.00001 g/1, and for N a F  betw een  0 .01—  
0.001 g/1. T he y ie ld  increase u n d e r th e  in flu en ce  of M nC l2 w as of 150% , of 
Z n C l2 50%  and  of N a F  100% . T hus in  ex p e rim en ta l co n d itions, Zn w as m ore 
to x ic  th a n  F.

T hese resu lts , p u b lished  30 y ea rs  ago, rep re sen t a sign ifican t ex p e rim en ta l 
p e rfo rm a n c e  even in  th e  lig h t o f th e  re c e n t advances reg a rd in g  th e  ac tio n  o f 
m icro e lem en ts  (cf. D e a r —A r o n o f f , 1968).
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T he ac tio n  o f ce rta in  com plex ano rg an ic  sa lts  w as th o ro u g h ly  s tu d ie d  
b y  ou r g roup . E x p e rim en ts  w ere m ade on effect of b o ra to -p h o sp h a te  ( P é t e r f i  
e t ah , 1958), n itra to -p h o sp h a te  (P é t e r f i  e t ah , 1962), and  n itra to -c o b a lt  
(P e t e r f i  e t ah , 1961; 1964; 1973), on s ta tic  an d  in ten siv e  cu ltu res o f Cocco- 
m yxa  d isp a r , Scenedesmus quadrisp ina , Sc. acutiform is  and  Stigeoclonium  
variabile. T he  resu lts  showed th a t  th e  g row th  o f these  algae was stro n g er in  th e  
presence o f com plex  sa lts th a n  in th e ir  chem ical sim ple eq u iv a len ts . F o r 
Coccomyxa an d  Stigeoclonium , th e  o p tim u m  c o n cen tra tio n  of h o ra to -p h o sp h a te  
an d  n itra to -p h o sp h a te  varied  a round  0 .0 5 % . T he g ro w th  an d  d ev e lo p m en t 
d ifference depend  also on th e  re la tio n  o f th e  com plex elem ents. T hus, in  th e  
case o f b o ra to -p h o sp h a te  com plex, a t  th e  re la tio n  1 В : 1 P , th e  increase  w as 
198%  in  co m p ariso n  w ith  th e  con tro l in  B e n e c k e  so lu tion ; in  th e  re la tio n  
1 В : 4 P  i t  w as 388% . In  th e  case o f th e  n itra to -p h o sp h a te  com plex, a t  th e  
p ro p o rtio n  1 N  : 1 P , th e  increase w as 3 9 0% , an d  a t  th e  p ro p o rtio n  1 N  : 5 P  
i t  w as 4 2 8% .

T h e  ch lo rine-pen tam ine-coba lt-ch lo ride  (C o(N H 3)äCl)Cl2) and th e  n i tra te -  
h ex am in e-co b a lt (C o(N H 3)6)(N 0 3)3) com plex  also s tim u la te d  th e  g row th  o f th e  
algae s tu d ie d ; th is  la t te r  sa lt p roved  to  be b e tte r  an d  Scenedesmus quadrisp ina  
re a c te d  to  i t  m ore sensitively  (Fig. 4).

N itra te -h e x am in e -c o b a lt w as also u sed  u n d e r in ten s iv e  cu ltiv a tio n  co n d i­
tio n s w ith  Scenedesm us acutiform is. I t  w as show ed (P é t e r f i  e t al. 1973) t h a t  
th e  o p tim u m  co n cen tra tio n  is 0.001 m g % , b u t  th a t  th e  favourab le  ac tio n  is 
m ore m o d e ra te  u n d e r in tensive  cond itions th a n  in  s ta tic  ru n s (F ig . 5). T h is 
m ay  be due  n o t only  to  th e  m uch m ore fav o u rab le  n u tr i t iv e  co n d itions b u t  
p ro b ab ly  to  th e  season period ic ity  of algae. I t  was fo u n d  th a t  in Stigeoclonium  
th e  ac tio n  o f com plex  salts is fa s te r in  su m m er and  slow er in  au tu m n ; in  Scene­
desm us acu tiform is , on th e  o th e r h a n d , th e  o p tim u m  grow th  w as reco rd ed  
d u rin g  th e  sp ring  an d  la te  a u tu m n  m o n th s  ( P é t e r f i  N ag y-Tó th , 1972).

T he fa c t th a t  th e  com plex salts h av e  a m ark ed ly  h igher fav o u rab le  ac tio n  
th a n  th e  s im ila r sim ple sa lts p roves th a t  th e y  are abso rbed , p ro b ab ly  as m o le­
cules or as com plex  ions, and  th u s  th e y  enhance  th e  m etabo lism  and  th e re fo re  
th e  m u ltip lica tio n  of algae.

T hese re su lts  m ay  be im p o r ta n t fo r th e  use o f som e p rep a ra tio n s  w here  
th e  n u tr i t iv e  su b stan ces should be com bined  in  d iffe ren t o p tim um  p ro p o rtio n s , 
ba lan ced  fo r m assive cu ltu res; th e y  are  also im p o r ta n t  in  view  of th e  use of 
som e c o n ta m in a tin g  residues.

T he high to le ran ce  of algae to w ard s  th e  q u a lity  and  q u a n ti ty  o f th e  
su b stan ces, as well as th e ir  cap ac ity  o f  co n c e n tra tin g  ions from  m ore d ilu te d  
m edia —  found  also in  th e  experim en ts m en tio n ed  —  d em o n stra te  th a t  th ese  
organism s are su itab le  for w a te r d eco n tam in a tio n  w ith  rad ionuclides. In  th is  
line o f s tu d y , th e  accum ula tion  of 90S r an d  134Cs b y  Scenedesmus acutus  w as 
successfu lly  ex p erim en ted  (P é t e r f i  e t a l., 1966) (F ig . 6).
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T he researches on th e  ac tion  o f som e o rgan ic  substances, physio logically  
a t iv e  upon  the  algae, a re  o f in te re s t fo r b io te s tin g  and  for p ro d u c tiv ity  s tim u ­
la tio n . I t  was show ed th a t  IA A  s tim u la te s  th e  m u ltip lica tio n  th ro u g h  zoo-

E %

E %

F ig . 4. E ffect of com plex  (A , B) an d  sim ple (a , b ) sa lts  u p o n  th e  g ro w th  of Coccomyxa d ispar 
(I) a n d  Scenedesm us quadrisp ina  ( I I )  in  s ta tic  cu ltu res

go n id ia  and gam etes, as well as cell d iv ision  an d  g row th  of th e  pu re  cu ltu res  
od M icrotham nion k iitz in g ia n u m  and  Pseudopleurococcus p r in tz i i ; its  ac tio n  is 
m o re  favourab le  in  an  a lkaline  th a n  in  an  acidic m edium  (P é t e r f i , 1946). 
In  th e  case of s ta tic  p u re  cu ltu res of Scenedesm us quadrisp ina , th e  effect o f 
s y n th e tic  IAA w as m u ch  m ore reduced  (142% ) th a n  th a t  o f th e  endogenous 
su b stan ces  ex trac ted  from  corn (C sanád 117 an d  F le ischm ann  481), v erna lized  
a n d  non-vernalized  (180— 351% ). T he g ibberellic  acid, added  to  th e  B e n e c k e
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days

Fig. 5. E ffec t of n itra te -h e x am in e-c o b a lt com plex  in sim ple (K n o p  — P r in g sh eim ) an d  
com ple te  (K n o p  — P r in g s h e im —F e l f ö l d y ) n u tr i t iv e  solutions on  th e  in tensive  cu ltu res

of Scenedesm us acutiform is
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n u tr i t iv e  m edium  in  co n cen tra tio n s o f 1.0-— 10.0 m g % , s tim u la ted  th e  m u lti­
p lica tio n  of Scenedesm us quadrispina, Coccomyxa d ispar  an d  Stigeoclonium  
variabile. The m ost sen s itiv e  was Sc. quadrisp ina  (P é t e r f i  — N a g y -Tóth , 1963). 
In  Oocystis pu silla , Scenedesm us quadricauda  and  M icrotham nion  kiitzingianutn , 
th e  ascorbic acid , in  su itab le  co n cen tra tio n s  (10— 50 m g % ), also s tim u la te d  
cell d iv ision , b u t d id  n o t  in fluence th e  leng thw ise g row th  o f  cells. The increase 
o f  ce llu la r biom ass w as 3— 15 tim es h ig h er th a n  th a t  o f th e  contro ls (P é t e r f i ,

F ig . 6. A ccum ulation  of 90Sr b y  Scenedesmus acutus  from  so lu tio n s o f 0.0345 f i d  (a) a n d  
o f 0.06909 j«Ci (c), a n d  i ts  c o n cen tra tio n  v a r ia tio n  in  solu tions n o n -in o cu la ted  w ith  algae (b , d).

134Cs was n o t accu m u la ted  (e)

1948). A m ong th e  c y to s ta tic  su b stan ces , degranol an d  m erapid  w ere b io ­
te s te d . In  a c o n c e n tra tio n  of 1.0 m g°/0, degranol h in d e rs  th e  g row th  an d  
m u ltip lica tio n  o f Stigeoclonium  variabile, b u t  Coccomyxa d ispar  grows also a t  
100 m g%  (P é t e r f i  e t  a l., 1959). M erap id , added  to  B e n e c k e  solution in  co n ­
c e n tra tio n s  of 1000— 10 m g % , in h ib its  th e  m u ltip lica tio n  o f  these  tw o species, 
b u t  in  sm aller c o n cen tra tio n s  i t  s tim u la te s  th is  p rocess ( P é t e r f i— B r u g o - 
v i t z k y , 1965).

These e x p e rim e n ta l in v estig a tio n s, confron ted  w ith  reference b ib lio ­
g rap h ica l d a ta , h a v e  suggested  som e th e o re tic a l g enera liza tions abou t th e  ro le 
o f  algae in  th e  t r e a tm e n t  of p o llu ted  w a te r  (P é t e r f i  e t a l., 1972), th e ir  use 
as b io tes ts  (P é t e r f i — N a g y -Tóth , 1973), an d  th e  p rin c ip les  of n u tritiv e  m ed ia  
p re p a ra tio n  (P é t e r f i — N a g y -Tó th , 1973).

On th e  basis o f th e  experience accu m u la ted  in ou r lab o ra to ry , th e  s tu d ies  
w ere d irec ted  to w a rd  th e  possibilities o f in tensive  c u ltiv a tio n  of algae. T h ere  
w ere devised an d  m ad e  som e eq u ip m en ts  o f th e  closed-c ircu it ty p e , a p p ro p ria te  
fo r in tensive  cu ltu re s  u n d e r  long s ta n d in g  sterile  co n d itio n s (P éterfi  — N a g y -
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T Ó T H , 1967). Som e elem ents of th e  m ethodo logy  used  in our eq u ip m en t w ere 
ap p lied  b y  also o th e r research w o rk ers  ( th e  sp ray in g  system  of th e  b u b b lin g  
gas b y  Cl e m e n t , 1968; the  m e th o d  o f a ir  s te riliza tio n  b y  E ic h h o r n , 1969).

T he c o m p a ra tiv e  ex perim en ts w ith  th e  n a tiv e  species Chlorella pyre-  
noidosa , Scenedesm us acutiform is , Schizochlam ys gelatinosa  and Tribonem a  
ulotrichoides in  th ese  devices, in  sim p ler m edia su itab le  for s ta tic  c u ltu re s  
(e.g. B e n e c k e ) an d  in com plete m ed ia  ( B e n e c k e  and  K no p— P r in g s h e im  
su p p lem en ted  w ith  m icroelem ents an d  soil e x tra c t)  in ten d ed  for in te n s iv e  
cu ltu res , h av e  show n th a t for s tra in s  selection  th e  so lu tions poorer in  n u t r i ­
en ts  -— w here th e  sensitiv ity  of o rgan ism s is m ore ev id en t — are recom m ended , 
w hile for b iom ass y ield  the  co m p le te  and b a lan ced  ones (P é t e r f i—N a g y - 
T ó t h , 1967/a). T h e  experim ents w ith  Scenedesm us acutiform is  p roved  t h a t  th e  
increased  b iom ass y ield  by  th e  sim ple increase of th e  n u tr ie n t o f  a g iven  
m edium  is lim ite d  ( P é t e r f i , N a g y -TÓtii 1967/b), an d  th a t  th e  reac tio n s  of 
Scenedesm us (Sc. acutiform is, Sc. acutus, Sc. obtusiusculus) to  th e  co m p le te  
n u tr i t iv e  so lu tions are d ifferent ( P é t e r f i  e t a l., 1967) (Table 1). T h ere fo re , 
fo r a lm ost ev e ry  species or alga s tra in s  severa l a lte rn a tiv e  co m bina tions m u s t 
he tr ied , u n til  a sa tisfac to ry  so lu tio n  v a r ia n t  is o b ta in ed . The m ore co m p le te  
fa c to r  of th e  n u tr i t iv e  m edia is th e  soil e x tra c t. A dded  to  the  T a m iy a  “ u re a  
E H ”  in a p ro p o rtio n  of 1 : 9, it p ro d u ces th e  in ten s ifica tio n  of cell m u ltip lic a ­
tio n  an d  co n seq u en tly  an increased  b iom ass, b o th  in  Scenedesmus acutiform is  
( P é t e r f i  e t a l., 1969) a n d in  Stichococcus bacillaris (Ma r t o n , 1975). In  K n o p —  
P r in g s h e im  a n d  T a m iy a , su p p lem en ted  w ith  soil e x tra c t and a p p ly in g  th e  
fra c tio n a ted  sam pling , a long la s tin g  (con tinuous) cu ltiv a tio n  of Scenedesm us  
acutiform is, Sc. acutus  and Sc. obtusiusculus  w as possible (P é t e r f i  e t a l., 1969) 
(F ig . 7), w ith o u t a decrease of th e  y ie ld . T he “ a u to in h ib ito rs”  b io te s tin g  w ith  
th e  alga i tse lf  w as negative.

A m ong th e  stud ies in ten d ed  to  fin d  th e  m ore ap p ro p ria te  c o n d itio n s  
o f n u tr i t io n , th e re  were a series o f  researches on th e  possib ilities o f using  
m inera l and  resid u a l w aters for th e  in ten s iv e  cu ltiv a tio n  of algae. I t  w as fo u n d  
th a t  T a m iy a  n u tr it iv e  solution su p p lem en ted  w ith  soil e x tra c t an d  d ilu te d  
w ith  an  equal vo lum e of “ Z izin”  m in era l w a te r  is an  excellent new  n u tr i t iv e  
so lu tio n  for Scenedesm us acutiform is  ( P é t e r f i  — N a g y -Tó th , 1970). T h e  use  of 
th e  residua l w a te r  from  the  beer fa c to ry  in  Cluj, in  d iffe ren t com binations w ith  
n u tr i t iv e  so lu tions and  n a tu ra l or m in e ra l w ate rs, h ad  th e  resu lt of s t im u la tin g  
th e  g row th  o f Scenedesmus acutiform is  ( P é t e r f i  e t a l., 1974) (Fig. 8) an d  m e a n ­
w hile p u rify in g  th e  residual w a te r  ( B a r n a , 1973; 1974).

These b r ie fly  p resen ted  re su lts , rep resen tin g  th e  w ork perfo rm ed  over 
th re e  decades le ad  to  th e  conclusion th a t  only  com plex stud ies can c o n tr ib u te  
to  th e  e x p la n a tio n  of the  co m p lica ted  physio logical processes of algae. O n ly  
th is  k in d  of in v es tig a tio n  will d e m o n s tra te  th a t  algae could be used  w ith o u t 
risk s for th e  so lv ing  of some c o n te m p o ra ry  problem s.
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Table 1

In flu en ce  o f  m edium  and light conditions upon the growth and composition o f  Scenedesmus

No Algae1 N utritive solution2 3 Light, luxa
Cultiva­

tion,
clays

Extinction Cellg/mm8
D ry

weight,
P /1

Total sugar, 
% /d. w.

Proteins, 
% /d. w.

Total sugar/ 
Proteins

a 0.600 75,125 1.52 14.20 45.00 0.31
l . ь K nop-P ringsheim-F elföldy 6500 41 0.503 101,375 1.17 13.65 50.18 0.26

C 0.585 111,125 1.86 29.10 36.00 0.80

K nop-P ringsheim-F elföldy 11 1.350 146,625 4.59 33.90 22.25 1.52
2 . a Idem-f-EDTA and urea instead

of K N 0 3 15 1.580 186,250 5.02 12.40 53.12 0.23
Tamiya (original form) 5000 15 0.835 87,750 2.30 5.20 57.19 0.09
TAMiYA-modified —soil extract! 11 1.590 226,000 5.82 3.85 56.43 0.068

K nop-P iíingsheim-F elfö ldy4-
3 a ( ethanol in 25% 10 1.295 114,375 3.90 26.80 20.94 1.28

K nop-P ringsheim-F elföldy 5000 1.310 153,125 3.76 35.50 23.62 1.50

TAMiYA-modified+ “ Zizin” min-
4. a eral water 8 1.510 323,875 4.33 5.10 63.75 0.08

TAMiYA-modified 5000 1.230 190,875 3.14 5.45 57.50 0.094

5. a K nop-P ringsheim-F elföldy В — R --Y —W4 *, 
W<-Y— R - В 11 1.110 117,250 3.24 25.37 34.38 0.73

4000 1.280 122,500 4.61 34.90 24.19 1.40

50 0 0 - 6400 -
6. a TAMiYA-modified -8 0 0 0 -1 3 ,0 0 0 1.860 250,000 7.12 6.20 55.25 0.11

5000 1.680 270,375 5.62 6.00 50.00 0.12

TAMiYA-modified, daily refreshed
7. a in proportion of 0.10 1.470 278,125 3.83 6.30 63.12 0.099

Idem in proportion of 0.15 6000 30 1.260 256,375 3.28 5.95 62.69 0.094
Idem in proportion of 0.20 1.240 215,312 3.08 4.80 61.19 0.078

1. Algae: a Scenedesmus acutiform is  Schroed., b  — Sc. obtusiusculus Chod., e — Sc. acutus (M eyen) Chod.
2. In No. 1 th e  c u ltiv a tio n  was carried  o u t in v e rtica l co lum ns w ith  cen tra l illu m in a tio n , for No. 2 7 p a ralle l-p iped  vessels w ere used
3. L en g th  of lig h t period: 12 hours, a lte rn a te d  w ith  12 hours o f d a rk
4. A fter 12 hours of d a rk , 1 h o u r o f В blue lig h t o f 400 — 600 nm  an d  1400 lx in te n s ity ; R  red  lig h t of 530 — 750 nm  and  1700 lx;
— yellow  lig h t o f 440 — 650 nm  and  3100 lx. Before th e  end  of th e  lig h t period  th e  succession was inverse
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F ig. 7. V a ria tio n  of o p tica l d ensity  (a) a n d  of d ry  sub stan ce  (b) in  th e  in ten siv e  cu ltu res  
of Scenedesm us acu tifo rm is , daily  re freshed  in  p ro p o rtio n  of 0.10 (1), 0.15 (2) an d  0.20 (3)

Modified Tamiya (control)

Fig. 8. G row th  of Scenedesmus acutiform is in ten siv e  cu ltu res  in m edia p repared  w ith  resid u al
w ater from  th e  b eer fac to ry
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The first paper of this series discussed the microclimatic conditions in several 
natural and secondary ecosystems (Pócs, 1974: 115 —135).

The present paper is an attempt to find correlations between the orography and 
the climatic conditions, and between the climatic conditions and the distribution of 
different vegetation types in the Uluguru Mountains, by the aids of vegetation tarnsects 
and of G a u s s e n  —  W a l t e r  diagrams; and finally to establish the altitudinal zonation 
there.

In tro d u c tio n

To o b ta in  u sefu l in fo rm ation  concern ing  th e  clim atic  cond itions w hich  
d e te rm in e  th e  v e g e ta tio n  b o u n d aries  in  th e  U lu g u ru  M ountains, I  s tu d ie d  
th e  av a ilab le  d a ta  o f  d ifferent sources (E a s t A frican  M et. D ep t. 1964, 1971 and  
J a c k so n , 1970). A  sketchy  ra in fa ll m ap  of th e  R u v u  basin  was d ra w n  by  
J a c k so n , and  a m ore  detailed one o f  th e  U lu g u ru  M ountains by  th e  a u th o r  
(1. c. an d  P ó c s , 1976/a). J ackson w e n t in  de ta ils  o f th e  p ro b ab ility  o f ra in fa ll, 
w hile th e  a u th o r  analysed  th e  d u ra tio n  of th e  d ry  season in  th e  m o u n ta in s , 
b o th  fa c to r  b e ing  im p o rta n t for c ro p  p ro d u c tio n .

A lth o u g h  th e re  are more th a n  30 ra in fa ll reco rd in g  sta tions, m a in ly  a t  
low er e leva tions o f  th e  m ounta ins, o n ly  tw o of th e m  m easured sy s te m a tic a lly  
also te m p e ra tu re , a n d  one, the  M orogoro A g ricu ltu ra l Office, w here i t  is being  
reco rd ed  since lo n g  (for more th a n  50 years).

T he ra in fa ll d is trib u tio n  i ts e lf  seem ed to  m e in su ffic ien t to  ex p la in  th e  
g rea t d iv e rs ity  o f  v ege ta tion  ty p e s . T he v e ry  v a ria b le  relief com bined  w ith  
th e  effect o f th e  easte rn  rain  c a rry in g  w inds p ro d u ced  a very  in te re s tin g , 
co m plica ted  a sy m m etric  p a tte rn  in  th e  d is tr ib u tio n  of v eg e ta tiona l e lem en ts  
an d  also in  th e  ag ricu ltu ra l p o te n tia l of th e  area.

T herefo re  I  a tte m p te d  to  f in d  an  in d irec t m e th o d  to  ob ta in  te m p e ra tu re  
d a ta  fo r th e  m o u n ta in s  and to  c o n s tru c t th is  w ay  Ga u ssen— W a l t e r  d ia ­
gram s fo r all U lu g u ru  rain  gauge s ta tio n s . T hese d iag ram s proved  to  be  v e ry  
usefu l in  th e  c lim ato logical in te rp re ta tio n  of th e  v eg e ta tio n .
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M ethods

For the composition of diagrams, the temperature values were estimated by extrapola­
tion from the data available for Tanzania, from a total of 35 stations. “If the height of a loca­
tion is known, its temperature may be calculated with a probable error of only 2° Fahrenheit” 
(East Afr. Met. Dept. 1959). This is by far not so simple. M o r e a u  (1935), analysing the climate 
of the Usambara Mountains, has found different gradients in the eastern and in the western

F ig .  1 . Variation in absolute minimum temperature with height in Tanzania (left). Variation 
in mean annual temperature with height (right). A: Stations located in the dry forest and in 
woodland zones. B: in the mesophilous, and C: in the rain forest zones. (Values of lake and

central plateau stations framed)

parts, and established that “the Usambara Mountain temperatures are exceptionally low for 
their altitude and in particular lower than those for Kenya at corresponding altitudes” . 
K e n w o r t h y  (1966) also pointed out when he analysed the temperature gradients against the 
altitude in tropical East Africa. He found that the obtained data show often a deviation of 
2 — 3°C from the average, and that the thermal gradient in the drier West Kenya is less than 
in the more cloudy eastern part of the Kenyan Highland.

When I analysed the temperature data of Tanzania, I found an interesting connection 
between the values of temperature and the vegetation zone from where the data were obtained. 
The main temperature at the same altitude above the sea level shows a gradual decrease from 
the grassland and semidesert thicket, through the woodland, dry forest and closed forest zones, 
to the rain forest belts. If we represent the thermic gradients for the different vegetation zones 
by different curves, we can diminish the error of this method from an interval of 2—4 to 
0.5 — 1 centigrades among limited conditions (see the Figs 1, 2, 3). The method could be applied 
to calculate the main annual temperature, the main temperature of the warmest and that of 
the coldest month and, with some restrictions, to obtain the absolute minimum temperatures. 
The method was not accurate enough for stations in the centre of the East African Plateau
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an d  n ear L ake V ic to ria . I n  b o th  cases th e  v a lu es, especially  th e  co ldest m o n th ’s te m p e ra tu re  
an d  th e  ab so lu te  m in im a , a re  h igher th a n  e x p ec te d  owing to  th e  p la te a u  h eatin g  effect (see 
K e n w o r t h y , 1. c.) a n d  to  th e  w a ter m ass o f th e  L ake .

One m ore in te re s tin g  fa c t appeared  fro m  th e  d a ta :  th e  w a rm est tim e of th e  y e a r falls 
a t  a m uch earlier d a te  in  th e  in te rio r of th e  c o n tin e n t, and  follow s g rad u ally  la te r  seaw ards. 
In  T an zan ia  th e  w a rm e s t m o n th  varies from  S ep tem b er to  F e b ru a ry  or M arch (see F ig . 4).

F ig . 2. V a ria tio n  in  m ean  tem p era tu re  of 
coldest m o n th  w ith  a lt i tu d e  in  T anzania

D iscussion

By th e  a id  o f th e  ob ta ined  te m p e ra tu re  d a ta  fo r th e  ra in  s ta tio n s , 
G a u s s e n — W a l t e r  d iagram s were d raw n  in  an a t te m p t  to  fin d  th e  c lim a tic  
fac to rs w hich d e te rm in e  th e  ex istence o f  d iffe ren t v e g e ta tio n  typ es an d  w hich  
delim it th e ir  b o u n d a rie s . The follow ing tran sec ts  show  p ara lle lly  th e  relief, 
c lim atic  e lem en ts  an d  v eg e ta tio n  ty p e s  in  th e  n o r th e rn  and  in th e  so u th e rn  
h a lf  o f th e  U lu g u ru  M ountains (Fig. 7). T he lo ca tion  o f th e  ra in  m easu ring  
s ta tio n s  for w h ich  G a u s s e n — W a l t e r  d iagram s w ere d raw n , and th e  lines 
along w hich th e  v e g e ta tio n  tran sec ts  w ere  figured , a re  show n in Fig. 5, com ­
p a red  w ith  th e  p re c ip ita tio n  m ap of th e  U lugurus (F ig . 6, original, p u b lish ed  
also in  P é c s , 1976/a). F in a lly , for th e  b e t te r  in te rp re ta tio n , an d  for com parison ,
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a n  o th e r  selection o f d iag ram s w as m ade from  differen t p a r ts  an d  v eg e ta tio n  
zones o f th e  c o u n try  (F ig . 8).

F ro m  th e  tra n se c ts  show n a n d  fro m  th e  v eg e ta tio n  m ap  o f th e  U lu g u ru s 
(P ó c s , 1975), several in te re s tin g  fa c ts  can  he draw n an d  som e problem s ex ­
tra c te d :

F ig .  4 . The warmest month of the year in Tanzania

1. T he easte rn  slopes exposed  to  ra in -ca rry in g  w inds, an d  th e  lee side 
o f th e  m o u n ta in s  show  a v e ry  asy m m etric  p a t te rn  of v eg e ta tio n a l d is tr ib u tio n . 
O n th e  one h an d , th e  v e g e ta tio n  zones descend  deeper on th e  ea s te rn  th a n  on 
th e  w este rn  side, on th e  o th e r h an d , th e re  a re  p la n t com m unities w hich d o m i­
n a te  th e  easte rn , an d  o th ers  w hich b e t te r  developed on th e  w este rn , slopes. 
O n th e  easte rn  slopes, th e re  is p ra c tic a lly  no  d ry  season, th e re fo re , in  n a tu ra l  
c ircu m stan ces th e  everg reen  fo rests  descend  to  th e  foothills. O n th e  w este rn  
side, th e  n a tu ra l b o u n d a ry  o f everg reen  fo rests  lies m uch h igher, an d  th e  sub-
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F ig . 5. R elie f m ap  of th e  U luguru  M o u n ta in s , w ith  th e  in d ica tio n  of th e  site o f v e g e ta tio n  
tran sec ts  and lo c a tio n  o f d iag ram m ed  ra in fa ll s ta tio n s
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m o n ta n e  forests, w h ich  dom inate th e  e a s te rn  slopes are  su b s titu te d  b y  d ry  
fo rests  and  b y  d ec iduous w oodland. T h is  is th e  s itu a tio n  everyw here in  th e  
m o u n ta in s  w here th e  d ry  season is lo n g er th a n  1.5 m o n th s. T herefore th e  re m ­
n a n ts  of evergreen  fo re s ts  are good in d ic a to rs  of a c lim ate  p rac tica lly  w ith o u t 
d ry  seasons.

F ig . 6 . Mean annual rainfall map of the Uluguru Mountains

2. There is no c lim a tic  evidence o f th e  presence of a n a tu ra l treeless 
v e g e ta tio n  in  th e  m o u n ta in s . M ost p ro b a b ly  a ll sav an n a lik e  p la n t com m unities 
an d  a g rea t p a r t  o f th e  w oodland  area  a re  d é riv â te s  of d ry  sem ievergreen or 
o f d ry  deciduous fo re s ts , for w hich th e  d u ra tio n  of a 2— 6 m on ths long d ry  
season  w ith  800— 1300 m m  annual ra in fa ll c a n n o t be an  exclud ing  fac to r. O nly  
w here  th e  d u ra tio n  o f th e  d ry  season is lo n g e r th a n  h a lf  a yea r, does th e re
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develop  a n a tu ra l w ooded Acacia  g rasslan d  (sav an n a ), n o rth - and  w estw ard s 
from  th e  U lu gurus. T he presence of relic  fo rest p a tch es  (W i n g f i e l d , 1975; 
PÓCS, 1975) in  th e  concerned  zones on th e  w este rn  slopes underlines th is  fa c t. 
T he v a lley  g rasslands are also n o t c lim atic  com m unities (see V e s e y - F i t z - 
G E R A L D ,  1970).

3. A n a tu ra l u p p e r lim it o f high fo rests ex ists in  th e  U luguru  M oun ta ins. 
T his lies in  th e  m ore oceanic and  m ore iso la ted  n o rth e rn  p a r t  a t ab o u t 2100 m  
w hile in  th e  so u th e rn  h a lf  o f th e  m o u n ta in s  a t  a b o u t 2450 m a ltitu d e , w here  
th e  fo rest gives p lace to  e ith er dw arf e lfin  w oodland  ( P Ó C S ,  1974) or to  bam boo  
th ic k e ts  or (on th a  L ukw angule P la te a u ) to  sub a lp in e  spring  bogs an d  m o o r­
lan d s, a lth o u g h  a g re a t p a r t  of th e  g rasslan d  on th e  P la te a u  is seco n d ary  
( P Ó C S ,  1976/a). I  consider th is  fo rest line in  th e  U lugurus in  m ost cases a c lim atic  
one. As i t  is show n in  th e  g raph , th e  ab so lu te  m in im um  can fall w ell below  
zero a t  th is  a ltitu d e . A m ong o th e r cond itions, like on M t. K ilim an jaro , th e  
fro s t line an d  th e  fo res t line lie m uch h igher, b e tw een  2600 and  3250 m  re sp ec ­
tiv e ly  (see H e d b e r g , 1951: 165, 186). N o d o u b t, th e  fro st a t th e  a ltitu d e s  of 
U lu g u ru  M ts. is s till n o t a d iu rn a l phenom enon , b u t  I  observed obvious fro s t 
p h enom ena  seriously  dam aging  th e  m o n tan e  fo rest v eg e ta tio n , especially  th e  
tre e  ferns, as low  as a t  1800 m  a ltitu d e  ! (See F ig . 13). T he elfin w oodland  an d  
h e a th  v e g e ta tio n  can  occur below th e  u p p e r  lim it o f  h igh forests, b u t  th is  is 
u su a lly  th e  re su lt o f special c ircum stances, as severe soil conditions, o r v e ry  
s tro n g  w inds (Ba y n t o n , 1969, te lescop ing  effect o f Van  St e e n i s , 1972), 
s im ila rly  to  th e  appearence  of subalp ine  P in u s  mugho  scrub  a t low a ltitu d e s  
in  th e  C en tra l E u ro p e a n  M ountains (“ G ip fe lp h en o m än ” ). The elfin fo rests  of 
th e  U lu g u ru  M o un ta ins are analogues o f th a t  of In d o m alay sia  and  in  m a n y  
asp ec ts  sim ilar to  th e  g ian t h ea th  (suba lp ine  E rica  arborea fo rest) o f M t. 
K ilim an ja ro .

4. “ M ossy”  ty p e s  of forests an d  w oodlands develop a t v e ry  d iffe ren t 
a ltitu d e s  (from  800 up  to  2500 m etres) in  th e  U lu g u ru s, due to  c o n tin u o u s  
c loud  fo rm a tio n . T hese m ist-effected  w oodlands or fo rests covered b y  v e ry  
large a m o u n t o f ep ip h y tic  b ry o p h y tes  and  lichens are  good in d ica to rs  o f th e  
con tin u o u s h igh a ir  h u m d ity .

T hese m ossy fo rests  an d  w oodlands p la y  a “ b u ffe rin g ”  role in  th e  w a te r  
ba lance  ( P Ó C S ,  1976/b). O ften , due to  th e  tu rb u len ce  o f w inds, th e  m o st h u m id  
m ossy fo rests  are  on th e  lee side o f sh a rp  ridges, an d  sum m its, w here  th e  
u p p e rm o st p a r t  rem ains d rie r th a n  th e  slopes below .

5. T he p resence or absence of th e  g ian t A frican  bam boo ( A ru n d in a r ia  
a lp in a )  c an n o t be in te rp re te d  m erely  b y  th e  ac tu a l clim atic co n d itio n s. 
A lth o u g h t i t  descends in  th e  U lugurus to  th e  low est p o in t in  E a s t  A frica 
(M geta v a lley  a t  1630 m  a ltitu d e ), i ts  occurrence rep re sen ts  a d is ju n c t p a t te rn  
w ith  v e ry  iso la ted  p a tch es . This fac t suggests a possib le  re tre a t o f th e  species 
here . T he only  lo ca lity  in  th e  n o rth e rn  p a r t  is th e  v e ry  steep ea s te rn  face of
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Mondo (1120 m)
[-11] -19,6° 2877,9 mm

a)

F ig .  7 . Vegetation transects through the Uluguru Mountains. The upper one is made through 
the northern part, the lower one through the southern part. The G a u s s e n — W a l t e r  climatic 
diagrams bear the same Nos, as in the map of Fig. 5; dwl: dry woodland, smf: submontane 
forest, mtf: montane forest, msf: montane mossy forest, ew: elfin woodland, lrf: lowland rain
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2 Г 50 rr

b)
forest, rv: rock vegetation, dgl: dry grasslands replacing woodlands, wgl: wet grasslands 
replacing forests, rvf: riverine forest, hmg: high montane short grassland replacing elfin wood­
land, Sph: S p h a g n u m  bog, mb: occurrence of montane bamboo (The horizontal—vertical ratio

of the transect is 1 : 5.)
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th e  M agari peak be tw een  2150 an d  2250 m etres. In  th e  so u th e rn  U lugurus, 
th e r e  is a very  sm all p a tc h  o f bam boo s ta n d  a t  th e  w estern  edge o f  th e  Luk- 
w a n g u le  p la teau ; th e re  a re  v e ry  m an y  ta l l  bam boos in th e  M geta  r iv e r  va lley  
fro m  1630 up  to  2300 m e tre s , in te rm ix ed  w ith  th e  trees of th e  m o n ta n e  b ro a d ­
le a v e d  forest; f in a lly  i t  fo rm s pu re  th ic k e ts  on th e  2650 m  h igh  su m m it of 
K im h a n d u , w here i t  co m p le te ly  s u b s ti tu te s  th e  elfin w oodland .

Lake Manga (Л20 m)
[-61 225,3° 201mm

J A S O N D J F M A M J

Kiwira Forest Station (2280 m) 
Г-3] 212,7 ° 3540 mm

Mombo (A11 m) Tanga Met. Station (Airport) (35m)
[6-11] 25,1° 611mm [13-19] 26.3° 1321mm

F ig .  8 . Selected Ga u s s e n  — W a l t e r  diagrams, representing different climates and vegetation 
zones in Tanzania. (When the temperature curve was prepared by the above method of extra­
polation, the place of the number of years when temperature should have been measured is 
empty between the brackets.) Manga: Semidesert. Lowest measured rainfall in Tanzania. 
Mombo: Dry thicket rich in succulents. Tanga: Semievergreen coastal forest. Kiwira Forest 
Station: Typical montane rain forest. Highest measured amount of rainfall in Tanzania.

Mbeya: Miombo ( B r a c h y s te g ia - I s o b e r l in ia )  woodland. Amani: Submontane rain forest

6. A wide range o f  v e g e ta tio n  co m m u n ities , and  f irs t o f  all m ost ty p es 
o f  closed  forests or th e ir  re m n a n ts , are c lim a tica lly  induced a n d  th e re fo re  good 
in d ic a to rs  of c lim atic co n d itio n s for A g ricu ltu re  and for F o re s try . O n th e  o th e r 
h a n d , th e  hum an in fluence  on th e  U lu g u ru s is qu ite  im p o r ta n t. A series of 
v e g e ta tio n  types, a lth o u g h  n o t used d ire c tly  for ag ricu ltu ra l purposes, is 
se c o n d a ry  derivate  of o th e r  com m unities. T hese are, am ong o th e rs , th e  m on­
ta n e  grasslands, in  som e case th e  m iom bo (Brachystegia— Isoberlin ia) w ood­
la n d , an d  in m ost cases th e  com m on slope w oodlands (Pterocarpus— Cornbre- 
tu m )  on the  n o rth e rn , w este rn  and  on th e  so u th e rn s  slopes.
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Conclusions

T he follow ing, clim atically  in d u ced , a lt i tu d in a l zonation  can  be e s ta b ­
lish ed  in  th e  U lu g u ru  M ounta ins, see (F ig . 9).

A. Low a ltitu d e  d ry  forest an d  sa v a n n a  w oodland zone. O n ly  a t  th e
w este rn  an d  n o rth e rn  foo t o f th e  U lugurus, below 600 m  a ltitu d e . 
A n nual ra in fa ll betw een 700— 900 m m , the  d ry  perio d  la s ts  for 
4— 6 m o n th s. Main an n u a l te m p e ra tu re  24— 26°C. T h e  w hole a rea  
is densely  cu ltiv a ted , th e re fo re  o n ly  sm all rem n an ts  o f th e  o rig inal 
v e g e ta tio n  can  be de tec ted .

B. L ow land  sem ievergreen ra in  fo re s t zone betw een 250—500 m  a l t i ­
tu d es  a t  th e  eastern  foo th ills  o f th e  cen tra l p a r t  of th e  m o u n ta in s . 
A n n u a l ra in fa ll 1700— 2400 m m , no d ry  season or m ax im u m  
1— 2 m o n th , m ain  an n u a l te m p e ra tu re  24— 25°C. On th e  lim estone  
g round  of a ca rs t p la te a u , in c lu d in g  th e  K im boza F o re s t  R eserve , 
th e  low land  ra in  fo rest ex is ts  even  th ro u g h  a 2.5 m o n th s  long d ry  
season.

C. S u b m o n tan e  d ry  fo rest and  m iom bo  w oodland  zone. A c tu a lly  m o stly
rep laced  b y  an  open w oodland  o f Pterocarya angolensis, Combretum  
and  T erm ina lia  species, o r b y  d ry  secondary  g rasslan d . O n th e  
ea s te rn  foo th ills, only  on d rie r  slopes, up  to  800 m  a lti tu d e . W id e ­
sp read  on th e  w estern , n o r th e rn  an d  sou thern  slopes, as h igh  up  
as 1500 m  in  th e  n o rth e rn , an d  u p  to  1600— 1700 m  in th e  so u th e rn  
U lugurus. W ith  950— 1300 m m  a n n u a l p rec ip ita tio n , 2— 6 m o n th s  
d ry  season and  19— 23°C m ain  an n u a l te m p e ra tu re . T hese co m ­
m unities suffer the  m ost from  th e  bush  and  grass fires.

D . S u b m o n tan e  evergreen an d  sem ievergreen  fo rest zone. C ontiguous
be lt on th e  eastern  slopes, be tw een  500 and  1500 m etres , ex cep t 
in  p laces used for a g ricu ltu re . T h ey  occur in  sm all p a tch es  also 
on th e  w estern  side, in  p ro te c te d  valleys a t th e  low er edge o f th e  
evergreen  fo rest b e lt. T h e  su b m o n tan e  ra in  forests show  th e  o p ti­
m um  of fo rest g row th  in  E a s t  A frica. The average  of ra in fa ll is 
w ell over 1800 m m  a y e a r , u su a lly  exceeding 2500 m m  a n d  in  som e 
cases h igher th a n  3000 m m , w ith o u t being in te r ru p te d  b y  a d ry  
season. T he m ain a n n u a l te m p e ra tu re  lies be tw een  23 an d  17°C, 
a t  th e  low er and  u p p er lim its  o f th is  zone.

E . M ontane  evergreen fo rest zone. I t  form s a b ro ad  b e lt  a ro u n d  b o th
sides o f th e  M ountains. T h e  m o n ta n e  fo rest rem ain ed  in  re la tiv e ly  
good cond ition , m ost o f th e m  falling  inside th e  p ro te c te d  fo rest 
a rea . T h e ir a ltitu d in a l lim its  are  1500—2100 m  in  th e  N o rth  an d  
1600— 2400 m in th e  S o u th . T h e  an n u a l p rec ip ita tio n  varies  locally  
betw een  1300 and  (m ore th a n )  3000 m m . E specially  th e  u p p e r  edge
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Fig. 9a. T he v e g e ta tio n  zones o f th e  U luguru  M o u n ta in s . N o r th e rn  p a r t  (up p er d iag ram ) a n d  
so u th e rn  p a r t  (lower d iag ram ). The a lt i tu d in a l zo n a tio n  of M t. K ilim an ja ro  is show n on  th e  
r ig h t in  th e  sam e scale, b a se d  on H e d b e r g  (1951: 165). 1: A lpine zone 2: Subalpine ericaceous 
sh ru b  zone 3: Subalp ine  m o o rlan d  and Erica arborea fo res t zone 4: S ubalp ine  or u p p e r m o n ta n e  
elfin  fo res t zone 5: B am boo  th ic k e ts  6 — 7: M ist-e ffec ted  “ m ossy”  ty p es , and  th e  u p p e r  l im it  
o f c u ltiv a tio n  8: M ontane everg reen  forest zone 9: S u b m o n tan e  everg reen  forest zone 10: L ow ­
lan d  ra in  fo res t zone 11: S u b m o n tan e  d ry  fo res t a n d  w oo d lan d  zone 12: L ow land d ry  fo res t

and  sav an n a  w oo d lan d  zone
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F ig. 9b. V eg eta tio n  zo n atio n  in  som e a f ric a n  m o u n ta in  areas o f m ed iu m  a ltitu d e , fro m  th e  
c o n tin e n ta l ty p es  (above) to  th e  oceanic ones (below ). E x p la n a tio n  of th e  sym bols th e  sam e 
as on  Fig. 9a. (B ased p a r tly  on  J a c k s o n  1956, M a b b e r l e y  1975, G r e e n w a y  1955, M o r e a u  

1935, M o n o d  1960, R iv a l s  in  K n a p p  1973, p a r tly  o rig inal.)
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Fig. 10. D ry  w oodland v e g e ta t io n  on th e  N E  slope o f N guru  y a  N dege  hill, 700 — 1200 m

of th is zone receives a high a m o u n t of ra in fa ll w ith o u t a seasonal 
in te rru p tio n , o r even if  sh o rt d ry  periods occur, th e y  are com ­
pensated  b y  th e  contiguous cloud an d  m ist fo rm a tio n  a t  th is a l t i ­
tude . M ain a n n u a l te m p e ra tu re : 1 2 —17°C. T he d iu rn a l change o f 
te m p e ra tu re  is v e ry  low (w hen m easu red , i t  w as o n ly  4°C), and oc­
casional f ro s t occurs.

F . U pper m o n tan e  o r low er subalp ine  zone w ith  elfin  w oodlands, bam boo 
th ick e ts , p e a t  bogs and  w ith  secondary  g rasslands, above a ltitu d es 
2100—2400 m . A lthough  th e  a n n u a l v a ria tio n  o f tem p era tu re  is
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low , th e  d iu rn a l change becom es m uch h igher th a n  in  th e  h igh  
fo rest zones, reach ing  m ore th a n  15°C, and  i t  o ften  sinks below  or 
n ea r zero. The d w arf an d  v e ry  closed canopy  o f th e  elfin  fo rest 
is a good a d a p ta tio n  ag a in s t th e  s trong  re ra d ia tio n  d u rin g  cool 
n ig h ts  w hen th e  cloud b e lt u su a lly  sinks dow n an d  th e  h igh  su m ­
m its of th e  U lugurus rem ain  exposed.

F ig . 11. L ow land  ra in  fo rest on do lom itic  m arb le ; c a rs t  p la teau  of K im boza  F o re s t R ese rv e  
a t  th e  E  footh ills, 300 m  a lt i tu d e  above sea level

12 Acta Botanica Acadcmiac Scientiarum Hungaricae 22, 1976
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Fig. 12. S u b m o n tan e  ra in  fo rest on th e  SE  slope of M t. T u m b ak o , 900 — 1300 m
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Fig. 13. T ree fe rn s dam ag ed  by  frost in th e  m o n tan e  fo res t o f M t. Kifigo, 1800 m
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F ig . 14. T he n o rth  slopes o f M agari peak , covered  b y  m on tane  fo rests a n d  b y  e lfin  w oodland,
1 6 0 0 -2 3 4 0  m

F ig . 15. M ontane  ra in  fo res t n e a r H u lu lu  Fa lls , so u th  of B unduk i, a t  1500 m  a lti tu d e . In  
th e  fo reground  d ragon  tree s  (D racaena steudnerii) , in th e  b ack g ro u n d  tree  fe rn s
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Fig. 16. S e m in a tu ra l g rasslands and  fo res t line on th e  L ukvangu le  P la te a u  a t  2450 m a lt i ­
tu d e , w ith  sc a tte re d  Agauria salicifolia  trees . In  the  b ackground  th e  h ighest p o in t o f th e  

U lugurus, the  2664 m  h igh  L ukw angule  peak , can  be seen

F ig . 17. E lf in  fo res t a t th e  edge of L ukw an g u le  P la te a u , a t 2450 m. T he very  dense can o p y  
of th e  d w arf (2 — 4 m  ta ll)  tree s  is to  be noticed
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STUDIES ON THE GROWTH ANALYSIS OF MAIZE 
HYBRIDS (OSSK-218 AND DKXL-342)

By

I . P r é c s é n y i , 1 G y . C z i m b e r ,2 G . C s a l a , 3 Z. S z ő c s , 1 E . M o l n á r 1 and E. M e l k ó 1

1 HAS RESEARCH IN ST IT U T E  FOR BOTANY, VÁCRÁTÓT; '  K ESZTH ELY  U N IV E R SIT Y  OF AGRICULTURAL 
SCIENCES; D EPARTM ENT OF BOTANY AND PLA N T PHYSIOLOGY, MOSONMAGYARÓVÁR; 3 AGRICULTURAL

COMBINE, BÁBOLNA

(R eceived J a n u a ry  9, 1976)

T he p a p e r  deals w ith  th e  g row th  analysis o f tw o  m aize  h y b rid s (OSSK-218 an d  
D K X L -342). T he in v estig a tio n s w ere carried  o u t in m aize  g row n  u n d e r fac to ry  co n d i­
tions (A g ricu ltu ra l Com bine, B ábo lna), be tw een  M ay 22 a n d  A ugust 15, 1974, from  
th e  6 th  w eek to  th e  16 th  week of age. T he w eight of ab o v e-g ro u n d  p a rts  and  lea f  a rea  
were m easu red  in  tw o-w eek periods. F o r th e  desc rip tio n  o f g row th  in w eight an d  of 
leaf area , th e  ex p o n en tia l eq u atio n  w as used . On th e  basis o f th e  equation , th e  w e igh t 
and leaf a rea  o f a p la n t were de te rm in ed  for every  w eek. I n  th e  possession of th ese  
d a ta , th e  R G R , N A R , L A R , R L G R  and  CGR as well as th e  efficiency values w ere 
estim a ted  fo r every  week. The s tu d y  also deals w ith  th e  changes in  th e  grow th  c h a ra c ­
te ristics o f h y b rid s  m en tioned  above. The re la tio n sh ip s b e tw een  th e  various c lim atic  
factors (w eekly  m ean  tem p e ra tu re , w eekly a m o u n t o f ra in fa ll, observed w eekly to ta l  
hours of th e  d u ra tio n  of sunshine) and  th e  g row th  c h a ra c te ris tic s  as well as th e  co r­
re la tions b e tw een  th e  g row th  ch arac te ris tic s  th em se lv es a re  analyzed. F in a lly , th e  
effect o f c lim atic  facto rs on th e  v a ria b ility  o f th e  g ro w th  c h arac te ris tics  and th e  in f lu ­
ence of g ro w th  ch arac te ris tics  on R G R  v a ria b ility  a re  discussed .

G row th analysis  is a m ethod  w hich can be used  as an  approach  in  th e  
exam ina tion  o f p la n t p h o to sy n th e tic  p roduc tion . T he re su lt of ne t assim ila tion  
tak in g  place in  th e  p la n t is considered as n e t p ro d u c tio n  (N P  =  NA —  D =  
=  (GA —  R ) —  D ; N P  =  n e t p ro d u c tio n , N A  =  n e t  assim ila tion , D =  d ecay , 
GA =  gross a ss im ila tion , R =  resp ira tion ).

A ccording to  К  v e t — O n d ó k — N e c a s — J a r v i s  (1971), grow th analysis  
is em ployed in  tw o d irec tions: (i) exam in a tio n  o f th e  re la tionsh ips be tw een  
th e  p ro d u c tiv e  c a p ac ity  of a p la n t geno type and  th e  in te rn a l fac to rs; (ii) in ­
vestiga tions o f p ro d u c tio n  and  g row th  in fluenced  b y  en v iro n m en ta l fac to rs .

The da ily  r a te  o f g row th  (re la tiv e  g row th  ra te , R G R ) is de te rm ined  b y  
tw o p a ram e te rs  (if no special m en tion  is m ade of th e  k ind  of g row th , fo r 
exam ple of le a f  a rea , th e n  w eight gain  is m ean t): th e  da ily  n e t efficiency o f th e  
assim ilation  p e r u n it of assim ila to ry  surface (n e t ass im ila tio n  ra te , N A R ) an d  
th e  re la tio n sh ip  o f th e  to ta l assim ila to ry  surface to  th e  w eight of the  w hole 
p la n t (leaf a rea  ra tio , L A R ), w rites B l a c k m a n  (1968). O f th e  tw o p a ra m e te rs , 
th e  f irs t co n ta in s  a physio logical, th e  second a m orpho log ical m eaning ( E v a n s  

1972). In  th e  know ledge of re la tiv e  g row th  ra te  an d  o f le a f  area ra tio , th e  n e t 
assim ilation  ra te  can  he assessed.
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R elative  g ro w th  ra te  is n o t c o n s ta n t during  p la n t life, th e re fo re , a good 
ap p ro x im a tio n  can  be  ach ieved  on ly  i f  sam ples are ta k e n  fre q u e n tly , in  sh o rt 
in te rv a ls  ( B r i g g s — K i d d — W e s t , 1920). Since th e  re la tiv e  g ro w th  ra te  is 
fo rm ed  by  the  n e t ass im ila tio n  ra te  a n d  because th e  le a f  a rea  ra tio  an d  th e  
l a t te r  decreases from  a ce rta in  tim e  p o in t o f developm ent, th e  n e t assim ilation  
r a te  has a g rea t ro le in  th e  fo rm atio n  o f  th e  re la tiv e  g ro w th  ra te .

T he sub jec t o f  o u r  s tu d y  is th e  g ro w th  analysis o f tw o  m aize hyb rid s 
(O SSK -218 and  D K X L -3 4 2 ), grow n in  th e  area  of th e  A g ric u ltu ra l Com bine, 
B áb o ln a , in 1974.

M ateria l an d  m ethod

T h e  m easu rem en ts w ere  m ade on in d iv id u a ls  grow n in  fac to ry  co n d itions. The above­
g ro u n d  p la n t p a rts  w ere considered .

1. C h arac te riza tio n  o f th e  hybrids: O SSK -218, Y ugoslav ian  h y b rid ; FA O  n u m b er: 460. 
A h y b r id  p e rm itted  to  be m ark e te d  in  1970. A tw o -lin e  hy b rid  grow n fro m  th e  h y b rid iza tio n  
o f  tw o  in b red  lines. I ts  s ta lk  has a dark -g reen  co lou r and  m edium  w id th . I t  has  no offshoots. 
I t s  le a f  is dark-green , larg e , a n d  lanceo late . T he tasse l is loose of m ed iu m  size. T he colour of 
th e  a n th e rs  is green. S p aced  sparsely , is inc lin ed  to  have  tw o cobs. T he peduncle  of th e  cob 
is long , therefore  in  rip en in g  th e  cob is ab ax ia l. T he cob is cy lindrical, th e  k ernel fla tten e d , 
i ts  co lou r yellow. The co lo u r o f th e  ear is red . R a tio  of kernel/ear: 84/16. T he h y b rid  is of 
e x ce lle n t s ta lk  s tre n g th , th u s  i t  is su itab le  fo r m echanized  h a rv estin g . G row ing period  is 
145 — 148 days. M edium  to  e a rly  ripen ing , a t  a b o u t th e  end of S ep tem ber. M od era te ly  sensitive 
to  in fec tio n  by  stru m o u s sm u t, fib ro id  sm u t, E u ro p e a n  corn-borer and  also to  dam ages caused 
b y  th em . I t  is re s is tan t to  F u sarium . The h y b r id  w as produced  in  th e  S ta te  F a rm  of Boly, 
in  1974.

D ekalb  XL-342 (D K X L ) A m erican  h y b r id  m aize; FAO num ber: 580. Q u a lity  degree: 
a v a r ie ty  p e rm itte d  to  be m ark e te d  in  1970. T he th ree -lin e  hyb rid  h as b een  p ro d u ced  by  th e  
h y b rid iz a tio n  of th ree  in b re d  lines, in  th e  U SA  a n d  in  I ta ly . I ts  s ta lk  is v e ry  h ig h  (270 — 
300 cm ), th ick , dark -g reen  a n d  of large, v iv id  g reen  leaves, w ith o u t o ffshoots. I t  develops one 
th ic k  an d  long cob. T he cob is a t  th e  sam e h e ig h t in  all p lan ts . T he cob is cy lind rica l, w ith  
a m ed iu m  long peduncle. T h e  cob is w ell-covered  w ith  husks. The k e rn e l is f la t  and  large, 
o f a light-yellow  colour. T h e  kernel/ear ra tio  is 84/16. The grow th  p e rio d  is 156 —160 days. 
T h e  h y b rid  is of la te  r ip en in g  and  of exce llen t p ro d u c tiv ity . I ts  s ta lk  s tre n g th  is v e ry  good. 
R e s is ta n t  to  diseases. N o t sensitive  to  dam ages b y  th e  E u ropean  corn  b o rer. O p tim al p lan t 
d e n s ity  is 46 — 50,000 p la n ts /h a . In  1974, I ta lian -p ro d u c ed  seed was sow n in  th e  a rea  o f th e  
C om bine.

2. W orkshop c o n d itio n s: in  th e  m aize a rea  o f th e  Com bine, th e  in d u s try -lik e  p ro d u c tio n  
o f m aize  tak es place in  m ono cu ltu res .

Since 1960, w eed-k illing  has been c a rried  o u t  b y  chem ical con tro l. T he herb ic ides used 
in  th e  m aize  fields from  w h ich  th e  p lan ts  w ere g a th e red  in 1974 are lis te d  in  T able  1, w here 
a lso th e  m ore im p o rta n t econom ical d a ta  a re  to  be  found.

3. T he c h a ra c te riz a tio n  of soil co n d itio n s is g iven  in  T able  2, c o n ta in in g  th e  resu lts  
o f th e  analysis of soil sam p les ta k e n  on M ay 22, 1974.

4. C lim atic cond itions: on  th e  basis o f fie ld  observations, th e  c lim a tic  co n d itions o f th e  
v e g e ta t io n  period are show n  in  Table 3.

5. Sam pling: 10 or 5 p la n ts  were cu t a t  each  sam pling  (M ay 22, J u n e  5 an d  19, Ju ly  3, 
18 a n d  31, A ugust 15). S am p lin g  began  on th e  f i f th  w eek afte r sowing, w h en  th e  p lan ts  were 
in th e ir  fou r-leaf s ta te . T ab le  4 shows th e  m a tu r i ty  o f s tan d s on Ju ly  31, 1974. T he d ry  w eight 
o f th e  p la n t, th e  leng th  of th e  leaves and th e ir  la rg e s t w id th  were m easu red  in  th e  lab o ra to ry . 
T he av erag e  was used in  th e  calcu la tions. T he w e ig h t of th e  un d er g ro u n d  p la n t p a rts  was 
n o t m easu red . N either w as th e  s ta lk  w id th , th e re fo re  th e  m ethod  suggested  by  G i o v a n a r d i  
(1972) w as n o t used for th e  assessm ent o f th e  to ta l  assim ila to ry  surface.

6. C alculation of lea f-a rea : the  e q u a tio n  L A = (le n g th )  X (largest w id th ) X 0.74 was used 
fo r th e  calcu la tio n  of lea f-area  ( K e m p , 1960). T he m u ltip lie r 0.74 was d e te rm in ed  on th e  basis 
o f sam ples. This value is w ith in  th e  lim its g iven  in  th e  lite ra tu re  ( K v é t  — M a r s h a l l , 1971).
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Table 1

The m a in  economic data

Symbol of the hybrid

OSSK-218 DKXL-342

Place and num ber of field В 8 B a 15

Y ears of m onoculture 9 4

H erbicide Oleo-H ungazin A k tik o n  P K

Sowing tim e A pril 1 5 - 2 3 A pril 22 — 23

N um ber of p lan ts , p lan t/h a 62,000 58,000

Crop* average, q /ha 64.6 79.8

* E a red ; В =  B ábolna, Ba =  B ana

Table 2

Results o f  soil ana lysis  
(M ay 22, 1974)

pH Humus, Easily soluble Total Carbon­
ic chalk,

%

Arany’s
binding
numberof field in water KC1 У1 % P2Os

mg/100g
K20

mg/lOOg
N%

В 8 7.35 7.20 3.50 6.35 22.5 10.8 0.18 0.12 33.8

B a 15 7.60 7.60 1.50 5.29 12.8 11.2 0.19 5.89 39.0

Table 3

Meteorological data 
(B áb o ln a , 1974)

Month Average
temperature (°C)

Deviation from 
the 50 years’ 

average

Amount of 
precipitation 

(mm)

Deviation from 
the 50 years’ 

average

Amount of the 
monthly total 

hours of sunshine

Deviation from 
the 50 years’ 

average

i n . 7.7 + 2 .2 5.1 - 3 4 .9

IV. 11.0 + 0 .5 28.9 -1 9 .1

V. 14.6 - 1 .2 76.4 +  14.4 75*

V I. 17.6 —1.8 73.9 +  14.9 184 - 7 2

V II. 20.3 - 1 .1 36.3 - 2 7 .7 208 — 78

V III . 22.4 + 1 .8 95.3 + 31 .3 214 - 5 2

* D a ta  m easured  beginning w ith  M ay 21

7. D escrip tion  of th e  g row th  (w eigh t an d  lea f  area): for th is , th e  eq uation

=  X 0ekl

w as used  (B r o d y , 1945). The w eigh t an d  lea f  a rea  o f a p la n t w ere ca lcu la ted  for each  d a y  
b e tw een  th e  in d iv id u a l sam plings, b y  th e  a ssu m p tio n  th a t  th e  v a lu e  o f exponen t к  does no t
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Table 4

Growth phase  o f  stands 
( Ju ly  31, 1974)

Place and Tasseling Pistillate Average height (cm)
Symbol for the hybrid number of the flowering

Julv 24, August 15,о//о 1974 1974

OSSK-218 В 8 90 75 180 227

D K X L-342 Ba 15 5 175 244

essen tia lly  change b e tw een  tw o  sam plings. O n th e  basis of th e  w e ig h t and leaf a rea  v a lu es 
ca lcu la ted  per d ay , th e  ch a ra c te ris tic s  used in  th e  g ro w th  analysis (see la te r) were d e te rm in ed  
fo r every  week. T he f i r s t  a n d  las t (incom plete) w eeks were left o u t o f considera tions (M ay, 
22 — 25 and A ugust, 11 — 15).

8. C harac te ris tic s  exam in ed : th e  m eth o d  u se d  here w as ta k e n  from  th e  w orks o f 
B rig gs  —K id d  —W e st  (1920), K v èt  — On d ó k  — N eca s  — J arvis  (1971) and E vans (1972). 
T he ch arac te ris tics  a re  as follow s: CGR =  crop  g ro w th  ra te  ( =  p ro d u c tiv ity . Od u m , 1971); 
R G R  =  re la tiv e  g ro w th  r a te  ( =  efficiency in d ex , B lackm an , 1919; c it. in: K v èt  — On d ó k  — 
N eca s  — J a r v is , 1971; =  in s tan ta n eo u s  re la tiv e  g ro w th  ra te , B r o d y , 1945); R L G R  =  re la tiv e  
le a f  g ro w th  ra te ; N A R  =  n e t  assim ila tion  ra te  ( =  u n it  leaf ra te , E v a n s , 1972); L A R  =  lea f 
a rea  ra tio : efficiency =  th e  cap ab ility  of th e  p la n t  to  solar energy  conversion. T he ca lcu la ­
tio n  of efficiency was carried  o u t as follows: w e ig h t gain  and increase  o f leaf surface pe r day  
w ere calcu la ted . The d a ily  to ta l  hours of th e  d u ra tio n  of sunshine w ere know n for ev ery  day. 
W ith  these  d a ta  an d  on  th e  basis of th e  e q u a tio n

Q =  (0.22 f  0.52 n /N )Q 0

th e  daily  to ta l a m o u n t o f incom ing  solar ra d ia tio n  w as calcu la ted  as cal./cm 2/day . T he e q u a ­
tio n  was tak en  from  th e  w ork  of Mitsu d er a  — Sa k a i (1975) and D u ra n d  (1974). T he coeffi­
c ien t of th e  eq u atio n  g iven  by  D uran d  h a rd ly  d iffers from  th e  values g iven  in th e  p u b lic a tio n  
of M it su d e r a  —Sa k a i. T he la t te r  values agree w ith  th e  average of th e  values co n ta in ed  in 
T ab le  1 o f D u r a n d . In  th e  ab o v e  equation , n = o bserved  daily  to ta l  hours of sunshine d u ra ­
tio n ; N  =  m axim um  possib le  am o u n t of th e  d a ily  to ta l  hours o f sunsh ine ; Q =  daily  to ta l  
am o u n t of solar ra d ia tio n  fa llin g  on a ho rizo n ta l su rface  of th e  e a r th ; Q0 =  daily to ta l  am o u n t 
o f global solar ra d ia tio n  o u ts id e  of th e  a tm o sp h ere .

H a lf of th e  Q v a lu e  w as used  in the  c a lcu la tio n , since only a b o u t ha lf of th e  incom ing  
so lar rad ia tio n  falls on  th e  in te rv a l w hich is c o n v e rte d  by th e  p la n ts  (PA R ). H av ing  these  
d a ta , we calcu la ted  th e  inco m in g  solar ra d ia tio n  fa lling  on th e  lea f surface  a t tim e £0, and 
th e  a m o u n t of w eigh t g a in  b e tw een  th e  p o in ts  o f tim e  t l — t0 (one d ay ); th is was m u ltip lied  
b y  4.00, w hich is an  e s t im a tio n  of the  calory  v a lu e  of th e  d ry  m a tte r . D ivid ing th e  v a lu e  of 
p la n t  g row th  expressed  in  c a lo ry  by  th e  q u a n ti ty  o f ca lo ry  incom ing on th e  leaf surface gives 
th e  efficiency (in our s tu d y , th e  resu lt is g iven  in  percen tages).

Results and evaluation

W eight gain

F or the  descr ip t ion  of weight gain , we used the  eq u a tion  m en tioned  
above. The value of  к in  th e  exponen t was ca lculated  b y  th e  equation

k =  l n (W 1IW 0) l (t, - t0)

(B lackm an , 1919; F i s h e r , 1921; bo th  cit. in :  K v è t —On d ó k —N ecas— J a r v is , 
1971; B r o d y , 1945), w h ich  is the  eq u iv a len t  o f  R G R  es tim ation .
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Table 5

The change o f  RG R and R L G R  in O S S K -2 1 8  and D K X L -3 4 2  hybrids

Sampling time
RGR

(g/g/day)
RLGR

(cm2/cm2/day)

OSSK DKXL OSSK DKXL

1974. V. 22 —V I. 5. 0.0685 0.1063 0.0858 0.1181

VI. 6 - V I .  19. 0.1385 0.0762 0.1120 0.0716

VI. 2 0 - V I I .  3. 0.1003 0.1319 0.0867 0.1065

V II. 4 —V II. 18. 0.1331 0.1164 0.0831 0.0775

V II. 19—V II. 31. 0.0331 0.0338 0.0011 0.0175

V III . 1 - V I I I .  15. 0.0284 0.0281 -0 .0 0 2 7 0.0060

B y using  th e  R G R  =  к  values given in  T ab le  5, we ca lcu la ted  th e  d a ily  
w eigh t o f one p la n t. The curves show n in F ig . 1 are d raw n  on th is  basis . 
B eg inn ing  w ith  th e  13th  week, th e  d rop  in  w eigh t gain of th e  hy b rid s  is w ell 
observab le . T h is is even m ore obv ious i f  th e  lo g a rith m  of th e  w eight is ta k e n . 
O ur sy stem  w as to  consider th e  w eeks 6— 13 as belonging to  one curve, a n d  
th o se  betw een  13— 16 to  an o th e r one. In  th e  f ir s t  phase th e  s ix th  w eek w as 
ta k e n  as th e  f irs t  one, while th e  13 th  w eek as th e  eigh t one; in  th e  second p h ase  
th e  13 th  w eek w as th e  firs t and  th e  16 th  w eek w as th e  fo u rth . T he curves are  
show n in Fig. 1, th e ir  equations are  given in  T ab le  6. The regression coeffic ien ts

g/plant

Fig. 1. T he grow th  ra te  o f th e  h y b rid s  (for e x p lan a tio n  see tex t)
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Table 6

W e ig h t g a in  o f  th e  h y b r id s  (log W )  a s  a  f u n c t i o n  o f  t im e  ( d e ta ile d  e x p la n a t io n
in  t e x t )

H ybrid Phase
Correlation
coefficient

M
Regression equation n

OSSK-218 I. 0.996*** lg W ,  =  0 .3 5 6 5 X !-0.9417 8

II . 0.955* lg W., =  0.1146X , +  1.8485 4

D K X L-342 I. 0.996*** lg W l =  0 .3 2 9 5 X !-0.7621 8

i l . 0.989* lg W 2 =  0.1084X 2+ 1 .8 3 6 7 4

* 5%  level; ** 1%  leve l; *** 0 .1%  lev e l s ig n ifican t v a lu e  (h e re in afte r th e  m ark s  w ill 
be  u se d  w ith  th e  sam e reference)

c a lc u la te d  for th e  tw o  h y b rid s  do n o t d iffer in  any  of th e  phases; in  P h ase  I  
t =  1.81, in  P h ase  I I  t =  0.24.

T ab le  7 co n ta in s  th e  w eights c a lc u la te d  and  m easu red  in  th re e  d iffe ren t 
w ay s. W ith  th e  f i r s t  a n d  second m e th o d s , th e  observed  and  m easu red  values 
can  be  assessed v e ry  w ell, while th e  th i r d  m e th o d  re su lted  in  less sa tis fa c to ry  
e s tim a tio n .

Table 7

E s t im a t io n  o f  th e  h y b r id  w e ig h ts  ( g /p la n t )

Sampling time w,

H y b rid : OSSK-218

V I. 5. 0.49 0.49 0.49 0.59
V I. 19. 3.47 3.46 3.41 3.05

V II. 3. 14.13 14.10 13.89 16.12

V II. 18. 104.00 103.81 102.28 91.85 (V II. 17.)

V II. 31. 160.00 159.63 157.28 155.70

H y b rid : D K X L-342

V I. 5. 0.91 0.91 0.91 0.79
V I. 19. 2.64 2.64 2.64 3.60

V II. 3. 16.74 16.72 16.72 16.40
V II. 18. 96.00 95.84 95.86 88.12 (V II. 17.)

V II. 31: 149.00 148.75 148.75 145.20

W 0 =  observed  w e ig h t; W el =  W 0 ek , c a lcu la te d  on  th e  basis o f t  —  i, — <0; W e2 =  
=  W 0 e ca lcu la ted  on th e  b asis  o f t  =  1 d ay ; W e3 is c a lcu la ted  on  th e  basis o f th e  e q u a tio n s  
g iven  in  T ab le  6
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L e a f area growth rate

In  th e  descrip tion  o f th e  lea f a rea  g ro w th  ra te  our sy s tem  was sim ilar 
to  th a t  used  in  w eight gain  d escrip tio n . T h e  R L G R  values a re  g iven  in  T ab le  5. 
T he cu rves d raw n on th e  basis  o f le a f  a rea s  calcu la ted  fo r d ay s  are  show n in  
F ig . 2. R y draw ing  th e  lo g arith m  of th e  le a f  area, the  b reak  on  th e  13th w eek 
in  th e  w eigh t gain m en tio n ed  above is o bservab le  also here , th e re fo re  we give 
tw o  eq u a tio n s  (Table 8). I t  can  be seen t h a t  in  the  case o f O SSK  th e  value o f r 
is n o t s ig n ifican t in th e  second  phase . T h e  regression coeffic ien ts  do n o t differ 
in  an y  o f th e  phases of th e  h y b rid s  (P h a se  I :  t =  1.42; P h a se  I I :  t =  0 .78).

A
cm2/plant

Fig. 2. T he le a f  a rea  g ro w th  of th e  hybrids (see te x t)
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Table 8

G ro w th  o f  th e  l e a f  a rea  o f  th e  h y b r id s  (log A )  a s  a  f u n c t i o n  o f  t im e

Hybrid Phase
Correlation
coefficient

M
Regression equation n

OSSK-218 I 0.998*** lg A ,  =  0.2856X, - f  1.4548 8
i l 0.550 lg A 2 =  0.0110X2 +  3.6925 4

DKXL-342 I 0.998*** lg A ,  = 0.2727Xt +  1.5229 8
II 0.956** lg A 2 =  0.0506X2 +  3.6465 4

The le a f  area  v a lu es  m easured  an d  e s tim a ted  in th re e  d ifferent w ays are  
g iven  in T ab le  9. T h e  values o b ta in e d  on th e  basis o f  equations invo lv in g  
lo g a rith m s d iffer v e ry  m uch  from  th e  observed  values in  the  case of b o th  
h y b rid s .

Table 9

E s t i m a t i o n  o f  th e  l e a f  a re a  o f  th e  h y b r id s  ( c m - / p l a n t )

Sampling time w„ w ei ^«2 we3*

H y b rid : OSSK-218

V I. 5. 95.32 95.33 95.31 106.20

V I. 19. 457.28 457.33 457.33 395.50

V II. 3. 1538.5 1539.5 1539.1 1473.8

V II. 18. 5350.7 5354.5 5353.3 5023.0 (V II. 17)

V II. 31. 5429.3 5431.6 5430.4 5284.0

H y b rid : DKXL-342

V I. 5. 134.54 134.58 134.60 117.07

V I. 19. 366.40 366.70 366.70 395.50

V II. 3. 1627.20 1628.80 1628.80 1473.80

V II. 18. 5204.50 5208.90 5208.70 5023.00 (V II. 17)

V II. 31. 6536.30 6539.50 6539.40 5284.00

R eferences as in  T ab le  7

A strong  p o sitiv e  co rre la tio n  ex ists  be tw een  th e  lo g a rith m  of w eight (W ) 
an d  th a t  o f lea f a rea  (A ); see Fig. 3 (O SSK : r  =  0.992***, lg A =  0.7225 
lg W  +  2.2293; D K X L : r  =  0.988***, lg A =  0.7731 lg  W  +  2.1793).
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IgA

Fig. 3. C o rre la tio n  betw een th e  lo g a rith m  of w eigh t a n d  o f leaf area 

Growth characteristics

a) T he w eek ly  change in  th e  crop  g ro w th  ra te  is o f  an  iden tica l te n d e n c y  
in  h y b rid s  up  to  th e  14 th  week (Fig. 4). O n th e  15th  a n d  16 th  weeks th e  p ro d u c ­
t iv i ty  o f D K X L  rises, while th a t  o f O SSK  drops, y e t to  a sm aller e x te n t th a n  
on th e  14th  week. F ro m  the  12th w eek, O SSK  p ro d u c tiv ity  surpasses D K X L  
p ro d u c tiv ity . H ow ever, on the 16th w eek th e  p ro d u c tiv ity  of th e  tw o h y b rid s  
show s v e ry  close v a lu es . The m axim um  p ro d u c tiv ity  on th e  13th  week is id e n t i ­
cal in  th e  h y b rid s .

week

F ig. 4. W eekly CG R  changes in  th e  h y b rid s

b) F igure  5 show s the  w eekly changes in  th e  re la tiv e  grow th ra te  o f  th e  
h y b rid s . U n til th e  12 th  week, th e  R G R  of th e  h y b rid s  changes c o n tra r ily , 
th e n  i t  decreases in  b o th  of th em . T h e  g rea te s t decrease occurs on th e  13 th
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■week tu rn in g  in to  th e  14 th  w eek. D u rin g  w eeks 14— 16, th e  R G R  of th e  tw o 
h y b rid s  is ab o u t id en tica l.

c) T he re la tiv e  le a f  g row th  ra te  (R L G R ) is of a declin ing  ten d en cy  
a lre a d y  from  th e  10 th  w eek in  th e  h y b rid s  (F ig . 6). U n til th e  10 th  w eek, th e  
R L G R  changes opposite ly  in th em . F ro m  th e  11th w eek to  th e  14 th  w eek 
a lm o s t id en tica l values em erge. T he g re a te s t  d rop  occurs also w ith  th is  c h a ra c ­
te r is t ic  on th e  tu rn  of w eek 13 to  14. T h e  re la tiv e  lea f g ro w th  ra te  of O SSK
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Fig. 6. W eekly R L G R  ch an g es in th e  hybrids
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becom es n eg a tiv e  on th e  1 5 th  and  16th w eeks, th a t  is a red u c tio n  arises in s tead  
of grow th . T h is phenom enon  is in  conn ec tio n  w ith  th e  decay ing  of the  low er 
leaves; a ro u n d  th e  end o f J u ly , th e  low er 3— 4 leaves d ry  an d  fall off o f th e  
sta lks.

d) T he w eekly changes in  N A R show ed a ris ing  ten d en cy  in O SSK , 
betw een  w eeks 6— 13. In  D K X L  th e  N A R  value rose from  th e  8 th  w eek 
(F ig. 7), w hile in  th e  12 th  an d  13th w eeks i t  w as ab o u t th e  sam e. The h y b rid s
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Fig. 7. W eekly N A R  changes in th e  h y b rid s

h ad  th e  g rea te s t N A R  va lu e  in th e  12 th  and  13th w eeks. B y th e  follow  ng 
week th e  N A R  values o f b o th  hybrids d ro p p ed  back  to  th e ir  halves, th e n  th e y  
rose again  on th e  15 th  w eek.

e) F ig u re  8 show s th e  lea f area ra t io . On th e  se v e n th  week a m ax im um  
occurred  in  th e  h y b rid s , th e n  th e  LA R  va lu es  decreased u n til  th e  end of ex am i­
natio n .

f) T he w eekly changes in the  effic iency  percen tages of th e  hyb rid s show ed 
a sim ilar ten d en cy  in  a lm o st all cases (F ig . 9). T he h ig h es t values occurred  on 
th e  12th  w eek. The v a lu es  in  th e  f ig u re  are th e  w eekly  average. T he da ily  
values exceed them  or th e y  are low er th a n  th e  w eekly  values. The m ax im u m  
OSSK es tim a ted  effic iency  is 8 .4%  (Ju ly , 12), its  m in im um  efficiency p e r­
cen tage  is 0 .6%  (Ju n e , 4 and  5). T he m ax im um  e s tim a ted  D K X L  efficiency 
is 7 .6%  (Ju ly , 12), i ts  m in im um  effic iency  is 0 .9%  (Ju n e , 9).
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F ig. 8. W eekly  L A R  changes in  th e  hy b rid s

Fig. 9. W eekly  efficiency p e rcen tag e  changes in  th e  h y b rid s

Correlation analysis

L e t us now  ex am in e  th e  re la tio n sh ip s  betw een clim atic  fac to rs  (w eekly  
m ean  te m p e ra tu re , w eek ly  a m o u n t o f p rec ip ita tio n , and  w eekly  am o u n t o f  
so la r  rad ia tio n ) and  g row th  ch a ra c te ris tic s  as well as th e  in te rre la tio n sh ip s  o f 
g ro w th  ch arac teris tics . C orrelations w ere ca lcu la ted  b y  a rran g in g  th e  g row th  
c h a ra c te ris tic s  w ith  th e  clim atic  d a ta  o f th e  preceding  w eek. In  th is  w ay  th e  
to ta l  n u m b er of p a irs  m akes 10. T h e  co rre la tion  coeffic ien ts are  given in  
T a b le  10. As is seen, th e  h y b rid s  show  an  ap p ro x im ate ly  id e n tic a l co rre la tion
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Table 10

Correlations between the climatic factors and growth characteristics and between 
the growth characteristics themselves

1 2 3 4 5 6 7 8 9

1 — - 0 .7 2 0.66 - 0 .5 3 0.16 — 0.56 - 0 .5 9 0.47 0.07 OSSK-218

2 = = - 0 .9 1 0.32 0.15 0.18 0.30 — 0.10 - 0 .0 6

3 = = = - 0 .1 9 - 0 .1 3 - 0 .0 6 - 0 .1 6 0.00 0.14

4 - 0 .4 1 0.27 - 0 .2 7 = 0.20 0.72 0.95 - 0 .5 9 0.52

5 0.10 0.12 - 0 .2 0 0.59 = - 0 .0 1 - 0 .0 9 0.62 0.82

6 - 0 .6 4 0.27 - 0 .1 2 0.58 - 0 .2 6 = 0.89 — 0.91 — 0.10

7 — 0.53 0.27 - 0 .2 3 0.94 0.32 0.81 = - 0 .7 8 0.28

8 0.51 - 0 .0 8 0.01 - 0 .4 2 0.48 -0 .9 1 — 0.65 = 0.26

9 0.09 - 0 .0 8 0.04 0.67 0.90 - 0 .0 4 0.47 0.25 =

D K X L-342

1 =  w eekly av erag e  te m p e ra tu re  (°C)
2 =  w eekly a m o u n t o f p re c ip ita tio n  (m m )
3 =  w eekly a m o u n t so lar ra d ia tio n  (h)
4 =  R G R ; 5 =  N A R ; 6 =  L A R ; 7 =  R L G R ; 8 =  C G R ; 9 =  efficiency, %

r  =  0.63 — 0.75, s ign ifican t on  5%  level 
r  =  0.76 — 0.86, s ign ifican t on  1%  level 
r  =  0.87 — 0.99, s ig n ifican t on  0 .1%  level

w ith  th e  c lim atic  fac to rs . T here  is only one s ig n ifican t co rre la tion  betw een  
th e  c lim atic  fac to rs  an d  th e  g ro w th  ch arac teris tics . M ost sign ifican t co rre la ­
tio n s w ith  a n o th e r  g row th  ch arac te ris tic  w ere m an ife s ted  b y  th e  R L G R  in 
b o th  hybrids.

In  th e  know ledge o f th e  co rre la tion  coeffic ien t, p a th  analysis was c a r ­
ried  o u t, in  o rd er to  d e te c t, an d  to  estim ate  th e  causes o f  v a riab ilitie s . The p a th  
d iag ram  was p re p a re d  so as to  allow th e  e s tim a tio n  o f  th e  in fluence of th e  
clim atic  fac to rs m en tio n ed  above on th e  g row th  c h a ra c te ris tic s  exam ined, an d  
also of th e  effect o f g ro w th  charac teris tics  on th e  R G R  v a ria b ility  (Fig. 10); 
th e  enum era tion  in  th e  figu re  is in agreem ent w ith  th a t  used  in T able 10, 
th e  arrow s in d ica tin g  co rre la tio n  — double-headed  arrow s —  are used on ly  
betw een  th e  c lim atic  fac to rs , an d  th e y  are n o t re p re se n te d  betw een  th e  g row th  
ch arac teris tics ; th e  e rro r p a th s  belonging to  th e  v a rio u s g ro w th  charac teristics 
are  n o t m arked , w ith  th e  excep tion  of R G R ; o n e-headed  arrow s ind ica te  d irec t 
p a th s . T he case o f th e  co rre la ted  causes was chosen. F ir s t  th e  effect of c lim atic  
fac to rs on th e  v a r ia b ility  o f g row th  ch arac teris tics  is d iscussed. T able 11 co n ­
ta in s  th e  e stim a tio n  of th e  effect of clim atic fac to rs  on th e  v a ria b ility  of g row th  
ch arac teris tics  in  th e  h y b rid s . E ach  of th e  c lim atic  fa c to rs  has a positive effect
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RGR

Fig. 10. T he p a th  d iag ram  p lo tte d  by  th e  a u th o rs  (see te x t)

on th e  OSSK v a r ia b ility  o f N A R  an d  efficiency. As fo r th e  R G R  v a riab ility  
in  D K X L , each of th e  c lim a tic  fac to rs  has a n egative  effect on th em . I t  is 
re m a rk a b le  th a t  th e  o th e r  fac to rs  e x e r t a re la tive ly  g rea t in flu en ce  in  all cases.

Table 11

Paths between the clim atic factors and the growth characteristics

RGR NAR LAR RLGR CGR Efficiency I

l . -0 .6 2 8 0.556 - 0 .8 9 9 - 0 .7 8 3 0.832 0.051 OSSK-218
2. 0.419 0.571 0.104 0.354 0.006 0.427
3. 0.606 0.022 0.629 0.676 -0 .5 4 1 0.495
E 0.805 0.823 0.718 0.734 0.781 0.976

D K X L-342
1. - 0 .4 4 6 0.392 0.933 - 0 .6 9 8 0.943 0.069
2. 0.168 - 0 .0 8 8 0.287 0.132 0.243 -0 .2 0 5
3. - 0 .1 2 8 - 0 .5 3 9 0.757 0.111 -0.392 - 0 .1 9 3
E 0.909 0.831 0.645 0.831 0.778 0.992

1. =  w eekly average te m p e ra tu re
2. =  weekly p re c ip ita tio n
3. =  am o u n t of w eekly  h o u rs  o f so lar ra d ia tio n  
E  =  error =  o th er fac to rs

T h e  o ther grow th ch a ra c te ris tic s  e x e r t d ifferent effects on th e  R G R  v a ri­
a b ili ty  o f th e  tw o h y b rid s  (T able  13). W hile  R L G R  exerts  th e  g re a te s t influ-
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Table 12

Percentage distribution o f  the paths given in  Table 11

RGR NAR LAR RLGR CGR Efficiency

1. 39.46 30.94 80.98 61.36 69.19 0.26 OSSK-218
2. 17.58 32.58 1.09 12.54 0.00 18.26
3. 36.73 0.05 39.55 45.72 29.26 24.54

D irect effects 93.77 63.57 121.62 119.62 98.45 43.06
In d irec t effects — 58.58 — 46.40 —  73.13 -  73.56 —  59.53 — 38.33
O ther effects 64.18 68.61 51.51 53.94 61.08 95.27

l . 19.92 15.40 87.01 48.71 88.98 0.48 D K X L-342
2. 2.83 0.78 8.27 1.73 5.89 4.23
3. 1.65 29.07 57.35 1.23 15.33 3.71

D irect effects 24.40 45.25 152.63 51.67 110.20 8.42
In d irec t effects —  7.18 — 14.30 -  94.26 — 20.79 —  70.74 — 6.92
O th er effects 82.78 69.05 41.63 69.12 60.54 98.50

Table 13

The effect o f  N A R ,  L A R , R LG R , CG R and efficiency on the RG R  variability

OSSK-218 I DKXL-342

path % path %

NA R - 0 .0 8 2 0.67 0.929 86.43

LA R 0.124 1.54 — 0.057 0.33

R LG R 0.920 84.73 0.339 11.48

CGR 0.215 4.63 — 0.657 43.19

Efficiency 0.284 8.05 — 0.164 2.69

D irect effects 99.62 144.12

In d irec t effects -  2.82 -  44.11

O ther effects 0.179 3.20 - 0 .0 0 0 1 0.01

ence on the v a r ia b ili ty  of RG R in  O S S K , th e  g rea te s t p ositive  effect is ex e rted  
b y  N A R  in D K X L . T h e  influence o f  th e  o ther c h a rac te ris tic s  is n o t s ig n ifican t 
in  a n y  of th e  h y b r id s , w hich is c o n tra ry  to  th e  case o f th e  clim atic  fac to rs .

A C K N O W L E D G E M E N T S

We express o u r  th an k s  for th e  p o ss ib ility  of th e  in v es tig a tio n s  to  Miklós E r d é l y i , 
a c tin g  m anager (A g ricu ltu ra l Com bine, B áb o ln a), and to  B éla  M ÉSZÁ R O S, chief ag ronom ist 
o f th e  “ K inizsi”  P ro d u c e rs ’ C o-operative a t  B ana, as well as to  th e  co-w orkers who p a r tic ip a te d  
in  th e  m easu rem en ts a n d  calculations (fro m  V ácrá tó t and  M osonm agyaróvár).
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ÜBER EINIGE PFLANZEN 
DES WESTLICHEN TIENSCHAN. II.

Von

Sz. P r iszt e r

BOTANISCHER GARTEN D E R  EÖTVÖS L. U NIVERSITÄT, BU DA PEST 

(E ingegangen  am  2. J a n u a r ,  1976)

T he a u th o r m akes us a c q u a in te d  w ith  th e  h isto ry  of th e  d iscovery  of E rem urus- 
h y b rid s ; en um erates all th e  a rtif ic ia l a n d  sp on taneous h y b rid s  kno w n  u p  to  now. He 
gives a nam e to  th e  crossing E rem u ru s regelli X K. turkestanicus  fo u n d  in  th e  W est- 
T ien -S han  (Erem urus  X ludm illae  L ev itsc h ev  e t P risz ter). T he a u th o r  describes a  new 
v a r ie ty  o f Alcea nudicaulis  (var. marthae) a n d  gives in fo rm atio n s a b o u t severa l lususes 
an d  form s — all can  be fo und  in  th e  N a tu ra l  P ro tec tio n  A rea  of T sh a tk a lsk i Shapo- 
ved n ik . F in a lly  th ere  a re  m en tio n ed  som e adven tiv o u s p la n ts  occurring  in  th e  ne igh ­
b o urhood  of T ashkent.

5. E re m u ru s -H ybriden

H e u te  sind  in  dem  sich v o n  d er K rim  bis zum  H im a la ja  e rs treck en d en  
au sg ed eh n ten  G ebiet schon m eh r als 80 A rten  der ü b e r einen  sehr c h a ra k ­
te ris tisch en , e igenartigen  H a b itu s  v erfü g en d en  E rem urus-G a ttu n g  b e k a n n t. 
Die e rste  E rem urus-A xt (noch u n te r  dem  N am en A sphodelus altaicus) k e n ­
nen  w ir fa s t  seit 200 J a h re n , den  g rö ssten  Teil der A rten  h a t  m an  ab er —  vor 
allem  aus M itte lasien  —  erst in  den  le tz te n  J a h rz e h n te n  beschrieben . S y stem a­
tik e r  d er le tz te n  Zeit (z. B. K h o k h r j a k o v  1965) erheben  ztvar die anfangs 
als G enera, sp ä te r  als S ubgenera  bzw . Sektionen  b e tra c h te te n  N am en  (A m -  
m olirion, H enn ing ia , Selonia  usw .) w ieder a u f  den R an g  eines G enus, jed o ch  
w urde  dies n ich t allgem ein angenom m en . So gebrauchen  w ir im  w e ite ren  n u r 
den G a ttu n g sn am en  E rem urus.

W egen der au ffallenden , ex o tisch en  F orm  u n d  G rösse der Eretnurus- 
A rte n  (viele von  ihnen  sind  50— 80, an d ere  100— 150 cm  hoch , einige e rre i­
chen sogar die H öhe von  3 m ), fe rn e r ih res m assen h aften  A u ftre ten s  fä llt 
ih n en  in  der x e ro th e rm en  G ebirgs-, zuw eilen W ü sten v eg e ta tio n  M itte l- und  
S üdw estasiens eine b ed eu ten d e  R olle zu. M ehrere ih re r  A rten  h a t  m an  bere its 
v o r e tw a 100 Ja h re n  w egen ih re r  p rach tv o llen  B lü ten  auch  in  die G a rte n ­
k u ltu r  einbezogen (ich habe  z. B . im  G a rte n  sogar 250— 400 B lü ten  trag en d e , 
80— 100 cm lange In flo reszenz  v o n  E . him alaicus u n d  E . robustus gesehen) 
u n d  zu r Ja h rh u n d e rtw e n d e  b eg an n  m an  sogar einzelne A rten  zu  veredeln .

* I .:  A cta  B ot. A cad. Sei. H u n g . 21 (1975) p . 377 — 386.
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(E . h im alaicus  X robustus)

Z u e rs t w urde b loss d ie  sp o n tan e  K reu zu n g  ein iger, in  den europäischen  
G ä rte n  gedeihender A r te n  b eo b ach te t, ab er in  k u rze r Z eit h a t  m an auch  m it 
d e r bew ussten  A rb e it d e r  k ünstlichen  K reu zu n g  begonnen . D ie b e k a n n te re n  
ä lte re n  K reuzungen  (vg l. F ed t sch e n k o  1909: 83, 154— 160) sind:

E . X isabellinus
E .x W a r e i  (JE. olgaeX stenophyllus  v a r. bungei)
E . X Shelford  
E . robustus S u p erb u s  
E . X H im rob
E .x T u b e rg e n ii  (E . him alaicus X stenophyllus  v a r. bungei)
E . X M ichelianus  (E . stenophyllus v a r . bungei X W'arei)
E .x M r s .  Reuthe  (E . spectabilis v a r . m a r g in a tu s x W a r e i)
D as V orkom m en d e r  F rem u ru s-H y b rid en  in  der N a tu r  begann  m an  e rs t 

s p ä te r  zu erforschen. O. F e d t sc h e n k o  h a t  im  J a h re  1909 das V orhandensein  
d e r n a tü rlich en  H y b rid e  E . olgae X stenophyllus  n u r  noch in  e iner vorsich tigen  
A b fassu n g  v e rifiz ie rt ( F e d t sc h e n k o  1909: 94), B . F e d t s c h e n k o  verw eist 
1935 noch ebenfalls n u r  a u f  die G a rten h y b rid en  der v ie r d ek o ra tiv en  A rten  
(E . olgae, robustus, spectab ilis , stenophyllus), obw ohl er die A ufm erksam keit 
eigens a u f  die in  der N a tu r  en ts teh b a ren  F re m u ru s-H y b rid e n  len k t. W e n d e l b o  
sc h re ib t hingegen schon  (1964: 26), dass ». . . n a tu ra l  h y b rid s  m ay  be q u ite  
com m on as several species often  grow together« . In  einem  eigenen A b sch n itt 
se in e r A rbeit (p. 26— 29) e rö r te r t  er au sfü h rlich  drei H y b rid e n  aus A fgha­
n is ta n :

E . ka u fm a n n ii X stenophyllus  ssp. aurantiacus  
E . o lgaeX stenophyllus  ssp. stenophyllus

(E . a lbocitrinus  B ak ., E .X  Shelford, E .X  isabellinus, E .x W a r e i)
E . robustus X s tenophyllu s  ssp. aurantiacus.
Vv e d e n sk y  e rw ä h n t in  einer seiner le tz te n  A rb e iten  (1971) u n te r  den 

aus M itte lasien  au fg e z ä h lten  45 E rem urus-A rten  schon  in  grosser Zahl H y b ri­
d en  ohne b inäre N o m e n k la tu r , lediglich m it d e r A ngabe d er E lte rn . Diese 
s in d  —  in a lp h ab e tisch e r R eihenfolge der A rte n  —  die fo lgenden:

1. angustifolius X stenophyllus
2. brachysternon X comosus
3. fu sc u sX  regelii
4. iaeX  regelii
5. iaeX  robustus

6. k a u fm a n n ii X robustus
7. olgaeX stenophyllus
8. regelii X turkestanicus
9. robustus X stenophyllus

10. sogd ianusX  turkestanicus.

A nlässlich u n se re r  in  den  Ja h re n  1973 u n d  1975 vorgenom m enen  F o r­
sch u n g en  in U sb ek is tan  k o n n te  ich m it den  b o tan isch en  M ita rb e ite rn  des 
G eb ie tes von T sc h a tk a lsk i S apow ednik  u n te r  den  stellenw eise in  M assen ge­
d e ih en d en  v ier E re m u ru s -A rten  (F . regelii, robustus, sogdianus u n d  
tu rkestan icus, A bb. 1— 4) die na tü rlich e  H y b rid e  des E rem urus reg e liix
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Abb. 1. E rem urus sogdicinus (R gl.) B en th . e t H ook, f., B lü te n s ta n d  
Abb. 2. E rem urus robustus R gl., au f den  H ä n g en  ü b er dem  T al des B asch-K ysil-Sai 

Abb. 3. E rem urus regelii V ved ., B lü ten stan d  
Abb. 4. E rem urus turkestanicus  R gl., im  T al des Iran -S a i
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turkestanicus  an  m eh re ren  S tellen  b eo b ach ten . D iese H y b rid e  h a t zw ischen 
den  v o n e in an d er m orphologisch  abw eichenden  beiden  E rem urus-A rten  einen 
ziem lich in te rm e d iä ren  H ab itu s . D er B liite n s ta n d  d er A rt E . regelii (A bb. 3) 
is t  d ich t, das P e rig o n  rosa-w ein ro t, die K apse l h a t  eine t ie f  gefu rch te  O ber­
fläche . D er B liite n s ta n d  der A rt E . turkestanicus  is t  h ingegen ziem lich locker 
(A bb. 4), das P e rig o n  gelb lich-grün , die O berfläche d er K apsel g la tt.

D ie H y b rid e  E rem urus regelii X  turkestanicus  h ab e  ich  zuerst am  F uss 
des A k-T asch in  e in er H öhe um  1800 m  gesehen, w äh ren d  die im  L ab o ra to riu m  
d er F o rsch u n g ss ta tio n  tä tig e n  F o rsch er I .  G. L e w i t s c h e w  u n d  L. S. K r a - 

SOW SKAJA einige E x em p la re  ih re r in  e tw a 2000 m -H öhe  im  U n te ren  M inara- 
G ebirge b e o b a c h te t u n d  auch  eingesam m elt h ab en . D a  diese H y b rid e  noch  
keinen  b in ä ren  N am en  h a t, h ab en  w ir sie zu  E h re n  d e r Sam m lerin  E rem u ­
rus X ludm illae  g e n a n n t.

E rem u ru s  X lu d m illa e  L e v i t s c h e v  e t P r i s z t e r , n o m en  novum  
(E . regelii V v e d .X - E .  turkestanicus  R g l .)

Color perigonii illő E . regelii pa llid io r, sed E . turkestanico  a tr io r . In flo rescen tia  n o n  ta rn  
densa , q u am  ap u d  E . regelii. C apsula lev ite r  (non  dense) rugósa. A n th e rae  illis E . turkestanic i 
sim iles: longae e t d eo rsum  re cu rv a ta e . H o lo ty p u s: in te r  p a ren te s , in  declivibus saxosis m eri- 
d ion alib u s m ontis M inara  In ferio r (m o n tiu in  T ien -S chan  O cciden ta lis), te rrito rii p ro tec tio n is  
n a tu ra e  T sch atk a lsk i S ap o v ed n ik  d ic ti, a lt. 2000 m .s.m . Leg.: Ig o r L e v i t s c h e v  e t L u d m illa  
S. K r a s o v s k a j a , 30. 5. 1975. H e rb ariu m  H o rti B o tan ic i U n iv e rs ita tis  Scien tiarum  B u d a p e s t 
(H u n g ária ).

6 . A lcea nud icau lis  ( L i n d l .)  B o i s s . v a r .  m a rth a e  P r i s z t e r

Die von A lthaea  abgesonderte  G a ttu n g  Alcea*  is t  im  K aukasus u n d  in  
M itte lasien  ziem lich  a r ten re ich  ( I l j i n  beschrieb  z. B . 10 neue A rten  im  J a h re  
1949). Von den A rten  is t in  M itte lasien  Alcea nud icau lis  (L indl. sub A lthaea)

* D a die neuere  in te rn a tio n a le  F a c h lite ra tu r  noch k a u m  d a v o n  K en n tn is  genom m en h a t  
w as se it 1969 in  der u n g a risch e n  L ite ra tu r  b e re its  p u b liz ie rt w o rd en  is t, m uß  ich h ier e rw äh ­
n en , d aß  w enn  w ir die v o n  d en  A lthaea  ab g eso n d erte  G a ttu n g  A lcea  anerk en n en  (u n d  dies 
w ird  im m er m ehr a n e rk a n n t) , so is t der gü ltige  N am e der u rsp rü n g lich  aus U ngarn  b esch rie ­
b en en  A rt »A lthaea p a llid a  W . e t K . ex  W illd.« (Sp. pl. 3. 1800) n ic h t Alcea pa llida  (W . e t 
K . ex  W illd . 1800 vel 1801) W . e t K . 1800 vel 1801 (D escr. Ico n . P l. R a r. H ung. 1.). D iese 
P flan ze  h a t  näm lich  u rsp rü n g lich  J .  J .  W i n t e r l  u m  1780 in  U n g a rn  e n td e ck t u n d  in  se inem  
»Catalogue« aus dem  J a h re  1785 (in  M an u sk rip t) k a n n  die A rt schon  u n te r  dem  N am en  »Alcea 
nova« ( P r i s z t e r  1972b: 147, 1973: 99) an g etro ffen  w erden . In  d em  in  D ruck  e rsch ienenen  
»Index« des B o tan isch en  G arten s  zu P e s t — der zugleich  das e rs te  F lorenw erk  ü b e r den  
m itt le re n  Teil U n g arn s is t  — b rin g t W i n t e r l  eine ku rze  B eschreibung  u n d  ein gültiges B in o m  
d a rü b e r  (dieses is t  fa s t  d e r  einzige gü ltige  P flan zen n am e  v o n  W i n t e r l , da die N a m en se in e r  
ü b rig en  E n td e ck u n g e n  w egen des G ebrauches des b loß  »neues« b e d eu ten d e n  W ortes »novum « 
u n g ü ltig  sind; vgl. P r i s z t e r  1972a: 7). W i n t e r l  h a t  au ß er der k u rzen  D iagnose (»floret 
secundo  anno , m ox p e r itu ra . S p o n tan ea  h u n g a riae  flore pa llido , cau lis  so litarius sim plex«) 
a u ch  eine K u p fe rs tich ta fe l (fig. 23. p. 153) de r P flan ze  p u b liz ie rt. D er gültige frühere  N am e 
v o n  Alcea »pallida (W . e t K .) W . e t K.« is t  d em nach : Alcea biennis  W i n t e r l  1788 (In d ex  H o rti  
B o t. U niv . H ung. p. 3). ( P r i s z t e r  1969: 211, 1972a: 15; cf. Soó Syn . 4  1970: 587, 5 1973: 689.) 
Syn .: Alcea pa llida  W . e t  K . ex  W i l l d . 1800 vel 1801

A lthaea pa llida  (W . e t  K . s u b  Alcea) W . e t  К . 1800 v e i  1801; B e s s e r  1822 ( s e c .  Fl.
U R S R  7 1955: 286.)

A lthaea biennis  ( W i n t e r l  1788 sub Alcea) B o r b . 1900, n o n  A lthaea biennis (M. В.
1808 sub  A lcea) O. K t z e . 1891 quod  e st Lavatera b ienn is  M. B. 1808.
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B oiss., m it ih ren  schönen , w eissen B lü ten  ziem lich v e rb re ite t  u n d  k an n  
ev en tu e ll als A hne d e r bloss aus K u ltu re n  b ek an n ten  A lcea  rosea b e tra c h te t  
w erden . D er Alcea rosea ähnlich v e r fü g t  auch  Alcea nud icau lis  ü b e r einen ziem ­
lichen  F o rm en re ich tu m . So h a t I l j i n  (1949) — ih re  B e h a a ru n g  sowie die 
Z erte ilu n g  der B la ttsp re ite  in B e tra c h t  gezogen —  m ehrere  ih re r  F o rm en  
u n te rsch ied en  (f. subglabra, f. p ilo sa , f. h irsu tissim a ; f. obtusiloba, f. acuti- 
loba Iljin ).

Im  W estlichen  T ien-Schan h a b e n  w ir eine au ffa llende  B lü ten ab w ei­
chung  b eo b ach te t. D ie  K ro n b lä tte r  d e r  typ ischen  Alcea nud icau lis  sind  u n te n  
u n d  oben so b re it, dass sich ih r B a n d  zum  Teile deck t u n d  die B lü te  dem zu­
folge dem  A nschein n ach  eine T ric h te rfo rm  b ild e t (A bb. 5). E in en  ähn lichen

Abb. 5. A lcea  nudicaulis  (L in d l.)  Boiss. var. nud icau lis, B lü te

B lü te n a u fb a u  zeigen noch Alcea rosea oder auch  m eh rere  L in u m -A rten . —  
B ei der se lteneren  neuen  V a r ie tä t  d er A rt Alcea nud icau lis  sind  die K ro n ­
b lä t te r  hingegen schm al, stehen  w e it voneinander u n d  im  S p a lt zw ischen den 
K ro n lilä tte rn  sind  die K e lc h b lä tte r  g u t s ich tb a r (A bb. 6—-7). E inen  diesem  
ähn lichen  B lü te n a u fb a u  können  w ir  auch  bei anderen  M alvaceae-A rten  (z. B . 
Lavatera thuringiaca , M alva silvestris  oder auch bei d e r in  T ad sch ik is tan  h e i­
m ischen  A rt Alcea baldshuanica  (B ornm .) Iljin  v o rfin d en .

D as im  G eb ie t T sch a tk a lsk i Sapow ednik  an  m eh reren  S tellen  vorkom - 
m ende (und  gew iss auch an d ersw o  v o rfindbare) neue T a x o n  habe ich m it 
m einer F ra u  gem einsam  gefunden  u n d  als V a rie tä t (n ich t bloss als Form ) 
n a c h  ih r  b e n a n n t, d a  diese V a r ie tä t  vom  T yp m orpho log isch  in  b ed eu ten d e ­
rem  M asse ab w eich t u n d  dieser abw eichende B lü te n a u fb a u  be i anderen  A rten  
d e r Fam ilie  M alvaceae  — wie gesehen — ein k o n s ta n t  a u ftre te n d es  M erk­
m al is t.

A lc e a  n u d i c a u l i s  ( L i n d l . )  B o i s s . var. m a r t h a e  P r i s z t e h , v a r . nova

A ty p o  p e ta lis  an g u stis  (su p ra  20 — 26, in fra  7 m m  la tis )  ben e  d iffe rt. C alyx in te r  u n ­
gues p e ta lo ru m  em inens.
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H a b ita t in  te r r i to r io  p ro te c tio n s  n a tu ra e  T sch atk a lsk i S ap o v ed n ik  d icto  (e t verisim i- 
l i te r  in  aliislocis) m o n tiu m  T ien -S chan  O ccidentalis . In  valle Iran -S a j p rope  s ta tio n em  m eteoro- 
log icam  (cca 1200 m . s. m .) die 4. 6. 1975 leg eru n t M. e t  Sz. P r i s z t e r . A d honorem  detecto ris: 
u x o ris  mei n o m in a ta . H o lo ty p u s  in  h e rb ario  H o rti B otan ic i U n iv e rs ita tis  Se ien tiarum  B u d a ­
p e s t  (H ungária ) c o n se rv a tu r .

Abb. 6. A lcea  n u d icau lis  (L ind l.) Boiss. va r. marthae  P r isz te r , B lü te

U 5  c m  
_ j _______ I

A bb. 7. Alcea nudicaulis  v a r . nudicaulis  (links) u n d  var. marthae  ( rech ts), K ro n b la tt  u n d
K e lch b lä tte r

Die w eissblütige A r t  Alcea nudicaulis  h aben  w ir im  allgem einen zwi­
sch en  1000— 1500 m . ü . M., in  der W aldsteppenzone gefunden . A n den w est­
lich en  A usläufern  d e r G ebirge —  so z. B . in  der U m gebung  von  P á rk é n t —  
h a b e n  w ir auch ro sa fa rb en e  In d iv id u en  gesehen (jedoch  n u r  aus dem  A utobus 
b eo b ach te t) . Es w erd en  w eitere  U n te rsuchungen  an  O rt u n d  Stelle nö tig  
se in , um  entscheiden zu  k ö n n en , ob die dortige  P flan ze  eine H y b rid e  der A rt 
A lcea  rosea is t oder ob sie even tue ll m it der aus T a d sc h ik is ta n  erw ähn ten  
A lcea  sangardensis I l j in  (nom en n u d u m , in  F l. U R SS 15. p. 110— 111) m it 
ro safa rb en en  B lü ten  u n d  tie fg esp a lte ten  B lä tte rn  id en tif iz ie rt w erden kann .
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7. Einige Farbabweichungen aus dem W estlichen Tien-Schan

Calopliaca tianschanica (B. F ed tsch .)  Boriss. lus. aurantiaca P risz te r , lus. no vus 
A ty p o  flo ribus a u ra n tia c is  (non aureis) d iffert.

Cerasus erythrocarpa N evsk i lus. albiflora P risz te r , lus. novus 
A  ty p o  floribus a lb is (non  roseis vel p u rp u re is) differt.

Onobrychis grandis L ipsky  lus. purpurea P risz te r , lus. novus
A ty p o  floribus la e te  p u rp u re is  (non  roseis vel alboroseis) d iffe rt.

Hypericum  scabrum L. lus. citrinum  P risz te r , lu s. novus
A  ty p o  flo ribus c itrin is  (non  flav is) d iffert. F requens.

Im patiens parviflora DC. f. albiflora P risz te r, f. nova
A ty p o  flo ribus a lb is (non  ochroleucis) d iffert. Form áé ab  hoc d ivergen tes su n t: f. 
albescens R ohlena 1926 (fauce a u ran tiaco ) e t f. bicolor L eeder in N eu m an n  1929 (fauce 
calcarique p u rp u rascen te ) . Fo rm a n o stra  a lb iflo ra  in regione T ien -S ch an  O ccidentalis 
frequens esse v id e tu r.

Helichrysum  maracandicum M. Pop. e t K irp . lus. albescens P risz te r , lus. novus 
A ty p o  squam is fere a lb is (non lae te  flav is) d iffert.

K orolkow ia sewertzowii R gl. lus. viridiflora P risz te r , lus. novus
A ty p o  flo ribus to to  v irid ib u s (non  b ru n n eo -p u rp u re is  vel v ir id e -p u rp u re is)  d iffert.

A llium  barszczewskii L ip sk y  lus. albidum P risz te r , lus. novus
Color flo rum  p la n ta e  ty p icae  v a riáb ilis : lae te  p u rp u reu s , ro seo p u rp u reu s , roseus; 
pedunculis p u rp u re is . L usus albidum  a  ty p o  pe ta lis  fere a lb is pedu n cu lisq u e  albis (vel 
p u rp u rascen tib u s) d iffert.

Allium  iodanthum V ved. lus. roseolum  P risz te r , lus. novus 
A typo  flo ribus roseolis (non  a tro p u rp u re is )  differt.

Juniperus serawschanica K om . f. glauca P risz te r , f. nova
A ty p o  foliis g lauco v irid ib u s d iffert. Color haec ap u d  d iv ersas  C oniferas freq u en ter 
proveniens.
Lusi form aeque haec om nes in  te rr ito rio  p ro tec tio n is  n a tu ra e  T sch atk alsk i 
S apovednik  d icto  p roven ien tes. H o lo ty p i om nes — anno  1975 lec ti — in  herbario  
H o rti B otan ic i U n iv e rs ita tis  S c ien tia ru m  B u d ap est (H u n g á ria )  co n se rv an tu r.

Isatis boissieriana R chb .f. lus. purpurea P risz te r , lus. novus
A ty p o  siliculis p u rp u rasce n tib u s  d iffert. P rope  urbem  S a m ark a n d , die 2. 6. 1975 lecta. 
H olo typus (N r. 8125/75) in  herbario  H o rti B otanici U n iv e rs ita tis  B u d apestinensis con- 
serv a tu r.

8. Einige Adventivpflanzen aus Taschkent

Crambe amabilis B u tk . e t  M ajlun . E ine im  J a h re  1962 aus K a sa ch s ta n  beschriebene A rt, die 
a n  R uderalste llen  a u ch  in  U sb ek istan  sich zu v e rb re iten  sch e in t. — In  ru d e ra tis  ad  
urbem  T asch k en t e t in  regione v ic ina  (e. gr. prope T sch im gan). A n ap o p h y to n ?

Polygonum  cuspidatum Sieb, e t Zucc. =  Reynoutria japonica H o u tt .  — In  ho rtis  cu lta  e t 
in  u rbe T asch k en t p lu rib u s locis su b sp o n tan ea .

Duchesnea indica (A ndr.) Focke. — P la n ta  o rn am en ta lis  e t in  locis co m p lu rib u s u rb is  T asch ­
k e n t (e. gr. in  h o rtis  publicis p riv a tisq u e ) saepe su b sp o n tan ea .

I n  H o rto  B otanico A cadem iae Sc ien tiarum  U sb ek istan ae  (in u rb e  T asch k e n t)  p lan ta s  sequen- 
tes ad v en tiv as v id i: F ibigia macroptera Boiss. (ex Caucaso e t  Asia M inore), A nem one  
pennsylvanica  L. (ex A m erica B oreali), Duchesnea indica  (A n d r.) F ocke (ex Asia A ustra- 
li e t O rientali).

D A N K SA G U N G

D er V erfasser sp ric h t seinen au frich tig s ten  D ank  fü r die H ilfe  den  K ollegen des B o ta ­
n ischen  L ehrstuh ls der L EN IN -U niversität u n d  des H erbars de r U sbek ischen  A kadem ie der 
W issenschaften  zu T asch k e n t, sowie des I le rb a rs  der m itte la s ia tisch en  Sek tion  des K o m a r o v - 
In s ti tu te s  zu L en in g rad  aus.
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(R eceived  M arch 12, 1976)

T he a u th o r  carries o u t  his b o tan ica l ex am in a tio n s o f w ild vine s tan d s in  th e  
C a rp a th ian  B asin , i.e. in  th e  a rea  of H u n g ary , rich  in c h a ra c te ris tic  au to ch th o n  species. 
Since th e  en d  of th e  19 th  c en tu ry , no th o ro u g h  stu d ies  on  th e  s tan d  hav e  y e t  
been  p u b lish ed . I t  is n o tew o rth y  th a t  th e  n o rth e rn  b o u n d a rie s  o f H u ngary  m ore or 
less co incide w ith  th e  n o r th e rn  bou n d aries o f b o th  th e  d is tr ib u tio n  of Vitis sylvestris 
Gmel. (g rove vine) and th e  g ro w th  of V. v in ifera  L.

In  th e  a rea  m en tio n ed  above, V. riparia  M ichx. besides V. sylvestris, in creasing ly  
gains g ro u n d  too . I t  is for th e  f ir s t  tim e  th a t ,  a f te r  th e  cenological c h a rac te riza tio n  of 
th e  h a b ita ts  o f b o th  species, th e  d iag n o stic  c h a ra c te r  and  d a ta  o f c luster-, b e rry -, a n d  
seed, am ong  th em  b e rry  size an d  be rry  w eigh t co rre la tio n  d a ta ,  o f V. sylvestris o b ta in e d  
from  n ine h a b ita ts  are d escribed  on th e  basis of a b o tan ica l analysis.

T he seed plays a p r im a ry  p a r t  also in  th e  c lassifica tion  of th e  basic species o f 
vine. T he a u th o r  considers as basic species those  w ild v ines w hich  use to  grow for th e  
selection  of s to ck  cu ltiv ars  o r fru itin g  cu ltiv a rs  (g rapev ine, ta b le  grape).

T he m o st im p o rta n t d im ensions o f V. sylvestris seeds, com pared  to those of th e  
A u strian  a n d  U pp er-R h ein ish  vine-seeds, are g iven  in  tab les , w ith  reference to  h a b ita ts . 
T he V. rip a ria  seeds a re  p re sen te d  in  a sim ilar m an n er. T h e  a u th o r  groups th e  w ild  
v ine  seeds by  th e  len g th  d a ta  o f th e  seeds.

In v e stig a tio n s  in to  th e  tw o  species rev ea l th a t  d u rin g  seed len g th  g row th  th e  
seed b eak  grow s qu icker as com p ared  to  seed corpus.

S ev eral com parisons h av e  been  m ade w ith  th e  d iag n o stic  ch arac te rs  of V. v in i­
fe ra  seeds. B y  m eans of c a lcu la tin g  several ra tio s  — d iam e te r/le n g th  (occasionally  its  
recip roca l t h a t  is len g th /d ia m ete r) , b eak  leng th /seed  len g th  — th e  a u th o r charac te rizes  
th e  seed o f th e  tw o w ild-grow ing v ine  species in  H u n g a ry . W hile m ak in g  th e  com ­
parisons w ith  V. v in ifera , th e  a u th o r  calls a tte n tio n  to  sim ila rities  (for exam ple, seed 
d iam e te r)  a n d  to d issim ilarities as well; as for exam ple  th e  p ro b lem  of sh o rt b eak  an d  
w ide chalaza .

In tro d u c tio n

T he rich  f lo ra  of th e  C a rp a th ia n  B asin , th e  occurrence o f th e  c h a ra c te r ­
istic  P an n o n ian -B a lk an ian  an d  P o n tia n  p la n t species h ad  a lread y  early  aroused  
th e  a tte n tio n  b o th  of H u n g a ria n , an d  especially  W est-E u ro p ean  b o tan is ts . 
M any em in en t b o tan is ts  like P ál  K it a ib e l , V in ce  B o r b á s , Á rpád  D e g e n , 
Á rpád  K iss , L a jo s  Sim o n k a i , V ik t o r  J a n k a , Sá n d o r  J á v o rra , Zoltán  
K á r pá t i , J e n ő  K e l l e r , I m re  Má t h é , G usztáv Mo e sz , G yula  N y á r á d i , 
A ntal P é n z e s , R aymund  R a p a ic s , J ános W a g n e r , E n d r e  G ombocz, J e n ő  
B e r n á t sk y , R ezső  Soó, B á l in t  Zólyomi exp lo red  th e  H u n g a rian  flo ra , an d  
achieved n o te w o rth y  resu lts  even  a t  in te rn a tio n a l level. N o tw ith s tan d in g  all 
th is , th e  V itis  s ta n d s  w ith  reg a rd  to  tax o n o m y  h av e  rem ain ed  a lm ost un to u ch ed .
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T he H u n g a rian -b o rn  P rofessor E . RÁt h a y  of K lo s te rn eu b u rg  (A ustria) 
w as a lm ost th e  f ir s t  (1889 Vol. V.) a f te r  K e r n e r  (1857) to  p ay  a tte n tio n  
to  th e  vine p o p u la tio n s alongside th e  D an u b e  (1888/1889; 1892/1893). H is 
v in e  carpological e x am in a tio n s , th e  d e ta iled  analysis of th e  sexual d im orph ism  
o f V. sylvestris serve as a basis even to d a y  fo r every  resea rch  in to  V. sylvestris 
a n d  V. vinifera. T o d a y  in  H u n g ary  P . K ozma (1963, 1964, 1966 etc .) is an 
o u ts ta n d in g  c o n tr ib u to r  to  th e  carpo log ical research  of c u ltiv a te d  v ines a t  
an  u p -to -d a te  level.

H egedűs  (1966, 1968, 1969) p u b lish ed  th e  resu lts o f his v ine  ana to m ica l 
a n d  m orphological re se a rc h  in  several p ap ers  and  books.

A ndrasovszky  (in  J á v orka , 1924— 1925), also a H u n g a ria n , who 
ach ieved  fam e w ith  h is sy s te m a tiz a tio n  o f cu ltiv a ted  v ines, d id  n o t deal 
w ith  v ine stands grow ing  wild. An d r a so v sz k y ’s view  (l.c.) on w ild-grow ing 
v ines is w ell-reflected b y  his follow ing w ords: “The V. silvestris  Gm el. . . . 
co n ta in s  the  form s o f sev e ra l V. v in ifera  g roup  cu ltivars occu rring  especially  
in  th e  sou th ; th e ir  f low ers, owing to  th e  d isco n tin u a tio n  in  cu ltiv a tio n , are 
o ften  b u t no t alw ays u n isex u a l” . A dnra so v szk y’s co n tem p o ra ry , Ga y e r  
(1928), who was a g re a t advoca te  o f A n drasovszky’s sy stem  o f c u ltiv a te d  
v in e , considered V. sylvestris  as an  a u to c h th o n y  of v ines grow ing alongside 
th e  w atercourses.

A ndrasovszky  (1915— 1917) w as th e  f irs t in H u n g a ry  to  sy stem atize  
th e  v ine species by  th e  sh ap e  c h a rac te ris tic s  of th e  seeds. T o d a y  i t  is F acsar 
(1967; 1970; 1971) in  o u r In s t i tu te  w ho deals w ith  th e  q u estio n  an d  who 
com piled  th e  so-called seed ty p e  g roup  sy stem  of V. vin ifera  c u ltiv a rs  (1972).

Am ong th e  spec ia lis ts  o f th e  p ra c tic a l field I ’só (1954) w as th e  f irs t 
to  ta k e  notice of th e  m ass occurrence o f V . riparia  alongside th e  riv e r T isza. 
B o ta n is ts  did no t in d ic a te  th e  p resence o f th is  species; i t  is considered  even 
to d a y  as V. sylvestris (fo r exam ple, Ma g y a r , 1960). In  ou r op in ion , a th o ro u g h ­
going bo tan ica l e la b o ra tio n  was m uch h in d ered  by  th e  v iew —w hich can  be 
considered  as genera l —  th a t  th e  w ild-grow ing vine s ta n d s  o f E u ro p e  essen­
tia lly  consist of escaped  p la n ts , thus i t  is n o t w orth-w hile to  deal w ith  th em . This 
a t t i tu d e  seems to  be con firm ed  by  ‘ac c e p ted ’ handbooks, too . F o r exam ple 
R e h d e r  (1951) says: “ T h e  spon tan eo u s or su bspon taneous form  is som etim es 
d istingu ished  as ( V . v in ifera  L.) v a r . sylvestris W illd. . . .”

These had  been  th e  preceding  phases  of research  w hen  we s ta r te d  to  
m ak e  a pro ject an d  becam e engaged in  solving th is  p ro b lem  (T e r p o , 1962; 
1963; 1969; 1974). O u r research  could essen tia lly  be based  besides th e  re su lts  
o f  RÁt h a y , on th o se  o f  th e  F ren ch  L e v a d o u x , th e  R o u m an ian  P o p , th e  
Y ugoslav ian  T u rk o v ic  an d  Soviet N e g r u l ’. The good p e rso n a l re la tio n sh ip s  
t h a t  developed b e tw een  th e  la t te r  tw o an d  us had  to  a g re a t e x te n t fav o u rab ly  
in fluenced  the  o rg an iza tio n  and  accom plishm en t of V. sylvestris  research , th e  
f in a l ta rg e t of w hich w as to  e lab o ra te  th e  origin, tax o n o m ica l c lassifica tion
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a n d  ecological cond itions of V . sylvestris , and th e  p ro b lem  of its  being re la ted  
to  V. vin ifera  an d  V. riparia.

In  th e  p re sen t paper we describe and discuss on ly  th e  ch a rac te ris tic s  
an d  corre la tive  connections o f  th e  fru it and seed.

M a te ria l and m ethod

R esearch in to  w ild vine p a r t ly  consists of field  s tu d y . B y  doing th is  we c a rry  ou t 
th e  cenological e lab o ra tio n  and th e  co llec tio n  of soil sam ples to  o b ta in  ecological d a ta ;  the  
in v es tig a tio n s  in to  sex d is trib u tio n ; th e  e stim a tio n  of the  c o n d itio n s o f th e  p la n ts  (disease, 
e tc .); th e  surveying of phenological d a ta ;  an d  th e  collection o f f ru its .

Since 1964, co n tin u a lly , we h a v e  estab lished  a liv in g  co llec tio n  from  th e  m ate ria ls  
g a th e re d  — in  th e  “ B o tan ica l G ardens o f Soroksár”  belonging to  th e  D e p a rtm e n t of B o tan y  
of th e  U n iv e rsity  — m o stly  by  sow ing th e  seed. The soil of th e  a rea  (sligh tly  h um ic  san d  of 
chernozem  ch arac te r) developed on sa n d  dunes ch arac te ris tic  fo r th e  D an u b e-T isza  M id­
reg ion . I ts  annual m o is tu re  q u a n tity  is 552 m m , annual m ean  te m p e ra tu re  10.2°C, th e  f irs t 
a u tu m n  fro st gen era lly  appears on th e  1 1 th  of October.

T he fru its  o f th e  cu ltiv a ted  an d  o f th e  w ild-grow n m ate ria ls  w ere m easu red  an d  e v a lu ­
a te d  according to  p rac tice  in a m p e lo g rap h y ; th e  shape of th e  b e rry  w as d ep ic ted  b y  draw ing. 
T he berries were g rouped  according to  th e  n u m b er of seeds th ey  co n ta in s ; th e ir  shape d a ta  were 
o b ta in e d  by  m eans o f a stereom icroscope, on  th e  basis of th e  p a t te rn  show n in F igs 8 — 9; th e  
m ag n ifica tio n  of th e  ocu lar m ic ro m eter w as 12.5 X , th a t  of th e  o b jec tiv e  was 1 X . W e en ­
d eav o u red  to  o b ta in  d a ta  useful b o th  in  tax o n o m ica l and archaeo log ica l research .

In  th e  ev a lu a tio n  of th e  d a ta  reco rd ed  I applied v a rio u s  m a th e m a tic a l-s ta tis tic a l 
m e th o d s . In  order to  d e te rm in e  th e  r a te  o f v a ria b ility  of th e  c h a ra c te ris tic s , of th e ir  d is tr ib u ­

t io n  an d  va ria tio n , I  ca lcu la ted  th e  v a ria n ce s  and th e  significance |s  =  j /  ^   ̂ =  Jf  s2 j  .

I  co m p ared  the  v a r ia tio n  of th e  d iffe ren t ch arac te ris tics  of th e  f ru i t  a n d  th e  seed — th e  d ev ia ­
t io n  re la te d  to  th e  average, in p e rcen tag e  — by m eans of th e  v a r ia tio n  coefficien t as

= CV = s • 100

X

T he values o f th e  v a ria tio n  co effic ien ts were e s tim a te d  as th e  follow ing v a ria tio n  
classes:

1. 0 — 10%  — th e  ch arac te ris tic s  a re  invariab le  and as such  are  usab le  also fo r d is­
tin g u ish in g  infraspecific  ta x a ;

2. 10 — 20%  — th e  ch arac te ris tic s  show  a m oderate  v a r ia tio n , an d  can  be used  s a tis ­
fa c to rily  in  d istingu ish ing  species;

3. 20 — 30%  — th e  coefficient re p re se n ts  a high degree of v a r ia tio n  w hich can  be trac ed  
b ack  to  species rich  in  infraspecific  ta x a ,  to  hybrid  p o pu lations, an d  o ften  to  th e  effect of 
e x tre m e  ecological co n d itions;

4. 30%  — th e  coefficient re p re se n ts  a n  ex trem e flu c tu a tio n  in  th e  ch aracte ris tics .
W hen  exam in ing  th e  co rre la tio n s be tw een  seed n u m b er a n d  b e rry  vo lum e, I also

c a lcu la te d  th e  values o f confidence in te rv a l .
A m ong th e  ra tio  num bers , m ain ly  th e  seed index values ( len g th /d ia m e te r  or its  rec ip ro ­

cal d iam ete r/len g th ), u sed  also in  am p elog ical researches, were c a lcu la te d  an d  th e  re su lts  were 
p lo tte d  graphically . T his m ode of re p re se n ta tio n  was considered  im p o r ta n t  especially  since 
th ro u g h  i t  a possib ility  was offered to  m e  to  com pare m y d a ta  w ith  th o se  of o th e r a u th o rs .

T he len g th  and  d iam ete r of th e  seed  w ere m easured an d  u sed  in  all cases, sim ilarly  to 
th e  len g th  of th e  beak. C erta in  m orpho log ical characteris tics (such  as th e  len g th  and  d iam ete r 
o f th e  ro se tte ) were m easu red  only fo r in fo rm a to ry  purposes.

B esides th e  above d a ta , th e  q u a li ta t iv e  d iagnostic  c h a ra c te rs  o f th e  seeds w ere also 
d e te rm in ed : th e  shape of th e  seed, th e  fo rm  of th e  base and b eak , th e  scu lp tu re  of th e  dorsal 
a n d  th e  v e n tra l sides, th e  colour and  th e  glaziness of th e  seed.

A m in im um  of 20 seeds of one ty p e  w as used in the  calcu la tio n s; in  cases of easy  access 
100 seeds per p lan t w ere collected.
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T he correlations b e tw ee n  seed n u m b ers  and  b e rry  sizes pe r b e rry  w ere exam ined by  
m ea n s  of a regression a n a ly s is ; th e  re su lts  a re  g iven  as co rre la tio n  coeffic ien ts , d a ta  pairs, 
reg ress io n  coefficients w ith  th e ir  significance and  th e  regression  e q u a tio n .

T he m a th e m a tic a l-s ta tis tic a l ca lcu la tio n s t h a t  hav e  been  ap p lied  a re  p rin c ip a lly  based 
on  th e  w ork  of Sváb (1967).

Results

In  our research  we ex am in ed  also th e  orig in  o f th e  w ild v in e  populations 
s ince  in  th e  case of ev e ry  p la n t w hich  has also a ca teg o ry  o f  c u ltiv a te d  form , 
th e  suspicion of th e  p la n t h av in g  heen escaped from  d o m estica tio n  inev itab ly  
a rises. A no ther view is t h a t  w hich sim ply  considers all w ild v in e  p lan ts  as the 
re m n a n ts  of old c iv iliza tions, th a t  is “ escapes” . I have a lread y  used  th e  m ethod  
o f  in v es tig a tin g  th e  orig in  of  o th e r  p la n ts , too  (Terpo  1960); th e  fru itfu lness 
o f  th is  m ethod  has em erged  especially  in th e  case of w ildgrow ing P yrus  stands.

W ild vine s tan d s  can  be classified  in to  th e  follow ing g roups:
(1) Autochthon stands or species, th e  orig in  o f w hich can  be proved 

irre sp ec tiv e  of an y  d o u b t (by  m eans of cenological, p a laeo n to lo g ica l and  
archaeo log ical, etc. m e th o d s). S im ilarly , as every  p la n t, an y h o w  these  original 
b asic  species can be d raw n  in to  cu ltiv a tio n  (for exam ple  as s to ck  cu ltivars, 
o r  o rn am en ta l p lan ts) as well, w hen, how ever, th e y  m a in ta in  th e ir  original 
ch a rac te ris tic s . Such v in e  p la n t is V itis sylvestris in th e  exam ined  area.

(2) Subspontaneous vines, w hich are  ad v en titio u s  e lem ents for th e  
n a tu r a l  flora (Figs 1 an d  2). T hey  can behave in  an  ep h em era l w ay or 
as  n a tu ra lized  p lan ts  a n d  can  becom e p e rm am en t m em bers o f  th e  n a tu ra l flora 
in  E u ro p e  as well; such  a re  for exam ple V. riparia. T hese p la n ts  under such 
ecological conditions th a t  is th e y  are sim ilar to  th e ir  o rig in a l h a b ita t, are 
(a) com petitive ; (b) re s is ta n t to  various diseases an d  insect dam ages to  localities 
a t  le a s t to  as high an  e x te n t  as in th e ir  o rig inal lands; (c) th e ir  v a ria b ility  also 
a t ta in s  the  degree d e te c ta b le  in th e ir  old h a b ita t :  (d) th e y  spon taneously  
h y b rid ize  w ith  th e  re la te d  species to  be found  here. All th ese  allow  us in H u n ­
g a ry  to  infer in th e  case o f V. riparia  th a t  th e  secondary  cen tre  of origin of 
th e  species has developed  here  (of w hich h y b rid iza tio n  is, o f  course, no t a 
c rite rio n ).

2.1. Subspontaneous basic vine species (see th e  fo regoing  paragraph).
2.2. Subspontaneous variety  (cu ltivars). In th e  course o f o u r researches 

we have found a few  p la n ts  of d irec t p ro d u cer of v a r ie ty  in  subspon taneous 
s ta te  in H ungary . T he su b sp o n tan eo u sly  grow ing ro o ts  o f th e  v a rie ty  tr a d i­
tio n a lly  cu ltiv a ted  here  (for exam ple, ‘H á rs lev e lű ’, ‘F u rm in t’ and  ‘K öv i­
d in k a ’) have no t been  fo u n d  in  th e  orig inal v eg e ta tio n s. F o r th e  tim e  being only 
one  p la n t of V. v in ife ra - like v in e  has com e in to  lig h t in  th e  subspon taneous 
s ta te  from  th e  o u tsk ir ts  o f th e  v illage Csesznek in  th e  B ak o n y  M ountains.

(3) Culture relicts. In  d iscon tinued  p la n ta tio n s , v it ic u ltu re s  often con­
tin u e  to  grow w here th e y  h ad  been cu ltiv a te d  even a t  th e  tim e  w hen as a
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F ig. 1. F era l Vitis r iparia  M ichx. in  th e  edge of th e  reed  b a n k ; B ék ésszen tan d rás 1962
( p h o t o :  A. T e r p ó )

F ig. 2. F e ra l, d irec t p ro d u c in g  v ine  cu ltiv a r o f V. labrusca o rigin; Iregszem cse 1965 (pho to :
A. T e r p ó )
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re su lt of succession th e  a rea  is g rad u a lly  reclaim ed  b y  th e  original flo ra . 
O w ing to  various causes (w ars, phy lloxera), m ain ly  in th e  H u n g a rian  C en tra l 
R an g e  of M oun ta ins, th e  p la n ta tio n s  of th e  m o u n ta in  sides o ften  were a b a n ­
d o n ed . U n fo rtu n a te ly , in  th e se  areas, w here in  several cases n a tu ra l fo rest 
s ta n d s  have  a lread y  developed  (for exam ple , T á lly a  in  th e  Zem plén M oun­
ta in s ) , no v ine p la n ts  o f sev era l cen tu ries old h av e  been fo und . In  th e  areas 
th e  f lo ra  of w hich  o rig in a tes  from  on ly  th e  la s t 30— 100 y ears  (a fte r th e  
p h y llo x era  p lague), V . v in ife ra  c u ltiv a rs  w ere found  in  a v e ry  run-dow n s ta te , 
an d  som e re la tiv e ly  m ore v igorous d irec t p ro d u cers  (for exam ple , th e  cu ltiv a i- 
‘J a c q u e z ’, w hich is o f V . aestivalis  origin) in  th e  ab an d o n ed  v ine-y ard s  o f th e  
P ilis M ountains.

N or d id  we f in d  th e  c o n tin u a tio n  of rep ro d u c tio n  o f th e  cu ltiv ars  in  
th e se  areas. On th e  o th e r  h an d , th e  u n d e r-s to ck  vines m an ifest g rea t v i ta l i ty  
in  th e  ab an d o n ed  v ine  p la n ta tio n s , f ir s t  of all th e  V . riparia  d e riva tives, b u t  
th e  p la n ts  o f V. berlandieri an d  V. rupestris  origin live also for a ra th e r  long 
tim e  (P la te  I I ) .

T he m eth o d  o f L e v a d o u x  (1956) w as to  classify  w ild  v ine  s tan d s also 
acco rd in g  to  th e ir  o rig in . L e v a d o u x ’s p o in t of d e p a rtu re  is th e  supposition  
t h a t  th e  orig in  of fe ra l v in e  p la n ts  can  he tra c e d  b ack  to  one-tim e cu ltiv a te d  
h u t  la te r  ab an d o n ed  v ine  p la n ta tio n s  w here th e y  reached  a w ild-grow ing s ta te .

W e c a n n o t s ta r t  from  th is  s ta n d p o in t, i.e. b eg inn ing  th e  “ sy stem ” of 
w ild-grow ing  v ine  s ta n d s  w ith  c u ltiv a te d  v ines, since a t  th e  v e ry  beg inn ing  
th e  th o u g h t w ould  arise  t h a t  we w an t to  deduce a u to c h th o n  species from  c u lti­
v a te d  varie ties.

W e can p rove w ith o u t d o u b t th a t  V. sylvestris has been au to ch th o n  
(JÁr a i -K omlódi , 1966; 1968; 1969) in  th e  area  o f H u n g ary , in  th e
C a rp a th ia n  B asin , since th e  post-g lac ia l w arm  periods (7500 B .C.); w ild 
v in e  s tan d s  are p r im a ry  to  th e  c u ltiv a te d  v ine  s tan d s  o f  various origin. 
T h e  E u ro p ean  w ild v in e  w h ich  h ad  lived  in  th is  area  as ea rly  as th e  A tlan tic  
p h ase  (H olocene 5 th  zone) can w ith o u t h ia tu s  he f i t  in to  th e  category  of V. 
sylvestris  fo rm  w hich  ex is ts  to d a y . (On th is  q u estio n  we shall re p o rt in  d e ta il 
a t  a la te r  da te ).

I f  we w an t to  g ro u p  th e  w ild-grow ing fru it-p la n ts  accord ing  to  th e ir  
“ o rig in ” , au to m a tic a lly  th e  question  arises w h e th e r only  th e  s ta te  of going 
fera l is possible; we th in k  th a t  d om estica tion  also ex ist and  did  ex ist, and we 
m u s t em phasize th a t  th e  c u ltiv a te d  v ines o f to d a y  have  com e in to  existence in 
th is  w ay. The process o f d o m estica tio n  can n o t be left ou t of consideration . To 
th is , s ign ifican t exam ples are  to  be found  in  P yrus  species, in  B ulgaria and  
Y ugoslav ia , w here sev era l wild P yrus  species are a u to c h th o n . The very  p rim ­
itiv e  cu ltiv ars  a re  s till “ p u re ”  species d é riv â tes  an d  are n o t th e  elem ents of th e  
so-called  m u lti-h y b rid  g a rd en  pears. These form s are  n o t th e  p ro d u c ts  of going 
fe ra l, h u t are on th e  b o u n d a rie s  betw een  w ild and  c u ltiv a te d  s ta te .
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Sim ilarly  as in  th e  case of o th e r  fru it-g row ing  p la n ts , we shall h av e  to  
suppose th a t  th e  c u ltiv a te d  V. v in ife ra  segregated from  a V. vin ijera  p o pu la tion  
w hich , a lthough  i t  w as growing w ild , h ad  a lready  been  b isexual. B isex u a lity  
also m e a n t a g u a ra n te e  for a h ig h e r  p roduction  r a te  an d  p ro m o ted  a b e tte r  
fe r ti l i ty  ra te  and , in d irec tly , th e  fo rm a tio n  of la rg e r berries. (W e can n o t now  
go in to  details o f th is  topic.)

H abitat data. F o r  the  p re se n ta tio n  of earlier V itis  h a b ita t  d a ta  th e  
m o st a p p ro p ria te  th in g  to  do is to  q u o te  th e  A u s tr ia n  K e r n e r  (1875), w ho 
p a id  a tte n tio n  to  th e  occurrence o f  v in e  b o th  in  th e  H u n g a ria n  C en tra l R ange 
o f  M ountains (P ilis M ountains), a n d  th e  areas of th e  H u n g a ria n  P la in : “ n ir ­
gends aber schöner u n d  in  g rö ssere r Menge als zw ischen  Y isegrád  u n d  Szt. 
L ászló , wo au f e in er S trecke v o n  m ehreren  Jo c h e n  im  B uchenw alde  fa s t 
je d e r  B au m stru n k  des H ochw aldes von  W einreben u m ra n k t und  die B au m ­
k ro n en  m it den ü p p ig s ten  R ebengew inden  ü b ersp o n n en  sind. M assenhaft in 
den  A uen im S trom gelände  der D o n a u  hei (P á rk á n y )  N án a  u n d  a u f  der 
M argare then insel hei Ofen (B u d a p e s t) , wo die R eb en  u ra lte r  W einstöcke 
b is zu den höchsten  W ipfeln der P a p p e ln  und E ichen  em p o rk le tte rn . In  der 
S tuh lw eissenburger N iederung  im  W ald e  bei V a jta  u n d  a u f  der K ecskem eter 
L an d h ö h e  in den W äld ern  bei M o n o r und  Pilis u n d  a u f  P u sz ta  P eszér bei 
A lsó D ab as.”  T h u s, w ild vine —  p resu m ab ly  an d  m o stly  V . sylvestris — 
h a d  a m ass occurrence in H u n g a ry . T o d a y  we can  see o n ly  th e  trace s  o f th e  
one-tim e  frequency  o f  V. sylvestris , th e  la s t decaying  ro o ts , w hich  are p a r tly  
rep laced  by  th e  sp read in g  V. r ip a ria , alongside w ith  o u r large riv ers  (F ig . 3).

In  th e  lig h t o f  cenological l i te r a r y  d a ta  (Soó, 1966), V. sylvestris is a 
Salicion  albae an d  A lno-P adion  spec ies (F raxino  pannon icae-U lm etum , Salice- 
tu m  albae-fragilis) o f  narrow  fo re s ts  a long  w atercou rses. O ur researches in to  
orig ins were lau n ch ed  on the  b as is  o f d a ta  p a r tly  from  fo rm er flo ra  w orks 
an d  lite ra ry  rep o rts  ( B o r b á s , 1879; B o r o s , 1925; Ga y e r , 1925; 1928; I ’só , 1954, 
J á v o r k a , 1924— 1925; K e r n e r , 1873; 1875; Ma g y a r , 1960; Má t h é , 1936; 
N e i l r e i c h , 1866; R á t h a y , 1888; 1889; 1893; Zó ly o m i , 1958) and  p a r tly  from  
perso n a l com m u n ica tio n  w ith  b o ta n is ts , and  specialists o f ho rti- an d  sy lv i­
c u ltu re  (e.g. Z. K á r p á t i , I. K á r p á t i , M. Ú j v á r o s i , I . Má t h é , J .  P a pp  and
G. V i d a ). O ur resu lts  are  as follow s.

(a) A t a few  p o in ts  of th e  H u n g a ria n  C en tra l R ange of M ounta ins, 
V itis  sylvestris s till occurs in a v e ry  sm all num ber; n am ely , (i) in  th e  N aszály  
M o u n ta in  below th e  B örzsöny  M o u n ta in s , (ii) in th e  N o rth e rn  B ak o n y  M oun­
ta in s , (iii) a t D iósgyőr on the  e a s te rn  flan k  of th e  B ü k k  M ountains, and  
(iv) in  th e  Zem plén M ountains. (W e h a v e  only a h e rb a r iu m  sheet o f th e  p la n t 
o b ta in ed  from  the  B ü k k  M ountains, th e  p la n t of th e  Z em plén  M ounta ins has 
been  c u t out.^

A n o th er of th e  m ost p rec io u s h a b ita ts  lies in  th e  S o u thern -T rans- 
d a n u b ia n  p a r t of H u n g a ry , w here —  in th e  “ Zselicség”  an d  on th e  so u th e rn
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F ig . 3. V itis riparia  M ichx. in  th e  w illow -poplar groves o f “ T őserdő”  a longside  th e  riv er 
T isza ; L ak ite lek  1975 (pho to : G y . T e r p ó )

slope  o f the  M ecsek M o u n ta in s  —  some ex tensive  s tan d s  o f  V itis  sylvestris 
o ccu r here and th e re .

Grove vine grow s in  h a b ita ts  Nos (i) and  (ii) in  th e  beech  fo rest zone. 
I t  is charac teristic  o f th e  associa tion  \M elico -F agetum (M elitti- Fagetum  Soó 62)] 
t h a t  i t  consists of tre e s  n o t  o f th e  sam e age. T he v ines creep u p  to  enorm ous 
beech  trees th a t  h av e  liv e d  up  to  a t  leas t tw o  c u ttin g  tu rn s  (a b o u t 200 years 
o ld ). Acer pseudo-p la tanus, Cerasus (P ru n u s ) avium  an d  F ra x in u s  excelsior 
also are  to  be found  in  th e  tree  s tra tu m  in a d d itio n  to  the  beech  trees. Hedera 
helix , Carex pilosa , V in ca  m inor, Viola silvestris, A sp eru la  odorata an d  L am ium  
geleobdolon appear in  th e  h e rb  s tra tu m  (freq u en tly  as facies) w ith  a ra th e r  large 
coverage  (A— D: 1— 3). In  th e  B akony  M ounta ins, even A ru m  alp inum  
occurs frequen tly . I n  th e  B örzsöny  M ounta ins, C arpinus betulus and  in th e  
B a k o n y  M ountains Q uercus cerris an d  Acer campestre push  in w a rd  th e  s tands 
o f  th e  beeches.
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1 2 5  4 5 "V-

Plate I .  V itis sylvestris G m el. from  th e  fo res ts so u th  of K a p o sv á r, in  th e  T ran sd an u b ian
H ills d raw n  b y  Mrs. F . L e x a

In habitat N o. (i), in associations of talus slopes w ith  linden woods 
(M ercuria li-T ilie tum  Z ó l y o m i  et J a k u c s  58), V. sylvestris  grows in the alm ost 
im penetrable shrubbery of Clematis vitaiba  and Staphylea  p in n a ta , and it 
even creeps up to the crowns of Fagus silvatica  and T ilia p la typ h y llo s  (Terpo , 
1969).

(b) The V. sylvestris  h a b ita ts  o f h illy  coun tries a n d  f la t- la n d s  in H u n ­
g a ry  are  also w o rth y  o f  no te . G rove v ine occurs in  g re a te s t  n u m b e r in th e  
T ilio  argenteae-Quercetum petraeae-cerris Soó 57 associa tion  in  H u n g a ry , in  
th e  h a b ita ts  of S o u th e rn -T ran sd an u b ian , Zselicség, so u th  of K ap o sv ár. 
B esides th e  c h a ra c te ris tic  su b -M ed ite rran ean -Illy rean  species of th e  associa-
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Plate I I .  V itis riparia  M ichx. from  th e  Is la n d  of H á ro s alongside th e  D an u b e  near B u dapest
( d r a w n  b y  Mrs. L e x a )

fio n s  w hich have developed  on loess soil (T ilia  argentea. Rosa arvensis. Helle- 
borus odorus, T am u s com m unis, e tc .) Fagus silvatica  also occurs sporad ically . 
I t  w as only here th a t  th e  rev iv a l of V. sylvestris  from  seeds could be ex ­
perienced .

Grove v ine has d isap p eared  from  th e  overw helm ing  m a jo rity  o f ou r 
f la t- la n d  areas. A few  specim ens of i t  grow on th e  edges o f sm all fo rest spo ts 
in  th e  h a b ita t  re m n a n t em braced  b y  th e  tow ns o f Pécs a n d  S zigetvár an d  
b y  th e  river D ráv a . T hese h o rn b eam  grove associations o f  th e  H u n g a rian  
P la in  (Querco robori-C arpinetum  Soó e t Pócs (31) 57b) re p re se n t a tra n s itio n  
to  th e  oak-ash-elm  groves w hich  are  close to  th e m  b o th  ecologically an d  
flo ris tica lly ; th e  r a th e r  freq u en tly -o ccu rrin g  A cer ta taricum  is rem ark ab le , 
w hile in the  herb  lay e r A ru m  a lp inum  is rep laced  b y  A ru m  m aculatum .

I t is ch a ra c te ris tic  of th e  en tire  E u ro p ean  area  o f d is tr ib u tio n  o f V. 
sylvestris  th a t  it follow s riv e r courses. As it  has been m en tio n ed  in the  in tro ­
d u c tio n , V. sylvestris  occurred  in  m asses in th e  w hole o f  its  E u ro p ean  area. 
T o d a y  it  is ra re  everyw here.
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Fig. 4. Old V itis sylvestris Gmel. (grove v in e) in  a n  island along th e  D anube; A lsógöd 1970
( p h o t o :  A. T e r p ó )

V itis sylvestris  is to  be fo u n d  in  a v e ry  sm all n u m b e r  (som etim es o n ly  
a p la n t here a n d  th e re , as for exam ple  on th e  b an k s  o f th e  D anube n e a r 
Szentendre) in a few  s tan d s of th e  oak-ash-elm  groves ( F raxino pannonicae- 
Ulmetum  Soó 60). I t  is ch a ra c te ris tic  of th e  association  th a t  on higher a lt i tu d e  
Quercus robur (A— D : 1— 3), Acer campestre (1— 2), U lm us foliacea  (1— 3),
U. laevis (1), A cer tataricum  (1), Corylus avellana (1— 2) a n d  Ligustrum  vulgare  
(1—2), while on h e rb  s tra tu m  Ir is  variegata, A rum  m aculatum , A . a lp in u m , 
Galanthus n iva lis, Convallaria m aja lis , Scilla b ifo lia , Polygonatum  la tifo lium , 
an d  P . m u ltiflo rum  are  freq u en t (F ig . 4).

On river te rraces  th e  slope o f w hich are  she lte r-lik e , V. sylvestris a sso c ia ­
tions jo in  to g e th e r, m ix  w ith  th e  Salicetum -albae-fragilis  Issler 26 em. Soó 57 
species w hich is u su a lly  ch a ra c te ris tic  o f th e  n e x t, low er terraces. In  th e se  
cases, P opulus alba  (A— D: 2— 3) and  F raxinus p a n n o n ica  (1) ap p ear w ith  
g rea te r coverage, b u t  in  ce rta in  a reas th e  feral species a p p e a r  in g reat m asses.
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T h u s , Acer negundo, M orus alba , Celtis occidentalis, A m o rp h a  fru ticosa  and  
P arthenocissus quinquefolia  can  he re fe rred  to  as genera lly  w ide-spread  in 
th e s e  areas.

The tru e  h a h i ta t  o f V it is riparia  is fo u n d  m ostly  in  th is  w illow -grove. 
T h e  ex tensive e s tab lish m en ts  o f th is  so-called  riverside v in e  u su a lly  develop 
in to  im p en e trab le  ‘■jungle” , o ften  o v erlap p in g  in to  the  shrub-w illow s (Salice- 
turn triandrae  M alcu it 29 an d  Salicetum  purpureae  W en d e lb e rg er—Z elinka 52; 
th e  la t te r  b y  th e  D an u b e  h an k ) an d  in to  th e  hardw ood groves ly ing  on th e  
h ig h e r te rraces ( F raxino  pannon icae-U lm etum ), especially a long  th e  s tream  
B o d ro g  and  th e  D an u b e . T he h y b rid s  o f th e  tw o vine species are  found  also 
in  th e  tra n s ito ry  zone. V itis  riparia  b y  c reep ing  up th e  tre e s , g rad u a lly  in te r ­
tw in es  th e  S a lix  an d  P opulus  species, a n d  also the crow n o f U lm us laevis, 
p ro d u c in g  th e re b y  huge green c u rta in s  w h ich  are te n t-  and  la b ir in th -lik e  a t  
th e  sam e tim e. T he m ass of lianes o f a g re a t w eigh t, sooner or la te r  “ s tran g les” , 
th e  trees , due to  covering  th e ir  fo liage; th e  w eakened or d e s tro y e d  trees in te r ­
w o v en  by  m asses of lianes fall on to  th e  g ro u n d  giving th e  a rea  th e  ap p earan ce  
o f  a tro p ica l u n d is tu rb e d  ju n g le .

The f r u i t  o f  vine

F ru it-g ro w in g  p la n ts  are  u su a lly  f ir s t  exam ined as fa r  as th e  d is tin ­
gu ish in g  ch a ra c te r  o f th e  fru it, th e  d ev e lo p m en t of th e  c h a ra c te rs , th e  co r­
re la tio n  betw een  usefu l an d  less v a lu ab le  d iagnostic  c h a ra c te rs  are  concerned. 
T h e  f ru it  c h a rac te ris tic s  of w ild-grow ing  basic species (p a re n t species) are 
e ssen tia l from  th e  v iew p o in t o f su rv iv a l an d  spread of th e  p la n t  b u t — since 
in  th e  in v estig a tio n s in to  c u ltiv a te d  p la n ts  th e  basic species m ay  rep re sen t 
th e  “ real co n tro l”  —  th e  resu lts  o b ta in e d  in  th is  w ay are  also  w o rth y  to  be 
u se d  in  cu ltiv a te d  p la n t  researches (b y  im prov ing  them ).

M aturing  tim e . A ccord ing  to  G m e l in  (1805), V. sylvestris  is o f la te  
rip en in g : “ B accas m a tu ra t  N o v em b ri” . O u r own o b se rva tions genera lly  con­
f irm  him . In  th e  h a b i ta t  areas of b o th  th e  B ak o n y  M oun ta ins an d  th e  Zselic- 
ség  (sou th  of K ap o sv á r) ce rta in  specim ens occur w'hose f ru i t  ripen  only  in  
1 0 % . And w hen th e  D ecem ber freeze ensues, th e  clusters re m a in  on th e  lea f­
less lianes, o ften  u n til  sp rin g -tim e . O w ing to  th e  v a r ia b ility  o f  th e  p o p u la ­
tio n s  certa in  specim ens of th e  v ine  e s tab lish m en ts  ripen  a lre a d y  as early  as 
th e  end of S ep tem b er (F ig . 5).

The fru its  o f V. riparia  r ip en  ea rlie r: from  the end o f A u g u st. A la rger 
p ro p o rtio n  of m a tu r in g  tim e  falls in S ep tem b er. I t  is a re m a rk a b le  p h en o m ­
enon  th a t  th e  riparia  X  sylvestris h y b rid s  are  m ostly  early  m a tu rin g  (second 
h a l f  o f A ugust) an d  th a t  th e y  are m u ch  fav o u red  by b irds.

The c lu sters  o f th e  w ild v ine species m entioned ab o v e  are generally  
loose (Figs 5 an d  6); th is  refers especially  to  V. sylvestris. D ense  sq u a t c lusters

Acta Botanica Acadcmiac Scientiarum Hungaricae 2 2 ,  1976



2 2 1
C A R P O L O G IC A L  E X A M I N A T IO N  O F  W I L D - C R O W I N G  V I N E  S P E C I E S ,  I

F i g .  5 .  B ranched-w inged  c lu s te rs  o f V i t i s  s y l v e s t r i s  G m el.; th e  f ru it g a th e red  in  O ctober 1975 
was still u n m a tu re d  (green); Csőszpuszta, B alcony M ts. (ph o to : H. B.)
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l u g .  6. Loose c luste rs o f V i t i s r i p a r i a , M ichx.: S ep tem b er 1975; willow groves along th e  r iv e r
l is z a ;  C songrad (pho to : H . B .)
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a re  to  be found m ostly  in  V. riparia  (F ig . 7). The c lusters  of b o th  species are 
u su a lly  aliform  (w ith  developed  side- clusters); from  th e  som etim es 
b ifu rc a te d  branches tw in -c lu s te rs  develop  (th e  righ t-side  c lu sters  in  F ig . 5); 
th e  le n g th  of the  c lu s te rs  is v a riab le , an d  i t  is u sua lly  ch a ra c te ris tic  o f th e  
in d iv id u a l p lan ts . C lusters of 17 cm  le n g th  to g e th e r w ith  th e  pedicel o f  th e  
b e r ry  (2— 5 cm) are fo u n d  only  in  a few  specim ens of V. sylvestris an d  riparia .

F ig. 7. Dense, winged c lu s te rs  o f Vilis riparia  M ichx.; Sep tem ber 1975; willow groves along 
th e  r iv e r T isza; C songrád (photo: H. B .)

In  b o th  species th e  c lu ste rs  are  genera lly  3 .5—10 cm long. One sh o o t m ostly  
b ea rs  tw o clusters, b u t  th re e  c lu sters  m ay  also occur. F o r exam ple , in  one of 
th e  specim ens of V. sylvestris  occurring  in  th e  Zem plén M ounta ins, c lu ste rs  by  
sh o o ts  were found in  th e  follow ing n u m b ers : 2, 3, 2, 3, 2, 2, 2, 3, 2, 2, 2, 2, 1,
2, 2, 2, 2, 2, 3.

T he variance  of th e  c lu ste r-len g th  is s ign ifican t. In  V. riparia  i t  is be­
tw een  m edium  and  s tro n g  v a r ia b ility  (s%  =  C V  =  2 1 .3% ), in  V. sylvestris  it 
is even g rea te r th a n  th a t  (s%  =  37 .9% ).

T he to ta l n u m b er o f berries w as also de te rm ined ; th is , in  m ost cases, 
show s a small va lue , w hich  can be tra c e d  back  to  th e  loose-type o f  c lu ste r, 
a n d  o f course, to  its  re la tiv e  sm allness. In  T able 1 som e d a ta  are g iven  com ­
p a re d  to  those of V. v in ifera  species. (T he d a ta  of th e  la t te r  are ta k e n  from  
th e  am pelograph  of N é m e t h , 1967.)
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T he b e rry  n u m b e r of V. riparia  g iven in  th e  above ta b le  is ex trem ely  
ch a rac te ris tic  of th e  w ild-grow ing s ta n d , w hich is c learly  d e m o n s tra te d  also 
b y  Figs 6 and  7. T here  are even g re a te r  dev iations th a n  th a t ,  w hen berry  
n u m b ers  a t ta in  70— 100 (e.g. in  th e  case o f a few V. riparia  a long  th e  D anube).

In  th e  case of b o th  w ild-grow ing species, th e  v a rian ce  in  b e rry  n um ber 
is g rea te r th a n  th a t  experienced  w ith  reg ard  to  th e  c lu ste rs . T he v a ria tio n  
coeffic ien t of V. sylvestris (s%  =  47 .3 % ) basically  show s w ide f lu c tu a tio n ; 
in  re a lity , dev ia tio n s from  th e  av erag e  to  such a la rge  e x te n t are freq u en t 
even  w ith in  th e  in d iv id u a l p lan ts .

B erry  sizes an d  w eights are also ch a rac te ris tic  o f th e  tw o w ild species 
(T ables 1 an d  2). T he v a ria tio n  coeffic ien ts of b o th  V. sylvestris  an d  V. riparia  
show  th a t  th e  len g th  an d  d iam ete r va lu es  are of g rea te r s ta b ility . I t  is in te re s t­
ing  th a t  th e  v a r ia tio n  coefficient o f th e  d iam eter shows a sm aller significance 
in  b o th  species (in  V. sylvestris 10 .2% , in  V. riparia  9 .6 % ; w hile th e  leng th  
values are 14 .2%  an d  11.6%  resp ec tiv e ly ).

In  T able 2, we give d a ta  of ripa ria  vines from  D an u b e -b an k s  (w ith  one 
excep tion ); th e ir  berries are to  a ce rta in  e x te n t la rger th a n  tho se  of th e  p lan ts  
from  T isza-banks. In  H u n g a ry  th e  m ean  value does n o t su rp ass  8 m m  even 
in  th is  com parison , accord ingly  i t  m ay  be in ferred  th a t  th e  b e rry  size of
V . riparia  s tan d s  is generally  be tw een  6 and 8 m m .

T he m ean  b e rry  size of V. sylvestris  appears to  be above 8 m m . This, 
even  w ith in  one p la n t, m ay  reach  10 m m  in len g th  or d ia m e te r; e.g. th e  V. 
sylvestris  p lan ts  grow ing along th e  D an u b e  below B u d a p e s t H áros (S-2 in 
T ab le  2) have f ru it  len g th  an d  d ia m e te r  values re la te d  to  d a ta  from  100 
berries can  be g iven  as follows: 1 =  10.9 — 6.5, d =  10.8 —  6.0.

B erry  w eigh t u su a lly  show a co rre la tio n  w ith  th e  len g th  an d  d iam eter 
d a ta . F lesh  in  th e  V. sylvestris fo rm s is o f a g rea te r w eigh t th a n  in  V. riparia  
( th is  will be seen la te r  on, a t th e  ev a lu a tio n  of th e  seeds). W e shou ld  m en tion  
on ly  in c id en ta lly  th a t ,  since th e  b erries  belonging to  a c lu s te r w eights are 
v e ry  low.

W eight of one c lu s te r
V. sylvestris No. H . 100 12 g

________________ No. H . S-2 20 g

V. riparia  N o. H . 105 12 g
N o. H . 104 20 g

A m ong th e  c u ltiv a te d  v ines ap p ea rin g  in our t a b le s , ‘C h ard o n n ay  b lan c ’ 
has a 69 g m ean  c lu s te r w eight, w hile  ‘C abernet sau v ig n o n ’ 59 g.

A m ong th e  shape  ch a rac te ris tic s  of th e  berries, we use h a b itu s  to  ch a r­
ac te rize  th e  ca teg o ry . T ab le  2 p ro v id es  d a ta  on th e  len g th  an d  d iam eter 
o f th e  b e rry , an d  from  these  we can  in fe r th a t  our w ild v ines have  g lobular, 
s lig h tly  f la tte n e d  berries. S ligh tly  oblong  berries (th ey  are  u su a lly  of a drop- 
shape) were found  in  a few of D an ube-side  V. sylvestris.

Acta Botanica Academiae Scientiarum Hungaricae 22, 1976



2 2 4 T E R P Ó ,  A .

Table 1

C om parison o f the diagnostic characters o f  V itis  sylvestris and V. riparia  clusters with the data
o f  a few  cultivated vine cultivars

Name of species
Length of cluster,

cm Type of cluster No. of berries

V itis  sylvestris 

Szen tlo rinc  No. 1 7.6 Loose-}-cluster b ran ch 60

Szentlorinc No. 3 3.5 Dense 12

Szentlo rinc  No. 4 6.0 D ense-^c luster b ran ch 31

Szentlorinc No. 5 5.2 D ense-[-cluster b ran ch 26

B otykapeterd-63 8.8 Very loose-[-cluster b ran ch 39

N ag y p e te rd  U-63 8.9 Very loose-[-cluster b ran ch 35

H áros S-2 12.0 Very loose-[-cluster b ran ch

of 7 — 8 cm 60

Average and standard deviation

(X  +  sj) 7 Л  ± 2 .8 1 37 ± 1 7 .53

«% 37.9%

чОO
''

«■O

V itis  riparia  

H áro s N o. 8-75 10.0 Loose-f- c luster 43

bran ch

H áro s No. 13 7.3 Loose f  c lu s te r  b ran ch 38

P ap sz ig e t No. 15-74 7.8 Dense 38

P ap sz ig e t No. 41 5.0 C ylindrical-D ense 21

P ap sz iget No. 79 6.2 L oose-cylindrical 33

Csongrád-75 7.0 Loose- cluster 24

M indszen t No. 8 8.0 b ranch 31

A verage and standard devia tion

X  ± s - 7 .3 ± 1 .5 6 32± 7 .9 3
cO/ * /0 21.3% 24.7%

V itis  vinifera  

M edoc noir 12.0 Dense 50

C hardonnay  blanc 12.0 Dense 54

C aberne t sauvignon 14.0 L oose-branched 6 6

K ö v id in k a 14.0 Dense 99

K a d a rk a 15.0 Dense 76

K ékfrankos 15.0 Dense 107

Average and standard devia tion

X ± s - 1 3 .6 ± 1 .3 6 75+ 23 .44
, 0 /  0 / 0 w % 31.2%

s%  =  C V  =  v aria tion  coefficient
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Table 2
Size and weight o f  berries

Name o f species
Berry

L

size, mm

Dia

W eight of 100 berries,

Vitis silvestris

Szentlorinc No. 1 8.8 9.1 42.00

Szentlorinc No. 2 7.6 7.8 30.00

Szentlorinc No. 3 9.5 9.5 52.16

Szentlorinc No. 4 9.6 9.4 52.98

Szentlorinc No. 5 8.3 9.2 33.16

B otykapeterd-63 9.1 9.3 50.21

N ag y p ete rd  U-63 8.5 8.6 38.84

K acsó ta  No. 2 9.1 8.7 44.84

K acsó ta  No. 5 8.2 8.6 34.72

Sim onfa No. 18 6.4 6.8 16.66

H áros S-2 8.6 8.3 40.00

H áros (H y b rid ) No. 15-68 11.6 10.3 56.00

Average and standard deviation

( X ± s , ) 8 .7 ± 1 .2 4 8 .8 + 0 .9 40 .96+ 11 .33

*% U .2 % 10.2% 27 .6%

Vitis riparia

H áros No. 6-64 7.7 8.1 31.68

H áros No. 13 7.4 7.4 29.30

P apsziget No. 5-63 8.9 8.9 38.88

Papsziget No. 6 8.5 8.5 45.08

Papsziget No. 8 8.4 8.6 39.96

Malomszög No. 110 6.4 6.9 24.21

Average and standard deviation

( X ± s 7) 7 .8+ 0 .91 8 .0+ 0 .77 3 4 .85+ 7 .75
, 0 /  0 /0 11 .6% 9.6% 22 .2%

Vitis vinifera

Medoc noir 15.5 14.1 180.00

C hardonnay blanc 14.0 13.7 150.00

C abernet sauvignon 13.7 12.8 120.00

K övid inka 16.2 15.3 180.00

K ad ark a 14.8 14.3 160.00

K ékfrankos 14.8 14.4 170.00

Average and standard deviation

( X ± s 7) 1 4 .8 + 0 .9 2 14.1 +  0.82 160 .00+ 22.80

s% 6 .2% 5.8% 14.2%
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Comparing the data given in Table 2, a correlation betw een berry sizes 
and w eights m ay also be inferred. This supposition has been confirm ed also 
b y  th e  calculation o f the SPEARMAN-type rank-correlation coefficient. The 
significance analysis o f the berry length  and berry weight correlation shows 
th a t the correlation is close in both species.

In  th e  case o f V. sylvestris, th e  ca lc u la ted  r betw een  th e  tw o fea tu re s  
is + 0 .9 7 9 , w hich is con sid erab ly  g re a te r  th a n  th e  r value (0.5760) given a t  
a p ro b a b ility  level o f P  =  5%  for th e  s ta tis t ic a l  con tro l of th e  ra n k -c o rre la ­
tio n  coefficient. A sim ila rly  close c o rre la tio n  can  he s ta te d  w hen exam in in g  
th e  co rre la tio n  b e tw een  b e rry  d iam e te r  a n d  b e rry  w eight, a lth o u g h  th is  v a lu e  
is to  a ce rta in  e x te n t  sm aller th a n  th e  p rev io u s one. In  th is  case, th e  v a lu e  
o f  th e  ran k -co rre la tio n  coeffic ien t r, a t  a p ro b a b ility  level o f P  =  5 % , is 
+  0 .853, w hich is again  h ig h er th a n  th e  v a lu e  given for its  s ta tis t ic a l  co n tro l 
(r5% =  4.227).

C om paring b e rry  len g th s  an d  b e rry  w eigh ts of V. riparia , th e  re su lt is 
also sign ifican t b u t  n o t so close. T he c a lc u la ted  r =  + 0 .8 2 8  is h igher th a n  th e  
r  v a lu e  given a t  P  =  5 %  p ro b a b ility  leve l ( it  is 0.8114). I t  is rem ark ab le  t h a t  
n o  co rre la tion  ex ists b e tw een  b e rry  d ia m e te r  an d  w eight a lread y  a t  P  =  5 %  
level. A ccording to  th e  co rre la tion , th e  ca lcu la ted  r =  + 0 .7 7 1 4  va lu e  is 
g re a te r  th a n  th e  g iven  v a lu e  (r10% =  0.7293) a t  th e  p ro b ab ility  level m en tio n ed .

T he exam ined  co rre la tio n s call a t te n tio n  to  th e  fac t th a t  in  th e  grow ­
in g  o f th e  v ine b e rry , th e  b e rry  w e ig h t m a y  considerab ly  increase  w ith  th e  
in c rea se  in  len g th , w hich  is experienced  p rim a rily  w ith  c u ltiv a te d  v ines. As 
w ill he seen la te r  on, th e  increase in  th e  seed n u m b er or seed w eigh t is n ev e r 
o f  su ch  a g rea t e x te n t as th a t  o f flesh .

T he colour o f v in e  berries is b lue , b lack  or blu ish  b lack ; th is  is c h a ra c te r ­
is tic  o f th e  basic  species o f th e  V itis  genus. T he berries of our tw o m ain  w ild 
v in e  species are  o ften  pru inose an d  th is  w ax y  cover a lm ost en tire ly  deface 
th e  orig inal co lour o f th e  b erry . T h ere fo re , th e  V. riparia  f ru its  are o ften  
o f  a sky-b lue co lour. T he fru it w all is u su a lly  p la in  (u n scu lp tu red ) and m ore 
ra re ly , tin y  p a ra -fleck s  (d o tted ) are  sp o rad ica lly  found  in ce rta in  form s. In  
d escrib ing  th e  b e rry , we use th e  size of th e  p is til rem ains (stigm a); i t  is especi­
a lly  developed in  c e r ta in  V . riparia  fo rm s. In  H u n g a ry  no form s o f w h ite  berries 
h a v e  been found . O n m y  w ild v ine s tu d y  to u r  in Y ugoslav ia  I  could  g a th e r  
e x tre m e ly  tin y , w h ite -co lou red  V. sylvestris  f ru its  from  th e  k a rs t  a rea  above 
K o to ri. TuRKOvid (1955) re p o rte d  th e  occurrence of V. sylvestris p la n ts  
w ith  w hite  berries grow ing in  o th e r a reas  o f Y ugoslav ia

T he fru it of V . sylvestris  is p le a sa n t acidic to  th e  ta s te . T he b e rry  of 
V . riparia  is of c h a ra c te ris tic  “ la b ru sc a ”  ta s te , often of “ g ra ss -ta s te ”  m ore 
ra re ly  i t  is sw eetish ; i ts  flesh  is “ je lly - lik e ”  in  ch a rac te r , th e  q u a n t i ty  of 
ju ic e  o b ta in ab le  from  i t  is v e ry  sm all; its  sk in  is tough . T he s tan d s  o f V. 
sylvestris  inc lude  b o th  th in  an d  to u g h  sk in  form s.
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The seed

The c h a rac te ris tic s  of th e  seed  o f vine p la n ts , especially  in  connection  
w ith  th e  origin o f V. v in ifera  species, h av e  been s tu d ied  b y  v e ry  m an y  au th o rs , 
like A n d r a so v sz k y  (1915, 1926), G o et h e  (1881, 1887), F acsar  (l.c.), K ir c h ­
h e im e r  (1939; 1955), B a ra no v— N e g r u l ’— F rolov  (1955), K rim pas (1943), 
L e v a d o u x  (1956), I a n o u c h ie v it c h -P eliach  (1971), P ratt  (1971), S c h ie ­
m a n n  (1953), N e g r u l ’ (1946; 1960; 1968), V a ssil c z e n k o  (1947), P o t e b n ja  
(1911), etc . I t  is in d eed  for th e  f i r s t  tim e  th a t  d a ta  h as  been  p u b lished  on th e  
seeds of w ild vine s ta n d s  in H u n g a ry , o f course, w ith o u t a claim  of com pleteness.

In  taxonom ic  w orks, in v e s tig a tin g  th e  e v o lu tio n a ry  s ta te  o f v ines, 
th e  d iagnostic  v a lu e  o f  th e  v ine seed , in  c o n tra s t to  th e  o th e r organs of 
th e  p la n t, is still considered  p r im a ry  even to d a y  (e.g. L e v a d o u x , l.c .; N e g - 
r u l ’ l.c.).

A ccording to  th e  basic e q u a tio n , in the  p is til o f th e  v ine, in  th e  tw o- 
carpelled  and  tw o-celled  ovary , 2 -o v u led  cells are d iffe re n tia ted ; from  th is , 
th eo re tica lly , giv ing rise  to  four seeds. T he p istil m a y  consist o f th ree  carpels 
also in our wild v ines; accord ing ly  a to ta l of six seeds develop. In  b o th  v ine 
species, v e ry  ra re ly  6 seeded b e rrie s  can  be found . T he n u m b er of seeds per 
b e rry  n a tu ra lly  in fluences th e  o u tlin e  of the  seeds to  a considerab le  e x te n t, 
w hich is given in F ig . 8.

I t  is clearly  observab le  also in  th e  previous f ig u re  th a t  th e  reg u la r 
d o rso -v en tra l c h a ra c te r  of th e  v in e  seeds (in th e  case o f 1-seeded berries) 
becom es d is to rted  in  th e  case o f 2 -seeded  berries. T he e x te n t o f th e  d is to r­
tio n  depends also on w h e th e r th e  seeds have developed  from  b o th  ovules of 
only  one cell or from  one o vu le  o f each cell (F ig . 8). T he s itu a tio n  is 
s lig h tly  analogous w ith  reg ard  to  th e  3-seeded berries. T he ap p ro ach in g  of 
th e  basa l p la c e n ta tio n  to  th e  p ed ice l o f th e  b erry , o r its  m oving off, can  be 
n o ticed  in  th e  o v ary , effecting  also  th e  shape of th e  fru it.

T he sizes of th e  shape  c h a ra c te ris tic s , and  o f th e  scu lp tu ra l e lem ents 
of th e  surface w ere d e te rm in ed  o n  th e  basis of th e  sk e tch  given in  F ig . 9. 
I  have  ta k e n  in to  con sid era tio n  th e  seed classifica tion  w hich has been used  
so fa r in  th e  li te ra tu re , so th a t  th e  d a ta  o b ta ined  u n til  now  in w ild v ine re ­
search  could be co m p ared  w ith  th o se  of m y own resea rch . S im ilarly , w hen  
using te rm s describ ing  shape c h a ra c te ris tic s  and  p a r ts  of th e  seed, I  en ­
d eavoured  to  choose a te rm in o lo g y  corresponding  to  th a t  used in  am pelo- 
g rap h y  an d  b o ta n y .

Several au th o rs  h av e  given a su m m ary  of th e  ro le p lay ed  b y  seed c h a r­
ac te ristics in  sy s te m a tiz a tio n  and  o f  th e  tax o n o m ica l va lu e  of th e  in d iv id u a l 
ch a ra c te ris tic . B y  P l a n c h o n  (1887), th e  seeds o f th e  V itis  genus possess 
ty p ic a l and  p e rm a n e n t fea tu res o f  th e  species. In  speak ing  ab o u t an c ien t 
ty p es  th e  follow ing fe a tu re s  are o f  d iagnostic  v a lu e : (1) sm all size, (2) glob-
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F ig . 8. C onditions of v in e  seeds ( to p  and  side view ) in  m a tu red  b e rrie s: a tw o  seeds have 
g ro w n  in  one cell of tw o -seed ed  b e rry ; b tw o-seeded b e rry  w ith  one seed b y  cell; c — d th ree- 
seeded  berries; e c h a ra c te ris tic  four-seeded  “ wild v ine  b e rry ”  of reg u la r  g row th ; f —g th e  

p o sitio n  of th e  seeds in  th e  p lac en ta tio n  of v a rio u s  “ h e ig h ts”  (d raw in g  h y  I. K iss)

u lar form , (3) short b e a k  (— 1 m m ), (4) sh ape o f  ch alaza  (rou nd ), its  sharply  
o u tlin e d , central p o s it io n  on th e  seed.

A t the b eg in n in g  o f  th e  cen tu ry , P o t e b n ja  (1911) and S tum m er  (1911) 
d ea lt  w ith  the c la ss if ic a tio n  o f  th e  d iagn ostic  va lu es o f  v in e  seed s. Stumm er 
w as th e  first to  focu s a t te n t io n  on seed  len g th  and d iam eter in  d istin gu ish in g  
b etw e en  V. vin ifera  an d  V . sylvestris.

A lthou gh  it w as th e  grape cu ltiv a r -ta x o n o m ica l v a lu e  o f  the seeds o f  
th e  V. vinifera  th a t  w a s exam in ed  b y  P o t e b n ja  (l.c .), s t ill  w e sh all h ave to  
con sid er him  as an a u th o r  w ho w as th e  f ir s t  to  d eterm in e an d  cla ssify  th ose  
fea tu r es  o f the v in e seed  w h ich  are also s ig n ifica n t in  th e  “ n a tu ra l” classifica-
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7

F ig . 9. S k e tch  of a vine seed an d  seed sizes, a D o rsa l side, b v e n tra l  side, c p rofile  (side v iew ;; 
1 LS: to ta l  len g th  of seed, 2 L R O ST : beek  len g th , 2A  L R O ST -P: b e ak  len g th  fro m  p ro file  view , 
3 LCO: co rpus len g th ; 4 LSC H : len g th  of ch a laza  scu ta te ; 5 L C H : to ta l  ch alaza  len g th ; 6 
B R C H : b re a d th  of chalaza  sc u ta te ;  7 D IA S : to ta l  d iam ete r o f seed; 8 T H ; th ick n ess o f seed; 
9 T H B : th ick n ess o f beak ; 10 LSS: len g th  o f fo sse tte ; 11 BR SS: b re a d th  of fo sse tte ; AS: apex  
o f seed; D S: dorsal side; R S: ra p h e  line ; SS: fo sse tte ; BS: base o f seed; H S : h ilu m  of seed; 

ROST-S: ro s tru m  o f seed; VS: v e n tra l side

lion . H e used  th e  follow ing d iagnostic  ch a rac teris tic s  in  th e  c lassifica tion  of 
c u ltiv a rs :

(1) seed w eight,
(2) seed len g th ,
(3) seed d iam eter,
(4) seed size,
(5) form  and place of th e  ch a laza ,
(6) raphe ,
(7) fosse tte ,
(8) seed outline,
(9) form  and  size o f th e  beak .

P o t e b n ja  e lab o ra ted  28 V. v in ife ra  cu ltivars an d  on th ese  bases com ­
p iled  th e ir  cu ltiv a r  system . H e also d istingu ished  a ty p ic a l, so-called  “ E u ro ­
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p e a n ”  group, an d  d e te rm in e d  th e  basic d iag n o stic  ch a rac te ris tic s  of th e  V  
v in ife ra  seed. H is w o rk  is essen tia l even to d a y , a n d  I  m y se lf also relied on it .

Am ong th e  F re n c h  au th o rs , V iala  an d  P é c h o u t r e  (1910), th e n  la te r  
on R odrigues  (1953) dea l m ain ly  w ith  th e  A m erican  species am ong th e  w ild  
species, b u t th e y  also  p u b lish ed  d a ta  re fe rrin g  to  V . sylvestris.

A ndrasovszky  (1915; 1917) also a tte m p te d  to  d e te rm in e  a V. vin ifera  
c u lt iv a r  system  on th e  basis  of th e  d iagnostic  fea tu re s  o f th e  seeds. H e co n ­
sid e red  the  follow ing fe a tu re s  ch a rac te ris tic  an d  ev a lu ab le  in  th e  sy s te m a ­
tiz a tio n :

(1) for group c h a ra c te r iz a tio n : general sh ap e  o f seed, depend ing  on th e  
shape o f th e  co rpus an d  th e  b eak  o f th e  seed; vo lum e and  size of 
seed, ex p ressed  in  w eight; leng th  an d  d iam e te r  o f seed (m m ); ra tio  
of seed le n g th  an d  d iam eter;

(2) for th e  c h a ra c te r iz a tio n  of th e  v a rio u s c u ltiv a rs : seed colour, p o si­
tion  an d  sh ap e  o f chalaza, fo sse ttes, p ro file  o f seed.

T he d iagnostic  v a lu es  of th e  seeds of w ild v ines an d  cu ltiv ars  w ere 
d e a lt  w ith  in sev e ra l p u b lica tio n s  b y N e g r u l ’ (1946; 1958; 1960; 1965). 
A ccord ing  to  h im , th e  m ost im p o r ta n t c h a rac te ris tic s  o f th e  seed are th e  
m easures of the  c o rp u s  (len g th  an d  d iam eter), an d  of th e  beak , th e  fo rm  o f 
th e  chalaza and  sc u lp tu re  of th e  fossette .

In  H ungary , th e  seed d a ta  of V. v in ifera  c u ltiv a rs  are  u sed  for th e  c u ltiv a r  
g ro u p in g  by N é m e t h  in  th e  am pelographical series p u b lish ed  recen tly  (1966; 
1970; 1975).

In  the  su b se q u e n t p a rag rap h s  I shall e v a lu a te  th e  follow ing c h a ra c ­
te r is tic s  of V. sylvestris  an d  V. riparia  seeds: (1) size based  on len g th  and  d ia m ­
e te r , (2) beak len g th  (3) corpus len g th  (4) ch a laza  len g th , (5) d iam eter o f 
ch a laza  scu ta te ; am o n g  th e  q u a lita tiv e  c h a ra c te ris tic s : (6) h ab itu s  (general 
o u tlin e ), (7) b eak  p ro p e rtie s , (8) dorsal- an d  (9) v e n tra l-s id e  scu lp tu re  (see 
also  Fig. 9).

Seed size

Since St u m m e r ’s pub lica tio n  (1. c.) th e  size o f th e  seed is g iven  
as th e  d iam eter /le n g th  or len g th /d iam e te r in d ex . St u m m er  also defined  
th e  seed ch a rac te ris tic s  of V. sylvestris : th e  seed o f th e  grove vine  is sm all, 
ro b u s t w ith ro u n d ed  o u tlin e  or is co rdate , and  th e  seed b eak  is a lm ost co m p le te ­
ly  m issing. On th e  o th e r  h an d , th e  seed o f V . v in ife ra  is large, e longated , 
o v a te  or pyriform , h a v in g  a w ell-elongated  beak .

K ir c h h eim er  (1955) was th e  f irs t to  describe in  d e ta il th e  d a ta  o f V. 
sylvestris seeds o b ta in e d  from  th e  D an u b e-b an k s n e a r th e  b o rd ers  of H u n g a ry  
(env irons of L o b au  a n d  E c k a rtsa u , east o f V ienna).
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Length Diameter

Lobau 4.2 —6.6 3.0 —5.6

Average 5.7 4.1

E ck artsau 4.4 —6.4 2 .7 - 4 .9

Average 5.6 3.9

K irchheimer also e lab o ra ted  th e  seeds of V. sylvestris  ob ta ined  from  
th e  U p p e r-R h ein e  and  he s ta te d  th a t  th e y  do n o t e ssen tia lly  differ from  th o se  
o b ta ined  from  D anube groves of L ow er-A ustria . F o r a com parison , his d a ta  
referring  to  th e  leng th  an d  d iam e te r  o f V. sylvestris seeds ob ta ined  from  th e  
U p p er-R h ein e  h a b ita t  a rea  are  given below .

Length Diameter

(1) Schw etzingen 

(K etsch) 

Average

4 .3 - 7 .0  

5.4

2.5 —4.8 

3.8

(2) Germ ersheim  

(H örd t)

Average

3 .0—6.4 

5.3

2 .6 - 3 .9  

3.9

(3) Speyer

(O tte rs tad t)

Average

3 .5 -5 .7  

4.9

3.0 —4.5 

3.7

In  th e  in te re s t of a com plete  com parison , I co n sid e r it  necessary  th a t  a 
few d a ta  sh o u ld  be p resen ted  also on th e  seeds of th e  w ild-grow ing s ta n d s  o f 
th e  n o rth e rn  boundaries of th e  d is tr ib u tio n  of grove v ine, o r m ore ex ac tly  from  
th e  E a s te rn -E u ro p ea n  a rea s .T h e  b o tan ica l in v es tig a tio n s  in to  V. sylvestris g row ­
ing in  th e  M oldav ian  areas o f th e  Sov iet U nion have  b een  com pleted  re c e n tly  
(Ia n o u c h ie v it c h  and  P e lia c h  1971). T he au th o rs  c a rr ie d  o u t th e  processing  
of d a ta  b y  m eans of N e g r u l ’s m eth o d . T he V . sylvestris  d a ta  were g a th e re d  
from  vines grow ing in th e  groves alongside th e  riv e rs  P ru th  and  D n ieste r. 
In  th e  v ic in ity  of th e  D an u b e  m o u th , only  a few of th e  w ild-grow ing vines w ere 
exam ined .

The av erag e  length  o f th e  seeds o b ta in ed  from  th e  16 V. sylvestris sam ples 
th a t  have been  analyzed  is 5.2 m m , th e ir  m ean  d ia m e te r  is 3.9 m m , th e  m ean  
heak  len g th  is 0.67 m m , th e  average  len g th  of th e  seed corpus w ith o u t b e a k  
is 4.5 m m . In c id en ta lly , N e g r u l ’ (1960) gives th e  seed le n g th  of V. sylvestris
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—  in  a com parison w ith  t h a t  of th e  V. v in ife ra  cu ltiv a r g ro u p s — as 5.00 m m  
(4— 6 m m ).

T h e  V. sylvestris specim ens w hose seed leng ths are  be low  5 m m  are  in  
m in o r ity  am ong those  o b ta in e d  from  th e  w ild  vine e s tab lish m en ts  o f H u n g a ry  
(T ab les  3 and  4). T here  a re  only  tw o su ch  p la n ts  in th e  m a te r ia l  o b ta in ed  from  
K esz tö lc  (Pilis M oun ta ins), and  th e re  is o n ly  one in th e  sam p les  each o b ta in ed  
fro m  Sim onfa (Zselicség) an d  from  S zendehely  (in th e  N aszá ly  M oun ta in , 
n o r th  o f Vác), th e  le n g th  va lu es  o f w h ich  a re  low (Table 4). T h e  average  values 
a re  a lm o st iden tica l w ith  th e  seed v a lu e s  o b ta in ed  from  th e  h a b ita ts  in  th e

T able  3

M a in  data o f  V. sylvestris seeds obtained fro m  habitats o f  H ungary, com pared w ith a fe w  data 
o f  specimens received fr o m  abroad ( B u lg a r ia , France, German R ep u b lic ) , in  m m

The habitats in  H u n g a ry  are grouped as :

(1 ) P ilis  M is. ( Nos 1 — 3); (2 )  N aszá ly  M t. south o f  Börzsöny (N o s 4 — 9); (3 )  B a ko n y  M ts. 
(N o s  1 0 — 1 1 ); (4 ) Zselicség southern edge o f  the Sou th -Transdanubian  H ills , between Szigetvár 
and  Pécs (N o s 12 — 1 5 );  (5 )  the northern edge o f  the Zselicség, south o f  K ap o svá r (N o s 16 — 1 9 );  

habitats along the D a nube: fro m  M osonm agyaróvár to B udapest (N o s  20  — 24)

No. Label oi the specimens LS DIAS LROST LCORP LCH BRCH No. of
seeds

l .
V itis sylvestris 
K esztölc No. 4 6.11 3.91 1.15 5.05 2.72 1.29 50

2. K esztölc No. 14 4.94 3.73 0.77 4.14 2.15 1.34 12
3. K esztölc No. 35— 68 4.32 3.86 0.56 3.76 2.08 1.08 25
4. Szendehely No. 4 /a 5.46 3.80 0.84 4.60 2.56 1.48 25
5. Szendehely No. 4/c-I 5.23 3.68 0.98 4.22 2.40 1.33 25
6. Szendehely No. 4 /c -II 4.88 3.53 0.83 4.03 2.23 1.15 40
7. Szendehely No. 10 5.68 3.67 0.97 4.70 2.45 1.47 25
8. Szendehely No. 10/a 5.69 3.92 0.89 4.78 2.36 1.24 25
9. Szendehely No. 17 5.54 3.60 0.90 4.56 2.59 1.29 25

10. Csoszpuszta No. 10 5.64 3.54 1.37 4.24 2.69 1.36 95
11. Csoszpuszta No. 9 5.07 3.50 0.84 4.25 2.42 1.32 105
12. B otykapeterd  S -III-68 5.44 4.05 0.82 4.66 2.72 1.39 100
13. N agypeterd 5.61 3.64 1.24 4.33 2.39 1.17 25
14. Szentlőrinc 5.71 4.18 0.94 4.87 2.92 1.49 25
15. Szentlőrinc No. 22 5.10 3.71 0.78 4.31 2.26 1.12 37
16. Sim onfa No. 1 4.85 3.77 0.76 4.09 2.46 1.24 25
17. Sim onfa No. 24 5.54 4.20 0.90 4.77 3.09 1.28 100
18. Sim onfa No. 51 5.51 4.02 0.98 4.56 2.73 1.41 25
19. Simonfa No. 53 6.17 3.67 1.24 4.87 2.81 1.11 25
20. Feketeerdő No. 4 5.71 4.24 1.09 4.55 2.48 1.46 25
21. Papsziget No. l-S -H -68 5.95 3.87 1.31 4.63 2.91 1.37 25
22. Alsógöd No. 3-S-VI-68 5.80 4.23 1.05 4.74 3.01 1.38 25
23. H áros No. 2 5.78 3.94 0.99 4.79 2.24 1.24 66
24. H áros No. 100 5.78 4.18 1.04 4.73 2.93 1.40 128

A  ver age 5.51 3.70 0.97 4.54 2.63 1.32 1083
(X ± s j )
°%

± 0 .4 4
8.0%

± 0 .2 3
6 .4 %

4-0.19
19-9%

± 0 .3 2
7-1%

± 0 .2 8
10.8%

± 0 .1 2
Q 00/ y.z  /о

(ls =  L ength  of seed , d ias  =  D ia m e te r  o f seed, lrost  =  L e n g th  of ro s tru m , 
LCORP =  L eng th  of seed c o rp u s , LCH =  L e n g th  of chalaza , BRCH =  b re a d th  of chalaza  
sc u ta te ;  Fig. 9)
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(T able  3 co n t.)

No. Label of the specimens LS DIAS LROST LCORP LCH BRCH No. of
seeds

B ulgaria1 
BG K am . No. 1 

(X ± s-t )
S%

4.88
± 0 .2 6

5.3%

3.65
± 0 .2 6

7-1%

0.91
±0 .16
18.1%

3.96 2.25
± 0 .3 3
14.7%

1.18 
— 0.07 

6-1%

31

France2 
F R  No. L-31

»0/ s /0

5.44
± 0 .3 8

7.1%

3.59
0.25
7-2%

1.07
±0 .18
17.3%

4.37 2.62
0.32

12.5%

1.29
± 0 .1 4
11.3%

48

G erm an Federal R e ­
public3

Alzey-Mi. No. 1, 2, 3 
( X ± S;)
*%

5.27
± 0 .3 2

6.2%

3.97
± 0 .1 4

3.6%

0.94
±0.15
16.4%

4.33 2.29 
+  0.28 
12.4%

1.47 
+  0.12

8.4%

18

Alezy-N. No. 1, 2, 3 
( N ± Sï) 
s%

4.86
± 0 .2 6

5.5%

3.79
± 0 .2 0

5.4%

0.85
±0.15
18.0%

4.00 2.03
± 0 .3 0

15.1%

1.33
± 0 .1 2

9.0%

23

1 The seeds were collected by J. Födelmesi;
2 The seeds were sent by J. P. Doazan;
3 The seeds were sent by F. Schumann

D an u b e-b an k s of L ow er A u s tr ia  an d  in Schw etzingen  of th e  U pper R heine 
reg ion . On th e  o th e r h an d , th e  seed len g th  values o f th e  few  liv ing  v ine p la n ts  
grow ing along th e  D an u b e  in  H u n g a ry  (Nos 20— 24 in  T ab le  3) are  to  a ce rta in  
e x te n t h igher. H ow ever, i t  seem s th a t  the  values o f  th e  foreign specim ens 
m en tioned  above su rpass our va lu es  in seed d iam ete r.

T he end  len g th  g roups in  th e  V . sylvestris species can  be estab lish ed  as 
th e  follow ing lim it va lu es: u p  to  4.5 m m  th e y  are  considered  sm all seeds, 
4 .5— 5.5 m m  m edium -sized  seeds, above 5.5 m m  la rg e  seeds. (The V. vin ifera  
ca tegories can n o t be used.) T h u s , am ong th e  24 specim ens, 15 falls in to  th e  
g roup  o f large seeds, 8 be long  to  th e  m edium -sized, an d  1 to  th e  sm all-sized  
ca teg o ry . T he d a ta  processed  b y  K irchheimer (l.c.), an d  tho se  inc luded  in  
o u r T ab le  3, also belong to  th e  V. Sylvestris c a teg o ry  o f m edium  or la rg e ­
sized seeds.

T he th ickness of V. sylvestris  seeds has been d e a lt w ith  only b y  a sm all 
n u m b er of au th o rs : we h av e  ta k e n  th e  d a ta  and  processed  th em  h u t for th e  
tim e  being we do n o t in te n d  to  p u b lish  them . T he d a ta  re la ted  to  th e  seed 
b eak  of view , one of th e  m ost ap p rec ia ted  organs o f  th e  seed has up  to  now  
been  th e  beak  (Potebnja l.c ., N egrul’ l.c.). I t  w as especially  Negrul’ (1960) 
w ho d ea lt m uch in  d e ta il w ith  th e  im p o rtan ce  of th e  b eak  in  its  ev o lu tio n ary  
co n te x t. H e te s tif ie d  b y  m eans o f archaeological d a ta  th a t  th e  beak  grew  
u n p ro p o rtio n a te ly  fa s te r  th a n  seed leng th  under th e  effect o f c u ltiv a tio n  and  
selection  (P la te  I I I ) .
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Table 4

The m a in  data o f  V. r iparia  seeds obtained fro m  habitats in  H ungary  in  com parison with the data 
o f  cultivated V. riparia  seeds f r o m  France and o f  the seeds o f  two understock v ine  p lan ts used

in  H ungary

No. Label of specimens LS DIAS LROST LCORP LCH BRCH
No. of 
seeds, 
piece

V. riparia

l . Papsziget No. R -II/6 8 3.96 3.35 0.43 3.56 2.03 0.86 100
2. H aros No. 21/68 4.50 3.51 0.65 3.87 2.46 1.07 100
3. H áros No. 22/68 4.51 3.50 0.64 3.91 2.34 1.01 100
4. H áros No. 27/68 4.41 3.41 0.59 3.83 2.20 0.87 81
5. H áros No. 27/68—V E 4.37 3.56 0.49 3.89 1.99 0.86 25
6. H áros No. 23/68 4.64 3.61 0.67 3.98 2.49 0.89 100
7. H áros No. 24/68 4.63 3.70 0.67 3.99 2.43 0.91 83
8. H áros No. 25/68 5.15 3.87 0.71 4.47 2.60 0.84 100
9. H áros No. 26/68 4.81 3.40 0.76 4.08 2.56 1.02 100

10. H áros No. 3/75 4.54 3.37 0.65 3.93 2.30 0.83 186

Average 4.57 3.51 0.64 3.95 2.36 0.91 975
( X  ±sx) ± 0 .3 3 ± 0 .1 6 ± 0 .0 9 ± 0 .2 2 ± 0 .2 1 ± 0 .0 8

s%

\PC
P-

c-1 4.7% 15.5% 5-8% 8.9% 9.4%

F ran ce1

F r  No. 10,715 5.30 3.93 0.55 4.75 2.95 1.08 88

( X ± s ï ) ± 0 .2 8 О O
J ± 0 .0 8 — ± 0 .3 1 ± 0 .1 4

s% 5.3% 8.1% 15.4% - 10.7% 13.3%

U nder-stock v ines2

No. 1616. C. 4.37 3.75 0.57 3.80 2.32 0.85 20

s% 5.8% 4.6% 22.4% - 7.8% 18.0%

No. T -К. 5BB 4.11 3.41 0.59 3.52 2.20 0.77 20
eO 
*  / 0 8.7% 4.5% 16.3% — 12.8% 24.5%

1 Seeds were sent by J. P. Doazan
2 Data by Facsar (1. c.)

B y tak in g  in  V . sylvestris  1 m m  as th e  u p p er lim it o f th e  sh o rt beak, 
th e n  16 of the  24 specim ens (67% ) belong here , an d  8 belong to  th e  group of 
m ed iu m  leng th  (w ith  an  in te rv a l of 1.0—2.0 m m ); and  no specim en  belongs 
to  th e  group of seeds w ith  b eak s longer th a n  2.0 m m . T he seed of th e  p lan t 
fro m  C sőszpuszta (N o. 10) o f th e  B ak o n y  M ounta ins has th e  longest beak. 
T h e  d a ta  of beak  le n g th  in  seeds o b ta in ed  from  th e  U p p er-R h e in e  region 
a p p ro a c h  our d a ta .
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ungaricae 22, 1976 Plate I I I .  V itis  riparia  va r. syrticola, th e  v illosité  v a rie ty , a ra re  Plate I V .  V itis sylvestris Gmel. from  th e  m ost im p o r ta n t h a b ita t

p la n t  o f th e  groves alongside th e  riv ers  o f H u n g a ry . B u d ap es t, a longside th e  D an u b e , from  a n  Is lan d  n ear Alsógöd (d raw n
Is la n d  o f H aro s (d raw n  by  Mrs. Lexa) by V. . Csapody)
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In  exam ining th e  b e a k  d im ensions, a com parison  w ith  th e  le n g th  of th e  
seed corpus can n o t be le f t o u t of co n sid era tio n . I t  has also been n o ticed  th a t  
th e  seeds of th e  berries d iffering  in  seed n u m b er d ev ia te  from  one a n o th e r  b o th  
in  sh ap e  and  in size. T h is  seem s to  be a c o n s ta n t ch a ra c te ris tic  o f  th e  basic 
w ild  v in e  species. T h ere fo re , r ig h t a t  th e  lau n ch in g  of th e  researches we 
m easu red  in  several specim ens se p a ra te ly  th e  seeds of th e  berries w ith  d ifferen t 
seed num bers. (See ta b le  below).

In  b o th  p lan ts , s ta r t in g  from  th e  single seeds, i t  can  be recognized  th a t  
in  th e  elongation  of th e  seeds, th e  b eak  grows q u ick er th a n  does th e  seed 
corpus. T hus, th is  c h a ra c te r is tic  does a lread y  ex is t in  th e  basic  v in e  species 
grow ing w ild. A t th e  sam e  tim e  we also no ticed  such a ten d en cy  in  som e p lan ts  
th a t  th e  seed len g th  is s till s ig n ifican t in  th e  tw o-seeded  berries, th e n  i t  g rad ­
ua lly  becom es sm aller in  th e  th ree -seed ed  and  four-seeded  berries (see our 
ta b le  below).

Seed number 
by berry

LS
mean
mm

LROST
mean
mm

LCO
mean
mm

LROST/LCO LROST/LS

12. B o ty k ap e terd  S-II1-68 1 S 5.152 0.695 4.456 15 0.126
(T able 3) 2 S 5.488 0.802 4.686 17 0.135

3 S 5.520 0.900 4.620 19 0.155

4 S 5.628 0.920 4.708 20 0.158

17. Sim onfa No. 24 1 S 5.152 0.710 4.442 15 0.131
(Table 3) 2 S 5.460 0.778 4.682 16 0.136

3 s 5.748 0.834 4.914 17 0.141

4 S 5.848 0.896 4.952 18 0.145

S =  Seed, LS =  L e n g th  of seed, L R O ST  =  L en g th  of ro s tru m  (beak), LCO =  L eng th  
of corpus (See Fig. 9)

9. H aros No. 26/68. 1 S 4.296 0.668 4.628 18 0.155

2 S 4.880 0.796 4.084 19 0.166
(T able 4) 3 s 5.080 0.792 4.292 18 0.155

4 S 5.016 0.728 4.288 17 0.145

B y the  au th o rs  m en tio n ed  above, th e  d iam ete r o f th e  seed p ro v id e  useful 
d a ta , especially in  co n n ec tio n  w ith  th e  d iam ete r o f th e  c h a laza -scu ta te , in  
v in e  seed d iagnostics. A m ong  all th e  d iagnostic  ch a rac te rs  in  th e  seed i t  is the 
d iam e te r  and  p a r tly  th e  th ick n ess  b y  w hich  th e  vario u s v ine species are  close to  
one an o th e r. T hus, th e  m ean  of th e  48 c u ltiv a rs  o f V. vin ifera  exam ined  is 
3.87 m m , in  c o n tra s t to  th e  V. sylvestris  specim ens w'here th e  m ean  is 3.70 m m .
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T he ca lcu la ted  va lu e  is in flu en ced  also by  the  p ro p o rtio n  in  w hich  th e  
seed specim ens are  ta k e n  from  1-, 2- o r  several-seeded b e rrie s . I t  is a g en era l 
law  th a t  th e  seeds from  tw o-seeded b e rrie s  h av e  the  la rg est d iam ete r, especia llv  
i f  only  one seed grow s p er loculus, b ecau se  th e  v en tra l sides o f th e  seeds g ro w ­
ing opposite  each o th e r  becom e f la t te n e d  w hich m akes th e  seed la rg e r in  
d iam e te r (see Fig. 8).

Seed diameter in  a fe w  samples
V itis sylvestris

12. Botykapeterd S-III-68 17. Simonfa No. 24 24. Háros No. 100

1 s 4.248 mm 4.164 mm 4.134

2 S 4.428 mm 4.424 mm 4.301

3 S 3.812 mm 3.812 mm 4.192

4 S 3.732 m m 3.732 mm 3.928

T he d a ta  of th e  cha laza  sc u ta te  d ia m e te r  also p ro v id e  valu ab le  in fo rm a ­
tio n  on th e  n a tu re  a n d  tax o n o m ica l v a lu e  o f  th is  d iagnostic  ch a rac te r. S c h e r - 
m a n n  (1966) w ro te  th a t  th e  d iam ete r o f  th e  chalaza s c u ta te  in  V. sylvestris  is 
one fo u rth  in  th e  g a rd en  vine. H e in d e e d  got the  size r ig h t  concern ing  th e  
d iam e te r  o f V. sylvestris  chalaza sc u ta te , since i t  is on th e  average  36%  o f th e  
seed d iam e te r in  th e  w ild  vines of H u n g a ry ; an d  26%  in  V . r ip a ria , w hile in  th e  
vin ifera  cu ltiv a rs  th is  va lu e  is on th e  av e rag e  37%  (be tw een  31%  and  4 7 % ); 
(F a c s a r , 1967).

C harac te ris tic  d a ta  were o b ta in ed  w hen  ca lcu la ting  th e  v a ria tio n  coef­
fic ien t. T he la t te r  v a lu e  shows a c o rre la tio n  betw een th e  tw o  species. I t  is th e  
sm allest in  re la tio n  to  seed d iam ete r in  b o th  species ( V . sylvestris : 6 .4 % , V . 
rip a ria :  4 .7 % ); th e  p e rcen tag e  v a r ia tio n  is th e  g rea test in  th e  case of th e  seed 
b eak  len g th  (in V, sylvestris  19.9% , in  V . riparia  15.5% ). T h e  v a ria tio n  coef­
f ic ien ts  of th e  ch a laza  scu ta te  d ia m e te r  an d  length  do n o t  essen tia lly  d iffer 
in  an y  of th e  species (CV =  8.9— 10.8% ).

Correlation between the m ain dimensions o f  the seed

In  th e  foregoing ev a lu a tio n  a few o f th e  positive an d  n eg a tiv e  co rre la tio n s 
h av e  a lread y  been  p o in ted  ou t severa l tim es . Now, co rre la tio n s  betw een  th e  
m ost im p o r ta n t d iagnostic  ch a rac ters  o f  th e  seed w ill be d em o n stra ted  b y  
m eans of th e  tra d itio n a l frequency  cu rv e  m entioned above . T his course w ill 
be follow ed m ain ly  because i t  will en ab le  us to  com pare o u r d a ta  w ith  th o se  
fo u n d  in  b o th  th e  W est-E u ro p ean  a n d  E a s t-E u ro p ean  lite ra tu re s  on V. 
sylvestris seeds (see T ab les 5 and  6).
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Table 5

M ore important index num bers o f  V. sylvestris seeds obtained in H u n g a ry  and fro m  abroad

No. Label of vine
LS / 

DIAS
D IA S/

LS
LROST / 

LS LCH /LS
BRCH / 
DIAS

No. of
seeds

l .

Vitis sylvestris 

Kesztölc No. 4 1.56 0.63 0.16 0.44 0.33 50
2. Kesztölc No. 14 1.32 0.75 0.16 0.43 0.36 12

3. Kesztölc No. 35-68 1.12 0.89 0.13 0.48 0.28 25
4. Szendehely No. 4 /a 1.43 0.69 0.15 0.46 0.38 25
5. Szendehely No. 4 /c-I. 1.42 0.70 0.18 0.45 0.36 25

6. Szendehely No. 4 /c -II . 1.37 0.72 0.17 0.45 0.32 40

7. Szendehely No. 10 1.54 0.64 0.17 0.43 0.40 25

8. Szendehely No. 10/a 1.44 0.69 0.15 0.41 0.31 25

9. Szndehely No. 17 1.53 0.65 0.16 0.46 0.35 25

10. Csőszpuszta No. 10 1.59 0.62 0.23 0.47 0.38 95

11. Csőszpuszta No. 9 1.45 0.68 0.16 0.47 0.37 105

12. B otykapeterd  S-I1I-68 1.34 0.74 0.15 0.50 0.34 100

13. N agypeterd 1.54 0.64 0.22 0.42 0.32 25

14. Szentlörinc 1.36 0.73 0.16 0.51 0.35 25

15. Szentlőrinc No. 22 1.37 0.72 0.15 0.44 0.30 37

16. Simonfa No. 1 1.28 0.77 0.15 0.50 0.32 25

17. Simonfa No. 24 1.31 0.75 0.14 0.55 0.30 100

18. Sim onfa No. 51 1.37 0.72 0.17 0.49 0.35 25

19. Sim onfa No. 53 1.68 0.59 0.20 0.46 0.30 25

20. Feketeerdő No. 4 1.34 0.74 0.19 0.43 0.34 25

21. Papsziget No. l-S -II-6 8 1.53 0.65 0.22 0.48 0.29 25

22. Alsógöd No. 3-S-V I-68 1.37 0.72 0.18 0.51 0.32 25

23. H áros No. 2 1.46 0.68 0.17 0.38 0.31 66

24. H áros No. 100 1.37 0.72 0.18 0.51 0.33 128

Average 1.48 0.67 0.17 0-47 0.35 1083

B ulgaria BG K am . N o. 1 1.33 0.74 0.18 0.46 0.32 31

France

F R  —No. L-31 1.51 0.66 0.19 0.48 0.36 48

Germ an Federal R ep u b lic

A L Z E Y -M i No. 1, 2, 3 1.32 0.75 0.17 0.43 0.37 18

A L Z E Y -N  No. 1, 2, 3 1.28 0.78 0.17 0.41 0.35 23

In  ev a lu a tin g  th e  corre la tions b e tw een  th e  d iam e te r a n d  length  d a ta  o f  
V . sylvestris seeds, S t u m m e r  (1911) s ta te d  t h a t  th e  0.64 to p  value rep resen ts  
an  a lm ost g lobular seed ; th e  extrem e va lu es  are  0.54 an d  0.82. T he curve o f th e
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Table 6

Characteristic indices o f  V. riparia  seeds obtained in  H u n g a ry , in  com parison w ith the data 
o f  two under-stock vines and o f  a specim en fr o m  France

No. Label of vine
LS / 

DIAS
DIAS/

LS
LROST / 

LS
LCH/

LS
BRCH/
DIAS

No. of 
seeds

Vitis riparia

l . Papsziget N o. R -II/68 1.18 0.84 0.10 0.60 0.25 100

2. Háros No. 21/68 1.28 0.77 0.14 0.54 0.30 100

3. H áros No. 22/68 1.28 0.77 0.14 0.51 0.29 100

4. H áros No. 27/68 1.29 0.77 0.13 0.50 0.25 81

5. H áros No. 27/68-VE 1.22 0.81 0.11 0.45 0.24 25

6. Háros No. 23/68 1.28 0.77 0.14 0.53 0.24 100

7. Háros No. 24/68 1.25 0.79 0.14 0.52 0.24 83

8. H áros No. 25/68 1.32 0.75 0.13 0.50 0.21 100

9. H áros No. 26/68 1.41 0.70 0.15 0.53 0.30 100

10. H áros No. 3/75 1.34 0.74 0.14 0.50 0.24 186

Average 1.30 0.76 0.14 0.51 0.26 975

France

F R  No. L-31 1.51 0.74 0.10 0.55 0.27 88

U nder-stock v ines2

No 1616.C 1.30 0.86 0.13 0.53 0.22 20

No T -К . 5BB 1.20 0.83 0.15 0.53 0.27 20

vin ifera  d is tr ib u tio n , w hich h as  been p resen ted  in  th e  sam e graph  covered  
to  a ra th e r  large e x te n t  th e  a rea  delim ited  by  th e  V . sylvestris  graph.

L e v a d o u x  (1956) co m p ared  th e  d ia in e te r/len g th  (D IA S/L S) index  o f 
Y ugoslav ian  seeds w ith  th e  D IA S /L S  d is tr ib u tio n  cu rv e  o f th e  ‘P ino f ra n c ’ 
c u ltiv a r  which s ta n d s  n ea r V. sylvestris. The D IA S /L S  freq u en cy  curves o f th e  
tw o typ es are n e a r  each  o th e r concern ing  b o th  th e ir  course  an d  values. A cco rd ­
in g  to  L e v a d o u x , th is  m e th o d  is nevertheless u n p ra c tic a b le  for sh arp ly  d is­
tingu ish ing  th e  tw o  groups from  each o ther.

The D IA S /L S  in d ex  o f th e  w ild vines of H u n g a ry  h as  been ca lcu la ted  
from  th e  averages o f th e  v a rio u s  specim en values since th e re  were q u ite  a 
n u m b er of d a ta  (see Figs 10 an d  11). The ex trem e  va lu es  o f th e  V. sylvestris  
D IA S/L S  index  are  0.55 and  0.80, th e  peak  v a lu e  is 0 .70. T his m ax im um  is 
id en tica l w ith  th o se  of th e  V . sylvestris seeds o b ta in e d  from  Y ugoslavia, an d  
used  by  L e v a d o u x  (l.c ., p. 70). A m ong th e  24 specim ens, 22 f lu c tu a te  be tw een  
th e  0.60 and 0.80 lim it v a lu es , w hich  also ind ie  a te s  t h a t  u ea rly  92%  o f th e  
seeds belongs to  th e  various ty p e s  of th e  g lobular g roup  (F ig . 10). The m ax im um  
o f th e  47 vin ifera  cu ltiv a rs  co m p ared  is 0.55; 72%  o f th e  cu ltiv a rs  f lu c tu a te s
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F ig . 10. D IA S/LS ind ices in  seed specim ens o f V itis  sylvestris Gm el. s ta n d s  o f H u n g ary , 
in  a com parison  w ith  th e  d a ta  o f 47 wine an d  d e sse rt grape cu ltiv ars  g ro w n  in  H u n g a ry  (d a ta  

o f th e  c u ltiv a te d  v ines are  from  F a c s a r , 1967)

b e tw een  0.55 and  0.64. W ith  th is  m e th o d  th e  area coverage o f th e  tw o d is tr ib u ­
tio n  curves is re la tiv e ly  large.

F u rth e rm o re , th e  V . sylvestris seed  sizes were ex am in ed  on th e  basis of 
th e  L S/D IA S index , i.e. th e  rec ip rocal o f th e  D IA S/LS seed in d ex . T he n u m er­
ica l d a ta , w hich h av e  a lre a d y  been  g iv en  in  connection  w ith  th e  seed num ber 
p er b e rry , were also u sed  in  m ak ing  th e  d iagram . The seed v a lu es  b y  b erry  
ty p e s  are d em o n stra ted  f irs t each  se p a ra te ly  th en  th e  v a lu es  of th e  seed-

F ig. 11. LS/D IA S ind ices in  seed specim ens o f V itis sylvestris Gm el. s ta n d s  o f H u n g ary , 
in com parison  w ith  th e  d a ta  o f 94 w ine g ra p e  c u ltiv a rs  grown in  H u n g a ry  ( th e  cu ltiv a ted  

v in e  d a ta  from  N é m e t h , 1967; 1970)
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n u m b er ty p es in  a com m on d iag ram  o f th e  “ 17. S im onfa , N o. 24”  V. sylvestris 
specim en (F ig. 12). Tw o sh a rp e r d iag ram  peaks h av e  been  ob ta in ed , one y ields 
a v a lue  of 1.15 b y  th e  seed d a ta  o f  1-seeded and  2-seeded  berries. T he o th e r, 
expressed ly  se p a ra tin g  d is tr ib u tio n  curve  is a g rap h  o f seeds o b ta in ed  from  
4-seeded berries and  its  m ax im um  v a lu e  is 1.5. T he d iag ram  of th e  seeds from  
4-seeded berries in d ica tes  n o t on ly  th e  re la tiv e ly  n a rro w er seeds w hich  are 
in cross-section secto r-like  in o u tline  since 4— 6 seeds grow  per b e rry  (th is  is a 
“ w ild vine c h a ra c te r” ), b u t also th e  sho rten ing  of th e  seeds.

Fig. 12. LS/D IA S indices o f seed n u m b er p e r b e rry  in “ 17. S im onfa  N 24” V. sylvestris (inlel- 
in  com parison w ith  its  cu m u la ted  L S /D IA S  indices. 1 One seed p e r b e rry ; 2 tw o  seeds pe r 

b e rry ; 3 th re e  seeds per b e rry ; 4 fo u r seeds per b e rry ; 5 cu m u la ted  indices

T h e  d is tr ib u tio n  curve  m ade on th e  basis of th e  average  of all th e  speci­
m ens in teg ra te s  th e  d a ta  in to  a re la tiv e ly  sm all area ; in  th e  course o f th e  cu rve  
an o th e r, sm aller, m ax im u m  also ap p ea rs . This is seen on tin; r ig h t o f th e  d ia ­
g ram  o f th e  L S /D IA S  values. I t  calls a tte n tio n  to  th a t ,  a lthough  in  sm aller 
n u m b er, V. sylvestris p la n ts  of n a rro w er seeds also ex is t. I consider th e ir  
occurrence as n a tu ra l  an d  it  m ay  be th e  consequence o f  th e  usual v a r ia b ility .

T he ex trem e lim it values of th e  LS/D IA S in d ex  f lu c tu a te  be tw een  1.1 
an d  1.6; the m a x im u m  value o f  the diagram  is 1.3. M ore th a n  60%  o f th e  
specim ens lie be tw een  1.3 and  1.5; som e 30%  of the  specim ens is still d is tr ib u te d  
betw een  1.5 and  1.6.

F o r com parison , we have assem bled  from  N emeth’s A m pelograph  
(1967, 1970) th e  L S /D IA S  index  o f 94 tab le  grape c u ltiv a rs  c u ltiv a te d  in  
H u n g a ry  or occurring  in  collections. T h e  d is trib u tio n  cu rv e  of th e  ta b le  g rape
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c u ltiv a rs  d istinguishes w ell from  th e  d iag ram  o f V. sylvestris. I t s  lim it values 
a re  (1.0) 1.5 and  2.0, its  m a x im u m  is 1.8.

T he ev a lua tion  on  th e  basis of le n g th /d ia m e te r  ra tio  o f th e  size and  seed 
sh ap e  of V. sylvestris p la n ts  o f H u n g ary  will p ro b a b ly  be even m ore  in te restin g  
a n d  m ay  provide m o re  d a ta  i f  we com pare  th e  d is tr ib u tio n  cu rv es w ith  th e  
d iag ram s m ade on th e  v in es  of M oldavia an d  th e  C rim ea (S ov ie t U nion). 
T h e  localities of th e  v in es  o f these  tw o areas also are on th e  n o r th e rn  b o u n d ­
a ries  o f  v ine grow ing (see F igs 13 an d  14).

T he le n g th /d ia m e te r  seed index  d a ta  o f V. sylvestris o b ta in e d  from  b o th  
a re a s  also move b e tw een  1.1 an d  1.6, an d  1.5 respective ly . A com parison 
b e tw een  the  m ax im u m  v a lu es  of th e  d is tr ib u tio n  curves is also suggestive: 
t h a t  o f th e  M oldavian  specim ens is 1.25, w hile th a t  of th e  C rim ean  specim ens 
is 1.35. The d iagram s e ssen tia lly  show id e n tic a l values w ith  th e  V. sylvestris 
d a ta  o f H ungary . T h e  v in ife ra  seed values concern ing  b o th  th e  C rim ean and  
th e  M oldavian p la n ts  a re  sm aller th a n  ours (1.65).

In  the  p rac tice , th e  ra tio  n um ber of le n g th /d ia m e te r  is also used for th e  
g ro u p in g  of seeds b y  sh a p e  (Goethe, 1887; P otebnja , 1911; N émeth, 1966). 
T h e  classification  o f V . sylvestris  seeds b y  sh ap e  is as follow s: — 0.99 =  very  
s h o r t  (squa t); 1.0— 1.49 =  sh o rt, above 1.50 —  long, e longa ted ; 71 p e rc e n t of 
o u r specim ens be long  in  th e  sh o rt, and  29 p e r cen t in  th e  long  (elongated) 
ca teg o ry .

N o doub t m ay  a rise  in  connection  w ith  th e  tax o n o m ic  value  of th e  
b e a k  of th e  seed; to  th is  th e  m ost su itab le  an d  m ost expressive  m easure is its  
le n g th , w hich has b een  m easu red  from  th e  to p  on th e  do rsa l side and in  its  
p ro file  (side-view), a n d  th e  averages of th e  d a ta  pa irs were u sed . A frequency  
cu rv e  of very  fine  cou rse  h as  been ob ta in ed . I t  sh a rp ly  expresses th e  ch a rac te r 
o f  th e  V. sylvestris b e a k , its  d ifferen t len g th  from  th e  v in ife ra  cu ltiv ars  (Fig. 
15). U n fo rtu n a te ly , I  h a d  no d a ta  processed  b y  m eans o f s im ila r m ethods 
a b ro a d , so I h ad  to  dec line  a com parison.

On the  r ig h t s ide  o f  th e  d iagram  o f th e  b eak  index  th e re  is a sh o rt su b ­
s id ia ry  peak. T he lim it  v a lu es  of th e  d is tr ib u tio n  curve are  0.12 and  0.22; its  
m in im u m  value b e in g  0.16. T he b o u n d a ry  va lu es  of th e  47 v in ife ra  cu ltivars 
u sed  in  th e  com p ariso n  f lu c tu a te  betw een  0.22 and  0.34, th e ir  m axim um  is 
0 .30 . By th is, th e  in d e x  n u m b er of th e  sq u a t, v e ry  sh o rt seed beaks of w ild 
v in es  is 0.14, th a t  o f  th e  sh o rt is 0.14— 0.18 (71%  of our specim ens can be 
e n u m era ted  here), w h ile  th a t  o f the  long, ex ten d ed  beaks is above  0.18.

T he leng th  o f th e  w hole chalaza (L C H ), w hich  is m easu red  from  th e  peak  
o f  th e  seed dow n to  th e  low er edge of th e  s c u ta te , located  to w ard s  th e  beak , 
also  belongs in th e  d iag n o stic  ch arac ters  o f th e  species (F ig . 9). A ccording to  
th e  taxonom ists  o f v in e  species and cu ltiv ars  (Negrul’ l.c ., P lanchon l.c.), the  
ch a laza  lies in th e  m id d le  of th e  seeds of w ild v ine species, w hile in cu ltiv a ted  
v ines in  the  u p p e r th ird  o f th e  seed. O th e r au th o rs  m a in ta in  th a t  the  chalaza
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Fig. 13. L S /D IA S  average ra tio  v a lu es of vine specim ens fro m  M oldavia (U SSR )

Fig. 14. L S /D IA S average ra tio  v a lu es o f v ine  specim ens fro m  th e  Crim ea (U SSR )

Fig. 15. A verage L R O S T /L S  indices o f v in e  specim ens of H u n g a ry  ( d a ta  of 47 dessert a n d
w ine grapes)
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P late V . V itis riparia  M ichx. w ith  p ru inose , b lu ish  fru it, from  th e  w illow  groves of th e  P ap  
Island  of th e  D an u b e  n ear S zen ten d re  (d raw n by  V. C s a p o d y )

s c u ta te  m ay  develop in  w ild  vines n o t on ly  in the  m iddle b u t  also in  th e  upper 
th i rd  o f  th e  seed.

O n th e  basis o f  th e  average  d a ta  i t  can  be said  t h a t  th e  cen tre  of the  
c h a la z a  scu ta te  in  th e  seeds of V. sylvestris  of H u n g a ry  is ind eed  in  th e  
m id d le  o f the  co rpus o f  th e  seed (if th e  length  of th e  b e a k  is n o t con­
s id e red ), or i t  is s lig h tly  p u sh ed  to w ard s  th e  beak  (P la tes  IV  an d  V). I t  is only 
in  one o f our p lan ts , in  th e  D a n u b e -b a n k  vine No. 22 th a t  th e  cha laza  scu ta te  
is lo c a te d  defin ite ly  in  th e  u p p e r th ird  o f th e  seed (LCH /LS =  0 .38, L C H /L C O =  
=  0.46). B y the  m easu red  d a ta , th e  lo ca tio n  of th e  ch a laza  s c u ta te  in  the  V. 
rip a ria  form s is iden tica l w ith  th a t  o f V . sylvestris (Table 4). T h e  average  of th e  
c h a la z a  lengths of th e  47 vin ifera  c u ltiv a rs  (2.76 mm) ex am in ed  in  our In s ti tu te  
show s h a rd ly  any  d ifference from  th a t  of V. sylvestris (2 .63). In  th e  case of 
v in ife ra  if  th e  long b e a k  is also considered  (the  average is 2.00 m m ) th en  in  
d e te rm in in g  th e  loca tio n  o f th e  ch a laza  sc u ta te  it  c e rta in ly  m a y  be said th a t  
-— seem ingly  — it  is lo ca ted  in th e  u p p e r th ird  of the  seed c o rp u s  ( F a c s a r , 1967).

*

P a r t  I I  of th is  s tu d y  will be p u b lish ed  in th e  n e x t issue.
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MORPHOMETRY OF SPORES AND 
SUBSTANTIATION OF A NEW SYSTEM IN THE 

GENUS AGARICUS FR. EMEND. KARST.

By
S. P . W a sse r , L . V . G aribova  and  V. L. M o k eev a

T H E  N. G. KHO LO D NY  IN STITU TE O F BOTANY, ACADEMY OF SCIENCES, U K R A IN IA N  SSR, K IEV

and

T H E  M. V. LOMONOSOV STATE U N IV ERSITY , MOSCOW 

(R ece iv ed  D ecem ber 10, 1975)

In  assessing th e  tax o n o m ic  v a lu e  of th e  c h ara c te rs  of th e  genus A garicus , 43 ana- 
tom o-m orpholog ical, cu ltu ra l physio log ical and b iochem ical fe a tu res  have been con­
sidered. T he ran g e  of v a r ia b il i ty  o f th e  spores of 49 A garicus  species indigenous in the  
N o rth e rn  H em isphere  has b een  s tu d ied  by  s ta tis tica l m eth o d s. Collections of exsiccates 
(A. H. S m i t h , H erb , of th e  U n iv e rs ity  of M ichigan, U .S .A .; S. L u n d e l l , Fung i exsic- 
cati suecici p raese rtim  U psalien ses , Sweden), sam ples o rig in a tin g  from  various geo­
graph ical zones and  ty p e-sp ec im en s (F . H. M o e l l e r , H erb . Mus. Bot. H auniense; 
A. P i l â t , H erb . Gen. Mus. B o t. P rag ae ; G. B o h u s , H erb . M usei H is t.-n a t. H u n g .; 
P . D. O r t o n , H erb . H o rt. B o t. R eg. Kew), as well as co llections o f d ifferen t in s titu te s  
of th e  Soviet U nion  have b een  s tu d ied .

A n im p o r ta n t  and s ta b le  index , JCm, has b een  in tro d u ced : i t  rep resen ts  th e  
re la tio n sh ip  of spore len g th  to  sp o re  w id th  and has been  o b ta in e d  th ro u g h  th e  m easu re­
m en t o f 100 m a tu re  spores o f each  specim en. T his in d ex  in d ica te s  th e  ev o lu tio n ary  
progressiveness of th e  species. T h e  ro u n d  spores are considered  to  be m ore p rim itiv e  
( S i n g e r , 1975), therefore  th e  species hav ing  a sm aller K m are  ev o lu tionally  older th a n  
those  w ith  a b igger one. In  a d d itio n , th e  ch arac te r o f th e  a rea , th e  n u m b er o f species, 
th e  ty p e  of evo lu tion , th e  s tru c tu re  of th e  tram a , th e  v a r ia b ili ty  w ith in  th e  species, 
etc. have  also been  considered.

T he analysis of th e  co m p lex  of ch aracte rs a n d  th e  b io m etric  s tu d y  of spores 
suggested  a  new  system  w ith in  th e  genus A garicus , in v o lv in g  fo u r subgenera , te n  sec­
tions, four subsections and te n  series. A key to  th e  id e n tif ic a tio n  of infrageneric  ta x a  
in th e  genus A garicus is also g iven .

T he necessity  of special s tu d ie s  in v a r ia b ility  o f liv ing  beings —  in 
p a r tic u la r  th e  lim its  of v a r ia b ili ty  in  the  micro- an d  m a c ro s tru c tu res  of agarics, 
th e  e lucidation  o f phylogenesis com plica ted  b y  a po lym orph ism  peculiar to  
th e m , th e  p henom ena of p a ra lle lism  and  hom oplasia  —  is beyond  doub t. The 
resu lts  o f these  s tud ies m ay  be  u sed  w hen solving th e  prob lem s of evo lu tion  
an d  tax o n o m y  o f th e  A garicales.

T he evidence on th e  m orpho log ica l v a ria b ility  in  th e  m icro stu c tu res  of 
agarics are r a th e r  scan ty  an d  a re  o f sporadic c h a ra c te r  (Зингер, 1950; Гари­
бова—Сафрай, 1972; D u n ca n— G a l b r a it h , 1973). T he m ain  regu larities o f 
v a ria b ility  h av e  n o t y e t been  s tu d ie d  and th e  w ays o f su b seq u en t research  
h av e  n o t been co n tem p la ted .

One of th e  reasons of th is  s ta te  of affairs is th e  in su ffic ien tly  w ide ap p li­
ca tions o f th e  q u a n tita tiv e , a n d  in  p a rticu la r, th e  s ta tis t ic a l  m ethods of s tu d y .
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T h o u g h  as A. G. R a i t v iir  (1973) rem ark s , th e  . . ap p lica tio n  o f even sim ple 
m a th e m a tic a l m ethods p e rm its  d iffe ren tia tin g  ra th e r  a c c u ra te ly  th e  sim ilar 
species a lready  on th e  b as is  o f th e  q u a n tita tiv e  ch a rac te rs  an d  th a t  th e  q u an ­
t i t a t iv e  characters are  m o re  re liab le  th a n  ce rta in  w idely  used  q u a lita tiv e  ones.”

T he m ain ta sk  w h en  s tu d y in g  th e  genus A garicus, like  t h a t  o f all Agari- 
cales, is a critical an d  sy s te m a tic  es tim a tio n  of th e  tax o n o m ic  v alue  of the  
c h a ra c te rs . As F. H . M o e l l e r  (1950—1951), A. P ilât  (1951), P. H e in e m a n n  
(1956), L. Y. Garibova  a n d  Y. L. Mo k eev a  (Гарибова—Мокеева, 1974), have 
show n  th e  num ber o f c h a ra c te rs  w hich can be ta k e n  in to  acco u n t (involving 
th e  m orpho logocu ltu ra l a n d  physio logobiochem ical ones) w hen  s tu d y in g  th e  
species of the genus A g a ricu s  m ay  reach  42—43. H ence a p rob lem  on the  
o b je c tiv e  estim ation o f th e  tax o n o m ic  significance of ce rta in  ch a ra c te rs  of th e  
g en u s Agaricus arises. I n  o u r p ap e r, ded ica ted  to  a s tu d y  o f th e  sy stem atics 
a n d  tax o n o m y  of th e  genus A garicus, a search  for th e  tax o n o m ica lly  sign ifican t 
c h a ra c te r  was the basis. C oncern ing  the genus A garicus, th is  w as n o t a chance 
p la tfo rm . The ex tensive n o n  sy s tem a tized  v a ria b ility  of th e  c h a ra c te rs  resu lted  
in  th e  fac t th a t  R. S i n g e r  (1951) even w ro te  ab o u t th e  im p o ssib ility  of con­
s tru c tin g  a working k ey  fo r  th e  id e n tific a tio n  of species in  th e  genus Agaricus.

M any charac ters, p lay in g  th e  a p p a re n tly  lead ing  ro le, are  ta k e n  in to  
a c c o u n t in  the  sy s te m a tic s  o f  Agaricales w ith o u t s tu d y in g  th e  lim its o f 
v a r ia b ili ty  and th is  o f te n  causes th e  descrip tion  of num ero u s unfounded  
species, non-ex isten t in  n a tu re .

P . K onrad—A. M a u b l a n c  (1948) rem ark  apropos o f th is : “ . . . it  should 
n o t be  fo rgo tten  th a t  in  th e  books th e re  are m uch m ore m acro m y cetes  th a n  
in  n a tu r e ” .

B ased  on th e  g en e ra l o b se rv a tio n  th a t  th e  g en era tiv e  o rgans are least 
su b je c te d  to the d irec t e ffec t o f en v iro n m en t, th e  size, shape  an d  s tru c tu re  of 
hasid iospo res are co n sid ered  o f th e  g rea te s t im p o rtan ce  in  th e  sy stem atics 
o f  agarics.

Spore sizes in th e  species o f th e  genus A garicus  are  v a riab le . T herefore, to  
e v a lu a te  a taxonom ic sig n ifican ce  in  th e  spore sizes, i t  is f irs t o f all necessary  to  
d e te c t th e  range of th e ir  v a r ia b ili ty  u n d er n a tu ra l cond itions. F o r th is  purpose, 
specim ens from d iffe ren t geograph ica l zones should  be co m p ared  an d  a s tu d y  
o f ex isccates and ty p e-sp ec im en s w ould  be necessary . A th o ro u g h  s tu d y  of the  
type-specim ens in th e  so u rce  o f th e  de ta iled  and  ob jec tiv e  d iagnosis, th a t  is 
th e  d e te rm in a tio n  of each  new  ta x o n  o f specific d is tin c tn ess . T h is is th e  only 
m ean s th a t  a com plete c r itic a l rep re sen ta tio n  of th e  ex isting  ch a ra c te rs  of the  
ta x o n  an d  the range o f th e ir  v a r ia b ility  can be estab lished .

T h e  type-specim ens o f th e  species o f th e  genus Agaricus, described  by  F . H . M o e l l e r  
an d  J .  L a n g e  from  D en m ark  (H erb . M useum  B o tan icum  H aun iense  F u n g i D anici), A. P i l â t  
fro m  Czechoslovakia (H erb . G enera le  Musei Bohem iae P ragae, F lo ra  B ohem ica), G. B o h u s  
fro m  H u n g a ry  (H erb. M usei H is t .-n a t .  H u n g ., B u d ap est, F lo ra  H u n g arica ), P . D. O r t o n  
fro m  E n g la n d  (Herb. H o rt. B o t. R eg. K ew ), th e  exsiccates m ade  b y  S m i t h  (A. H . S m i t h ,
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H erb , o f th e  U niversity  o f  M ichigan, USA), a n d  b y  L u n d el l  (S. L u n d e l l , F u n g i exsiccati 
suecici p raesertim  U psalienses) as well as th e  collections of th e  species in  th e  h e rb aria  o f th e
N . G. K holodny  I n s t i tu te  o f B o tany  of th e  A cadem y of Sciences of th e  U k ra in ia n  SSR , in 
th e  V. L. K omarov I n s t i tu te  o f B otany  of th e  A cadem y of Sciences o f th e  U SSR , in  th e  
D e p a rtm e n ts  of T h a llo p h y te s  o f the B iological F a c u lty  of th e  M. V. L omonosov Moscow 
S ta te  U niversity , in th e  I n s t i tu te  of B o tan y  o f th e  L ith u a n ia n  SS R , in  th e  In s t i tu te  o f Zool­
ogy a n d  B o tany  of th e  A cad em y  of Sciences o f th e  E sto n ian  SSR , in  th e  In s t i tu te  of Biology 
a n d  Soil o f th e  F ar E a s t B ra n c h  of the  A cad em y  of Sciences of th e  U S S R , hav e  been  th e  m a te ­
ria l o f o u r studies to  d e te rm in e  th e  sizes o f  basid iospores.

A lis t of all s tu d ie d  species of th e  g en u s Agaricus  is g iven  in  T ab le  1.
T he m easurem ents w ere  m ade by m ean s of an ocular m ic ro m eter, 100 m atu re  (coloured) 

spores o f each specim en h a v in g  been m easu red .
T he final size o f sp o res in  each species is p resen ted  as th e  a r ith m e tic  m ean  (M m) of 

th e  le n g th  and w id th  — w ith  ind ica tion  o f th e ii  ro o t-m ean -sq u are  d e v ia tio n  (d) b y  E . K. 
M e r k u r y e v a  ( М Е Р К У Р Ь Е В А ,  1963). The a r ith m e tic  m ean  w as ca lcu la te d  b y  th e  fo rm ula  

2  M
M m = -------- — , where a su m  of all values o f th e  ch arac te r  is g iven  in  th e  n u m era to r an d  th e

n u m b e r of th e  spore m ea su re m e n ts  in th e  d en o m in a to r; th e  ro o t — m e a n —square  d ev ia tio n  
is p re sen te d  by  the  fo rm u la

T he da ta  o b ta in e d  are used fo r  th e  ch a rac te ris tic s  of a n o th e r v e ry  
im p o r ta n t  p a ram e te r, th e  stable in d e x  K m.

T his is a ra tio  o f  th e  spore le n g th  to  its  w id th . K m w as ca lcu la ted  from  
th e  К  of each of th e  100 spores.

T ak ing  in to  a c c o u n t the  lim its  o f v a ria b ility  of th e  spores, th e  index  
K m, d iffering by  its  s ta b ili ty , m ay h e  used  as a c rite rio n  o f th e  species and  a 
r a th e r  im p o rtan t a d d itio n a l criterion  o f th e  in trag en eric  ta x a  o f diverse ran k .

W hen com paring  tw o or m ore  specim ens from  th e  sam e lo ca lity  or 
from  d ifferen t g eo graph ica l zones, K m is found  to  be p ra c tic a lly  th e  sam e 
(see T ab le  1, the  v a lu e  o f K m for A . arvensis , A . bitorquis, A . p u rpure llu s, A .  
m askae). K m m ay be ca lled  an index  o f  th e  ev o lu tio n ary  p rogressiveness of th e  
species, since the  ro u n d  spores are considered  to  he m ore p rim itiv e  (S i n g e r . 
1962).  Therefore species having  sm alle r K m are in fe rab ly  o lder in  evo lu tion  
th a n  those  w ith la rg e r ones. A . bernardii, hav ing  K m 1.28, seem s m ore anc ien t 
th a n ,  fo r exam ple, A .  campestris (K m я« 1.63). T he e v o lu tio n a ry  y o u th  of A .  
cam pestris  is also co n firm ed  by o th e r  ch a rac te rs  (w id th  o f area , frequency , 
w ide polym orphism ).

T he values of K m p roved  to  be s im ila r, to  a su ffic ien t degree, in  th e  in tr a ­
generic  ta x a  and in  som e of th e ir  species; th is  m akes i t  possib le to  use K m 
in  th e  com plex of c h a ra c te rs  as a re liab le  ad d itio n a l c r ite r io n  fo r in trag en eric  
c lassifica tion .

N um erous c lassifica tio n s of th e  genus A garicus  ex is t ( K o n r a d — Ma u - 
b l a n c , 1948; P il â t , 1951; Mo el l e r , 1950— 1951; S i n g e r , 1951; 1975; H e i n e ­
m a n n , 1956; Mo s e r , 1967 , Table 2); how ever th e  c rite ria  assum ed  as th e ir  basis 
a re  n o t system atized  a n d  freq u en tly  neg lec ted  b y  m an y  a u th o rs  w hen d is tin ­
gu ish in g  th e  in trag en e ric  tax a  of th e  sam e ran k . F o r ex am p le  in  th e  system
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Table 1

The sizes o f  spores and index o f  evolutionary progressiveness o f  species in  the genus A garicus Fr.
emend. K arst.

Intrageneric
taxa

Species

Average size of spores in
к т

of spores

К of intrageneric taxa

length width Sub­
sections

Sections Sub­
genera

1 2 3 4 5 6 7 8

Agaricus campestris F r. *6 .8±0 .7** 4.2 +  0.5 1.63
Agaricus campestris F r. 6 .7 ± 0 .6 4 .3 + 0 .6 1.53
A . cupreobrunneus (J.

e Schaeff. e t S teer ex
u«5 Moell.) Moell. 7 .7 ± 0 .8 4.7 +  0.5 1.65
a1 A . porphyrocephalus

« (Moell.) Moell. 5 .8 ± 0 .6 3.8 +  0.3 1.51 1.51
й fA . sp issicaulis  (Moell.) Moell. 7.5 +  0.8 5.1 +  0.5 1.47

fA . spissicaulis  (Moell.) Moell. 6.9 +  0.6 5 .0 + 0 .4 1.38
о rA . radicatus V itt. ss.

-a R om agn. 7 .0 + 0 .3 4.7 ± 0 .2 1.47
PСЛ ^ A . radicatus V itt. ss.

R om agn. 6 .6 + 0 .6 4.7 ± 0 .4 1.42
fA . bresadolianus Bohus 6 .8 + 0 .3 4.8 +  0.2 1.43

a
к.

*A. bresadolianus Bohus 6.3 +  0.8 4.1 ± 0 .4 1.67
сbJD 1 A . devlii P ii. 7 .8 + 0 .8 5.0 +  0.5 1.57

{A . benesii Pii. 7 .0 + 0 .4 4.5 ± 0 .3 1.55
_o tA . caroli P ii. 6 .4 + 0 .4 4.4 +  0.2 1.434-ÍО A . squam uliferus
СЛ CDa (Moell.) Pii. 5 .4 + 0 .4 3.6 +  0.3 1.48 1.54 1.41

V3a a ‘A . annae Pii. 8.4 +  0.9 4.9 +  0.4 1.71
о *A. altipes (Moell.) Moell. 5.8 +  0.3 3.9 +  0.2 1.51 1.57

a 1 A . aestivalis (Moell.) Moell. 8.1 ± 0 .4 5 .2 + 0 .9 1.55
lA . lángéi (Moell.) Moell. 8 .7 + 0 .8 4.9 +  0.5 1.80

X « * A . fuscofibrillosus
C (Moell.) Moell. 8.1 ± 0 .3 4.9 +  0.2 1.63
ью о A . haemorrhoidarius
p о K alchbr. e t Schulz. 6 .3 + 0 .8 3 .6 + 0 .5 1.61

C/3 оto A . silvaticus Schaeff. ex Secr. 6.2 ± 0 .6 4.1 ± 0 .4 1.52
"P A . silvaticus Schaeff. ex Secr. 4.8 +  0.8 3.2 ± 0 .6 1.50
J5 A . luteolorufescens P .

1). O rton 6.3 +  0.5 4 .0 + 0 .1 1.53
fA . vinosobrunneus P.

D. O rton 6.1 ± 0 .4 3 .9 + 0 .5 1.55

A . subfloccosus (J . Lge.)
pu . 6.0 +  0.6 4 .6 + 0 .3 1.31

U A . bisporus (J . Lge.)
a Im bach 6.2 ± 0 .7 4 .9 + 0 .4 1.36

"a A . maleolens (Moell.) Moell. 6 .5 + 0 .5 4 .8 + 0 .2 1.35
a A . hortensis (Cke.) Pii. 5.9 +  0.5 4.3 +  0.5 1.40
о A . gennadii (C hat, et
5- B oud.) P . 0 .  O rton 6.6 ± 0 .4 5 .1 + 0 .4 1.29 1.28

Q A . gennadii ssp. micro-
sporus B ohus 6.7 +  0.3 5 .1 + 0 .3 1.30

э A . bitorquis (Quel.) Sacc. 5 .1 + 0 .3 4 .4 + 0 .5 1.16
j A . bitorquis (Quél.) Sacc. 5 .6 + 0 .5 4 .7 + 0 .5 1.21

СЛ A . bernardiiformis Bohus 6.7 ± 0 .2 5.7 ± 0 .2 1.18
A . bernardii Quél. ap.

Cke. e t Quél. 6.1 ± 0 .7 4 .9 + 0 .5 1.25
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A verage size of spores in
K m of

К  of intrageneric taxa

Intrageneric taxa Species
Sub- Sub-length width Sections

sections genera

1 2 3 4 5 6 7 8

A . augustus F r. ss.
auc t. non Rick.

1A . macrosporus (Moell.
7.8 ± 0 .4 4 .9± 0 .2 1.59

et J .  Schaeff.) Pil. 9 .3 ± 0 .2 7 .2 ± 0 .6 1.34
1 A . macrosporoides Bohus 
fA .  excellais (Moell.)

9 .3 ± 0 .3 5 .8 ± 0 .2 1.61

Moell. 10.2 ± 0 .8 6 .2 ± 0 .5 1.67
со 1 A . abruptibulbus Pk. 6 .6 ± 0 .4 4.9 ± 0 .3 1.35

1 A . amanitaeform is S.
© W asser 6 .1 ± 0 .6 4.5 ± 0 .3 1.26
со© 1 A . arvensis Schaeff. ex
e Seer. 6.1 ± 0 .4 4.1 ± 0 .4 1.50 1.46

fc, 1 A . arvensis Schaeff. ex

©
Seer. 5.7 ± 0 .7 3.7 ± 0 .5 1.53

о© * A .  chionodermus Pil. 7.4 ± 0 .6 4 .4 ± 0 .9 1.44
£ tA .  maskae  Pil. 7 .3 ± 0 .4 5 .1 ± 0 .4 1.44
СЛ tA . maskae  Pil. 6 .8 ± 0 .5 4 .9 ± 0 .5 1.40

CO« {A . nivescens (Moell.)
2 © Moell. 6 .4 ± 0 .5 4 .6 ± 0 .3 1.41
к. ?

£
A . silvicola (V itt.) Sacc. 6 .9 ± 0 .6 4.3 ±0 .5 1.62

§p A . tabularis Pk. 7.1 ± 0 .6 5 .0 ± 0 .4 1.43 1.46 1.43
О d 1 A . osecanus Pil. 7 .0 ± 0 .6 5 .2 ± 0 .4 1.36
2
E о

cn © A . xanthoderm as Gen. 6 .2 ± 0 .7 4 .0 ± 0 .4 1.55
S Ö BA . xanthodermus Gen. 5 .9 ± 0 .3 3 .8 ± 0 .4 1.53
<v k. 1 A . p ila tia n u s  Bohus 6 .3 ± 0 .3 4 .6 ± 0 .4 1.39

-o' ©“0 A . meleagris J . Schaeff. 6.1 ± 0 .5 3 .9 ± 0 .2 1.58
(Л -2 fA . moelleri S. Wasser 5 .0 ± 0 .1 3.1 ± 0 .2 1.53

c A . placomyces Pk. 5 .2 ± 0 .5 3 .4± 0 .5 1.57 1.47
X A . placomyces Pk. 5.1 ± 0 .4 3 .5 ± 0 .4 1.45

{A . velenovskyi Pil. 5.2 ± 0 .4 4.1 ± 0 .3 1.28
#o 1 A . phaeolepidotus
о (Moell.) Moell. 5.3 ± 0 .5 3 .8± 0 .5 1.40
СЙ BA . pseudopratensis

(B ohus) Bohus 5 .6 ± 0 .3 3 .9 ± 0 .3 1.42

A . purpurellus  (Moell.)
Moell. 4 .8 ± 0 .3 3 .6 ± 0 .4 1.35

CO© ” 4.9 ± 0 .5 3 .8± 0 .3 1.33
© »? 5 .5 ± 0 .3 4 .0 ± 0 .4 1.44

5 .2 ± 0 .5 4 .0 ± 0 .3 1.34 1.40
< A . semotus F r. 5 .8 ± 0 .7 3 .6 ± 0 .4 1.63

A . xantholepis (Moell.)
_o Moell. 5 .6 ± 0 .7 4 .0 ± 0 .2 1.39
о *A. lutosus (Moell.)

сл Moell. 5.1 ± 0 .4 3 .9± 0 .2 1.28
fA . d im inu tivus  Pk. 4 .8 ± 0 .4 3 .3 ± 0 .3 1.48

N otes:
* th e  a r ith m e tic  m ean  of len g th  a n d  w id th  of 100 spores o f each  species;

** th e  value  of roo t-m ean -sq u are  d e v ia tio n  in  th e  case of each  species
1 th e  ty p e  of species was ta k e n  fo r p rocessing
^  th e  m a te ria l collected  and d e te rm in e d  by H . Romagnesi w as ta k e n  for th e  s tu d y  

(A . radicatus V itt. ss. R om agn.), Sens (Y onne) O ct., 1938.
B the m aterial collected and determ ined by G. Bohus was taken  for the study
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o f M. M o s e r  (1967), th e  in trag en eric  ta x a  of th e  sam e ra n k  (sections) are d is­
tingu ished  som etim es on  th e  basis o f th e  flesh colour d u rin g  au to o x id a tio n  
(Rubescentes, F lavescentes), som etim es on th e  basis o f carpophore  h a b itu s  
(M inores).

Table 2

S ystem s o f  the Genus A garicus Fr. em. K arst. 

K on r ad , P. — Ma ubla n c , A. (1948):
G enus Agaricus

Section C am pestres K o n r. e t M aubl. (1924) em.
( =  Rufescentes J .  Schaeff. e t M oell., 1938)

G roup C am pester  
G roup S ilv a tic u s

Section A rvenses  K o n r . e t M aubl. (1924)
( =  Flaventes J .  S chaeff. e t Moell.)

G roup A rv en s is  
G roup X an th o d erm u s  
G roup Graciles

P ilât, A. (1951):
G enus Agaricus

Subgenus Euagaricus  P il.
Section R ufescentes  J .  Schaeff. e t Moell.
Section Sanguino len tae  J .  Schaeff. e t Moell.
Section Flaventes J .  Schaeff. e t Moell.

Subgenus M elanophyllum  (Vel.) Pil.

G enus Agaricus
Moeller , F. H . (1950 1951):

Section Rubescentes Moell.
G roup E d u lis  
G roup S ilva tica  
G roup V aporaria  
G roup S p issa  
G roup C am pestris

Section Flavescentes J .  Schaeff. e t Moell. 
Subsection M a jo res  F r . p. p.

G roup A u g u s ta  
G roup A rv en s is  
G roup X a n th o d erm a  
G roup M acrospora  

Subsection M in o res  F r.

Sing er , R. (1951):
G enus Agaricus

Section Campestres K o n r. e t M aubl. (1924) em.
Section S a n gu ino len ti J .  Schaeff. e t Moell.
Section A rvenses  K o n r . e t M aubl.
Section X anthoderm ate i Sing.

K ü h n e r , R. R om agnesi, H . (1953):
G enus Psalliota

Section Rubescentes ss. Moell.
G roup Bitorques
G roup R ufescen tes  J . Schaeff. e t Moell.
G roup Sanguino len tae  J .  Schaeff. e t Moell.

Acta Botanica Academiae Scientiarum Hungaricae 22, 1976



M O R P H O M E T R Y  O F  S P O R E S  I N  T H E  G E N U S  A G A R IC U S 2 5 5

Section  Flavescentes ss. Moell.
G roup A ugustae  K ühn , e t  R o m ag n . 
G roup Silvicolae  K ühn , e t  R o m ag n . 
G roup Xanthodermae Sing.
G roup M inores  Fr.

G enus A garicus
H e in e m a n n , P. (1956):

Subgenus A garicus
Section  Campestres K onr. e t M aub l. 
Section  Sanguinolenti J .  Schaeff. e t  Moell. 
Section  Arvenses  K onr. e t M aubl.
Section  Xanthoderm atei Sing.
Section  B runneopicti Heinem .

S ubgenus Lanagaricus  Heinem .
Section  Olivacei Heinem .
Section  L anosi H einem .
Section  T risu lphura ti H einem .

S ubgenus Conioagaricus Heinem .
Section  In term edii Heinem .
Section  Pulverotecti Heinem .
Section  S tria ti Heinem .

Mo ser , M. (1967):
G enus A garicus

Section  E dules  ss. Moell.
Section  Rubescentes ss. Moell.
Section  Flavescentes ss. Moell.
Section  M inores  F r.
Section  X anthoderm atei Sing.

G enus A garicus
S in g e r , R. (1975):

Subgenus Agaricus
Section  A garicus ( =  Campestres K o n r. e t M aubl.,

=  Rufescentes J .  Schaeff. e t Moell.) 
Section  Sanguinolenti (J . S chaeff. e t  M oell.) Sing. 
Section  Arvenses  K onr. e t M aubl.

( =  Flaventes J .  Schaeff. e t Moell.) 
Section  X anthoderm ei Sing.

Subgenus Lanagaricus  Heinem .
Section  Olivacei Heinem .
Section  L a nosi Heinem .
Section  Lanagaricus (=  T risu lp h u ra ti  H einem .) 

Subgenus Conioagaricus Heinem .
Section  In term edii Heinem .
Section  Pulverotecti Heinem .
Section Conioagaricus (=  S tr ia ti  H einem .)

G enus A garicus
W a ss e r , S. P . (1976):

S ubgenus A garicus  
Section A garicus

Subsec tion  Rufescentes (J . Schaeff. e t  Moell.) S. W asser com b. n. 
Series Campestris 
Series Vaporaria 
Series Spissicaulis  
Series Radicata
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Subsection  Sanguinolentae  (J . Schaeff. e t M oell.) S. W asser com b. n. 
Series Silvatica  
Series A estiva lis  
Series Lignicola

Section D uploannula tae  S. W asser sect. n.
Subgenus Flavoagaricus S. W asser subgen. n.

Section M ajores F r. p . p.
Subsection  Flavescentes (Moell.) S. W asser com b. n.

Series A u g u sta  
Series A rven sis  
Series M acrospora

Subsection  X anthoderm atae  (Sing.) S. W asser com b. n.
Section  M inores F r . p . p.

Subgenus Lanagaricus H einem .
Section  Olivacei H einem .
Section  Lanosi H e in em .
Section T risu lp h u ra ti H einem .

Subgenus Conioagaricus H einem .
Section  In term edii H einem .
Section  Pulverotecti H einem .
Section  Stria ti H einem .

As a resu lt o f th e  an a lysis  of th e  m orphological an d  an a to m ica l, c u ltu ra l, 
physio log ica l and  b io ch em ica l d a ta  an d  th o se  o f th e  b io m etric  s tu d y  on spores, a 
new  system  of th e  genus Agaricus  is suggested  (T able 2), invo lv ing  four su b ­
g en era , te n  sections, fo u r  subsections an d  te n  se ries .1

In  our system  a com plex  of c h a ra c te rs  w ith  th e  p redom inance  o f th e  
co lou r ch a rac te r —  th e  flesh  colour u n d e r au to o x id a tio n  w hich is c o n s ta n t in  
th e  genus A garicus  ( tu rn in g  to  p ink , red  =  subgenus A garicus, tu rn in g  to  
yellow  =  Flavoagaricus) —  is assum ed as a basis fo r d istingu ish ing  th e  su b ­
genera . W hen d is tin g u ish in g  th e  sections in  th e  subgenus A garicus, th e  s tru c tu re  
o f th e  rin g  (sim ple, d o u b le  or pero n a te ) is ta k e n  as a basis, an d  in  th e  subgenus 
Flavoagaricus —  th e  h a b itu s  of th e  ca rpophores. A com plex  of ch a rac te rs  
w h ich  are  assum ed as a basis  o f d is tin g u ish in g  th e  in trag en eric  ta x a  of th e  
sam e  ra n k  is s tr ic tly  k e p t.

Key to the intrageneric taxa o f  the genus Agaricus2

l a .  The flesh  u n d e r  au to o x id a tio n  is lig h t p ink , p ink , red , carm ine red . 
Sm ell acidulous, S ch äffe r’s reac tio n  n eg a tiv e  as a ru le

subgenus Agaricus . . .  2

1 O ur system  is b a sed  on  th e  analysis o f th e  species o f th e  genus Agaricus  from  th e  
N o r th e rn  H em isphere. T he su b g en e ra  Lanagaricus a n d  Coniagaricus ( th e  species o f w hich grow 
in  th e  S o u th e rn  H em isphere) a re  accep ted  as a suggestion  of P . H e i n e m a n n  (1956) w ith o u t 
ch an g e , because we h ad  no p o ss ib ility  to  s tu d y  th e ir  ty p es .

2 T he key is com posed to  de te rm in e  th e  in trag en e ric  ta x a  of th e  genus A garicus o f th e  
N o r th e rn  H em isphere. T he k e y  to  determ ine  ta x a  of ev ery  ra n k  in  th e  S o u th ern  H em isphere  
is g iven  in  th e  paper o f P . H e i n e m a n n  (1956).
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lb .  T he flesh  u n d e r au to o x id a tio n  is yellow , lig h t yellow, yellow ish  p ink  
or on ly  th e  fo o t o f  stem  tu rn s  in ten s iv e ly  b r ig h t chrom e yellow. Sm ell a lm ond  
or anise. S chäffer’s reaction  po sitiv e  ex cep t th e  species of th e  subsec tio n  
Xantoderm atae)

subgenus Flavoagaricus . . .  4

2a. The r in g  is sim ple. C ystid ia  a t  th e  edges o f th e  lam ellae are  o f v a rio u s 
fo rm , from  sp h ero id  to  c lavate ; spores ovoid-ellipso id , ovoid

section Agaricus . . . 3

2b. The rin g  is double3, p e ro n a te . C ystid ia  a t  the  edges of th e  lam ellae  
a re  narrow , sp ire -sh ap ed , c lav a te ; spores ovo id-sphero id .

section Duploannulatae

3a. The fle sh  u n d er au to o x id a tio n  tu rn s  to  lig h t p ink, p ink

subsection  Rubescentes

3b. The fle sh  u n d er a u to o x id a tio n  tu rn s  in ten se ly  red , ca rm in e-red

subsection  Sanguinolentae

4a. Species o f m iddle and  large  sizes (p ileus 6—25 cm in  d iam ete r). 
T he rin g  is well developed , squam ose below . Spores from  m iddle to  la rge  sizes 
(to  12— 13 pm  long)

section  Maj ores

4b. Species o f  sm all sizes (pileus 2— 6 cm in  d iam eter). The rin g  is w eak ly  
developed , o ften  d isappearing , n ak e d  below . Spores o f sm all sizes (4— 6 pm  
long)

section  Minores

5a. The flesh  u n d e r au to o x id a tio n  tu rn s  yellow , lig h t yellow, yellow ish- 
p in k ; no smell o f carboxy lic  acid. S chäffer’s reac tio n  positive

subsection  Flavescentes

5b. The flesh  u n d er au to o x id a tio n  tu rn s  b r ig h t chrom e yellow only  a t  th e  
foo t o f  th e  stem ; w ith  smell of carb o x y lic  acid . S chäffer’s reac tion  n eg a tiv e

su b sec tio n  X anthoderniatae

To estab lish  th e  in te rre la tio n s w ith in  th e  genus, subgenera, sections, 
subsections and  series it  is necessary  to  s tu d y  an d  analyze th e  ch a ra c te rs  
in d ica tin g  th e  re la tiv e  an tiq u ity  or y o u th  of th e  species. T he ch a rac ters  o f a rea , 
q u a n t i ty  of th e  species, shape of spores, ty p e  o f developm ent, s tru c tu re  of

3 T he double r in g  is a ring  pecu liar, for exam ple , to  A . bitorquis. In  o u r sy s tem  all 
species w ith  th e  d o u b le  rin g  belong to th e  sec tion  D uploannulatae. The re s t o f th e  species 
hav e  a  sim ple ring.
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lam ella  tra m a , c h a ra c te r  of in tra sp ec ific  v a r ia b ility , spore p r in t colour, presence 
or absence  o f spore fib u las , sex d iffe re n tia tio n  are  such ch arac te rs  fo r agarics 
( S i n g e r , 1962). H av in g  grouped  m o rpho log ica lly  th e  sim ilar species an d  th e n  
ta k e n  in to  acco u n t th e  sim ila rity  o f K m, an d  fin a lly  analyzed  th e  ch a ra c te rs  
in d ic a tin g  th e  re la tiv e  y o u th  or a n tiq u i ty  o f th e  species i t  becam e possib le  to  
ju d g e , w ith  a g rea t p ercen tage  o f tru s tw o rth in e ss , th e  level of e v o lu tio n a ry  
d ev e lo p m en t of th e  species or g roups o f species, an d  th e  phy log en e tica l re la ­
tio n s  w ith in  th e  genus. T he m ost a n c ie n t w ith in  th e  lim its of th e  genus p roved  
to  be th e  section  D uploannulatae  of th e  subgenus A garicus  (K m for th e  section  
is 1 .28), follow ed b y  th e  sections M inores , subsections Flavescentes, X a n th o -  
dermatae  (T able 1).

T h e  analysis o f th e  sections a n d  su b sec tions of th e  genus show s th a t  
w ith in  th e  lim its  o f each  of th em  th e re  are  species w ith  b o th  low  an d  h igh  
K m, i.e. th e  an c ien t species (A . bernard ii, A . bitorquis, A . velenovskyi) an d  th e  
y o u n g  ones (A . annae, A .  cam pestris, A . langei, A . xanthoderm us) .

A s th e  v alue  o f K m and  o th e r  p a ra m e te rs  are very  sim ilar in  ce rta in  
species o f d iffe ren t sections and  su b sec tio n s, one m ay safely assum e sim u l­
ta n e o u s  p ara lle l evo lu tions w ith in  th e  sec tions. T he rep resen ta tio n s concern ing  
th e  s im u ltan eo u s  p a ra lle l evo lu tion  o f th e  species w ith in  th e  sections as w ell 
as th e  e stab lish m en ts  o f th e  m o st a n c ie n t species in  each of th e m  an d  th e  
re la tio n sh ip  betw een  these  will he a re liab le  basis w hen com posing th e  evo lu ­
t io n a ry  re la tio n s in  th e  genus A garicus.
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RECENSIONES

E cological stud ies in  J a p a n e se  grasslands w ith  spec ia l reference to  th e  IB P  area. P ro d u c tiv i ty  
o f te r re s tr ia l  co m m u n itie s . J1 B P  Synthesis. Y ol. 13. E d ited  by  M. N u m a t a . U niv . o f T okyo  
P ress , 1975.

T he book is a su m m ariz in g  volum e o f th e  Ja p a n ese  IB P  g rassland  ex am in atio n s , u n d e r  
th e  ed ito rsh ip  of M. N u m a t a . The volum e is d iv id e d  in to  10 ch ap te rs , th e  n u m b er o f a rtic le s  
varies accord ing  to  c h a p te rs . The various a r tic le s  have  been w ritte n  by  one to  fo u r a u th o rs , 
th e  n u m b er of co -w orkers is altogether 43.

In  C hap ter I, N u m a t a  deals w ith  th e  p reced in g  ev en ts; th e  fo rm atio n  of th e  g ra ss­
lan d  ecology group (1961), th e n  the  p lan n in g  a n d  survey ing  of th e  w ork  carried  o u t  in  th e  
f irs t  an d  second p h ases o f  th e  IB P . G rass lan d  in v es tig a tio n s  w ere carried  ou t in  M isca n th u s  
sinensis  an d  Zoysia  ja p o n ic a  types as well as in  d w a rf  bam boo (S a sa )  and  sow n p a s tu re s . 
The m ain  p a r t  of th e  ex am in atio n s was c a rr ie d  o u t in th e  IB P  sam pling  area  of K a w a ta b i, 
w ith  fo u r a d d itio n a l sam p lin g  areas.

C hap ter I I I ,  d e a lin g  w ith  the c la ss ifica tio n , s tru c tu re  an d  succession of th e  g ra ss lan d  
v eg e ta tio n , th e  a rtic le s  d iscussing  the changes in  succession and  s tru c tu re  as well as th e  re la ­
tio n s b e tw een  succession  a n d  p ro d u c tiv ity  in  M iscan thus  associations are v e ry  in te re s tin g . 
T he in v estig a tio n s o f v iab le  buried  seed p o p u la t io n  are w o rth y  of special a tte n tio n . C h ap te r 
IV  deals w ith  th e  a b io tic  facto rs in fluencing  th e  biological p ro d u c tio n . In  th e  f i r s t  a rtic le  
o f th is  C hap ter, N u m a t a  an d  M i t s u d e r a  d iscu ss th e  en v iro n m en ta l facto rs a ffec tin g  th e  
g ro w th  an d  p ro d u c tio n  of M iscanthus g ra sslan d s. I n  th e  o th er a rtic les, th e  .au thors describe  
th e  c lim ate , soil, re la tio n sh ip  betw een soil a n d  p la n t , an d  th e  effect o f soil on th e  b io log ical 
p ro d u c tio n . T he a u th o rs  o f Chapter Y t r e a t  th e  q u estio n  of m easu ring  and co m p arin g  th e  
p rim a ry  p ro d u c tiv ity  o f  sem i-na tu ra l g rasslan d s. T h u s th ey  d iscuss th e  p ro d u c tio n  of a b o v e ­
g round  and  u n d e rg ro u n d  organs in M iscanthus  a sso c ia tio n  and th e  p rim ary  p ro d u c tio n  of th e  
sem i-n a tu ra l p a s tu re , w h ere  Zoysia  is d o m in a n t as well as of A ru n d inario -M iscan the tum . T he 
n e t p ro d u c tio n  and  s ta n d in g  crop in three  sa m p lin g  areas of M iscanthus sinensis-ty p e  assoc ia­
tio n s  are  su rveyed  in a se p a ra te  com pilation. I n  C h ap te r V I th e  seasonal and  an n u al changes 
in th e  b iom ass and  l i t te r  are  sum m arized a n d  a lso th e  resu lts  of th e  chem ical analysis o f th e  
u n d e rg ro u n d  and ab o v eg ro u n d  organs of M isca n th u s  an d  Sasa pa lm ata  are given. In  C h ap te r 
V II , th e  a u th o rs  w rite  a b o u t the  in fluence o f b io tic  facto rs on grasslands. T h ey  s tu d ied  
th e  effect of ca ttle  g raz in g  on vegetation  a n d  on  th e  m orphology  of Sasa  in  p a s tu re s  w here 
Sasa  dom inates . T he a u th o rs  stud ied  the  p o ss ib ility  o f e lim inating  th e  harm fu l effects o f over- 
grazing. A n in te re s tin g  s tu d y  is given in  th is  C h a p te r  on th e  com parison  and econom ic im ­
p o rtan c e  of p ro d u c tiv itie s  in  th e  sem i-n a tu ra l M isca n th u s  p a s tu re  and  th a t  im p ro v ed  w ith  
a  m ix tu re  of o rc h ard g ra ss  and  ladino clover. A n o th e r  ex tensive  s tu d y  deals w ith  th e  causes 
of d e te rio ra tio n  of sow n grasslands as well as g ro w th  in  weeds. T he sum m ary  of ex am in a tio n s  
re la te d  to  th e  a m o u n t o f  grazing  co n sum ption  o f herb iv o ro u s insects is in te resting . C h ap te r  
V II I  co n ta in s th e  s tu d ie s  on th e  decom position  of l it te r .  I t  is also here th a t  th e  su m m ary  of 
m icrobiological ex am in a tio n s , th e  role of m ic ro fu n g i in  th e  decom position  processes, th e  in v es­
tig a tio n  of M iscanthus  a n d  Sasa  l itte r  d eco m p o sitio n  in  sem i-n a tu ra l conditions in  fiv e  y ea rs , 
th e  decom position  o f m eso- and  m acro fauna  l i t te r ,  an d  th e  soil re sp ira tio n  of M isca n th u s  
g rasslands are to  be fo u n d .

W hile th e  fo rm er c h ap te rs  were in  th e ir  m a jo r i ty  o f a b o tan ica l sub ject, C h ap te r  IX  
is fau n is tica l. A fter rev iew in g  th e  a rth ro p o d  f a u n a  of th e  sam pling  area , th e  au th o rs  rev iew
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th e  p ro d u c tiv ity  of som e g rassh o p p er species. P ap e rs  describ ing  the  ex tension  and  d is tr ib u tio n  
of p o p u la tio n s  of n estin g  b ird s an d  sm all m am m als a re  also included. In  th e  la s t c h ap te r  tw o  
m odels are  p resen ted . O ne describes th e  changes a n d  dy n am ics of th e  b iom ass in  M iscanthus  
an d  Zoysia  p la n t assoc ia tions in  grazed cond itions, a n d  th e  o th er in non-grazed  ones.

A good survey  of th e  w o rk  and  resu lts  of th e  J I B P - P T  section  is p ro v id ed  in  th e  vo lum e. 
A  fu r th e r  a id  to  co m p reh en sio n  m ay  be th e  d a ta  fro m  th e  lite ra tu re  g iven  a t  th e  end of th e  
v a rio u s  chap ters . T hey  m ain ly  c o n ta in  Ja p a n ese  references.

I. P r é c s é n y i

Ресурсы Биосферы (Итоги советских исследований по Международной Биологической 
Программе) Был. 1 1975. 286 ст. 1 р 97 к. Издательство Наука, Ленинград

(R esources of th e  b iosphere . S y n thesis o f th e  so v ie t s tu d ies  for the  In te rn a tio n a l B iological 
P ro g ram m e) Volum e 1. 1975. 286 pp . 97 k. “ N a u k a ”  L eningrad .

B etw een  10 to  12 D ecem ber, 1974, th e  S o v ie t N a tio n a l IB P  C om m ittee  o rgan ized  
a sym posium  sum m ariz ing  th e  resu lts  on th e  m a in  sec tions of th e  Soviet n a tio n a l IB P  p ro ­
g ram m e.

T he f irs t volum e o f p a p e rs  p resen ted  on th e  sy m p o siu m  was pub lish ed  in 1975 (N a u k a , 
L en in g rad ), w ith  a fo rew ord  b y  professor В. E . B y c h o v s k y  and by  professor O. N. B a u e r , 
ch a irm a n  of th e  Sov ie t N a tio n a l IB P  C om m ittee.

T he soviet b io log ists p a r tic ip a te  in  th e  In te rn a tio n a l  Biological P ro g ram m e since 1964. 
T h e  S ov ie t N a tio n a l IB P  C om m ittee  o rganized  m ore th a n  250 scientific  in s titu tio n s  of v a rio u s 
su b o rd in a tio n , m ade re g u la r  com m unica tions w ith  th e  SC IB P  and w ith  th e  in te rn a tio n a l 
sec tio n al com m ittees.

T he stud ies h av e  b een  perform ed accord ing  to  th e  “ Soviet b iological n a tio n a l p ro ­
g ra m m e ”  (Publish ing  H o u se  “ N au k a”  1969). P ro d u c tiv ity  of te rre s tr ia l, fresh -w ate r an d  
m arin e  ecosystem s, th e o re tic a l bases of te rre s tr ia l  co n se rv a tio n , biological con tro l of th e  m ain  
p e s ts , p la n t  gene pools w ere stud ied .

T he p resen t vo lu m e com prises th e  conclud ing  artic les  on th e  sections “ P ro d u c tiv ity  
o f te r re s tr ia l  co m m u n itie s”  a n d  “ P ro d u c tio n  p rocesses” .

V. F . S h a m u r i n , V. D . A l e k s a n d r o v a , B. A. T i k h o m i r o v : P rim ary  p ro d u c tio n  of tu n d r a  
com m unities

T he p rim ary  p ro d u c tio n  of p la n t com m unities o f p o lar desert, tu n d ra , and fo re s t-tu n d ra  
is rev iew ed , w ith  special re ference  to  th e  pu b lish ed  d a ta . T he d a ta  include th e  s tru c tu re  a n d  
s to ck  of th e  aboveground  a n d  u n d e rg ro u n d  p h y to m a ss  in  com m unities of th e  w a tersh ed  p la in s 
a n d  m o u n ta in s in v a rio u s loca lities o f tu n d ra  in  th e  U S SR . The seasonal changes in  th e  a b o v e ­
g ro u n d  p h y tom ass, th e  v a lu es of its  an n u al increase  a n d  litte r-fa ll are included  for som e com ­
m u n ities .

P . L. C o r c h a k o v s k y , N .  J .  A n d r e y a s h k i n a : S tu d ies  on  p rim ary  p ro d u c tio n  of co m m u n itie s  
a t  th e  s ta tio n  “ H a rp ”  (fo res t- tu n d ra )

A t th e  fo re s t-tu n d ra  s ta tio n  “ H a rp ”  p h y to m a ss , an n u al p ro d u c tio n  of abov eg ro u n d  
p a r ts  o f vascu lar p la n ts , a n d  th e  ra te  of deco m p o sitio n  w ere stud ied  in 10 ty p es of p la n t co m ­
m u n itie s  (6 tu n d ra , 2 m eadow s, 1 sw am p, 1 open  w oodland  com m unity).

T echniques o f d e te rm in a tio n  of a n n u a l p ro d u c tio n  of hyp o arc tic  sh ru b s and  sh ru b le ts  
h av e  been  developed.

G. B. G o r t i n s k y , A. A. M o l c h a n o v , M. A. A b r a s i i k o , A. D. V a k u r o v , I. I. G u s e v , I. V. 
Z a b o e v a , Y u . N. N e s h a t a e v , V. V. S m i r n o v , A. I. U t k i n : P ro d u c tiv ity  o f fo rests in  th e  
E u ro p e a n  p a r t  o f th e  U S SR

The biological p ro d u c tiv ity  of forests o f v a rio u s  bo tan ico -geograph ical subzones o f th e  
U S S R  is review ed. T he p ro d u c tiv ity  o f spruce fo res ts  increases from  th e  n o rth e rn  ta ig a  to  
so u th e rn  ta ig a , an d  w ith in  subzones — in  th e  so u th -w e st d irec tion  as th e  co n tin en ta l p ro p e rtie s  
o f c lim ate  decrease. M ax im u m  values (460 t /h a )  a re  k n o w n  for L arix  s tan d s, th e  spruce s ta n d s  
in th e  sam e cond itions reach in g  up to  350 t /h a  o f d ry  m ass. The h ig h est values o f a n n u a l 
p ro d u c tio n  (m ore th a n  10 t /h a )  are no ted  for th e  sp ru ce  fo rests in E sto n ia , th e  Moscow d is tr ic t ,  
a n d  for Quercus s ta n d s  in  th e  V oronezh R ese rv a tio n . M etabolism  is essen tia lly  d ifferen t d e p e n d ­
ing  on tree  species an d  on  th e  chem ical p ro p e rtie s  o f th e  soil.
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L. К . P o z d n y a k o v : P ro d u c tiv ity  o f fo res ts in  S iberia
D a ta  are p u b lish ed  on the  biological p ro d u c tiv ity  of fo res ts  in  S iberia  o b ta ined  d u rin g  

th  las t five  y ears b y  th e  S u k a c h e v  In s t i tu te  o f F o re s ts  and  T im b er, S iberian  B ranch , Ac. Sei. 
U SSR . P h y to m ass of th e  ripen ing  and  rip e  fo res ts increases from  60 t /h a  to  250 as th e  c o n ti­
n en ta l p ro p erties  of c lim a te  decrease. As a  ru le  th e  p ro d u c tiv ity  o f L a r ix  s tan d s  is h igher th a n  
t h a t  of pine s tan d s u n d e r  th e  analogous co n d itio n s in  th e  m iddle ta ig a  zone. As th e  co n tin e n ta l 
p ro p erties  of c lim ate  in crease , th e  ra tio  o f lea f  w e igh t to  th e  to ta l  aboveground  p h y to m a ss  
increases. T he m asses o f crow ns of d iffe ren t species u n d e r  d iffe ren t co n d itio n s are v e ry  sim ilar 
and  depend only on th e  size of tru n k s. C hem ical com position  in  s ta n d s  grow ing un d er th e  sam e 
clim atic  conditions m ay  considerab ly  v a ry  an d  i t  d epends on soil.

N . I. B a z i l e v i c h  (ed): P ro d u c tiv ity  o f step p e , m eadow  an d  sw am p biogeocoenoses o f th e  
fo res t steppe

The resu lts  o f s tu d ies  of 12 grass b iogeocoenoses in  th e  subzone  of th e  m eadow  s tep p e  
in  th e  E u ro p ean  p a r t  (K u rsk  and T am b o v  sta tio n s)  an d  in th e  A s ia tic  p a r t  of th e  U S S R  are  
review ed (A siatic  p a r t  — K arach i s ta tio n ). A com plex c h a ra c te ris tic  of en v iro n m en t, 
v eg e ta tio n , fau n a , m icroorgan ism s is p ro d u ced  fo r each biogeocoenosis. P h y to m ass s tock , 
a n n u a l p ro d u c tio n , loss of m a tte r  are described  in  th e ir  seasonal a n d  an n u al changes, as well 
as th e  m in era liza tio n  of organic  m a tte r . T he c o rre la tio n s  be tw een  th e  a n n u a l p ro d u c tio n  a n d  
h y d ro th e rm al regim e are  po in ted  ou t. T he sign ificance of th e  h e te ro tro p h ic  organism s (th e ir  
various tro p h ic  g roups) in th e  m in era liza tio n  of th e  lit te rfa ll  is rev ea led . A fu n c tio n al m odel 
(blocks and  flows are  o u tlin ed ) of tu rn o v e r processes an d  a m a th e m a tic a l m odel of w a te r  t u r n ­
over processes are c o n s tru c ted  for th e  grass biogeocoenoses.

N . P . G u r i c h e v a , O. M. D e m i n a , G. J .  K o z l o v a , L. I. N o m o k o n o v , K. D. St e p a n o v a : 
P ro d u c tiv ity  of m eadow  com m unities

M eadow co m m u n itie s  (associations of p e ren n ia l grass-like in eso p h y tes) are a u to tro p h ic  
com p o n en ts  o f m eadow  biogeocoenoses w ith  a  com plex  sp ace-tim e  stru c tu re . M ost w idely  
m eadow s are d is tr ib u te d  in  th e  fo rest an d  step p e  zones h av in g  te m p e ra te  clim ate. A cco rd ­
ing to  position , m eadow s are co n tin en ta l, f lo o d -p la in , and  m o u n ta in  m eadow s.

The PT  IB P  p ro g ram m e included th e  s tu d y  of 41 ty p es  o f m eadow s a t 12 s ta tio n s  
on  th e  p lains of th e  U S SR . More com plex s tu d ies  h av e  been m ad e  a t  th e  s ta tio n  “ O trad n o e”  
(c o n tin en ta l m eadow  o f K arelia) and a t  th e  s ta tio n  “ K a rac h i” , N ovosib irsk  d is tr ic t (lake  
flood-p la in  m eadow s). T h e  to ta l p h y to m ass  s to ck  of th e  c o n tin e n ta l  m eadow s varies fro m  
15 to  60 t/h a , w ith  a m ean  ra tio  of abov eg ro u n d  to  u n d e rg ro u n d  p h y to m a ss  1 : 1 1 : 6  (12). 
T he corresponding  fig u res for flood-p la in  m eadow s are 17 — 75 t /h a ,  an d  196 (9). F e rtiliza tio n  
can  increase  th e  p ro d u c tiv ity  of m eadow s 1.5 — 3 tim es.

L. E . R o d i n  (ed): P ro d u c tiv ity  o f d e se rt co m m unities
T he resu lts  o f IB P  stud ies, m ade a t  5 s ta tio n s  in  th e  U S S R  (sand  desert M. B a rsu k y ; 

san d  d esert T au k u m ; gy p su m  p lain  in  K y sy lk u m ; C en tra l K a rak u m , K a rry k u l; S o u th -E as te rn  
K arak u m , R ep etek  re se rv a tio n ), and a t  one s ta tio n  in th e  M ongolian P eop le’s R epublic  (G obi) 
are  described. These s ta tio n s  are d is tr ib u te d  th ro u g h o u t th e  v a rio u s  subzones of th e  d e se rt 
zone in  Asia. T he physico-geographic  ch ara c te ris tic s  o f these  s ta tio n s  a re  p o in ted  ou t; 15 com ­
m u n ities  (n a tu ra l and  an th ropogen ic) hav e  b een  s tu d ied , fo rm ed  by  trees ( Am m odendron  
argenteum , H aloxylon amm odendron) ,  sh ru b s (E phedra  lom ato lep is), sem ishrubs (Cailigonum  
sp .), sem i-sh rub le ts / A rtem is ia , Salsola , A n a b a s is ) , an d  grasses ( A gropyron frag ile ) . T he d a ta  
are  g iven  on p h y to m a ss , an n u al increase  (p ro d u ctio n ), litte rfa ll fo r th e  aboveground  a n d  
u n d erg ro u n d  p a r ts  of th e  com m unities. W a te r  ba lan ce , p h o to sy n th es is , and  chem ical com ­
position  are discussed for th e  m ain  ed ifica to rs. T he fea tu res  o f th e  biological tu rn o v e r o f th e  
ash  e lem ents and of n itro g en , th e  calorific v a lue , a re  considered . T he p a s tu re  value , stock  of 
fuel wood are ev a lu a ted , th e  w ays of ra tio n a l use  are  po in ted  o u t.

K . A. M a l i n o v s k y  (ed): P ro d u c tiv ity  o f m o u n ta in  co m m unities in  th e  USSR
T he re su lts  o f IB P  stud ies in  som e m o u n ta in eo u s reg ions o f th e  U SSR  (C aucasus, 

C a rp a th ian  m o u n ta in s, T ien  Shan, P am irs) are described . V arious com m unities are an alyzed , 
includ ing  m o u n ta in  fo res ts  (of Picea abies, M alus siversii, an d  a rtif ic ia lly  p lan ted  P in u s  sil- 
vestris), subalp ine  sh ru b s ( P inus mugo, A in u s  v ir id is) ,  va rio u s m o u n ta in  m eadow s (N ardeta , 
Festuceta , D escham psieta , Cariceta, e tc .), m o u n ta in  step p e  co m m u n itie s  (Stipeta , D ichantie ta , 
e tc .) , h ig h -m o u n ta in  step p e  com m unities (H ordeeta ) , cushions h ig h -m o u n ta in  desert co m m u n ­
ities (Ceratoideta), c ry o p h y le  ( Oxitropideta/ ,  e tc .

T he m ain  physico-geographic  ch a ra c te ris tic s  o f co m m unities, p h y to m ass , ann u al p ro ­
d u c tio n , litte rfa ll are in d ic a te d  for th e  ab o v eg ro u n d  an d  u n d e rg ro u n d  p a r ts  o f the com m unities.
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T h e  fe a tu re s  of biological tu rn o v e r  of ash  e lem en ts  an d  of n itro g en  th e  calorific  v a lu e , are 
d iscussed .

L . N . D o b r i n s k y : O p tim u m  d ensity  an d  o p tim u m  s tru c tu re  o f an im al p o p u la tio n s
N um bers and  b iom ass o f an im als, s ig n ific a n t com m ercially  or b io log ically  are m easu red  

in  v a r io u s  p a r ts  of th e ir  areas. The re su lts  o f so v ie t ecologists on  th e  b io m ass o f wild an im als 
in  v a r io u s  zones, on p o p u la tio n  s tru c tu re , a n d  on p o p u la tio n  dynam ics a re  d iscussed , as well 
as som e resu lts  of s tu d ies  in  field  s ta tio n s.

M. S. G h i l a r o v , Y u . I. Ch e r n o v : Soil i n v e r t e b r a t e s  in  c o m m u n i t i e s  o f  t h e  t e m p e r a t e  zone
A synopsis o f re su lts  o f th e  q u a n ti ta t iv e  pedo-zoological s tu d ies  in  th e  U SSR , m ade 

w ith in  th e  IB P  p ro g ram , is pub lished . N u m b ers a n d  m ass for v arious g roups of soil fa u n a  in 
th e  m ain  zonal com m unities from  tu n d ra  to  d e se it  a re  included. The to ta l  q u a n ti ta t iv e  indices 
o f  th e  soil fau n a  are co rre la ted  to those  of th e  p la n t  cover. V arious fo rm s a n d  scale o r biogeo- 
c o en o tic  ac tiv ities  o f soil an im als are d e m o n s tra te d , based  on th e  c o m m u n ity  s tru c tu re  an d  
o n  d a ta  o f experim en ta l researches.

T . V . A r i s t o v s k a y a : N um b ers, b iom ass a n d  p ro d u c tiv ity  of soil b a c te r ia
Q u a n tita tiv e  ch ara c te ris tic s  of b a c te r ia  w ere stu d ied  for soils in  v a rio u s geographic  

zones. In  every lo ca tion , sh o rt-tim e  f lu c tu a tio n s  o f num bers, b iom ass a n d  p ro d u c tiv ity  are 
re v e a le d , th e  sh a rp est in  soils o f th e  fa r N o rth . T h e  ra te  of p ro p ag atio n  an d  d e a th  o f b a c te r ia  
in  soils depend on soil an d  c lim ate  p ecu lia ritie s  a n d  on season. The p ro d u c tio n  process is no t 
c o n tin u o u s  and th e  m o st in ten siv e  fo rm a tio n  a n d  d isappearance of b a c te r ia l  b iom ass tak e s  
p lace  in  ce rta in  m o n th s or w eeks during  th e  ac tiv e  season.

E . N . M i s h u s t i n , T. A. K a l i n i n s k a y a , N. M. S h e m a k h a n o v a : A ssim ila tio n  of m olecu lar 
n i tro g e n  by  free-living an d  sym bio tic  m ic ro o rg an ism s

T he resu lts  of s tu d ies  in  biological f ix a t io n  of n itrogen  are su m m arized , p e rfo rm ed  b y  
th e  p a r tic ip a n ts  of th e  IB P  in  th e  U SSR  in  1966 — 1972. The follow ing sec tions are d iscussed: 
b io ch e m is try  of biological f ix a tio n  of n itro g en , sy m b io tic  fix a tio n  of n itro g e n  b y  L egum inosae 
a n d  non-L egum inosae, free-liv ing  N -fix a to rs , Cyanophyceae , sym bio tic  a n d  n o n -sym bio tic  N- 
f ix a t io n  in  n itrogen  b a lan ce  of soil.

To sum  up. i t  can  be s ta te d  th a t  in th is  sy n th esis  the  p h y to m ass s to ck , an n u al p ro d u c ­
t io n , processes of m in e ra liza tio n  and tu rn o v e r  in  va rio u s types of b iogeocoenoses — tu n d ra ,  
fo re s ts , grasslands, d eserts — are analyzed .

In fo rm atio n s a re  g iven  on th e  b iom ass o f w ild anim als and soil b a c te r ia  in  va rio u s zones 
as w ell as on th e  re su lts  o f th e  f irs t  in te rd isc ip lin a ry  stud ies of th e  S o v ie t ecologists.

T he p resen t rev iew  of th e  m ost im p o r ta n t  re su lts  of th e  Sov ie t sc ien tis ts  in th e  fram e 
o f th e  IB P  m ay be recom m ended  for all those  in te re s ted  in ecology, p ro d u c tiv i ty  and  n a tu re  
co n se rv a tio n .

E .  L á n g

D a r i m o n t , F .: R echerches m ycosociologiques d an s  les fo rê ts de H a u te  B elg ique I —II. I n s t i tu t  
R o y a l des Sciences N a tu re lle s  de Belgique. M ém oire No. 170. 1973, pp . 1 — 220, w ith  a co loured
m a p , 34 colour p lates an d  30 tab les; price  4000 francs.

I t  is a g rea t p ity  th a t  th e  excellen t w o rk  o f F r é d i  D a r im o n t  could  n o t be p ub lished  a fte r  
i ts  co m p le tio n  in 1952, soon a fte r  th e  early  dem ise  o f i ts  au tho r. T herefore, re g re tta b ly , i t  cou ld  
n o t  be  considered in  m ycocoenological resea rch es (n o t even in th e  B e lg ian  ones) t h a t  hav e  
s in ce  th e n  been carried  on ex tensively . A s tu d y  of th e  w ork w ould hav e  b een  especially  useful 
fo r th e  au th o rs  of th e  sum m ariz ing  w orks t h a t  hav e  been published  since t h a t  tim e.

E v en  so, i t  is fo r tu ito u s  th a t  in  th e  o rg a n iz a tio n  of th e  I n s t i tu t  R o y a l des Sciences 
N a tu re lle s  de B elgique, w ith  th e  fin an c ia l su p p o r t of th e  In s t i tu te  an d  of o thers , th e  w ork  
co u ld  be published  in  tw o volum es, in  a re p re se n ta tiv e  edition , y e t on ly  as a p o sth u m u s w ork. 
T h e  costs of th e  p u b lic a tio n  were co n sid erab ly  increased  by  th e  34 co lou r p la tes , an d  th e  
la rge-size  tab les enclosed in  a sep ara te  vo lum e.

T he au th o r carried  o u t th e  su rveys in  18 fo res ts  relegable to  6 assoc ia tions an d  fo rest- 
ty p e s ,  as follows:
Quercetum  sessiliflorae m edioeuropaeum:

45 areas observed , 2 areas ana ly zed  m ycocoenologically  
F agetum  boreoatlanticum : 6 — 3
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Querceto-Carpinetum m edioeuropaeum  prim uletosum  veris: 28 — 3 
Querceto-Lithospermetum: 3 — 1 
A cereto-F raxinetum : 18 — 4
Querceto-Carpinetum m edioeuropaeum  caricetosum glaucae: 9 — 1

In  ecoclim atica lly  u n ifo rm  areas, th e  physiognom ica lly  hom ogeneous fungus c o m m u n i­
tie s  w ere stu d ied  w ith in  th e ir  n a tu ra l boundaries in s te a d  of ob se rv in g  co n stan t squares.

T he basis of th e  a u th o r ’s view is th a t  fungi, besides th e  tw o g re a t groups of p lan ts  a n d  
anim als, should  be co n sid ered  a separate  phy lum .

W ith in  th e  a reas o f fo res t associations, an d  fo res t ty p es , fo res t “ m ycotopes”  a re  sep ­
a ra ted . Such are, for e x am p le , the surface of th e  soil w ith  hu m u s c o n te n t, th e  surface of a fa llen  
tree  tru n k , etc. T he m y co to p e s  are populated  w ith  fu n g u s co m m u n itie s  (M ycetation), d iv id ed  
by  th e  a u th o r  in to  c lasses. W ith  regard  to  th e  m ycocoenoses of th e  surface  of th e  fo res t soil, 
such a class is th e  Cortinario-Boletacea. W ith in  th e  classes, o rders are d istingu ished , an d  w ith in  
these fu r th e r  u n its  se p a ra te d . For exam ple:
Class: Cortinario-Boletacea

O rder I: Boleto-Am anitecia
m ycocoenoses of forests on s ilica te  soil 

O rder I I :  C ortinario-Inocebia
m ycocoenoses of calcicolous fo res ts 

O rder I I I :  Galactinio-Laccariecia tortilis
m ycocoenoses of clay soils la id  b a re

T ii e a u th o r  h a s  an a ly ed  th e  species c h a ra c te ris tic  of th e  v a rio u s un its . In  o rd e r to  
ch a rc te r iz e  a n d  c o m p are  th e  fungus com m unities, he  s tu d ied  th e ir  frequency , co n stan ce , 
sociab ility  and  f id e li ty  in te rp re tin g  th em  on th e  basis of his ow n conception .

In  th e  synoecolog ical ch aracte rizatio n  of th e  v a rio u s fu n g u s com m unities, D a r i m o n t  
m en tio n s conditions d iffe re n t from  those o bserved  in  H u n g a ry . So, fo r exam ple, he c h a ra c ­
terizes M orchello-C ortinariecium  as follows: “ Calcicole, basophile  (p H  7 — 7.3), inesophile , 
te rm o p h ile”  an d  u n d e r  th e  “ C haracteristiques ex clu siv es”  e n u m era te s  e.g. Caloporus (P o ly -  
poru s) cristatus w hich  g row s in  H ungary  exclusively  on  soils w ith  p H  values 3.5 — 5. F u r th e r  
he w rites from  B oletecium  regii sociom ycium : “ Calcicole, basoph ile  (p H  7 — 7.5), x e ro p h ile , 
term o p h ile .”  A nd as re g a rd s  Boletus regius — th e  species g iving th e  nam e of th e  u n i t  — i t  
grows in  Luzulo-Q uercetum  a n d  in the  m ore acidic s ta n d s  o f Quercetum petraeae-cerris in  H u n ­
gary.

T he cause of d ifferen ces m ay probab ly  be  fo u n d  in  th e  fa c t th a t ,  ow ing to  th e  s tro n g e r 
b leach ing , th e  m osaic ism  o f th e  biotopes is in creased  in  B elgium  w here  p re c ip ita tio n  is m ore  
freq u en t. I t  seems also p ro b ab le  th a t  D a r i m o n t  d id  no t m easure  th e  p H  values of th e  soil 
in  h a b ita t  spo ts b u t  to o k  in to  consideration  ra th e r  th e  reac tio n  c h a ra c te r  of th e  basic  rock . 
E xam p les of such p h e n o m e n a  are found also in  H u n g a ry  (B ü k k  m o u n ta in s); th ere  are  a reas 
w ith  lim estone as th e  b as ic  rock, b u t w here th e  overly ing  th ic k e r soil cover becam e loca lly  
acidic, re su lting  in  th e  ap p ea ran ce  of species o th erw ise  ch ara c te ris tic  of soils on an  acid ic  
rock  su b s tra te .

G. B o h u s

C . L. H i t c h c o c k  — A .  C r o n q u i s t : Flora  o f th e  P ac ific  N o rth w est. A n illu s tra te d  M anual. 
U niv . W ash in g to n  P re ss , S ea ttle  —London, 1973. X I X  730 pp . £ 9 .—

T he m an u a l o f v a sc u la r  p lan ts in h ab itin g  th e  Pac ific  N o rth w est (W ash ing ton , th e  
m o u n ta in  regions o f N o r th  Oregon, N o rth  Id a h o  a n d  M o ntana) is a  concise version  of th e  
5-volum e co m p ila tio n  p u b lish ed  in th e  course o f one an d  a h a lf  decades (1955 — 1969). N ow  
i t  is a one-volum e w o rk  in  a different form . T h e  f lo ra  a p p ro x im a te ly  3 — 4 th o u san d  species 
o f th e  ex tensive  reg io n  in  th e  USA m entioned  ab ove  — could be p re sen ted  in  one vo lu m e b y  
u n u su a l conciseness o n ly  a n d  in  th e  form  of keys w ith  d raw ings. I t  m u st be em phasized  r ig h t 
a t  th e  beg inn ing  t h a t  th is  im pressive m an u a l o f la rg e  fo rm  is a  m asterp iece  of conciseness: 
a lm o st every  m m 2 of th e  ty p e -a rea  has been p e rfe c tly  used , and  y e t  carried  o u t w ith o u t d e tr i ­
m en t to  th e  c o m p reh en s ib ility . The dichotom ic k ey s, w hich  for reaso n s of shortness w o rk  w ith  
m ore th a n  a h u n d re d  m orphological and g eo g raph ica l ab b rev ia tio n s  in  ad d itio n  to  th e  co n ­
v en tio n a l signs, m ak e  possib le  th e  iden tifica tio n  of all species (an d  even  m an y  of th e  v a rie tie s)  
o f th is  region so rich  in  flo ra . Parallel w ith  th e  keys th e  h a b ita t  p ic tu re  or section  d raw in g s 
of m ost of th e  species, sca led  down strongly , a re  to  be fo u n d  on th e  left m arg in  of th e  pages.

A fter th e  sh o rt in tro d u c tio n  and m orpho log ical d ic tio n ary , th e  m an u a l offers tw o  ty p e s  
o f key  for th e  id e n tif ic a tio n  of the  fam ilies, th e n  th e  d escrip tive  p a r t  follows, m ak in g  u p
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9 5 %  of th e  book. D ico ty led o n o u s fam ilies follow  each  o ther in E n g l e r ’s system , w hile th e  
m onocoty ledonous fam ilies t h a t  of Cr o n q u i s t . O n th e  o ther han d , th e  various gen era  are 
p laced  in th e  a lp h ab etic  o rd e r w ith in  th e  fam ily , w h ich  is unusual fo r us. In  th e  genera , th e  
concise m orphological d e sc rip tio n  and  generic  n am e  e tym ology are g iven  th e n  th e  keys to  
species (som etim es to  subspecies or to  v a rie tie s). A fte r th e  m orpholog ical d esc rip tion , th e  
h a b ita t  and range of all t a x a  are given, to g e th e r  w ith  th e ir  m ore im p o r ta n t  synonym s. (The 
la t te r  are w ith o u t a u th o rs ’ nam es and  no t e x te n siv e ; concerning th e  d e ta ils , th e y  refer to  th e  
five-vo lum e tex t-b o o k .) I t  is a useful help  t h a t  occasionally  th ere  are even  tw o ty p es  o f key  
(fo r exam ple, in  Umbelliferae and  Compositae , fo r b o th  th e  v eg eta tiv e  an d  th e  re p ro d u c tiv e  
p h ases; in  Astragalus , a genus rich  in species, on  th e  basis of b o th  th e  b lossom ing and fru itin g  
stages). — The g rea t m a jo r ity  of th e  fam ilies h a v e  been  e laborated  b y  H i t c h c o c k , w hile th e  
sm alle r p a r t  by  Cr o n q u i s t ; m o st of th e  p ic tu res  a re  b y  J .  R . J a n i s i i . C oncerning th e  p ic tu re s  i t  
sh o u ld  be no ted  th a t  th e y  are  m o stly  no t h a b i ta t  p ic tu re s  b u t  m ain ly  sec tion  draw ings neces­
sa ry  for iden tifica tio n . I n  th e  in te res ts  o f conciseness, th e  ex te n t of n e ith e r  th e ir  m in im iza tio n  
n o r th e ir  m ag n ifica tion  is in d ica ted . The sec tio n -d raw in g s — owing to  th e ir  connecting  lines 
b e in g  d ropped  — do n o t a lw ays p e rm it an  u n a m b ig u o u s  id en tific a tio n  an d  th e  t in y  p ic tu re s  
c an  only be used w ith  th e  a id  o f a m agnify ing  glass.

The v ery  accu ra te  a n d  th o ro u g h  lay -o u t a n d  th e  excellent q u a lity  o f p ap er c o n tr ib u te  
to  a g re a t e x te n t to  th e  fa c t t h a t  th is  flo ris tic  m a n u a l o f a very  th o ro u g h  an d  ex trem ely  concise 
co m position  and illu s tra tio n  is an  in d ispensab le  h an d b o o k  for those  w ho w ish to  know  th e  
f lo ra  o f th e  enorm ous area.

Sz. P r i s z t e r

С. Петров: Определител н а  мьховете в българия (S. P e t r o v : K ey to  th e  id en tif ic a tio n  
o f b ry o p h y tes  in B ulgaria). 1975, 536 pp , 124 p la te s , Izd . A kad. N au k ., Sofia

A n im p o rta n t sum m ariz in g  w ork in  b ry o lo g y  has been published  b y  S. P e t r o v . I t  con ­
ta in s  th e  whole b ry o p h y te  flo ra  o f B ulgaria . I ts  know ledge is of g rea t im p o rtan ce  for E u ro p ea n  
flo ris ts  and moss geographers. B efore th is  p u b lic a tio n  th e  re lev an t d a ta  have  been k n o w n  
fro m  various scientific  p a p ers  only. A t th e  sam e tim e , th is w ork is a n  a d d itio n  to  a  g re a t 
e x te n t  also to  th e  l ite ra tu re  on  th e  b ry o p h y te  f lo ra  o f Sou th  E urope.

T he flora o f B u lg aria  co n ta in s 670 b ry o p h y te  species; am ong th ese . 167 are liv e rw o rt, 
26 Sphagnum  and  476 m oss species.

The w ork consists o f tw o  p a rts : general p a r t  an d  taxom inocal.
T he general p a r t  deals w ith  th e  te c h n iq u e  of moss collecting; th e  req u irem en ts  of 

e stab lish in g  a h e rb ariu m ; th e  in s tru c tio n s  on  th e  id en tif ic a tio n  of m oss species as well as on 
th e  use  of keys; th e  p re p a ra tio n  of liv e rw o rts, Sp h a g n u m  and  m osses fo r th e ir  id en tif ic a ­
tio n . T his p a r t  deals w ith  th e  e x p lan a tio n  o f fu n d a m e n ta l  term s re la te d  to  th e  o rgan ic  con­
s tru c tio n  of m osses; ex ce llen t draw ings i llu s tra te  th e m  and fac ilita te  th e  use of keys.

T he taxonom ica l p a r t  con ta ins th e  keys to  b ry o p h y te s  in h ab itin g  B ulgaria . T he m ain  
tax o n o m ica l groups (th a llo id  liverw orts, lea fy  liv e rw o rts , Sphagnum s, m osses) are d iv id ed  
on  th e  basis of th e  c h a ra c te ris tic  ex te rn a l p ro p e rtie s  o f th e  g am e to p h y to n . The d e sc rip tio n  
follow s w ith  keys to  genera  in  liv e rw o rts , th e n  k ey s  to  species of each of th e  various genera . 
O w ing to  th e ir  g rea t n u m b er th e  genera  o f m osses are d iv ided in to  12 m ain  c h a ra c te r  
g ro u p s; w ith in  these  m ain  groups, th e  various g en era  a re  sep ara ted  by  keys. W ith in  th e  genera , 
species keys are e lab o ra ted . W ith in  S phagnum s (as th e re  exists only one genus,) th e  species 
keys a re  e laborated . T o g eth er w ith  th e  keys in  all th re e  groups also th e  sh o rt, concise, i llu s tra ­
tiv e  descrip tion  of th e  genera  is p rov ided . A t th e  en d  of th e  desc rip tio n  of species th e re  a re  
re m a rk s  re la ted  to  th e  h a b ita t .

In  order to  fa c ilita te  th e  id en tifica tio n  of th e  b ry o p h y te  species, draw ings of good q u a lity  
a re  g iven. T hey em phasize  th e  m ost rem ark ab le  ch ara c te ris tic s  of th e  v a rio u s species an d  m ay  
be usefu l also for re sea rchers — in th e  id e n tif ic a tio n  of th e  various m oss species — who do 
n o t know  th e  B ulgarian  language. The book is co m p le ted  by  a lis t o f references, a d e ta iled  
ta b le  of co n ten ts, and a B u lg arian  and  L a tin  lan g u ag e  index of m oss nam es.

The handbook  is in  B u lg arian , for i t  has p r im a rily  been com piled in  o rder to  fa c ilita te  
th e  w ork  of B u lg arian  bryo log ists . I t  is d ifficu lt fo r fo reign  researchers to  use  i t ,  b u t  th e  L a tin  
language  species lis t and  th e  v e ry  usable d raw in g s of th e  good lay -o u t m ake  i t  possible fo r all 
b ry o lo g is ts  to  use i t  a t  lea s t p a rtly . The h a n d b o o k  offers a g rea t help  in  th e  id en tif ic a tio n  
of m an y  S o u th -E u ro p ean  m oss and  liv e rw o rt species.

S. O r b á n
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Д. К. Зеров, Л. Я. Партика: Мохопод1бш украшьских карпат (D. К. Ze r o v , L. А, 
P a r t i r a : T he mosses o f th e  U k ra in ian  C arp a th ian s). 1975. 230 pp , 13 m aps, N au k o v a  D u m k a . 
K iev

T he au th o rs  p rocessed  th e  d a ta  on th e  b ry o p h y te  flora  of th e  U k ra in ian  p a r t  o f  th e  N E  
C arp ath ian s. T his region, owing to the  num ero u s in te res tin g  b ry o p h y te  species, is one of th e  m o st 
exp lo red  regions of th e  C arp ath ian s. T he f ir s t  d a ta  on  th e  mosses o f th is  area  w ere p u b lish ed  
in  1847, th u s , th e  re su lts  of m ore th a n  a  h u n d re d  y ea rs’ b ryo log ical research  w ork are  su m ­
m arized  in  th e  book.

T he U k ra in ian  C a rp a th ian s are o f a g re a t v a ria tio n  b o th  geologically  and  geom orpho- 
logically , therefo re  its  b ry o p h y te  flo ra  is also v e ry  rich. I t  co n ta in s 623 b ry o p h y te  species, 
2 o f w hich belong in  th e  Anthocerotopsida , 163 in  th e  H epaticopsida  an d  488 in  th e  B ryo p sid a  
(26 in  th e  Sphagnum  an d  462 in  th e  m oss) classes.

T he d is tr ib u tio n  of th e  species acco rd ing  to  floristic  e lem en ts also confirm s th e  p la n t 
geographical im p o rtan ce  a n d  th e  m anifo ldness o f th e  b ry o p h y te  v eg eta tio n  of th e  reg ion . 
T he d is tr ib u tio n  of th e  b ry o p h y te  species acco rd ing  to area  is as follow s: 77 a rc to -a lp in e , 63 
b o reo -arc tic , 194 boreal, 21 boreo-nem oral, 166 nem oral, 22 nem o ra l-P o n tic , 30 M ed ite rran - 
ean -nem ora l, 1 nem ora l-M ed ite rran eo -P o n tic , 1 M edite rranean , 47 h o larc tic  and 24 e lem en ts  
of n o n -de term ined  area.

T he m ost in te re s tin g  species, new  for th e  whole area  or v e ry  ra re  in th e  w hole C ar­
p a th ia n s , are as follows: Clevea sp a th ysii, M etzgeria fru ticu lo sa , M etzgeria ham ata , P allav ic ina  
lye llii, Fossombronia p u s illa , Cephalozia loitlesbergeri, Calypogeia sphagnicola , G ym n o m itriu m  
a p icu la tum , G ym nom itrium  coralloides, Scapan ia  subalp ina , F ru llan ia  ja c k ii , S p h agnum  balti- 
cu m , Sphagnum  p a p illo su m , F issidens ru fu lu s , F issidens m argina tu lus , Trichostom um  v ir id u -  
lu m , Conscinodon cribrosus, Orthotrichum leucom itrium , M yurella  tencrrima.

T he w ork consists o f four m ain  p a r ts . In  th e  f irs t p a r t  th e  a u th o rs  review  in  d e ta il 
th e  h is to ry  of th e  b ry o p h y te  research  re la te d  to  th e  area. In  th e  second p a r t  ( c o n s titu tin g  
th re e -q u a rte rs  o f th e  book), th e  species occurring  in th e  region are re p o rte d  in th e ir tax o n o m ica l 
o rd e r, to g e th e r w ith  th e ir  h a b ita ts ;  all th e  earlie r d a ta  of l ite ra tu re  and  h e rb aria  a re  also 
processed. In  th e  th ird  p a r t ,  th e  v e rtica l d is tr ib u tio n  of mosses an d  liverw orts is a n a ly zed . 
T hree  v e g e ta tio n  be lts  are  ex am ined , viz. beech , fir and  subalp ine-alp ine  belts (as th e  tru e  
a lp ine is on ly  of in sig n ifican t m agn itu d e), a n d  w ith in  th e  fo rest p a r ts  th e  rocky  an d  m arsh y  
sites are ex am ined  se p a ra te ly . The ch a ra c te ris tic  m oss associations o f all vegeta tio n  b e lts  a re  
e n u m era ted . The la s t c h ap te r  p rov ides th e  p lan t-g eo g rap h ica l analysis of th e  mosses a n d  liv e r­
w orts in th e  U k ra in ian  C a rp a th ian s, g iv ing  th u s  valuab le  pieces o f in fo rm atio n  on th e  b ry o - 
p h y tes  o f th e  region acco rd ing  to groups of flo ra l elem ents. The m o st in te res tin g  in  th e  flo ra  
o f th e  region are th e  a rc to a lp in e , th e  b o re a l-a rc tic  and  th e  M ed ite rran ean  e lem en ts; b o rea l 
an d  nem ora l e lem ents are  d o m inan t.

A t th e  end of th e  bo o k  a lis t of re ferences is to  be found.
T his w ork e la b o ra tin g  th e  flo ra  o f a re la tiv e ly  sm all reg ion  w hich , how ever, is v e ry  rich  

an d  com plex w ith  re sp ec t to  th e  n u m b er o f species and  floral e lem en ts — will be o f g re a t use 
to  th e  m oss flo ris ts  an d  geographers who s tu d y  th e  moss flora of th e  C arp ath ian s, b u t  i t  m ay  
p rov ide  in te res tin g  d a ta  an d  novel in fo rm a tio n  to  all flo ris ts  of E u ro p e  and  of o th er c o n tin e n ts .

S. O r b á n

Z. I. A s a u l : Id e n tif ic a tio n  book of th e  E u g le n o p h y ta  algae of th e  U k ra in ian  Soviet Socia listic  
R ep u b lic . K iev , 1975. 1 —408 p. 3.80 rubels .

T he in v es tig a tio n s  on  th e  Euglenophyta  o rganism s are v e ry  im p o rta n t b o th  from  
th eo re tic  an d  p rac tic  v iew po in ts, since th e y  p ro m o te  a b e tte r  u n d e rs tan d in g  of th e  phylo- 
genism  and  th e  organ ism s of th e  lam b d a ! level: th e y  are im p o r ta n t n u tr itiv e  m a te ria ls  for 
h igher a q u a tic  o rgan ism s, like fish. U p -to -d a te  id en tific a tio n  books m ean  a g rea t su p p o r t  to 
fu r th e r  researches, to o , an d  th ey  are likew ise ind ispensab le  in  h igher ed u cation ; s im ila rly , 
th e y  hav e  such  ch a ra c te r  from  th e  v iew -p o in t o f th e  hydrob io log ists an d  fishery  sp ec ia lis ts , 
w orking in  th e  prax is . T herefore  th e  w ork  of th e  au th o r, a w ell-know n figure  in th is  fie ld  of 
science is w elcom ed w ith  m uch  p leasure.

H y drob io log ists an d  algologists o f th e  U k ra in e  published  p len ty  of d a ta  co n ce rn in g  
E uglenophyta  o rig in a tin g  from  v arious b io to p es. C onsequently  th e y  have  accu m u la ted  a g re a t 
deal of sy s tem atica l, m orphological an d  ecological d a ta  especially  re la ted  to  th e  co lourless 
species. These have  been  sum m arized  b y  th e  a u th o r  in a very  lu cid  m anner, 502 species are 
rep o rte d  from  th e  te r r i to ry  of th e  U k ra in e  of w hich  177 are colourless; m ost of th e  species
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a p p ea r here  for th e  f ir s t  tim e . A u th o r has w holly  su rv e y ed  th e  special lite ra tu re  u n til 1972. 
T he general p a r t  com prises 29 pages where th e  re a d e r  is in form ed a b o u t m orphology, biology, 
ecology, system atics  an d  p h y lo g en e tic  re la tions. T h e  specia l p a r t,  ch arac te riz in g  briefly  th e  
Euglenales and  P eranem atales , gives diagnoses of th e  fam ilies and genera , clear iden tifica tio n  
k eys, am ply  illu s tra te d  w ith  good figures. The f in a l n u m b er of figures is 249, b u t  each figure  
is b u ilt  up  of m an y  p a r tia l  fig u res ; accordingly, th e  re a l num ber o f illu s tra tio n s  ru n s  in to  
severa l th o u san d s ! T his fa c t  a lone m akes th e  w ork  v a lu a b le ; th o u g h  th e  keys are in  U k ra in ian  
th e  m an y  figures h igh ly  fa c ili ta te  th e ir  use.

T he vo lum inous w o rk  o f Z. I. A sa u l  ap p ea red  in  th e  series of th e  U k ra in ian  and U SSR  
Id e n tif ic a tio n  Books, w e ll-k n o w n  and h ighly e s teem ed  everyw here. W e are m uch  aw aitin g  
th e  fu r th e r  volum es.

T. H o r t o b á g y i

P a n k o w , H .: A lgenflora d e r O stsee. II: P la n k to n  (493 p. 880 figu res, 26 tab les w ith  175 
p h o to s . J e n a , V E B  G u s ta v  F isch e r 1976. Cloth. P rice  ab ro ad : 71 .— M.)

H . P a n k o w , P ro fesso r o f th e  R ostock U n iv e rs ity , in  co llab o ra tio n  w ith  V olkbert K e l l  
and  B ru n h ild e  M a r t e n s , h a s  accom plished a w o rk , ho n o u rab le  in  all resp ec ts  when he, by  
m ak in g  use of 778 special p a p e rs  and his own in v es tig a tio n s , sum m arized  th e  a lg a -p lan k to n ic  
o rg an ism s of th e  B a ltic  Sea to g e th e r w ith d ia to m s (D iatom aphyceae) o f th e  ben thos, since 
th e  la t te r  very  often  are  p re se n t  in  th e  p lank ton . T h is  id en tif ic a tio n  book  w ith  critica l rem ark s 
is in d ispensab le  for sp ec ia lis ts  engaged in fresh  w a te r  research . The lay o u t of th e  book is 
s im ilar to  th e  p rev ious ex ce llen t P a s c h e r  books.

A fter th e  in tro d u c tio n  an d  lis t of co n ten ts , th e  w ork  is d iv ided  in to  several ch ap ters . 
F ir s t  a b rie f review  of th e  a d o p te d  halobic system  is g iven  follow ed by  a n  id en tific a tio n  key  
of th e  algae found  in  th e  B a ltic  Sea. The 19 gen era  o f C yanophyta  a re  tre a te d  on 25 pages. 
C oncern ing  C hrysophyta , 13 gen era  from  Chrysophyceae, 3 genera fro m  Xanthophyceae  an d  
1 genus from  Craspedophyceae  are discussed on 13 pages. T he b u lk  of th e  id en tific a tio n  book 
is occupied  by  d ia to m s (D iatom aphyceae-B acillariophyceae) in  a to ta l  o f 263 pages. T he 
organ ism s of Pyrrhophyta  t a k e  u p  34 pages, th e  g reen  a lgae (Chlorophyta) 30 pages and  fina lly  
E uglenophyta  a  m ere 5 pages.

T he book gives v e ry  good and  detailed  id e n tif ic a tio n  keys. T he figu res and  ph o to s are  
fine , th e y  h igh ly  fa c ilita te  p recise  iden tification . W e sh o u ld  com m ent especially  on th e  v e ry  
p recise  lite ra ry  references a n d  th e  list of th e  m o st im p o r ta n t  synonym s.

T he book is co m p le ted  w ith  a detailed  B ib lio g rap h y , C orrections an d  A ddenda, re la ted  
to  th e  “ A lgenflora der O stsee  I. B enthos” (8 pages), a n d  an  Index .

T he w ell-edited  w o rk  w ith  a fine cover w ill m o s t certa in ly  be w elcom ed by  h y d ro b io l­
og ists engaged  b o th  in  th e o re tic a l and p rac tica l w ork .

T. H o r t o b á g y i

T h o m a s , E . and  D a v e y , M. R .: F rom  single cells to  p lan ts . W ykeham  P u b lica tions L td .,  
L o n d o n  and  W inchester. 1975. pp. 172; 73 illu s tra tio n s . £  2.50

T he book is a re ce n t ex ce llen t co n trib u tio n  to  th e  lite ra tu re  on p la n t  tissue cu ltu re. All 
w h a t is kno w n  on th is  s u b je c t to d ay  is briefly  in c lu d ed . The a u th o rs’ a im  was to prov ide i t  
as a su p p lem en t to  th e  k n o w ledge  of those who w o rk  in  p la n t physiology. H ow ever, th e  book 
is m u ch  m ore th a n  th a t .  I t  discusses recent re su lts , p re sen ts  problem s a n d  fu tu re  perspectives 
o f p la n t  tissue cu ltu re . A fte r  a  sh o rt — we should  say  ob lig a to ry  — h isto rica l survey  an d  an  
eq u ally  necessary  rev iew  of tech n ica l m ethods a n d  b asic  m ateria ls , th e  book con ta ins th e  
follow ing chap ters . In  th e  c h a p te r  en titled  “ The C u ltu re  o f P la n t O rgans”  all possible cu ltu res 
t h a t  can  be induced  fro m  th e  various p lan t o rg an s (ro o t, stem , leaf, shoo t, flower, ovaries, 
a n th e rs  and  em bryo) are  su rv ey ed . C hapter 4 deals w ith  th e  cu ltu res o f p la n t  cells, includ ing  
callus cu ltu res , w ith  cell susp en sio n  and single cell c u ltu res , and also w ith  th e  m icroscopic 
an d  u ltra s tru c tu ra l  c o n s tru c tio n  of cells. C hap ter 5 discusses th e  iso la tio n  and  beh av io u r of 
h igher p la n t p ro to p la s ts . B esides the  m ethods of iso la tio n , also th e  p ro p e rties , developm en t, 
physio log ical and p ra c tic a l ap p lica tio n s of p ro to p la s ts  are touched  u p o n . C hapter 6, “ The 
M orphogenesis of Cell C u ltu re s” , calls a tte n tio n  — w ith  reg ard  to  p la n t b reed ing  and p ro p a g a ­
tio n  — on  th e  w ay of th e  fo rm a tio n  of th e  v a rio u s o rgans from  cells, on  facto rs con tro lling  
m orphogenesis, and  on th e  ap p licatio n s in p rac tice  o f th e  m orphogenetic  p o ten tia ls  of th e
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cells and tissues c u ltiv a te d . C hap ter 7 deals w ith  th e  c u ltiv a tio n  o f hap lo id  rep ro d u c tiv e  cells. 
T he m ain  p a r ts  o f th e  c h a p te r  t r e a t  th e  to p ic  of m icrospore fo rm a tio n , isolation, c u lt iv a t io n  
as well as th e  em b ryogenesis and  organogenesis o f m icrospores a n d  th e ir  p ractical a p p lic a tio n  
in  p la n t b reeding. T h e  la s t  c h ap te r  analyzes, as fu tu re  p rob lem s in  th is  field of science, th e  
genera lity  of cell to tip o te n c y , th e  cyto logical in s ta b ility  of th e  c u lt iv a te d  cells, the  p o ss ib ility  
of m odification  a n d  h y b rid iz a tio n  in  p la n t cells, an d  also th e  ex p ec tab le  p ractica l re su lts  
of all these. The A p p en d ix  also con tains m ethod ica l schedules besides th e  basal cu ltu re  m edia . 
As an  aid to  fu r th e r  u n d e rs tan d in g , th e  book h as  been p ro v id ed  w ith  a taxonom ic  in d ex , 
a su b jec t index  a n d  a su b s ta n tia l  lis t of references. — T his w o rk  sum m arizes th e  to p ic  of 
p lan t tissue c u ltu re  fa ir ly  well, briefly  and  d em o n stra tiv e ly . In  th e  m assive in fo rm a tio n  flow 
of to d ay , w orks o f th is  c h a ra c te r  assist in  th e  m ost im p o rta n t o r ie n ta tio n . Praise is d u e  to  th e  
au th o rs  for th is  w e ll-b a lan ced  w ork ex ten d in g  to  every  im p o r ta n t  d e ta il and still re m a in in g  
w ith in  m odera te  lim its . T he lay -o u t of th e  book is also fine, i t  p ra ises  th e  Publishers. T h e  w ork  
will be of g re a t use  fo r b o th  those  who are  a t  th e  beg inn ing  of o r ien ta tio n  in th is to p ic  an d  
those  who hav e  a lre ad y  acq u ired  fam ilia rity  w ith  it.

M. M a r ó t i

W i e s s n e r , W .: B io en e rg e tik  bei P flanzen. (B au ste in e  der m o d ern en  Physiologie.) J e n a ,  V E B  
G ustav  F ischer 1975. 3 1 .— M.

One of th e  m o st m o d ern  and  im p o rta n t ran g e  of top ics in  p la n t  physiology is th e  b io ­
energetics of p la n ts . P ro fesso r W i e s s n e r ’s book gives in fo rm a tio n  o n  th is  b ranch  of sc ience, 
w ith  th e  aid o f 55 fig u res , 44 d em o n s tra tin g  ske tches an d  22 ta b le s , on 224 pages. C oncern ing  
bioenergetics, n a tu ra lly  i t  is m ain ly  p h o to sy n th es is  and  p lan t re sp ira tio n  ( th a t is, th e  fu n d a ­
m en ta l life processes) w hich  are d ea lt w ith . F in e -co n stru c tio n s o r organellum s p ro d u c in g  th e  
cyto logical scene o f th e  processes are discussed to  th e  e x te n t of necessa ry  details. The re q u ire d  
know ledge re la te d  to  th e  com pounds p a r tic ip a tin g  in  p h o to sy n th es is  and  re sp ira tio n  is su m ­
m arized , th e n  b ased  on th a t  from  p lan t physio logical, b iophysica l a n d  biochem ical v iew p o in ts  
a detailed  acco u n t o f th e  processes, follows on  m olecu lar and  e v en  subm olecular levels. T he 
effect of ou tside  fa c to rs  an d  also of ad ju s ta b ility  are tak e n  in to  co n sid era tio n  to  a fa r-re a ch in g  
ex te n t, in  acco rd an ce  w ith  th e  leading princip le  th a t  th e  o rg an ism s and the  e n v iro n m e n t 
should be o bserved  in  th e ir  in te rdependence . T he a u th o r avo ids o r on ly  touches th e  ecologico- 
physiological co n n ec tio n s kno w n  since long, and  he p ay s g re a te r  a tte n tio n  to prob lem s w h ich  
have  h ith e rto  b een  p u sh ed  in to  th e  b ackground ; fo r exam ple, on  th e  p a r tia l pressure o f o x y g en  
effecting p h o to sy n th es is . S im ilarly , th e  q u estio n  of so-called p h o to -resp ira tio n  has com e to  
th e  fore.

In  ag reem en t w ith  th e  t itle  of th e  book, th e  d iscussion of en erg e tical problem s is m o stly  
em phasized, am ong  th ese  th e re  occur, for exam ple, e lectronic m ig ra tio n , energy tra n s fo rm a tio n , 
and  th e  sto rage  of energy . T he reg u la tio n  of th e  processes ( th e ir  co-ord ination) is also one of 
th e  m ain  th o u g h ts  in  th e  book, in d ica tin g  th a t  Professor W i e s s n e r  wishes to show th e  re a d e r  
th e  p la n t o rg an ism  as a  u n ified  system .

The s ty le  o f th e  boo k  is good and  p la in , th ere fo re  in te llig ib le  also to  those  w ho are 
tra in ed  in  th e  G e rm an  language  only to  a sm aller ex te n t. B esides specialists in b io logy , also 
s tu d en ts  from  th e  fie ld  o f h igher ed u ca tio n  m ay  be adv ised  to  use  th is  excellent w o rk  on 
a special su b ject.

V. F r e n y ó

H o p E ,  A. B. an d  W a l k e r , N. A.: The Physio logy  of G ian t A lgal Cells. Cambridge U n iv e rs ity  
Press, L o n d o n —N ew  Y o rk , 1975 (201 -f- X I I I  pages, 51 figu res, 15 tab les and 7 p la te s) .

B iologists a n d  physio log ists have o ften  p ro fited  from  th e  su rv iv a l of anim als a n d  p la n ts  
w hich have  cells o f m ore  th a n  o rd in a ry  size. T he g ian t cells o f c e r ta in  algae are o f e specia l 
value  as ex p e rim e n ta l m ate ria l for th e  in v es tig a tio n  of b io logical problem s. G iant a lg a l cells 
ap p ear in  l i te ra tu re  w ith  Co r t i  (1774, 1776), w ho observed  a n d  re p o rte d  p ro top lasm  e x is ted  
as a concept. L ong  before  Y o u n g  (1936) drew  a tte n tio n  to  th e  squ id  g ian t axon, p h y sio lo ­
g ists had  fo u n d  V alonia  a n d  N itella  and  h ad  b egun  w ork on m a n y  of th e  problem s d iscussed  
in  th is  book.

T he bo o k  consists o f 12 chap ters  (pp. 1 —175), a b b rev ia tio n s  (I —X III ) ,  ap p en d ix es  
(177 — 180) an d  references (181 — 197).
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C h ap te r 1 sum s u p  th e  tax o n o m y , th e  u l tra s tru c tu re ,  cu ltu re  a n d  cell o p era tio n s of 
g ia n t  a lga l cells. C hapter 2 g ives a very  co m p reh en s iv e  historical b a ck g ro u n d  of early  p lan t 
a lga l physio logy  and p u ts  re c e n t  w ork in p e rsp ec tiv e .

I n  C hapter 3 th e  a u th o rs  consider w a ter re la tio n s ; th ey  touch u p o n  th e  osm otic p o ten tia l 
o f v a c u o la r  sap , th e  tra n sc e llu la r  osm osis, th e  o sm o tic  flow during  p e rfu s io n  and  th e  self 
d iffu s io n  of w ater.

C h ap te r 4 discusses th e  pe rm eab ility  to  nonelectro ly tes an d  g ives calcu la tions of 
p e rm e a b ility  coefficients.

C hap ters 5 and 6 p ro v id e  a  com prehensive  su rv e y  of ionic re la tio n s (c o m p a rtm e n ts  and 
ion ic  co n cen tra tio n s , ionic f lu x es  and  k inetic  m odels).

A u th o rs  consider th e  e lectrica l p ro p erties  o f m em branes in c h a p te r  7 and  th e  ac tio n  
p o te n t ia l  in  C hapter 8: th e y  s tu d y  th e  active  t r a n s p o r t  of cations an d  an io n s in Charophyta  
cells (C h ap te rs  9 and 10), th e  t ra n s p o r t  and use o f c a rb o n  dioxide and b ic a rb o n a te  ions (C hap ter 
11), a n d  p ro top lasm ic s tre am in g  (C hap ter 12).

T h e  au th o rs  tak e  care  to  em phasize th e  g en era l im plication  of th e  f in d in g s  for th e  p la n t 
k in g d o m , and  occasionally fo r th e  an im al k in g d o m  as well.

B o th  au tho rs are p h y sic is ts  and th ey  w ro te  m o stly  of those asp ec ts  o f th e  physio logy 
of g ia n t  a lgal cells w hich a re  in te res tin g  to  b io p h y sic is ts . N evertheless, a d v an ced  s tu d e n ts , 
te a c h e rs  a n d  research  w orkers in  p la n t physio logy , cell physiology an d  b iophysics will fin d  
th is  b o o k  a stim u la to ry  a c c o u n t of an  im p o r ta n t a re a  of research.

J .  N. R a k o v á n
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ВОСТОЧНО-АФРИКАНСКИЕ МХИ II 

M . Б И З О Т , М . Н . Д Ь Ю Р Ь , т .  п о ч

Авторы обработали коллекцию мхов, собранную Доктором Лейф Риварден (Универ­
ситет Осло, Норвегия) в Южно-восточной Африке, большая часть которой происходила с 
горы Муланье, расположенной в южной части Малави, а также проанализировали её 
точки зрения географического распространения. Большая часть видов новая для террито­
рии Малави, а два вида новые для всего африканского континента. Эти виды были ранее 
известны на Мадарагаскаре, на островах Маскарен.

ПРОДУКЦИЯ ОРГАНИЧЕСКИХ ВЕЩЕСТВ И ИСПОЛЬЗОВАНИЕ ЭНЕРГИИ 
ФОТОСИНТЕЗА ЛЁССОВО-ЛУГОВЫМИ РАСТИТЕЛЬНЫМИ СООБЩЕСТВАМИ

Л . Э Н Д Р Е Д И ,  И . Х О Р В А Т

С конца апреля до конца октября 1974 года авторы изучали продукцию органи­
ческих веществ и использование энергии полевыми растительными сообществами Salvio- 
Festucetum  rupicolae pannonicum  stipetosiim . Самое значительное увеличение в весе наблю­
далось в мае и в июне, за это время использование энергии достигало 0,79% и 1,3%. 
Принимая во внимание все время исследования, оказалось, что продукция сухого вещества 
надземных частей была 281,94 гр/м, продуктивность равнялась 1,5 гр/м/день, что обозна­
чает 0,17% среднего использования энергии. Сухое вещество содержало 34,5% углеводов 
и 2,1 % азота. Между количеством сухого вещества и продукцией углеводов и азота 
имеется тесная связь, а между продукцией углеводов и азота имеется более слабая, 
линейная, регрессивная связь.

ТЕРМОЛАБИЛЬНЫЕ И ТЕРМОСТАБИЛЬНЫЕ СМЕЖНЫЕ-УЧАСТКИ ОЗИМОЙ 
ПШЕНИЦЫ (TRITICUM AESTIVUM v a r . BÁNKÚTI 1201) В ПЕРИОД ЯРОВИЗАЦИИ

М. Д Э В А И , Э . П А Л Д И , И . К О В А Ч

Авторы изучали количество термостабильных и термолабильных смежных-участ- 
ков, образующихся в процессе яровизации в озимой пшенице T r .a e s t iv u m v ar. B á n k ú ti  1201 
при помощи методов яровизации, дэяровизации и обратной яровизации. Стимулирующее 
влияние развития низкой температуры прекращается 36-часовой обработкой высокой тем­
пературой. Дэяровизированность растений зависит от степени яровизации. На основе 
полученных данных можно сделать вывод, что при яровизации озимой пшеницы сущест­
вует много термостабильных и термолабильных смежных-участков. Полная обратимость 
первой стадии яровизации под действием высокой температуры указывает на термола­
бильность этой стадии. Процессы, проходящие в начале яровизации а также их конечные 
продукты—термолабильны. После этого термолабильного участка следует смежный тер­
мостабильный участок, после которого следует вторая термолабильная фаза. Конечная 
термостабильная фаза образуется после яровизации и совпадает с её стабилизацией. Опыт 
определяет место термостабильных и термолабильных смежных участков в процессе яро­
визации.



ИССЛЕДОВАНИЕ СОДЕРЖАНИЯ К, Са, P, N и АМИНОКИСЛОТ У ЭПИФИТА
H Y PN U M  C U P R E S S IF O R M E

л. дэжи, т. шимон

Авторы провели изучение фитомассы эпифитного мха на территории «Síkfőkút Project» 
(Шимон, 1974) и в виде продолжения исследовали содержание К, Са, P, N и аминокислот у 
Н у р п и т  cupressiforme. Было определено количество этих веществ в живой и мертвой 
фракции мха, а также в коре, служащей основой. Данные обрабатывали математически- 
статистическим методом, разницу проверяли пробой. Авторы определили, что во мхе 
содержиться больше К, однако количество его зависит от характера места обитания. 
В растениях сухих мест больше К, а в более уравномеренных условиях К может перейти в 
кору. Обыкновенно Са больше в коре, или же содержание Са во мхе и в коре приблизи­
тельно одинаковое. В неживых мхах, больше Са, чем в живых. Динамизм Са противополо­
жен динамизму К. В растениях содержание Р приблизительно в 3 раза больше, чем в коре, 
а также фракция из живого растения содержит больше Р, чем фракция из мертвого расте­
ния. В Н ур п и т , растущем в более свежих условиях, содержание азота значительно выше, 
чем в растениях, растущих в сухих условиях. Содержание азота в растении выше, чем в 
коре, а внутри растения в живой фракции выше, чем в мертвой. Количество азота значи­
тельно выше в михах растущих в более свежих условиях. Образование содержания амино­
кислот похоже на азотное. Среди аминокислот выявили: глицин, серин, аспарагиновую 
кислоту, глютамин, аспарагин, аргинин, лизин, гистидин и цистеин.

На территории в 200 м2, принимая во внимание сухой вес подушек эпифита Н ур п и т  
перечислив на 1 гектар, определили 300 гр. калия, 260 гр. кальция, 150 гр. фосфора, 78 гр. 
азота и 260 гр. аминокислот.

СОДЕРЖАНИЕ ХЛОРОФИЛЛА В РАСТЕНИЯХ БУКОВЫХ ЛЕСОВ И ЕГО 
ЭКОЛОГИЧЕСКОЕ ЗНАЧЕНИЕ 

Р . Д Р А Ш К О В И Ч , Г . Ф Э К Э Т Э

В статье изучались плотность хлорофилла а и б, а также отношение пигментов у 5 
доминантных буково-дерновых видов (  Asperula odorata, Dentaria bulbifera, M elica unifiera , 
Viola alba, Carex p ilosa ) произрастающих в трех различных по возрасту и строению буковых 
фондах. Все эти 5 видов отличаются низкой плотностью общего хлорофилла. То, что у двух 
видов D entaria bulbifera и A sp e ru la  odorata плотность общего хлорофилла различается в 
зависимости от возраста растений, можно присвоить световому климату, образующему 
структуру деревянного фонда. У других трёх видов содержание хлорофилла не зависело от 
светового климата. Тенденция понижения отношений а и б у одного вида нельзя объ­
яснить понижением среднего значения освещения.

ЭКОЛОГИЧЕСКИЕ НАБЛЮДЕНИЯ НАД ВЕНГЕРСКИМ ВОДНЫМ
ГИФОМИЦЕТОМ II

БИОТОПЫ ВОДНЫХ ГИФОМИЦЕТОВ В ЮЖ110-ЗАПАДНОЙ ВЕНГРИИ
И . Г Е Н Ц Е Л Ь

В статье описывается малоизвестное и необычное местонахождение как биотопы 
водного гифомицета.

В этих биотопах изучались гниющие под водой листья, в которых наблюдалась 
настоящая водная а также так называемая — геликоспоровая - секвенция гифомицета. 
Кроме этого, статья излагает и иллюстрирует конидии образца пены, которая была собрана 
в необычных, не водных условиях.



ПРОСТРАНСТВЕННАЯ ЗАВИСИМОСТЬ ПОПУЛЯЦИЙ РАСТЕНИЙ I ЧАСТЬ 
АНАЛИЗ ЭКВИВАЛЕНТНОСТИ (КОНТУРЫ НОВОЙ МОДЕЛИ)

П . Ю Х А С -Н А Д Ь

Многие аспекты пространственной зависимости природных популяций невозожно 
изучать на основании старых понятий и старыми методами. (Пространственная зависи­
мость содержит такие старые понятия, как «ассоциация между видами», «межвидовая 
корреляция», «образец-сходство»). Цель этой серии исследований дать целый ряд новых 
моделей, которые обращают внимание на ранее обойденные проблемы. Специальное зна­
чение приобретает пространственно-динамическое приближение (определённые про­
странственные процессы). Первая наша модель предпринимает определенное обобщение 
понятия аттрибут-дуализм.

ИЗУЧЕНИЕ ФИТОМАССЫ КУСТАРНИКОГО УРОВНЯ ЭКОСИСТЕМЫ ДУБОВОГО
ЛЕСА В ШИКФЁКУТ 

И . К А Р А С

Статья заключает в себе результаты по изучению фитомассы кустарникового уровня 
экосистемы дубового леса («Шикфёкут Project»). Оценка фитомассы проводилась в августе- 
сентябре 1973 года методом «средний кустарник», разделяющий материал на поду­
ровни и виды.

ЗНАЧЕНИЕ ЗОНЫ БЕРЕГОВОЙ ЧАСТИ БАЛАТОНА В ЗАЩИТЕ ПРИРОДНЫХ
УСЛОВИЙ ОЗЕРА 

М . К О В А Ч

Почвы береговой зоны Балатона, благодаря анаэробным условиям, богаты мине­
ральными веществами и поэтому способны адсорбировать большое количество биогенных 
элементов. Почвы, обладающие большой адсорбционной мощностью проявляют благо­
приятные фильтровальные способности с точки зрения качества воды.

В результате застройки береговой полосы требуется низкий уровень воды в Бала­
тоне. В случае понижения уровня воды с превращением почвенных условий в аэробные, 
сохраненный минеральный материал минерализируется и освобожденные биогенные эле­
менты, в основном азот, увеличивают эутрофию озера.

Растения, находящиеся в береговой гоне, в своем организме накопляют большое 
количество биогенных элементов, в основном калия, фосфора и азота. Растения, растущие 
на берегу озера с одной стороны «профильтруют», с другой стороны «выфильтруют» попав­
шие в воду питательные вещества.

ДАННЫЕ К СИСТЕМАТИКЕ И МОРФОЛОГИИ PHLEUM BERTOLONII DC. И
PHLEUM PRATENSE L.

Д .  К О В А Ч

Автор провел сравнительные морфологические измерения фертильных проростков 
диплоидного P h . b e r to lo n ii DC. (2 n =  14) и гексаплоидного P h . p r a te n s e  L. (2n  =  42). 
На основании измерений и наблюдений автор заметил, что имелись различия в размерах 
между клетками эпидермиса стебля, колосков и зерновок, а также между количеством 
междоузлий и длиной стеблей, принимая во внимание в каждом междоузлии число клубне­
подобных вздутий и побегов. Эти исследования проводились с растениями, произрастаю­
щими в естественных природных местах, а также на опытном участке.

ВИДЫ MELOCACTUS КУБЫ
3 .  М Е С А Р О Ш

Автор в 1974 -1975 годах коллекционировал на Кубе кактусы. Автором были 
собраны уже ранее описанные четыре вида M e lo c a c tu s  ( М .  h a r lo w i i  Br. et Rose, a c u n a i  
León, m a ta n z a n u s  León, g u i ta r t i i  León) а также им были найдены и неизвестные виды. 
М .  j a k u s i i ,  b o r h id i i ,  eva e , r a d o c z ii ,  n a g y i i )  В статье, кроме описания новых видов и 
разновидности видов, автор дает монографию видов M e lo c a c tu s .



НЕКОТОРЫЕ РЕЗУЛЬТАТЫ КЛУЖСКИХ ИССЛЕДОВАНИЙ, КАСАЮЩИХСЯ
ПИТАНИЯ ВОДОРОСЛЕЙ

И . П Е Т Е Ф И , Ф . Н А Д Ь -Т О Т , А . В А Р Н А

В статье дан хронологический обзор важнейших исследований Клужского Универ­
ситета о питании водорослей. Эти исследования содержат объяснение роли простых 
(Cu, Zn, В а, Sr, N H ,, К , M g, Ca, N a, L i, S 0 3, SO „ C 0 3, I, CrO„ H P O „  N 0 2, N 0 3C1, B r) 
и сложных (азотно-борных, фосфорно-борных, азотно-фосфорных, азотно-кобальтовых) 
неорганических и органических питательных веществ (глюциды, аминокислоты, спирты, 
синтетическая и эндогенная ИУК, экстрагированная из различных растений, гибберилин, 
аскорбиновая кислота, дегранол, мерапид) в процессе роста и развития в статистических и 
интенсивных культурах различных линий и видов водорослей из Трансильвании C h lore lla  
p y r e n o id o s a ,  C o c co m ixa  d i s p a r ,  S c h iz o c h la m y s g e la t in o s a ,  S c e n e d e s m u s  a c u tu s ,  S c . a c u t i fo r m is ,  
S c . o b tu s iu s c u lu s ,  S c . q u a d r ic a u d a ,  S c . q u a d r is p in a ,  O o c y s tis  p u s i l l a ,  S tic h o c o c c u s  e x ig u u s , S t .  
m ir a b i l i s ,  S t . b a c illa r is , G lo e o tila  p r o to g e n ita ,  P s e u d o p le u r o c o c c u s  p r i n t z i i ,  M ic r o th a m n io n  k i i t z in -  
g i a n u m ,  S t ig e o c lo n iu m  v a r ia b i le ,  T r ib o n e m a  u lo tr ic h o id e s ) . .

Действие изученных веществ находилось в связи с водорослями и питательной 
средой (простая среда B e n e c k e  два типа, K n o p — P r i n g s h e i m , W i t s c h  и  более сложная 
среда K n o p — P r i n g s h e i m — F e l f ö l d  y , T a m i y a ’“ urea EH“, «инитрат А» модифицирован­
ная нами среда T a m i y a ) и  э т о  позволяло селектировать чуствительные штаммы-био- 
тесты, которые демонстрируют различные материалы для культур и доказывают необхо­
димость использования некоторого остатка воды для культивирования водорослей.

БИОКЛИМАТИЧЕСКИЕ ИССЛЕДОВАНИЯ В ГОРНОМ МАССИВЕ УЛУГУРУ II 
(ВОСТОЧНАЯ АФРИКА, ТАНЗАНИЯ

т .  п о ч

В статье автор старается выяснить орографию горного массива его климатические 
условия, а также распределение связей типов вегетации. Косвенным методом были соста­
влены диаграммы Гаусен-Валтер территории дождемерной станции и с их помощью было 
объяснено горизонтальное и вертикальное распространение растительных сообществ 
горного массива. Автор определяет вегетационные зоны горы Улугуру:

A. Сухой лес равнинной местности и зона лесной саванны.
Б. Равнинная, наполовину вечнозеленая, дождевая, лесная зона.
B. Сухой лес низкогорной области и зона саванного леса.
Г. Дождевая лесная зона низкогорной области.
Д. Горная дождевая лесная зона.
Е. Зона высокогорного, то есть снежного карликового леса. Два разреза демонстри­

руют пространственное расположение зональных растительных сообществ.

АНАЛИЗ РОСТА ГИБРИДОВ КУКУРУЗЫ (OSSK-218 и ДКХЬ-342)
И . П Р Е Ч Е Н Ь И , Д . Ц И М Б Е Р ,  Г . Ч А Л А , 3 .  С Ё Ч , Э . М О Л Ь Н А Р , Э . М Е Л К О

Статья занимается анализом роста двух гибридов кукурузы (OSSK-218, ДКХЬ-342). 
Исследования проводились в производственных условиях (Сельскохозяйственный комби­
нат, Бабольна) в период с 22 мая 1974 года до 15 августа с растениями от 6-ти недельного до
16-ти недельного возраста. Измеряли вес надземных органов растений, а также площадь 
листа в двухнедельном променяли показательную формулу. На основании формулы каж­
дую неделю определяли вес каждого растения и площадь листа. Зная эти данные, оценяли 
RGR, NAR, LAR, RLGR, CGR, а также величины эффициенции на каждую неделю. Статья 
также занимается изменением вышеупомянутых характерностей роста. В статье публику­
ются данные о связи некоторых климатических фактов (средненельная температура, не­
дельные осадки, общее количество часов солнеч ного освещения) и характера роста, а также 
корреляция между свойствами роста. В статье обсуждается влияние климатических фак­
тов на вариабильность характера роста, а также влияние ростовых свойств на вари­
абельность.



О Н Е К О Т О Р Ы Х  Р А С Т Е Н И Я Х  ЗА П А Д Н О Г О  Т Я Н Ь -Ш А Н Я  II
С. П Р И С Т Е Р

Автор дает короткое обозрение истории открытия гибридов E r e m u r u s , перечисляет 
до сих пор известные искуственные и природные гибриды, потом дает имя гибриду E r .  reg e ­
in x t u r k e s ta n ic u s ,  найденному в Западном Тянь-Шане ( E r e m u r u s  x l u d m i l l a e  Levitschev et 
Priszter.) Автор описывает найденный на территории Чатлакского Заповедника новую 
модификацию A lc e a  n u d ic a u l i s  (var. m a r th a e )  затем с того же места дает описание новых 
“lusus” и форм. В конце автор упоминает некоторые адвентивные растения с территории 
Ташкента и его окрестностей.

КАРПОЛОГИЧЕСКИЕ ИССЛЕДОВАНИЯ ДИКОРАСТУЩИХ ВИДОВ ВИНОГРАДА
В ВЕНГРИИ I 

А . Т Э Р П О

Ботанические исследования видов винограда участились особенно с момента по­
явления филоксеры. Автор проводит ботанические изучения дикорастущего b h h o i рада в  
Карпатском Бассейне Венгрии, который особенно характерен для этого места. С конца 
1800 года об этом фонде еще не появлялась обстоятельная научная статья. В связи с этой 
статьёй нужно заметить, что северная граница Венгрии более или менее совпадает с рас­
пространением, как V ii i s  s y lv e s tr is  Gmel., так и с северной границей распространения 

V i t i s  v in i fe r a  L.
Кроме V . s y lv e s tr i s , на упомянутой территории все большее место занимает 

V . r ip a r ia  M ichx. После определения места происхождения обоих видов, в первый раз 
начинают ботанически систематизировать данные (с девяти мест) о свойствах кисти, ягоды, 
семян а также данные о связи между размерами и весом ягод.

Первоначальную роль в систематике основных видов винограда играет семя.
Автор называет основными видами те «дикие» виды, которые используют для полу­

чения подвоя или благородных сортов винограда (винный, столовый). После того как были 
сравнены главные размеры семян V . s y lv e s t r i s  с размерами семян австрийского винограда 
рейнской области, эти данные были помещены в виде таблицы с обозначением места про­
израстающих видов. Подобным образом происходит демонстрация семян V . r ip a r ia .  На 
основании размеров длины семян автор причисляет семена дикого винограда к различ­
ным классам. Многочисленные сравнения автор проводит со свойствами семян V . v in i f e r a .  
С помощью многократных показателей—ширина/длина [в некоторых случаях обратный 
показатель —длина/ширина], длина клюва/длина семени—автор характеризует семена двух 
венгерских дикорастущих видов винограда. Делая сравнения с видом V . v in i f e r a ,  автор 
обрашет внимание на сходство (например, ширина семени) и на различие, как например 
короткий клюв и широкая халаза.

МОРФОМЕТРИЯ СПОР И ОБОСНОВАНИЕ НОВОЙ СИСТЕМЫ РОДА 
AGARICUS FR. EMEND. KARST.

С. П . В А С С Е Р , Л .  В . Г А Р И Б О В А , В . Л . М О К Е Е В А

Оценка таксономической ценности признаков рода A g a r i c u s  количество кото­
рых включая морфолого-анатомические, культуральные и физиолого—биохимические 
достигает 43. Изучен, с последующей статистической обработкой, предел варьирования 
размеров спор 49 видов рода A g a r ic u s  Северного полушария. Изучены эксикаты (А. Н. S m i t h , 
H erb , of th e  U n iv e rs ity  of M ichigan, U S Á ; S. L u n d e l l , F u n g i ex siccati suecici p ra e se rtim  
U psalienses, Sw eden), экземпляры из разных географических зон, типовые образцы 
(F . Н . M o e l l e r , H erb . Mus. B ot. H a u n ien se ; A. P i l â t , H erb . G en. Mus. B ot. P ra g a e ; G. 
B o h u s , H erb . M usei H is t.-n a t. H u n g .; P . D . O r t o n , H erb. H o rt. B o t. R eg., K ew ), а такжк 
коллекции видов рода A g a r ic u s  большинства ботанических учреждений СССР.

Введен новый стабильный очень важный показатель Кер- — отношение длины споры 
к ее ширине, названный показателем эволюционной продвинутое™ видов, поскольку круг­
лые споры считаются более примитивными ( S i n g e r , 1975), то виды с меньшим Кер ока­
зываются эволюционно более древними, чем с большим. При этом учитывались также 
характер ареала, численность вида, тип развития, строение трамы, характер внутривидо­
вой изменчивости и т. д.).

В результате анализа комплекса признаков и данных биометрического изучения 
спор предложена новая система рода A g a r i c u s ,  содержащая 4 подрода, 10 секций, 4 
подсекции и 10 серий. Ключ для определения внутриродовых таксонов рода A g a r ic u s .
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MASS OF WEEDS AND THE FREQUENCY 
OF WEED SPECIES AFFECTED BY HERBICIDES 

IN A LUPIN CULTURE-CONSOCIATION
By

F. B o r b é l y , I . B o r b é l y , E .  E l e k  and M. K ecskés

AGROTECHNICAL RESEA RCH  IN STITU TE OF N Y ÍR SÉG , N YÍREGYHÁZA, RESEA RCH  IN STITU TE 
FOR SOIL SCIENCE AND AGRICULTURAL CHEM ISTRY OF T H E  HUNGARIAN ACADEMY OF SCIENCES,

BUDAPEST

(R eceived  J a n u a ry  10, 1976)

T he effect o f 108 co n tac t, soil a n d  sy s tem ic  herb ic ide  p re p a ra tio n s  belonging 
to  24 d iffe ren t chem ical groups w as s tu d ied  w ith  respec t to  occurrence of weed species 
in th e  L u p in u s  cu ltu re-co n so c ia tio n  a t  th e  end  of sum m er, th e  p h y to m ass of w eeds, 
th e  in d iv id u a l n u m b er o f L u p in u s  albus a n d  L . luteus as well as th e ir  biological p ro ­
ductions (seed) in  N yírség  a t  th e  m ain  lup in -g row ing  a rea  o f H u n g ary . These w ere 
carried  o u t in  sm all p lo t experim en ts  on  slig h tly  b row n fo res t soil in 1971, 1972, 
and 1973.

T he herb ic ides w ere used  p reem erg en tly  in  3.5 k g /h a  doses on th e  basis of 
experience d raw n  fro m  earlier experim en ts . T he w eed-phytom ass-decreasing  effect o f 
th e  s tu d ied  herb ic ides, th a t  is th e  in d ire c t effec t p ro m o tin g  th e  biological p ro d u c tio n  
of L u p in u s  species in v es tig a ted  w ith  th e  above  lis ted  p a ram e te rs  w as ev a lu a ted  fo r 
th e  108 p re p a ra tio n s  one by  one and  acco rd ing  to  th e  la rg e r chem ical groups too .

T he freq u en cy  of occurrence of th e  m o st d o m in an t w eed species a t  th e  ex p eri­
m en ta l site: in  th e  case o f Setaria glauca  w as reduced  by th e  p rep ara tio n s  belonging  
to carb am id e , triaz in e  an d  u racy l d e riv a tiv e s  and  th e  herb ic ide  com binations. T he 
Setaria glauca  p ro v ed  to  be to le ra n t an d  re s is ta n t  to  74%  o f th e  applied  herbic ides. 
In  c o n tra s t to  th is , th e  Chenopodium album  w as sensitive  to  65%  of th e  herbic ides.

A ccord ing  to  th e  analyses o f th e  w eed n u m b er a t  th e  end of sum m er, m ore 
th a n  o n e -th ird  (42) o f th e  in v es tig a ted  h e rb ic id es were red u ced  by  m ore th a n  50% .

T he w eigh t o f weeds decreased  likew ise b y  m ore th a n  h a lf  (56) o f th e  herbic ides. 
This in d ic a te s  th e  g re a t im p o rtan ce  of m easu rin g  th e  w eigh t o f weeds.

On th e  basis o f th e  in d iv id u a l n u m b er an d  p ro d u c tio n  (seed-corn) of th e  s tu d ied  
cu ltu re  p lan ts  L . albus w as less sensitive  o f th e  tw o lu p in  species o f th e  sam e genus 
to  th e  in v es tig a te d  herbicides.

T h ere  was no s ign ifican t d ifference on  com paring  th e  effectiveness of ev ery  
single chem ical g roup  sum m arized  w ith  th e  group  of co m b in a tio n s co n ta in ing  tw o  
herb ic ides, b u t  i t  should  be no ted  th a t  on ly  16 com b in a tio n s w ere used  from  th e  108 
p rep ara tio n s.

E v a lu a tin g  th e  com b in a tio n s a n d  p re p a ra tio n s  co n ta in in g  only one a c tiv e  
in g red ien t, m an y  of th em  were found  to b e  p rom ising  for b o th  L u p in u s  species such  as 
lin u ro n  ( th e  L in u ro n  50) in  th e  case of L u p in u s  albus d iu ron  (K arm ex ) in  the  cu ltu re  o f 
L u p in u s  luteus lenacil (Venzar) an d  th e  co m b in a tio n  of p rom eth ryne-sim azine  (Cam - 
parol, 1803).

I. Introduction

The herb icides could  n arro w  dow n th e  reactions o f w eed species g iven  
in  some dim ensions of th e  niche (F e k e t e , 1975) b y  th e  inh ib itio n  of p h o to ­
synthesis an d  g e rm in a tio n : causing  g enera l grow ing d iso rder, poisoning o f 
re sp ira tio n  an d  th e  b iosyn thesis of ch lo ro p lasts , in h ib itio n  etc . and  o th e r so 
fa r unknow n fac to rs could  also p lay  a p a r t  (F r y e r  an d  E v a n s , 1968: U b r iz sy  
and  Gim e s i , 1969).

1 Acta Botanica Academiae Scientiarum Hungaricae 22, 1976
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One of th e  m ost tim e ly  p rob lem s o f our age no t only  from  an ag ricu ltu ra l, 
b u t  biological p o in t o f view  is ju s t  how  and  to  w h a t e x te n t th e  herb ic ides 
—  being  xenob io tics —  on a cco u n t o f th e ir  ecophysiological effect in h ib it  
th e  w eed flo ra  g ro w th  in  all w eed species of th e  bio logical p ro d u c tio n  an d  
a g ra r ia n  ecosystem s. This p rob lem  can  on ly  be solved b y  th e  co o rd in a ted  
bio logical an d  ag ricu ltu ra l research . As regards th e  in v es tig a tio n  on th e  p r im a ry  
p ro d u c tio n  of a rab le  fields (as a p rev io u s su rv ey  to  th e  above m en tio n ed  p ro b ­
lem ) an excellen t exam ple of th e  w orks of M ÁTHÉ and  P r É c s É n y i  (1968,1971 
ca rried  ou t on th e  IB P  sam pling  a rea  o f  U jszen tm arg ita  is referred  to .

T he coenologieal, ecological in v e s tig a tio n s  s tre tch in g  back  to  m an y  decades o f w eed 
p la n t  associations o f ag ra rian  and  n a tu ra l  ecosystem s in H u n g a ry  (B alázs, 1952; B odrog- 
K Ö ZY, 1959; F elfö ldy  1952; Gondola 1964, 1966, 1969; J eanplong  1951, 1955; Soó 1964 — 
1973; T ímár 1954; T ím ár— U brizsy  1957; U br izsy  1950, 1955 e tc .) h av e  p rov ided  a v a lu ab le  
b a sis  for solving th e  problem .

In v e stig a tio n s  in  N yírség  hav e  b een  u se fu l fo r our w ork (Soó 1933, 1934, 1938, 1939, 
1964- 1973; A szód 1935; Gondola 1964, 1966, 1969).

W ith  reg ard  to  th e  w eed con tro l re sea rc h  a n d  experience in  H u n g a ry  of th e  la s t  decades 
w e re fe r to  th e  com prehensive  w orks o f th e  p a s t  y ears (U brizsy  1968; U brizsy  an d  Gim esi 
1969; K ádár  1973).

A ccording to  th e  d a ta  of th e  l i te ra tu re  (U brizsy  and Gim esi 1969), th e  Setaria  species 
co u ld  be  chem ically  e rad ica ted  only w ith  g re a t  d ifficu lty  and  th e  C henopodium  species a re  
d an g ero u s  to  th e  cu ltu re  p la n t species. O n  th e  basis o f th e  w eed coenologieal re g is tra tio n  
(Ú jvárosi 1952) th e  Setaria glauca  is 5 th  in  th e  o rd er of overg row th  o f weeds and  Chenopo­
d iu m  album  is 4 th  in  H u n g a ry . E .g . th e  d o m in an ce  of Setaria  species h as been  re p o rte d  
re c e n tly  by  MÁTHÉ a n d  P récsÉn y i (1971) in  p loughed  and stu b b le-fie ld  from  o th e r p a r ts  
o f H u n g a ry . A ccord ing  to  d a ta  on N y írség , th ese  species are d o m in an t in  w eed p la n t associa­
tio n s  o f th is  a rea  too . In  th e  o rder o f o v e rg ro w th  th e  Setaria glauca  is th e  3rd , th e  Chenopo­
d iu m  album  is th e  7 th  in  th e  N yírség  (G ondola  1964).

Although neither occurring weed species o f weed flora of agrarian ecosystem s can be 
neglected , the prim ary aim of weed control should be directed at weed species, the m ost harm ­
ful to  culture plants, however, the general ten d en cy  of agricultural practice is to per m anently  
liqu idate  the weed species in  the culture ecosystem s (U brizsy  1960, Van  d e r Zepp  1972).

O f th e  herb ic ides used  n ow adays 80%  are  effective to  th e  d ico ty ledons an d  203 of 
th e m  to  th e  m o n o co ty ledons (R a y n a u d  1971) b u t  from  tim e to  tim e  th e  m o n o co ty ledons 
se rio u sly  jeo p ard ized  th e  biological p ro d u c tio n  ;o f cu ltu re  p lan ts.

In  th e  in te res ts  of avo id ing  th e  u n ila te ra l  effects influencing th e  w eed coenosis w hich  
co u ld  re su lt in  a sh ift to  th e  h e rb ic id e -re s is tan t species in  th e  flo ris tic  com position  of th e  w eed 
s ta n d  or w hich leads to  th e  fo rm atio n  of th e  m ore  sensitive  weed species, i t  is v e ry  im p o r ta n t  
to  ro ta te  th e  herb ic ides (H arper  1957, U br izsy  1960, Versatz 1963).

Concerning th e  chem ical w eed co n tro l o f legum es in H u n g ary , ex tensive  in v es tig a tio n s  
h a v e  been  carried  o u t b y  U brizsy  (1962), Gim esi (1964, 1965, 1969, 1971, 1972, 1975), Gim esi 
a n d  U brizsy  (1964) a n d  U brizsy  and  Gim esi (1969). On lup in , only U brizsy  (1962) an d  
Gim esi an d  U brizsy  (1971) have  p u b lish ed  d a ta .

In  th e  la s t decades d u rin g  o u r herb ic ide  selection  in v estig a tio n s o f 
L u p in u s  albus an d  L . luteus cu ltu res  we s tu d ied  th e  effect o f herb icides on 
th e  L u p in u s  species R hizobium  s tra in s  be longing  to  d ifferen t species (especially  
lup in i) and th e ir  sym biosis considering  th e  expressed d em an d  of ag ricu ltu ra l 
p ro d u c tio n  as w ell as th e  p ro tec tio n  o f th e  env ironm en t. As a conclusion, th e  
herb ic ides h av in g  a p erspective  in  w eed con tro l o f L u p in u s  albus and  L . luteus  
h a v e  been given.

In  th is  p a p e r  we p resen t th e  re su lts  o f investiga tions on th e  in fluence  
o f  herb icides on th e  w eed flo ra  of L u p in u s  cu ltu re-consociation  in  th e  a sp ec t
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a t  th e  end of su m m er from  1971— 1973. W e w ould like to  give d a ta  from  
biological and a g ric u ltu ra l points o f v iew  fo r th e  b e t te r  know ledge of th e  
changes of weed flo ra  of N yírség a ffec ted  b y  xenob io tics (pesticides).

Therefore here  f irs tly  th e  d a ta  co ncern ing  th e  w eed phy to m ass-d ecreas­
ing  effect of s tu d ie d  herbicides an d  th e ir  ac tin g  sp e c tra  de term in ing  th e  
occurrence of w eed species will be d iscussed. T he q u a lita tiv e  and  q u a n tita tiv e  
effect of herbicides on L u p in u s  and  R h izob ium  species an d  th e ir  biological 
p ro d u c tio n  (Bo r b é l y  J . ,  B orbély , F .,  E l e k  an d  K e csk és  1973, 1974, 
B o rbé l y  and K e c s k é s  1972, E lek  B o r b é l y  J . ,  B o r b é l y  F ., E l e k  an d  
K e csk é s  1973, 1974, K e csk é s , B o r b é l y  J . ,  B o r b é l y  F . an d  E l e k  1972, 
1975, K e c s k é s , E l e k , B o rbély , J .  an d  B o r b é l y  F . 1972a, 1973 w ill be 
d e ta iled  only p a r tia lly  an d  only for th e  b e tte r  u n d e rs ta n d in g  of th e  p rob lem  
ra ised  in th e  title .

II. Materials and methods

In v estig a tio n s w ere carried  out a t one site  of th e  m ain  lupin-grow ing area o f th e  
reg ion  of N yírség in  H u n g a ry  in  slightly  acidic b ro w n  fo res t soil o f w hich  a few ch arac te ris tics  
a re  d em o n stra ted  in T ab le  1. The principal m eteo ro log ica l d a ta  o f  th e  veg eta tio n  periods 
a re  show n in  T able  2.

T able  1

General soil science laboratory test o f  sites o f  G yulatanya

pH
Total

A vailable nu trien t
Saturation

Capillary rise
H um us,

H 20 KC1 N % N P 20 R K 20 percentage* 3 h 5 h %

1971

0 —10 cm 5.2 4.5 0.047 2.55 25.5 21.4 29 305 355 1.60

0 - 2 0  „ 5.3 4.6 0.027 5.59 19.4 41.1 29 280 ??0 1.69

2 0 - 4 0  „ 5.6 5.0 0.048 5.30 33.4 38.7 29 270 2r 0 1.60

40—60 „ 5.5 4.7 0.043 3.90 7.2 16.2 30 290 310 1.30

1972

0—10 cm 5.9 5.2 0.032 0.98 26.3 14.3 29 320 350 1.09

0 - 2 0  „ 5.8 5.3 0.043 0.29 43.1 15.0 29 325 370 1.27

2 0 - 4 0  „ 5.8 5.0 0.037 1.08 15.5 16.7 30 280 320 1.06

4 0 - 6 0  „ 6.5 5.4 0.030 0.54 4.7 5.0 29 380 400 0.70

1973

0 —10 cm 6.2 5.1 0.024 0.54 14.1 36.2 30 270 300 1.32

0 - 2 0  „ 6.2 4.8 0.037 0.49 13.1 29.5 29 270 330 1.23

2 0 - 4 0  „ 6.1 4.9 0.035 0.49 10.6 26.0 30 200 260 0.94

4 0 - 6 0  „ 6.5 5.3 0.033 0.88 4.1 22.5 29 250 290 1.10

* S ticky p o in t acco rd ing  to  A b a n y .
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T able  2

M a in  meteorological data o f vegetation periods o f  L u p in u s  albus and L . luteus 
in  the experim ental years

M arch A pril May June Ju ly August Septem ber

M onth ly  m ean tem p era tu re  
1971 1.6 10.8 17.6 17.9 19.8 20.8 13.5
1972 6.5 12.1 16.2 19.2 22.3 19.6 13.2
1973 4.5 9.5 15.5 18.1 20.6 19.9 16.7

20 y ears’ average of tem p e ra tu re  
(1 9 5 2 -1 9 7 1 ) 3.4 10.0 14.8 19.4 20.6 20.0 15.9

P rec ip ita tio n  in mm 11.3 16.2 65.7 65.2 40.1 24.8 49.8
1971
1972 15.1 74.8 62.2 51.9 30.4 70.9 73.6
1973 5.6 40.3 52.9 109.0 119.1 9.2 11.7

20 y ears’ average of tem p e ra tu re
(1 9 5 2 -1 9 7 1 ) 27.0 40.5 48.4 86.1 69.4 62.9 44.3

In  th e  course o f th e  selection in v es tig a tio n s  from  1971 —1973, 108 herb ic ides w ere 
s tu d ied : 52 in 1971, 30 in  1972 and  26 te s te d  in  1973. E ig h t of th em  u sed  in  1971: th e  A 2591, 
C am p aro l 1803, G esatop 50, H oe 2849, K a rm ex , K loben , M erkazin, V enzar were re p ea te d ly  
in v es tig a te d  in  1972 too . B eside th e  26 h e rb ic id es te s ted  in 1973 th e  G esatop 50, V enzar 
as well as P lan av in  75 s tu d ie d  a lready  in  1971 w ere ap p lied  rep ea ted ly . T h is  w as done because 
of th e ir  su itab le  p ro p e rtie s  experienced  in  th e  ex p erim en ts  of earlier y ears. In  th is  w ay  th e  
e ffec t o f 119 tre a tm e n ts  w as reg is te red  over a th ree -y ea r  period. The 108 herb ic ides a re  lis ted  
in  24 chem ical groups (T ab le  3). The tra d e  n am e  w as used in  th is  w ork , because, accord ing  
to  o u r experience, e.g. tw o  p re p ara tio n s  h a v in g  th e  sam e active  in g red ien ts  re su lted  in  d if­
fe re n t con tro l effects. T he herb ic ides were a p p lied  p reem ergently  (the  p o stem erg en t a p p lica ­
tio n s  p roved  to  be d isad v an tag eo u s) 3.5 k g /h a  doses of herbicides w ith  600 1 w a te r/h a  w ere 
sp ra y e d  un iform ly  on 4 m 2 p lo ts  using  q u a d ru p lica te s , and  th e  seeds o f L u p in u s  albus N eo­
a lb a  G T  and  L u p in u s  lu teus  G y u la tan y a  784 w ere sow n in to  them .

E v a lu a tin g  herb ic id e  efficiency s ta r tin g  from  S c h r o t e r  an d  S t e b l e r s ’ (1890, c it. 
B a l á z s  1948) basic w o rk  a n d  considering  th e  c u ltiv a tio n  po in ts of v iew , in  a d d itio n  to  th e  
in d iv id u a l num ber an d  seed crop of lu p in s /p lo ts , we also reg iste red  on  th e  1/4 m 2 sam ple  
sp ace , th e  w eight ( to g e th e r) o f  weeds occurring  a t  th e  end of su m m ary  in  th e  lu p in  cu ltu re- 
co n so c ia tio n  as well as th e  n u m b er o f w eeds acco rd in g  to  species.

T he R a u n k i a e r  sy s te m  m odified  b y  Ú j v á r o s i  (1952, 1973) w as u sed  fo r m ark in g  
th e  life form s. A ccording to  th e  ty p e  of th e  ex p erim e n ts  for d e m o n s tra tin g  freq u en cy  va lues 
(T ab le  4, 5, 6) th e  le t te r  m a rk s  used  by  G o n d o l a  (1966) were app lied  m o d ified  b y  us to  som e 
e x te n t  w ith  th e  in tro d u c tio n  of “ f ”  =  species occu rrin g  in  all four rep lica tio n s  b u t  th e ir  in d i­
v id u a l nu m b er w as n o t less th a n  5 an d  n o t m ore  th a n  30; F  =  fre q u e n t (species o ccurring  
in  a ll four rep lica tions w ith  m ore th a n  30 in d iv id u a l num bers); s =  su b fre q u en t (species 
o ccu rrin g  in  tw o — th ree  rep lica tio n s  only); a  =  acc id en t (species occurring  o n ly  in  one p lo t). 
A fte r  th e  frequency  m ark s  th e  effective in d iv id u a l num ber of w eeds/1  m 2 were w ritten . 
T h e  re g is tra tio n s  of w eeds w ere m ade a f te r  r ip en in g  in  1971 8 —14 of S ep tem b er, in  1972 
11 — 16 of A ugust, a n d  in  1973 12 —18 of S ep tem b er.

III. Results and discussion
л

T he num ber o f w eed  species occu rrin g  in  th e  th ree  ex p e rim en ta l sites 
(n o t fa r  from  each o th e r)  rep resen tin g  cu ltu re-ecosystem  fo rm ed  on slig h tly  
b ro w n  fo rest soil w as a lto g e th e r 20 (5 m onocoty ledons an d  15 d ico ty ledons):
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L ist o f  herbicides used in  the investigations

Table 3

Trade nam e Common name Chemical name

A ) CONTACT HERBICIDES

I .  Nitro-compounds :

1. Amine 20%
2. A rctit
3. B N P 20
4. D N B P 20
5. Hoe 2904
6. K rezonit E
7. R aphatox

dinoseb-am ine 
d inoseb-aceta te  
dinoseb =  D N B P 
dinoseb =  D N B P  
d inoseb-aceta te
DNOC
DNOC

D N B P  am ine-solu tion
2.4- d in itro -6-s-bu ty lphenol ace ta te
2.4- d in itro-6  a bu ty lpheno l
2.4- d in itro -6-s-bu ty lphenol
2.4- d in itro -6 -s-bu ty lpheno l aceta te
2.4- dinitro-o-crezol
2.4- dinitro-o-crezol

I I .  Chlorinated phenols:

8. TO K  E-25 ! n itrophen 2,4-dichlorophenyl-4’-n itropheny l ether

B ) SYSTEMIC H ERBICIDES

Phenoxy-alkyl-carboxylic  acids an d  their deriva tives

I I I .  2,4,5-trichloro-phenoxy acetic acid and its esthers:
I I

9. Trifenoxin 80 j 2,4,5-T 2 ,4 ,5 -trich lorophenoxyacetic  acid

I V .  2,4-dichlorophenoxy acetic acid and its salts and esthers:

10. Lironox 2,4-D-am ine 2,4-D d ich lorophenoxyacetic  acid am ine

V. Chloro-crezoxy-acetic acid salts:

11. D ikotex 40 MCPA
12. M 52 M C PA -potassium

4-chloro-2-m ethy lphenoxyacetic  acid 
К -sa lt of 4-chloro-2-m ethylphenoxyacetic  

acid

V I. Phenoxy propionic

13. M P 58

14. Sys 67 I

15. Sys 67 II

acid derivatives:

m ecoprop-potassium

mecoprop

mecoprop

К -sa lt of (± )-2 -(4 ’-chloro-2’-m ethylphen- 
oxy) propionic acid

( ± )-2 -(4 ’-chloro-2’-m ethy lphenoxy) p ro­
pionic acid

( =t)-2 -(4 ’-chloro-2’-m ethy lphenoxy) p ro­
pionic acid

V I I .  Other phenoxy derivatives :

16. Bexone
17. Dyserbo
18. E m b u to r E
19. E m buto r

MCPB
2.4- D E N
2.4- D B -b u th y les th e r
2.4- D B -b u th y les th e r

4-(4’-chloro-2’-m eth y lphenoxy)-bu ty ric  acid
2 ,4-d ichloro-phenoxyethanol 
b u ty le s th e r o f 2,4 DB
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Table 3 conl.

Trade name Common name Chemical nam e

20. L egum ex D 2,4-D B 4 -(2 \4 ’-d ich lorophenoxy)butyric  acid 
4-(4’-chloro-2’-m eth y lp h en o x y )-b u ty ric  

acid
21. L egum ex M MCPB

22. Sys 67/B 2,4-D B 4-(2’,4’-d ichlorophenoxy)-bu tyric  acid 
4-(4’-chloro-2’-m eth y lp h en o x y )-b u ty ric  acid23. T ro p o to x MCPB

V I I I .  Other substituted halogenic ac ids:

24. V égiben ch loram ben 3-am ino-2,5-dichlorobenzoic acid

I X .  Halogenized aliphatic carbonic acids:

25. N aT a TCA N a-trichloro ace ta te

X .  Alpha-chlor-acetamides :

26. Leguram e carb e tam id e phenyl-carbam oyl-oxy-2-N -ethyl propion 
amide

X I .  A n ilid es:

27. D ym id d iphenam id N ,N -dim ethyl-2 ,2-diphenylacetam ide
28. DCPA pro p an il 3,4-dichloro prop ion  anilide
29. H o rto x CMA N ’-(3-chloro-4-m ethylphenyl)-2-m ethyl-

pentane-am ide
30. P o tab lan m onalide alfa, a lfa-d im ethy l valerianic acid-4-chloro- 

amilide
31. R am rod propach lo r 2-chloro-N -isopropyl-N -phenylacetam ide
32. Satecid propach lo r 2-chloro-N -isopropyl-N -phenylacetam ide
33. S tam  b’ 34/A propan il N -(3,4-dichlorophenyl)propionam ide
34. S tam  F  34 pro p an il lN-(3,4-dich]orophenyl)propionam ide

C arbam ates

X I I .  Phenyl-carbamates:

35. B etanal phenm ed ipham 3-m ethoxy-carbonyl-am ino-phenyl-N -(3’- 
m ethy lphenyl) carbam ate

36. H un g arian  C1PC chlo rp ropham isopropyl-N -(3-chlorophenyl) c a rb am ate
37. Prevenol ch lo rp ropham isopropyl-N -(3-chlorophenyl) carb am ate

X I I I .  Thiocarbamates :

38. A vadex tria lla te S-2,3,3-dichloroalkyl-N ,N -diisopropyl thio- 
carbam ate

39. B asam id dazom et 3 ,4 ,5 ,6 -te trahydro-3 ,5-d im ethy l-l,3 ,5 -
th iad iazine-2-th ione

40. Campione E .P .T .C . S-ethyl-N ’N -d ip ropy l-th iocarbam ate
41. O rdram m olina te N -hexam ethy lene-S -ethy l-th iocarbam ate
42. T illam  6 E p eb u la te S-propyl-N -bu ty l-N -ethy l-th iocarbam ate
43. Vegadex sulfallate d ie th y l-d ith io -carbainate  acid-chloroalkyl-

ester
44. V ernam verno la te S -p ropy l-N ,N -d ipropyl-th iocarbam ate
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Table 3 cont.

Trade name Common nam e Chemical name

X I V .  U rea d e r iv a t iv e s :

45. Afalon linuron N -(3 ,4-dichlorophenyl)-N ’-m ethoxy-N ’-
m ethy lu rea

46. Cotoran fluome tú ron N ’-(3-trifluorom ethylphenyl)-N ,N -di-
m ethy l-urea

47. DCU F DCU N ,N -b is-(2 ,2 ,2 -trich loro-l-hydroxy-ethy l)
urea

48. DCU P DCU N ,N -bis-(2 ,2 ,2 -trich loro-l-liydroxy-ethy l)
urea

49. Diralid DCU N ,N -bis-(2 ,2 ,2 -trich loro-l-hydroxy-ethy l)
urea

50. Kloben neburon N -b u ty l-N ’-(3 ,4-dichlorophenyl)-N -m ethyl-
urea

51. K arm ex diuron N -(3 ,4-dichlorophenyl)-N ’,N ’-d im ethy lurea
N -(3,4-dichlorophenyl)-N ’-m ethoxy-N ’-

m ethy lu rea
52. L inuron 50 linuron

53. Lorox linuron N -(3 ,4-dichlorophenyl)-N ’-m ethoxy-N ’-
m ethy lu rea

54. Maloran chlorbrom uron N -(4-brom ophenyl-3-chlorophenyl)-N ’-
m ethoxy-N ’-m ethy lu rea

N ’-(4-brom ophenyl)-N -m ethoxy-N -m ethyl-
urea

55. P a to ran m etobrom uron

56. R . E p tapur butu ron N ’-(4-chlorophenyl)-N -isobutynyl-N -
m ethy lu rea

(N ’-4-(4’-chlorophenoxy)-phenyl)-N ,N -
d im ethy lurea

57. Tenoran chloroxuron

58. T ribunil m ethabenztiazu ron N ,N -d im ethy l-N ,-(2-benzthiazolyl)urea
N -(4-chlorophenyl)-N ’,N ’-dim ethylurea59. Tel var m onuron

X V .  B e n zo -n itr ile  a n d  th io a m id e  d e r iv a tiv e s :

60. Casoron 133 dichlobenil 2 ,6-dichlorobenzonitrile
61. NPH/1264 brom oxynil K -salt o f 3,5-dibrom o-4-hydroxybenzo- 

n itrile
62. NPH/1254 ioxynil N a-salt o f 3,5-diiodo-4-hydroxybenzo- 

n itrile
63. Prefix chlortiam id 2 ,6-dichloroth iobenzam ide

X V I .  P h th a lic  a c id  e s te r s :

64. D achtal DCPA d im ethy l-2 ,3,5,6 -te trach lo ro te rep h th a la te

D ifferent cyclic carbon ic  acid d e riv a tiv es

X V I I .  H e x a -h y d r o -p h th a la te :

65. A quathol G

66. E ndothal

67. H ydra to l

endothal

endothal

endothal

7-oxabicyclo-(2 ,2 ,l)-heptane-2 ,3-dicar- 
boxylic acid-disodium  salt 

7-oxabicyclo-(2 ,2 ,l)-heptane-2 ,3- 
dicarboxylic  acid-disodium  salt 

7-oxabicyclo-(2 ,2 ,l)-heptane-2 ,3- 
d icarboxylic  acid-disodium  salt
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Table 3 cont.

Trade name Common name Chemical nam e

X V I I I .  Triazine derivatives:

68. W L  19805 (Bladex) cyazine 2-(4-chloro-6 e thyl-am ino-1,3,5-triazine-2-y] 
amino)2 m ethy l-p rop ion itrile

X I X .  Alkyl-amino-chloro-triazines :

69. A k tik o n atraz in e

70. A 2591 secbum eton

71. E ta z in secbum etine

72. G esatop 50 sim azine
73. G esaprim  50 atraz in e

X X .  M ercapto-triazines :

74. G esagard 50 p rom etryne

75. G esapax 50 am etry n e

76. Ig ran  50 te rb u try n e

77. Ig ran  2105 te rb u try n e

78. Ig ra n  80 te rb u try n e

79. M erkazin p rom etryne

80. Sem eron desm etryne

O ther herbicidal ac tive  ingredients 

X X I .  Heterocyclic compounds:

81. A m itro l TL am itro l-rodam id
82. Am ino Triazole am itro l
83. H y v a r brom acil
84. P yram in pyrazon

85. S inbar terbacil
86. V enzar lenacil

X X I I .  A n ilines:

87. P lanav in  75 n itra line

88. T reflan triflu ra lin

2-chloro-4-isopropylam ino-6-aethylam ino-
1.3.5- triazine

4-aethylam ino-2s-butylam ino-6-m ethoxy-
1.3.5- triazone

2-m ethoxy-4-aethylam ino-6s-butylam ino-
1.3.5- triazine

2-chloro-4 ,6-bis(aethylam ino)-l,3 ,5-triazine
2-chloro-4-aethylam ino-6-isopropylam ino-

1.3.5- triazine

2.4- b is(isopropylam ino)-6-m ethylth io-l,3 ,5- 
triazone

2-aethylam ino-4-isopropylam ino-6-m ethyl-
th io-l,3 ,5 -triazine

2 -m ethy lth io-4-aethy lam ino-6-t-bu ty l-
am ino-l,3 ,5-triazine

2 -m ethy lth io-4-aethy lam ino-6-t-bu ty l-
am ino-l,3 ,5 -triazine

2 -m ethy lth io-4-aethy lam ino-6-t-bu ty l-
am ino-l,3 ,5 -triazine

2.4- b is(isopropylam ino)-6-m ethylth io-l,3 ,5- 
triazine

2-isopropylam ino-4-m ethylam ino-6-
m eth y lth io -l,3 ,5 -triaz in e

3-am ino-l,2 ,4-triazolonium -rodam ide 
3-am ino-l,2,4-triazole
5-brom o-3-s-butyl-6-m ethyl u racil 
5-am ino-4-chloro-2-phenylpyridazin-3(2H )- 

one
3-t-buty l-5-chloro-6-m ethyl u racil 
3-cyclohexyl-5,6-trim ethylene uracil

2.6- d in itro-4-m ethylsulphonyl-N ,N - 
dipropylaniline

2.6- d in itro -N ,N -d ipropyl-4-trifluorom ethyl 
analine

Acta Botanica Academiae Scientiarum Hungaricae 22, 1976



M A S S  O F  W E E D S  A N D  T H E  F R E Q U E N C Y  O F  W E E D  S P E C I E S 277

Table 3 corn.

Trade name Common nam es of components

C) OTHER HERBICIDES
X X I I I .  Combinations:

89. A niten  D
90. A niten  M
91. A tracil C
92. B anvel D
93. Camparol 1803
94. Cartex-M
95. Chlorflurazole
96. E m b u to x  plus
97. Gesaprim  1802
98. Gesaran
99. Hoe 2849

100. L iro-B etarex
101. M urbetol
102. T onitox
103. T rim etrin
104. T ropotox  plus

2.4- D flu ren o l (as d im ethylam ino salts)
MCPA -}- flu ren o l (as d im ethy lam ino  salts) 
ioxynil -j- m ecoprop  (as the  po tassium  salts) 
dicam ba -f- 2 ,4-D
prom ethryne -f-  sim azine
propachlor -f- m onolinuron  -f- p ro m eth ry n e
chlorflurazole -f- MCPA
2.4- DB - f  M CPA 
am etrine -|- a traz in e  
m ethopro tryn  -f- sim azine 
dinoseb-acetate m onolinuron 
propham  -)- d iu ro n  
endothal-N a -f- p ro p h am
a k tin it P K  -f- ch lorophenoxyacetic  acid  DNOC 
a k tin it P K  -f- 2 ,4-D -N a -f- D N O C -salt 
MCPB - f  M C PA -N a

X X I V .  Experimental preparations (active ingredients are not published)

105. B anlene plus
106. H oe 2913
107. H oe 2918
108. H oe 2745

33.3%  d in o sebaceta te  4~ 8*3% linu ron

20%  m onolinuron  4~ chloral-chloroacetam ide 
75%  chloral-chloroacetam ide

14 in  1971, 16 in  1972 and  14 in  1973. (Tables 4 , 5, 6). T he d is tr ib u tio n  b y  
species is d em o n stra ted  in  Fig. 1.

T he ra tio  of th e  m o n o co ty ledons/d ico ty ledons was th e  follow ing 4/10 in  1971, 3 /1 .1 
in  1972, 4/10 in  1973. O f th e  20 weed spec ies 9 occurred  in  all th re e  y ears  and  in  th e  th re e  
ex p erim en ta l sites. 4 o f th e  9 co n stan t spec ies: D igitaria sa n g u in a lis , Echinochloa crus-galli, 
Setaria  glauca and  Chenopodium  album  p ro v e d  to  be d o m in a n t ev ery  th re e  y ears, 5 o f th e  
c o n s ta n t  species th e  V icia  hirsula  (12), A m a ra n lh u s  retroflexus (39), Polygonum  aviculare (5 ), 
Polygonum  convolvulus (57), Polygonum la p a th ifo liu m  (32) o ccurred  in  all th re e  y ea rs  in  ev ery  
ex p e rim e n ta l site, b u t  as th e  num ber in  th e  b rack e ts  in d ica tes  th e y  occurred  on ly  sp a rse ly , 
considering  th e  432 m ap p in g  spaces and o n ly  in  a few cases in  all th e  rep lica tio n s o f th e  sam e  
t re a tm e n t.

Agropyron repens, E quisetum  arvense , T rifo liu m  arvense, H ibiscus tr io n iu m , Convolvu­
lus arvensis , Cirsium  arvense , Erigeron a cris , M elandrium  a lbum , C annabis sativa , L a m iu m  
p u rp u reu m  and  S in a p is  arvensis are co n sid ered  as acciden t species, because  none of th e m  
w ere fo u n d  in all th ree  y e a rs  th a t  is none o f  th e m  occurred in  all th e  e x p erim en ta l sites an d  
never in  fo u r rep lica tio n s o f th e  same tre a tm e n ts .  These 11 acc id e n t species w ere on ly  re ­
g is te red  a lto g e th e r in  67 rep lica tio n s of d iffe re n t t re a tm e n ts  d u rin g  th e  th ree  y ears  w ith  th e  
ex cep tio n  of Convolvulus arvensis w hich w as  fo u n d  in  17 rep lica tio n s  (T able 5) o f th e  t r e a t ­
m en ts  o f 1972, th e  o th e r  10 species occu rred  oply in  10 or less t r e a tm e n ts  (T able 4, 5, 6). 
T h eir n u m b er and w eigh t w ere insign ifican t.

T he re la tive ly  h ig h  num ber o f th e  accident weed species could  be ex p la in ­
ed b y  th e  ag ro tech n iq u e  conducted  on these  ex p e rim en ta l sites fo r a v e ry  
long tim e  sy stem atica lly . This is ju s t if ie d  b y  th e  fa c t th a t  som etim es w e 
found  those  species, w hich  did n o t o ccu r in  th e  con tro l p lo ts.
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1971 1972 1973

Fig. 1. F requency  of w eed  species (% ) in  th e  lu p in  cu ltu re-co n so c ia tio n . ( I n  n o n -d istu rb ed  
ho ed  an d  h e rb ic id e -trea ted  p lo ts  o f site)

T , Polygonum  av icu lare 2.66 T4 P oly g o n u m  convolvu lus 2.00
T4 Polygonum  convolvu lus 1.03 G3 C onvolvulus a rvensis 1.19
T4 A m a ran th u s  re tro flex u s 0.75 T 2 V icia h irsu ta 1.13
T 4 Polygonum  lap a th ifo liu m 0.42 G3 C irsium  arvense 0.84
T4 T rifo lium  arvense 0.03 T4 C annabis sa tiv a 0.52
G3 C onvolvulus a rvensis 0.03 T4 A m a ran th u s  re tro flex u s 0.49
T„ V icia  h irsu ta 0.02 T4 H y b iscu s tr io n u m 0.29
H 3 M elandrium  album 0.01 T4 P o ly g o n u m  lap a th ifo liu m 0.29

A gropyron  repens 0.01 T4 T rifo lium  arvense 0.20
T 4 C annabis sa tiva 0.01 H T  E rig e ro n  acris 0.17

altogether: 4.97 T4
H 3

P oly g o n u m  av icu lare  
M elandrium  a lb u m

0.08
0.05

a lto g e th e r: 7.25

T4 P o ly g o n u m  av icu lare 1.00
H T B rigeron  acris 0.21
T4 H ib iscus trio n u m 0.14
T 4 A m a ran th u s  re tro flex u s 0.14
T4 P o ly g o n u m  convolvu lus 0.14
T 2 V icia h irsu ta 0.10
T , S inapis arvensis 0.07
T t L n iu m  p u rp u reu m 0.03
T 4 P o ly g o n u m  lap a th ifo liu m 0.03

E q u ise tu m  arvense 0.07
alltogether: 1.93

From  th e  d o m in a n t species lis ted  above th e  Setaria  glauca  was th e  
m ost res is tan t to  th e  herb ic ides, as i t  can  be  seen in  Fig. 2 w here o n ly  a few m ore 
ac tiv e  herbicides a re  given.

As i t  can be seen  in  Fig. 2 an d  T ab les 4 , 5 an d  6, am ong th e  108 herbicides 
app lied  m ainly 7 o f  ca rb am id es, 7 o f tr iaz in es  an d  2 o f u racils as well as from  
th e  16 herbicide co m b in a tio n s 5 p rep a ra tio n s  k illed re m a rk a b ly  th e  Setaria  
glauca. In  a d d itio n  to  th e  in h ib ito ry  effect o f Setaria glauca. th e se  d a ta  have
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F ig. 2. H erbicides s tro n g ly  decreasing  th e  frequency  of occurrence of Setaria glauca

to  be contro lled  w ith  resp ec t to  herb icide sen s itiv ity  o f  cu ltu re  p lan ts  and  
th e ir  biological p ro d u c tio n  (seed) too . F o r th is  reason  i t  shou ld  he rem ark ed  
th a t  11 of th e  S eiaria -in h ib itin g  p rep ara tio n s  from  th e  29 herb icides lis ted  in 
F ig . 2. G esatop 50, K a rm e x , Y enzar and  C am parol 803 used  in  1971 and  1972 
p ro v ed  to  be p h y to to x ic  to  b o th  in v estig a ted  lu p in  species. F o r exam ple, 
S in b a r an d  H yvar k illed  beside th e  rep resen ta tiv es  o f th e  Setaria  species 
all th e  weed species in  th e  p lo ts tre a te d  w ith  these  he terocyclic  com pounds 
a n d  th e  tw o lupin p la n ts  grow ing in  th is  cu ltu re -consoc iation  too .

A m ong the above m en tio n ed  p rep ara tio n s w hich  decreased  m ark ed ly  
th e  n u m b e r of Setaria glauca, 13 in h ib ited  by  m ore th a n  50%  th e  g row th  of 
L u p in u s  albus and 11 th e  L . luteus. M erkazin did n o t decrease th e  n u m b er of 
lu p in  species b u t it  d id  th e ir  seed y ield . L inuron  50 co m p ared  to  th e  hoed  
con tro l d id  no t decrease e ith e r  w ith  resp ec t to  num ber o f p ro d u c tio n  of cu ltu re  
p la n ts .

K arm ex  (diuron) s im ila rly  to  L inu ron  50 p roved  to  be v e ry  favourab le  
to  L . albus and  Y enzar (lenacil) in  L . luteus cu ltures.

As i t  is ev iden t from  th ese  d a ta , am ong th e  p re p a ra tio n s  show n in  Fig. 2 
from  th e  po in ts of v iew  o f p ro d u c tio n  biology an d  a g ricu ltu re , m ain ly  th e  
la s t th re e  could be e v a lu a te d  p o sitiv e ly  an d  for L . albus cu ltu res  also th e  linuron- 
co n ta in in g  p rep ara tio n s L orox  and  A falon and  as regards th e  L . luteus cu ltu res 
G esagard  and  T ribun il herb icides could  be m en tioned .
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Table 4

M ass o f  weeds and the frequency o f  weed species

Herbicides Weight of 
weeds in % 
of control 
without 
hoeing

Number of 
weeds in % 
of control 
without 
hoeing

Agro-
pyron
repens

Digitaria
sanguinalis

Echinochloa
crus-galli

Setaria
glaucaTreatments Chemical

groups

A 2591 X IX -70 63.7 27.5 s/ 61 f/  26 s/ 59
A m ine 20% 1-1 107,2 59.2 — F /  39 s/ 52 F/245
A m ino-Triazole X X I-82 106.1 73.8 — s/120 s/ 24 F/20O
A m itro l TL X X I-81 87.6 90.6 — F / 73 s / 76 F/181
A trac il C X X III-9 1 71.0 43.5 — a /  15 f/  18 F/139
A q u a to l G X V II-65 115.5 86.3 — s/ 22 F/108 F/108
B N P  20 1-3 116.6 94.6 — s/ 83 s/146 F/265
B anvel D X X III-9 2 139.8 31.9 — F / 84 F/101 F / 41
B exone V II-16 104.3 67.0 — a / 15 s/ 56 F/138
C am paro l 1803 X X III-9 3 41.5 16.3 — F / 95 s/ 11 a / 7
C am pione X III-4 0 94.1 60.6 — a / 12 s/ 86 F/182
C asoron 133 XV-60 111.2 59.7 — s/ 8 s/ 66 F/170
D CU  (F) X IV -47 85.1 102.3 — s/ 14 9/  47 F/264
DCU (P ) X IV -48 72.5 67.7 — a / 55 s/ 20 F / 37
D N B P  20 1-4 93.4 76.9 — F/157 s/ 47 F/218
D ym id X I-27 67.7 62.4 — a / 2 f /  15 F / 45
D yserbo V II-17 95.2 122.4 — s/337 s/ 70 F/157
E m b u to r V II-19 102.1 60.3 a /l a /  38 s/ 12 F/216
E m b u to r  E Y II-18 110.1 49.5 s/ 33 F / 91 F/176
G esagard  50 X X -74 81.5 23.7 — s/ 70 f/  25 F / 49
G esatop 50 X IX -72 33.3 3.6 a /l f /  5 s / 9 s/ 3
H y d ro th a l X V II-67 80.0 104.8 s/ 46 s/ 54 F/214
H y v a r X X I-83 0.0 0.0 — — — —
H oe 2849 X X III-9 9 66.6 28.3 — s/ 57 F /  71 F / 57
H o rto x X I-29 77.5 45.9 — 8/ 2 s/ 42 F/178
K arm ex XIV -51 2.5 0.5 — a /  1 a / 2 а / 1
K loben X IV -50 80.0 27.3 — s/ 30 F /  60 F / 66
K rezo n it E 1-6 89.1 36.1 — s/ 10 F /  31 F/197
L egum ex D Y II-20 84.7 56.9 — s/ 40 s/ 59 F/150
L egum ex M V II-21 111.2 71.3 — 8/ 29 s/ 30 F/194
L ironox IV -10 111.2 53.7 — s/ 18 s/ 46 F/165
L in u ro n  50 X IV -52 24.2 15.2 — F / 85 s/ 6 s/ 13
M erkazin X X -79 52.1 17.7 — s/ 48 s/ 16 F / 40
M urbeto l X X III-1 0 1 87.3 101.5 — s/ 82 s/ 90 F/205
N P H  1254 XV-62 75.7 44.5 — s/ 21 F/149 F / 64
N P H  1264 XV-61 104.7 44.6 — s/ 11 F/142 s/ 63
O rd ram X III-4 1 91.6 85.7 — 9/ 33 s/ 48 F/258
P la n a v in  75 X X II-8 7 62.3 51.3 — s/ 13 s/ 60 F/130
P y ra m in X X I-8 4 65.9 53.2 — s/ 30 s/ 60 F/145
R -E p ta p u r X IV -56 75.3 35.6 — F / 78 F / 38 F / l l l
Sem eron X X -80 80.4 39.6 — s/ 64 F / 53 F / 77
S tam  F  34 X I-34 101.8 82.4 — F / 40 F/119 F/240
Sys 67 I V I-14 92.0 95.5 — s/ 42 s/ 56 F/205
Sys 67 II Y I-15 66.6 89.5 — в/ 31 s/ 53 F/253
T elv ar X IV -59 8.5 4.7 — в/ 15 s/ 5 s/ 11
T illam  6-E Х Ш -4 2 88.7 87.3 — s/ 17 s/ 48 F/200
T rib u n il X IY -58 57.2 29.0 — s/ 22 F / 51 s/ 37
T ro p o to x V II-23 97.8 58.2 — s/ 10 s/ 45 F/194
V egiben X III-2 4 79.1 76.2 — F / 91 F/243 F/106
V enzar X X I-8 6 66.8 9.7 — a / 2 f /  26 s/ 38
V ernam Ш -4 4 106.1 99.4 — s/ 50 s/ 63 F/323
W L-19805 X Y III-6 8 82.9 13.1 — F / 34 f/  25 s/ 32
H oed  control 
C ontro l w ithout

16.1 70.5 — F/403 F / 41 F / 57

hoeing 100.0 100.0 — F / 97 s/ 32 F/219

altogether: 52 h e rb ic id e  tre a tm e n ts
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affected by herbicides in  a lu p in  culture-consociation 1971

Tri-
folium

arvense
Vicia

hirsu te

Con­
volvulus
arvensis

Melan-
drium
album

Chenopo-
dium

album
A m aranthus
retroflexus

Polygonum
aviculare

Polygonum
convolvulus

Polygonum
lapathi-
folium

Can­
nabis
sativa

_ _ a /l _ F / 41 а / 1 F / 8 _
— — — — F / 72 а / 1 s/13 s/ 2 — —

— — — a /l F/113 — s/18 s/11 a /l  2 —

— — — a/2 F/293 a /  8 s/12 а / 1 a / 2 —

— — — — F/105 a/13 s/12 s/ 5 a / 5 —

— — — — F/295 — s/ 8 a / 3 — —

— — — — F/150 a / 8 F/21 a / 3 a / 2 —

— a /l — — F/234 a /l  5 s/ 8 s/ 7 a / 6 —

— — — — a/ 3 — — — а/ 1 —
— — — — F/131 s/ 2 s/10 s/ 8 s/ 2 a /l
— — a /l — F/171 — F/12 — —
— — — a /l F/381 — s/21 s/11 a /  3 a /l
— — — — F/327 a / 6 F/39 — а / 1
— — — — F/114 a / 2 s/13 — —
— — a/2 — F/370 а / 1 s/ 8 s/ 4 — —
— — — — F/290 а / 1 F / 5 s/15 а / 1 —

a / l — — — F/113 a/37 s/ 6 s/ 5 s/ 4 —
— — — — F / 47 a/13 s/ 7 s/ 7 — —
— — — — f/ 25 а / 1 — — —
— — — — a/ 6 — s/ 2 — — —

— — — — F/420 — a/10 s/ 7 — —

_ — — — */ 2 а / 1 a / 3 _ _ _
— — a /l — F / 74 а / 1 s/11 s/19 а / 1 —

— — — — F / 32 a / 2 s/16 — — —

— — — — f/ 19 — — s/ 2 — —

a / l — — — F/130 s/16 s/ 7 s/ 5 — —

— — — — F/204 a / 3 s/15 F/18 s/18 —

— — — — F/115 а / 1 F/14 s/ 4 s/ 7 —

— a/2 — — — — s/ 2 — — —

— — — — £/ 19 — a / 3 — — —

a /l — — — F/327 — F/18 a / 3 а / 1 —

— — — F / 67 a / 2 s/10 s/ 6 —

— — — — s/ 96 — s/ 4 s/ 4 — —

— — — — F/213 — F/46 s/16 — —

a /l — — — F/138 — F/10 s/ 5 s/11 —

— — — — F/144 — s/ 2 — — —

— — — — f /  22 a / ] F /  5 — — —

— — a/2 — F / 79 s/10 — — —

— — — — F/166 a / 2 s/20 /02 а / 1 —

s/2 — — — F/359 s/ 2 s/12 a / 3 a / 2 —

— — — — F/258 а / 1 s/30 s/11 s/ 4 —

— a /i — — — — — — s/ 2 —

— — — F/289 — F/31 s/18 а / 1 —

— — — — F / 84 a /  5 s/ 7 а / 1 —

— a /l — — F/141 а / 1 s/ 2 a / 3 s/ 2 —

— — — — s/ 21 s/ 8 F /  8 s/ 2 —

— — — — а /  1 s/ 3 — — — —

— — — — F/248 — F/22 s/ 6 — —

— — — — — s/ 2 — а / 1 — —

— — — — s/ 2 — — — a / 2 —

a / l - - - F/377 а / 1 s/13 s/ 5 а / 1 -
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F o r  th e  con tro l o f Setaria  species to  be found  in  ev ery  w eed association  
in  H u n g a ry , th e  R am ro d  and  H u ngaz in  P K  and  N aTA  -f- A resin N aTA  -f- 
P y ra m in  com binations m en tio n ed  by  U b r i z s y  and  G i m e s i  (1969) KÁDÁR 
(1973) re fe r to  th e  re s is tan ce  o f Setaria glauca  to  2,4,5, T  and  to le ran ce  to  
H u n gaz in .

I n  th e  course o f o u r in v estig a tio n s on sen s itiv ity  to  Setaria  species 
good re su lts  w ere ach ieved  in  1971 w ith  C am paro l 1803 (a—7), G esatop  50 
(s— 3), K a rm ex  (a— 1), L inu ro n  50 (s— 13), in  1972 w ith  A k tik o n  (— ), G esaprim  
1802 (a— 7), G esatop  50 (s— 6), K arm ex  (s— 4), Y enzar ( F —17), in  1973 w ith  
A falon (s— 7), D ira lid  (s— 9), G esaprim  50 (s — 1), C artex  M (s — 5) b u t  it  
should  be n o ted  th a t  Setaria  glauca  p ro v ed  to  be re s is ta n t o r to le ra n t to  74%  
of th e  p rep a ra tio n s . K á d á r  (773) m en tions resistance  of D igitaria sangu ina lis  
to w ard  2,4 D and  2,4,5 —T  and  its  to le ran ce  to  H ungazin .

T he D igitaria sanguinalis  p roved  to  be sensitive to  D ym id  (a —2), 
H o rto x  (a— 2), K a rm ex  (a — 2) in  1971, an d  in  1972 to  D ik o tex  ( —), E m b u to x  
plus (— ), H oe 2913 (—), K arm ex  ( — ), V enzar (— ) in  1973 A vadex  (a —2), 
D ira lid  (s—7), Sys 67 ( a —7), an d  Y enzar (s — 3) herbicides.

F o r  th e  con tro l o f Echinochloa  species U b r i z s y  an d  G i m e s i  (1969) 
recom m ended  D alap o n , Lasso, R an d o x , N aT A , S y n p ram , H ungazin  P K  an d  
D T, S y n p ram  an d  O rd ram  herb icides, w hile K á d á r  (1973) m en tions th e  
re sis tan ce  o f Echinochloa crus-galli to  2 ,4 —D , 2 ,4 ,5 —T M CPA d in o seb ace ta te  
and  to le ran ce  to  H u n gaz in .

W e found  th a t  ag a in st Echinochloa crus-galli in  1971 K arm ex  ( a —2), 
L in u ro n  50 (s— 6), G esatop  50 (S — 9), C am pione ( a —12), in 1972. E m b u to r  
plus (a— 1), D ik o tex  (a — 1), C am paro l 1803 (— ), V enzar ( —) and  in  1973 
G esa top  50 (s— 7), R am ro d  (s— 3), T rim e tr in  (s— 6) p ro v ed  to  be effective.

A ccord ing  to  th e  p ub lica tions o f U b r i z s y  and  G i m e s i  (1969) an d  K á d á r  

(1973) am ong  th e  12 herb ic ides, C henopodium  album  p ro v ed  to  be m o d e ra te ly  
sen sitive  to  N aTA  an d  D in o seb ace ta te  an d  to  th e  o th e r 10 in v es tig a ted  p re p ­
a ra tio n s  i t  was v e ry  sensitive.

In  ou r o b se rva tions C am paro l 1803 (a— 3), H oe 2849 (s— 2),V enzar (a— 1) 
G esa top  50 (a— 6) in  1971 and  in  1972 A 2591 (— ), C am paro l 1803 (—), H oe 
2849 (— ), Ig ran  80 (— ), Ig ran  2105 (— ), K arm ex  (— ), V enzar ( —) an d  in  
1973 A falon  (a— 1), G esaprim  50 (— ), T rim e trin  ( —) an d  V enzar ( —) herb ic ides 
p ro v ed  to  be v e ry  effective to  Chenopodium  album  b u t it  was m ore or less 
sen sitiv e  to  65%  o f th e  te s te d  herb icides.

As i t  is illu s tra te d  in  T able  4, H y v a r , K arm ex  G esatop  50, T elvar, V enzar 
W L  19805, L inu ro n  50, C am parol 1803, M erkazin, G esagard  50, decreased  
th e  n u m b e r of w eeds b y  100—75%  in  1971 com pared  to  th e  u n tre a te d  co n tro l.

T he follow ing herb icides: K loben , a-2591, H oe 2849, T ribun il, B anvel D , 
R -E p ta p u r , K rezo n it E , Sem eron, A trac il C, N P H  1254, N P H  1264, H o rto x , 
E m b u to r  E . reduced  th e  n u m b er o f th e  w eed species b y  75— 50. 31 o f  th e
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54 herb ic ides s tud ied  -in 1971 decreased th e  n u m b er of w eeds b y  less th a n  50%  
an d  th e  DCU, D yserbo , H y d ro th a l, M urbe to l com pared  to  th e  u n tre a te d  
co n tro l did no t change th e ir  nu m b er.

As opposed to  th is , in  1972 only  A re tit  decreased th e  n u m b e r o f weeds 
b y  2 5 % , D iko tex  (50% ), R a p h a to x  (49% ), E m b u to x  p lus (49% ), H oe 2849 
(45% ), B e tan a l (44% ), L iro -B e ta rex  (44% ), Hoe (39% ), P o ta b la n  (39% ), 
B asam id  (38% ), H oe 2745 (33% ), H oe 2904 (31% ) red u ced  th e  w eed n u m b e r 
to  25— 50% . F rom  th e  herb icides app lied  in  1972 tw elve  con tro lled  th e  weeds 
b y  50— 75%  b u t e igh teen  75— 100% .

T he n u m b er of w eeds was h igh  in  b o th  herb icide tre a tm e n ts  an d  th e  
hoed  con tro l p lo ts too . T he n u m b er o f w eed species d id  n o t decrease u n d e r 
chem ical or m echan ical tre a tm e n ts . T his could be ex p la in ed  b y  th e  high 
ra in fa ll in  Ju n e  an d  J u ly  before  th e  m ap p in g  a t  th e  end  o f su m m er (T able 2) 
w hich  is co rrobora ted  w ith  th e  m easu rem en ts  of weed w eigh ts (F ig. 3). W hen 
d raw in g  up th e  m ap , th e  n u m b er o f w eeds w hich had  sp ro u te d  on th e  effect 
o f ra in  and  w ere still grow ing, were c o u n ted  too .

O n th e  basis o f th e  m easu rem en ts o f weeds in 1971 (T able 4) th e  H y v a r, 
K a rm e x , T elvar, L in u ro n  50, G esatop  50 decreased th e  p h y to m ass  o f weeds 
from  7 5 % — 100%  and  C am paro l 1803 from  50— 75% . In  th e  case o f M erkazin  
(48% ), T ribun il (43% ), P lan av in  (38% ), A 2591 (37% ), P y ra m in  (34% )

% 1971 1972 1973 altogether

% 1971 1972 1973 altogether

□  control without hoeing V //A A  average of 108 preparations 

Fig. 3. Sum m arized  effects o f herb ic ides on  w eeds com pared to  th e  co n tro l w ith o u t hoeing
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Table 5

M ass o f  weeds and the frequency o f  weed species

Herbicides W eight of 
weeds in  %  

of control 
w ithout 
hoeing

N um ber of 
weeds in % 

o f control 
w ithout 
hoeing

D igitaria
sangui-

nalis

Echi-
nochloa

crus-
galli

Setaria
glaucaTreatments Chemical groups

A k tik o n X IX - 69 0.5 0.7 s/2
A re tit I- 2 24.6 77.5 a/4 a/2 F/160
A  2591 X IX - 70 19.2 17.8 — s/2 F /  43
B asam id X I I I -  39 16.2 62.0 a/2 F/105
B e ta n a l X II-  35 26.9 56.9 — s/2 F/104
C am paro l 1803 X X II I -  93 21.4 6.2 a/1 f /  15
Chlorflurazole X X II I -  95 20.0 37.5 a/1 — F / 89
D ik o tex V- 11 35.4 50.0 a/1 F/112
E m b u to x  plus X X II I -  96 17.7 51.9 — a/1 F/124
E ta z in  50 X IX - 71 28.0 31.0 s/5 a/1 F/73
G esaprim  1802 X X II I -  97 2.4 1.5 a/2 a / 7
G esa top  50 X IX - 72 8.1 3.4 s/3 — s/ 6
H oe 2849 X X II I -  99 27.0 55.4 a/2 s/2 F/138
H oe 2913 XX IV -106 19.6 61.2 — s/2 F/154
H oe 2918 X X IV -107 28.0 34.8 a/1 s/2 s/ 62
H oe 2745 X X IV -108 31.1 63.5 a/1 F/142
H oe 2904 I- 5 21.4 69.7 a/1 a/2 F/152
H u n g á ria  CIPC X II -  36 12.8 41.0 — F/104
I g ra n  80 X X - 78 31.1 11.6 — s/3 f/ 27
Ig ra n  2105 X X - 77 23.4 9.3 — — {/ 24
K arm ex X IV - 51 1.0 2.3 — a /i s/ 4
K loben X IV - 50 20.3 29.0 s/24 s/2 F / 48
L iro -B etarex X X III-1 0 0 70.3 56.9 — s/2 F/141
L orox X IV - 53 22.0 9.6 a/4 f/ 20
M erkazin X X - 79 28.7 19.7 a /i — F / 49
M-52 V- 12 30.0 34.1 a/1 a/1 F /  73
M P-58 V I- 13 21.2 17.0 a/1 a/1 F / 36
P o ta b la n X I- 30 25.0 61.2 a/9 F/139
P re fix XV- 63 18.3 13.1 — — F / 31
P rev en o l X II-  37 10.0 45.7 — a/2 F/109
R a p h a to x I- 7 55.3 51.1 a/1 a/1 F/122
S in b ar X X I- 85 0.0 0.0 —

S tam  F-34-A X I-  33 20.5 47.2 a/1 s/2 F/113
T ok-E-25 II -  8 18.7 37.9 a/1 s/2 F / 88
T o n ito x X X III-1 0 2 27.9 10.4 s/4 a/1 f/ 22
T rifenox in  80 I I I -  9 32.0 50.0 a/3 s/3 F/117
T ro p o to x  plus X X III-1 0 4 16.6 22.8 — — F /  80
V enzar X X I- 86 10.6 7.3 — — f /  17
H oed  control 3.3 4.2 — _ f /  11
C ontro l w ithout hoeing 100.0 100.0 — a/1 F/167

altogether: 38 h e rb ic id e  tre a tm e n ts

H oe 2849 (33% ), Sys 67 (33% ), V enzar (33% ), D y m id  (32% ), A trac il C (29% ), 
D C U  (27% ) th e  w eed  m ass was reduced  on ly  from  25 — 5 0%  (b u t as th e  
v a lu es  in  th e  b ra c k e ts  in d ic a te  here an im p o r ta n t  red u c tio n  in  weed p la n ts  is 
en ta iled ).
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affected by herbicides in  a lu p in  culture-consociation 1972

Tri-
folium
arven.se

Vicia
hirsuta

Hibiscus
trionum

Con­
volvulus
arvensis

Cirsium
arvense

Erige-
ГОП
acris

Melan-
drium
album

Cheno-
podium
album

Ama-
ranthus
retro-
flexus

I olygo- 
num 

avicu- 
lare

Polygo­
num

convol­
vulus

Polygo­
num

lapathi-
folium

Canna­
bis

sativa

a/32
-

___
-

___ — s/ 2
-

—
—

I _ ___ a/3 ___ ___ ___ f /  9 — —
a/ 1 
a/  1 — —

a/5 — — a/1 a/15 — — s/ 6 — — s/ 4 — —

___ ___ - a/1 — — — а / 1 — a/3 a /  1 a/1 —
— — — s/6 — — — s/ 2 — — а/ 1 a/1 a/5

-
a / 1
a /  1 -

s/4
-

-
-

а /  1
-

-

s/ 4
- —

— - —
s/1

- a/2 -
a/2 5 
£/13

- -

а / 1

s/ 5 a/1 a/1

- — _
s/2

—
- _

s/13 
s/ 2

—

- -
a/5 a/5

a/1
a / 1

-
s/3

- —

a/1
а /  1

- -
-

- -

— — —
s/4 I

—
s/ 7 _ --  ' а / 1

а / 1 a/1
—

— — — s/2
s/3

— —
I

а / 1
s/ 7 I I I

s/3

— — — — — —
a/1 s/ 4 а / 1

— s/ 3 —
a/1

— — — a/1 — — s/ 4 а / 1 — а/ 1 — a/1

___ ___ ___ a/2 — — — s /  3 — — а / 1 — —

a/1 — — s/2 — — — a / 2 — — а / 1 — a/1

___ ___ ___ a/1 ___ ___ — — — — s/ 4 a/1 —

— s/ 3 — s/3 — — — s/10 s/10 — s/ 2 —
— a / 1 — - — — — — — — а/ 1

- - a/10 s/2 a / 6 a/4 - s/ 5 s/ 5 — s/36 - a/1

T he herb ic ide  tre a tm e n ts  app lied  in  1972 w ere m uch m ore fav o u rab le  
fo r th e  cu ltu re  p lan ts  (Table 5), nam ely  24 o f th e  42 herbicides dep ressed  
th e  w eight o f weeds b y  7 5 —100% . B e ta n a l (73% , H oe 2849 (73% ), T o n ito x  
(73% ), E ta z in  50 (72% ), H oe 2918 (72% ), M erkazin  (71% ), M 52 (70% ), 
H oe 2745 (69% ), Ig ra n  80 (69% ), T rifenox  80 (68% ) and  D ik o tex  (64% )
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Table 6

M a ss o f  weeds and the frequency o f  weed species

Herbicides W eight of 
weeds in % 

of control 
w ithout 
hoeing

N um ber of 
weeds in  % 

of control 
w ithou t 
hoeing

Equi-
setum

arvense
Digitaria

sanguinalis
Echinochloa

crus-galli
Setaria
glauca

Treatm ents Chemical
groups

A falon X IV - 45 26.2 105.0 _ s/32 F/44 S/ 7
A n iten  D X X II I -  89 45.0 176.2 a / l s/23 F/81 s/34
A n iten  M X X II I -  90 26.8 113.7 f/19 s/10 F/49
A v ad ex X I I I -  38 43.5 130.0 — a / 2 F/50 s/33
R  a  n i en  plus X X IV -105 53.0 183.7 — s/29 F/40 F/71
C artex  M X X II I -  94 30.5 121.2 — s/20 F/65 s/ 5
C o to ran X IV - 46 31.4 121.2 — s/45 s/21 s/29
JLlachtal X V I- 64 42.2 167.5 — F/49 f/27 F/46
D C PA X I- 28 69.1 173.7 — s/17 F/96 s/22
D ira lid X IV - 49 76.5 65.0 — s/ 7 S/18 8 / 9
K n d o th a l X V II- 66 55.8 143.7 — s/10 s/22 F/67
G esapax  50 X X - 75 49.6 73.7 — s/26 f /  7 f/16
G esaprim  50 X IX - 73 23.1 85.0 — F/41 8/14 a / 1
G esa top  50 X IX -  72 25.6 78.7 — S/20 s/ 7 s/18
G esaran X X II I -  98 43.5 96.2 — F/59 s/29 f/23
Ig ra n  50 X X - 76 67.2 148.7 — s/46 s/31 F/38
L eguram e X - 26 76.8 206.2 — s/38 £/23 F/94
M alor an X IV - 54 28.3 140.0 — F/72 s/26 s/11
N a T a IX - 25 85.4 116.2 — s/38 s/29 s/20
P a to ra n X IV - 55 29.6 77.5 — f/27 s/16 s/13
P la n av in  75 X X II -  87 125.0 112.5 — s/50 s/16 s/16
R am ro d X I- 31 42.9 66.2 — f/21 s/ 3 f/21
Satec id X I- 32 104.0 98.7 a /l s/12 s/23 s/25
Sys 67/B V II-  22 79.0 115.0 — a / 7 F/54 s/23
T en o ran X IV - 57 49.0 112.5 — s/13 s/36 s/26
T re flan X X II -  88 34.8 110.0 — F/41 s/10 s/21
T rim e trin X X III-1 0 3 19.7 76.2 — F/45 s/ 6 s/10
Y egadex X II I -  43 43.2 87.5 — s/33 F/45 s/21
Y en zar X X I-  86 31.1 53.7 — s/ 3 s/17 f/23
H o ed  contro l 
C ontro l w ithout

16.3 73.7 — s/21 s/12 s/ 2

hoeing 100.0 100.0 — f/18 £/25 s/31

a ltogether: 28 h e rb ic id e  tre a tm e n ts

re d u c e d  th e  weed m ass b y  5 0 —75% . B u t ev en  R ap h a to x  (45% ) and  Liro- 
B e ta re x  (30% ) re su lted  in  a no tab le  red u c tio n  in  w eight.

In  1973 (Table 6) T rim e tr in  (80% ) an d  G esaprim  50 (77% ) w ere p ro m i­
n e n t w ith  th e ir  excellen t w eed-m ass-reducing  effect, b u t th e  tre a tm e n ts  of 
G esa to p  50, A falon, A n iten  M, M aloran, P a to ra n , C artex  M, V enzar, C o to ran , 
T re f la n , D ac tha l, R a m ro d , V egadex, A v ad ex , G esaran, A n iten  D , T en o ran , 
G esap ax  50, in  fa c t B an len e  plus, E n d o th a l, Ig ran  50, D C PA  tre a tm e n ts  
w h ich  decreased th e  w e ig h t o f weeds from  5 0 —75%  were v e ry  rem ark ab le . 
H o w ev er, th e  D C U -D iralid  2 4 % , L eguram e 2 4 %  Sys 67/B 21%  N aTA  15%  
re d u c in g  effects shou ld  n o t  be om m itted . In  th is  y ea r only S a tec id  and  P lan a- 
v in  75 proved  to  be in a c tiv e  herbicides.
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affected by herbicides in  a lu p in  culture-consociation 1973

Vicia
h irsu ta

Hibiscus
trionum

Lamium
purpu­
reum

—

Sinapis
arvensis

Erigeron
acris

Cheno-
podium
album

Am aranthus
retroflexus

Polygonum
aviculare

Polygonum
convolvulus

Polygo­
num

lapathi-
folium

—
- - - - a /  1

s /  2 
s /  7

-

a /2 F / 4
-

-

— — — a / l — s /1 6 a / l — a / l —
— — — — — s /  5 — s /2 — —
— — — — — s /  4 — s/3 — —
— — — — a / l a /  1 — — — —

— • f l — a / l s /  8 a / l — — —
— a / l — — — s /  3 — — —
— — — — — s /1 5 — s /3 — —
— — — — — f/1 4 — s /2 — —

a / 2 - - - -
s /  8

-
a / l
a / l

s /2
-

— - - - - s/ 5 
s/ 3

- -
a /l

_ — — — f/ 9
s/ 3 _

a /l
_

- - a /l - -
f/ 6
s/ 5 
s/ 8 
s/ 7

- - — -

_ _ — _ _ — a /l — —a/1 — — — — f/13 — s/3 a /l —
— — — — a /l s/ 7 — — — —
— a/l — — a /l s/ 2 — a /l — —

— — -
a /l s/ 3 

s/ 5 

■/ 2

-
s/2

- -

— —
—

—
a /l

—
— — —

- - - a /l f /  5 - — — -

F igure  3 illu s tra te s  th e  m ean  values of th e  effect of th e  ap p lied  108 
herb icides on th e  n u m b er o f w eed species and th e ir  biological p ro d u c tio n  
com pared  w ith  th e  unhoed  co n tro l. T hough th e  m ean  values rep resen ted  th e  
re su lts  of herb icides w ith  ex ten s iv e  spectrum s i t  is d em o n stra ted  b y  th e  
colum ns of F ig . 5 th a t  th e  h erb ic id e  tre a tm e n ts  co n sid e rab ly  decreased  th e  
n u m b e r of th e  weeds and  th e ir  w eigh t too. The only ex cep tio n  in 1973 w as th e  
h igh  n u m b er o f weeds as a consequence of th e  trem en d o u s  ra in fa ll w hich 
w as discussed earlie r. This fa c t w h ich  was exp la ined  w ith  th e  new sp ro u tin g  
of weeds in J u ly  is verified  b y  th e  re la tiv e ly  sm all a m o u n t of weeds in  1973. 
G enerally , m ore th a n  one th ird , 42 o f th e  in v estig a ted  herbicides show ed m ore 
th a n  50%  reduc ing  effect as reg a rd s  th e  num ber o f w eeds and th e ir  w eight 
decreased  to  th e  sam e e x te n t by  m ore  th a n  ha lf (56) in  th e  108 p rep a ra tio n s .
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These reinforce o u r  p o in t of view  exp ressed  earlier (K e c s k é s —E l e k  — 
B o r b é l y — B o rbé l y  1972/a) th a t  beside reg is te rin g  th e  n u m b e r of weeds 
th e  in d iv idua l n u m b e r o f  w eed species, i t  is abso lu te ly  n ecessary  to  m easure 
th e  w eigh t of th e  w eed p h y to m ass  too , because  only in  th is  w ay  is i t  possible 
to  su rv ey  and ev a lu a te  p ro p e rly  th e  increasing  o r decreasing e ffec t of herbicides 
on th e  biological p ro d u c tio n  o f cu ltu re  p la n ts  a n d  th e ir  red u c in g  effect on the  
w eed  phytom ass.

T he p rep ara tio n s w ere  ev a lu a ted  se p a ra te ly  a lready  w ith  th e  aid of th e  
d a ta  of Table 4, 5 an d  6 an d  o ther resu lts  on th e  bio logical p ro duc tion  of 
L u p in u s  species (K e c s k é s — E l e k —B o r b é l y , I .  and B o r b é l y , F . 1972a) 
W h e n  such a large n u m b e r  o f pesticides is ap p lied , i t  is w orth w h ile  to  com pare 
th e  d ifferen t chem ical g ro u p s contain ing  n e a rly  th e  sam e n u m b e r  of p re p a ra ­
tio n s  on the  basis o f th e  effect on th e  c u ltu re  and  weed species. A lthough 
th e  d a ta  of th ree  d iffe re n t years  is given, we m ay  be able to  o b ta in  useful in fo r­
m a tio n  on the  groups h a v in g  th e  sam e or s im ila r active in g red ien ts .

F rom  Figs 4 a n d  5 i t  is ap p aren t t h a t  from  th e  tw o species belonging 
to  th e  sam e genus, th e  L . albus was less sensitiv e  to  th e  in v e s tig a te d  herbicides 
W e h av e  already d iscussed  th e  deviating  se n s itiv ity  of th e  tw o  species to  th e  
sam e  herbicides (B o r b é l y , J . —B o rbély , F .— E l e k —K e c s k é s , 1972) K ecs­
k é s —B o rbély , J . — B o r b é l y  F .—K e c s k é s , M. 1975).

F ig . 4. L u p in  biological p ro d u c tio n  and  weed co n tro l effect of d iffe ren t chem ical groups 
of herbicides I. (A v erag e  o f p rep ara tio n s in  %  o f con tro l w ith o u t hoeing)
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Fig. 5. L u p in  b io logical p ro d u c tio n  an d  w eed con tro l effect o f d ifferen t chem ical g roups 
of herb ic ides IJ . (Average of p re p a ra tio n s  in %  of co n tro l w ithou t hoeing)

C om paring  carbam ide and  tr ia z in e  deriv a tiv es  and  herbicide co m b i­
n a tions (F ig . 4) gave alm ost th e  sam e resu lts  w ith  re sp ec t to  th e  n u m b er an d  
w eight o f w eeds. P e rh ap s  only th e  h ig h er decreasing effect of triaz ines on th e  
n u m b e r of w eeds could  be m en tioned .

As reg a rd s th e  cu ltu re  p la n ts , i t  seem s th a t  b o th  from  a se n s itiv ity  
(ind iv idual n u m b er)  and  biological p ro d u c tio n  (seed) po in ts  of view genera lly  
th e  carb am id e  d e riv a tiv es  are m ore fav o u rab le  for L . albus and th e  tria z in e - 
ra th e r  to  L . luteus. C om paring th ese  groups w ith  th e  herb icide com binations 
hav ing  m ore d iffe ren t active in g red ien ts  an d  to  a sm all ex ten t c o n ta in in g  
active in g red ien ts  o f b o th  m en tioned  g roups some decreasing effect o f th e  
com binations w as observed. As i t  can  be seen th e  com binations (co n ta in in g  
generally  tw o , b u t  in  one case th re e  herb ic ide  com ponen ts) in th e  ap p lied  
doses and  soil ty p e s  and  th e  given ex p e rim en ta l cond itions did no t p ro v e  to  
be b e tte r , th a n  th e  herbicides w ith  single ac tiv e  in g red ien ts  e ith er in in creasin g  
the  cu ltu re  p la n t p ro duc tion  or in  th e  w eed phy tom ass-decreasing  effect.

As i t  is w ell-know n now adays th e  ten d en cy  in  th e  chem icalization  of 
ag ricu ltu ra l p ra c tic e  is to  form  w ell-selected  3, 4, 5 ac tiv e  ingred ien ts c o n ta in ­
ing herb ic ide  co m bina tions h av in g  a syn erg e tic  effect. In  our in v estig a tio n s 
we te s te d  on ly  15%  com binations an d  m ain ly  85%  herbicides co n ta in in g  
on ly  one ac tiv e  in g red ien t because we w a n te d  to  s tu d y  th e  effect of th e  in d i­
v id u a l p re p a ra tio n s  to  o b ta in  d e ta iled  an d  iso la ted  d a ta  on single herb ic ides
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fo r th e  fu r th e r  se lec tion  and  r ig h t choice o f  su itab le  co m bina tions fo r lu p in  
cu ltu re s .

A nalysing th e  d a ta  of F ig . 5, th e  decreasing  ten d en cy  o f th e  ph en o x y  
d e riv a tiv e s  and  th e ir  p h y to to x ic ity  to  th e  cu ltu re  p lan ts  becom es ev id en t. 
As reg a rd s th e  w eed co n tro l effect, th e  c o n ta c t herbicides consisting  o f m ore 
d iffe re n t chem ical g roups p roved  to  be re la tiv e ly  good, b u t  th e  com parison  
o f th e ir  effect on som e groups o f system ic  herb icides is n o t rea lis tic  because 
o f th e ir  sm all n u m b e r (8, 10). This concerns th e  general ev a lu a tio n  of th e  c a rb a ­
m a te s  w hich seem s to  be favourab le  for L . albus and  anilides fo r L . luteus.

I t  has to  be s tre ssed  th a t  beyond  th ese  general observations and  p rin c ip a l 
s ta te m e n ts  th e  in d iv id u a l assessm ent o f th e  effects and  a p p licab ility  of th e  
sing le  herbicides) in c lu d in g  th e  com b in a tio n s too) m eans a decided  progress 
in  th is  problem  from  a p rac tica l p o in t o f v iew  too.

M ainly L inu ro n  50 and  th e  lin u ro n  co n ta in in g  A falon an d  th e  A 2591 
p ro v e d  to  be p rom ising  for b o th  L u p in u s  species, K arm ex  fo r L . albus an d  
V en za r (lenacil) an d  one co m bina tion  C am p aro l 1803 (p ro m etry n e  -f- sim azine) 
o f  th e  108 herb icide p rep a ra tio n s  in v es tig a ted  b y  us in  a selection  ex p erim en ta l 
series.

This does n o t m ean  th a t  qu ite  a lo t o f th e  stud ied  herb ic ides w ould  n o t 
he u tilizab le  in  th e  lu p in  cu ltu re-ecosystem s form ed on th e  s lig h tly  acid  b row n 
fo re s t soil of th e  m ain  lup in-grow ing  area  o f H u n g ary  (N yirség) or in  o th e r  
p laces in sp ite  of th e ir  g rea t sen s itiv ity  to  herb ic ides or in  o th e r  places rep o rted  
b y  m a n y  au th o rs  (B o r b é l y  and  K e c sk é s  1972).

A C K N O W L E D G E M E N T S

T he experim en ts w ere su p p o rted  b y  th e  P ro te in  P rogram m e T ech n ica l D ev elo p m en t 
C o m m ittee  of H u n g a ry  fo r w hich  th a n k s  are due, fo r th e  general la b o ra to ry  soil in v es tig a ­
tio n s  to  Mrs. T a t á r .
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PLANTAS NUEVAS EN CUBA V.
P o r

A .  B o r h i d i

JA R D IN  BOTANICO D E LA EÖTVÖS U NIV ERSID AD , BUDAPEST, H UN G RIA

У

O . M u ñ iz

IN STITU TO  D E BOTANICA DE LA ACADEMIA D E CIENCIAS D E CUBA, LA HABANA 

(R eceived  N ovem ber 3, 1976)

T he p re sen t s tu d y  is th e  f if th  c o n tin u a tio n  of th e  series “ N ew  p la n ts  in  Cuba 
I  — IV .” , a n d  co n ta in s th e  d esc rip tio n s o f 44 new  ta x a  and  rév isions of som e p o ly ­
m orph ie  o r c ritica l species. T he new  ta x a  are: Orchidaceae: E p idendrum  (1 sp.); P ipera - 
ceae: P ip er  (1 sp .); Polygonaceae: Coccoloba (1 sp ., 1 v a r.) ; M im osaceae: Pithecello- 
bium  (1 ssp .); Caesalpiniaceae : C assia  (2 sp.), C aesalpinia  (1 ssp .); Fabaceae : B rya  
(1 sp.); Erythroxylaceae: E ry throxy lon  (4 sp.); Rutaceae: R avenia  (1 sp .); Euphorbia- 
ceae: Acidocroton  (1 sp.), M oacroton  (1 v a r.) , B onan ia  (2 sp.); B uxaceae: B u xu s  (2 sp.); 
A quifoliaceae : Ilex  (1 sp.); Celastraceae : Crossopetalum  (1 sp.); Sapindaceae: T hou in ia  
(2 sp.); R ham naceae: R h a m n id iu m  (1 sp.), K arw inskia  (1 sp .); Clusiaceae: Rheedia  
(2 sp ., 1 v a r .) ;  Flacourtiaceae: Sam yda  (2 sp .); Thymelaeaceae: D aphnopsis  (1 v a r.); 
Sym plocaceae: Symplocos (1 sp .); Borraginaceae: Cordia (2 sp .); Verbenaceae : Callicarpa  
(2 sp .), V itex  (3 sp.); Solanaceae: Cestrum  (1 sp ., 1 v a r.) ; Gesneriaceae: Gesneria (2 sp.) 
T axonom ie  rév ision  of th e  follow ing species is c o n trib u ted : Coccoloba coriacea, Pithe- 
cellobium asp len ifo lium , C aesalpin ia  baham ensis, Rheedia fru ticosa  s.l. an d  R . ruscifolia  
w ith  a new  a n a ly tic  key  for th e  C uban  species of th e  genus Rheedia.

F a m .: Orchidaceae

Epidendrum cubincola B orh id i sp. nova 

(E. polybulbon au c t. cub. non Sw.)

P la n ta  ep ip h y tica , p ro cum bens, rh izo m a p leru m q u e  ra m if ica ta  e t  longe re p ta n s , 
ra d ic ib u s  e longatis , flexuosis g lab risv e . P seudobu lb i suborb icu lares , vel b re v ite r  e llip tic i, 
5  — 10 m m . longi e t 4 — 7 mm. la ti, in  sicco va lde  p lica ti, b ifo lia ti, vag in is  m ox fib rose  d isso lu­
t is  p rim u m  o b tec ti. Fo lia  p a te n tia , su b o rb icu la ria , e llip tica  vel la te  o v a ta  basi b re v ite r  a n ­
g u s ta ta , an tice  ro tu n d a ta  e t p ro fu n d e  excisa e t b re v ite r  m u cro n u la ta , 0.7 —1.5 cm. longa 
e t  0.5 —0.8 cm . la ta , nervis p a ra lle lib u s  long itu d in a lib u sq u e  num erosis u tr in q u e  p ro m in e n ti­
b u s  m arg ine  in te g ra  subcoriacea. F lo re s  te rm in ales  so litarii. B rac teae  3 ,  o v a to -lan ceo la tae , 
ap ice a cu m in a tae  e t  su b u la tae , 5 — 7 m m . longae e t 3 — 5 m m . la tae , ovario  2 — 3-plo brev iores. 
F los 2 — 3 cm . longus, sépala ob lo n g o -lan ceo lata  vel lin ea ri-lan ceo la ta , ap ice a c u ta  e t  b re v i­
te r  ap ic u la ta , p u rp u reo -b ru n n ea  v e l b runneo-v io lacea, apice flav a , 0.8 —1.4 cm . longa  e t 
1 .5 —2.5 m m . la ta ,  p e ta la  lin ea ria  v e l an guste  lin ea ri-o b lan ceo la ta , sepalis ±  aequ ilonga, 
0.7 — 1.5 m m . la ta ,  apice acu ta , co lore sim illim a. Labelli unguis 3  — 4  m m . longus, m arg in i­
b u s  co lum nae  brev issim e a d n a tu s , lam in a  o rb icu laria , 5 — 8 m m . longa  e t la ta , m arg ine 
in te g ra  e t  u n d u la ta , co lum na sem ite res  g lab ra , 3 — 4  m m . longa, au ricu lis  ju x ta  s tig m a  bene 
ev o lu tis , tr ia n g u lo -su b u la tis  2 — 3 m m . longis, ap ice b re v ite r  b ilo b u la tis  su ffu lta . O varium  
g lab ru m  1 .2 —2 cm . longum .

H o lo ty p u s : A c u ñ a  21104; P ro v . O rien te ; S ierra M aestra : G ran  P ied ra , 
S an tiag o  de C uba; Leg.: A c u ñ a , P i n o  y  A l o n s o  26. S ep t. 1959. SV!
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Specim . ex am .: G ran  P ied ra  in  p luv iisilv is m on tan is  a lt. cea. 1200 
m .s .m . Leg. A .  B o r h i d i  e t O. M u ñ i z  25. O ct. 1969! —  Sierra del C ristal, 
bosq u e  húm edo en la  su b id a  del P ico del C rista l, Leg. A l a i n , A c u ñ a  e t M. 
L Ó p e z - F i g u e i h a s  5656! 2— 7. A pr. 1956. —  Cuchillas de T oa; B a jad a  del 
R io P eñ a , desde los charrasco s de P eñ a  P r ie ta , L a M agdalena, Toa, a lt. 600 m. 
s.m . L eg.: A l a i n  3866! 30. Dec. 1953.

O bs.: E . polybulboni Sw. (e Jam a ic a )  affin is, quod  pseudobulb is oblongo- 
o v a tis , 2— 3 cm. longis, foliis oblongo-ellip ticis ve l ob longo-ovatis, 3— 6 cm. 
longis e t 0,6— 1,0 cm . la tis , b rac te is  longioribus, flo ribus 3—4,5 cm . longis, 
sepalis 1,5— 2 cm. longis, pallide flav is , sepalis aequalibus albis, labello  2— 4 
m m . longe ungu icu la to , lam in a  ip sa  la te  o v a ta , b asi tru n c a ta , 1— 1,2 cm. 
longa e t la ta , a lba, ovario  cum  pedicello 2— 2,5 cm. longo sine dubio specifice 
d iffe rt.

F am .: Piperaceae

Piper guanahacabibense B orhid i sp . nova

F ru te x  ram osissim us, 2 — 3 m. a ltus. R am u li h o rn o tin i 4 -an g u la ti, s tr ia ti, n igrescentes^ 
v e tu s tio re s  co stu la ti, len tice llis  p ro m in en tib u s  -  dense o b tec ti, cortice eburnei vel albi, 
g lab ri, ad  nodos a rticu la ti. F o lia  1 — 2 m m . longe p e tio la ta , e llip tica , apice ro tu n d a ta , basi 
b rev issim e o b tu sa  vel r o tu n d a ta ,  1,8 — 4 cm. longa, 1 — 2 cm . la ta ,  3-nerv ia  vel basi obsolete 
5 -nerv ia , nerv is p rincip a lib u s su p ra  lev ite r im pressis vel obso le tis, su b tu s ten u ite r  p rom inen­
tib u s , tran sv ersa lib u s  su p ra  inconspicuis, su b tu s  obscure p rom in u lo -re ticu la tis , u tr in q u e  
g lab e rrim a  su p ra  olivácea ve l b ru n n escen tia , su b tu s  b ru n n escen tia  vel cinerea, m inutissim e 
p e llu c id o -p u n c ta ta , c h a rtac e a . Spicae te rm in a les  2 — 5 cm. longae, pedunculi 0,5 — 1 cm. 
longi, rh ach is  an g u la ta , dense e t  m in u te  albo- vel pallide  fe rrug in eo -p u lv eru len ta , 0,5 m m . 
crassa . F lores 0,2 — 0,5 m m . longe ped icella ti, p u lv e ru len ti; s tig m a ta  3( — 4), la te  o b o v a ta , 
h o riz o n ta li te r  e la ta , p u lv e ru len ta ; bacca  o v a ta , 2 m m . longa, p u lv eru len ta .

H o lo ty p u s: B o r h i d i  27753 SV!;, C uba; P rov . P in a r  dei Rio, P en insu la  
de G u an ah acab ib es; in  fru tice tis  saxosis calcareis arid is ad P u n ta  H olandés. 
Leg.: A. B o r h i d i , R . C a p o t e  et M. V a l e s  16. Dec. 1974; iso typ i 27754 SV! 
e t Bp!*

F am .: Polygonaceae 

Coccoloba praestans B orhidi sp. nova

(Coccoloba coriacea sensu H ow ard  p .p . Jo u rn . A rn. A rb . 30. 1949. p. 406. 
non  S ag ra  F l. Cub. 11: 184. 1853.)

F ru te x  vel a rb uscu la  u sq u e  4 m . a lta . R am i te re te s  crassi ad  nodos puberu li. O chreae 
m em b ran aceae  5 — 8 m m . longae, b re v ite r  pilosae. Fo lia  5 — 8 m m . longe p e tio la ta , petio lis 
p a te n ti-h irsu tis  su ffu lta , lan c eo la ta  vel ob longe-lanceo lata, la ti tu d in e  2— 4-plo longiora basi 
ro tu n d a ta  vel b rev ite r c o rd a ta , n u n q u a m  am plex icau lia , an tice  sensim  an g u sta ta  non  acum i-

* SV: H erbario  de la  A cadem ia  de Ciencias de C uba; S an tiago  de las V egas, Cuba..
B p : H erbario  del M useo de las Ciencias N a tu ra le s  B u d ap es t, H ungría .
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n a ta ,  a cu ta  vel o b tu sa , 4 — 13 cm. longa  e t  2 — 5 cm. la ta , ñervo  m edio  su p ra  im presso  vel 
ex  sulco p rom inulo , su b tu s  crasse p ro m in e n ti e t  persis ten ter h irsu to , la te ra lib u s  u tro q u e  la te re  
9 — 14 su p ra  a p p la n a tis  vel lev ite r im p ress is , su b tu s bene p ro m in e n tib u s  an te  m arg in em  
b ifu rca tis  e t a n as to m o san tib u s , secu n d ariis  u tr in q u e  densissim e re ticu la to -v en o sis , re ticu lo  
su p ra  conspicuo, su b tu s  prom inulo e t s a tis  dense ruguloso h irsu to , lam ina  su p ra  g lab ra , 
su b tu s  ad  nervos ru g u lo so -h irsu ta , r a r i te r  g labrescens, punctis im p ressis u tr in q u e  c a re n tib u s  
vel ra rite r  sup ra  sparsissim e p ra esen tib u s , m arg ine  revo lu ta, rig id e  coriacea. In flo rescen tia  
te rm in a lis  10 — 25 cm . longa, rhach is g lab ra  vel papillosa, p u rp u re a , crassa. F lores m asculi 
p leru m q u e  so lita rii, b rac teae  ov a tae , 0,2 — 0,4 m m . longae, ochreo lae  m em b ran aceae  0,5 — 
0,7 m m . longae, ped icelli 5 —12 m m . lo n g i, p u rp u re i, g labri. P e r ia n th iu m  5 — 7 m m . lo n g u m  
p u rp u reu m , g lab ru m , h y p a n th iu m  1 — 2 m m . longum , lobi la te  o v a ti ,  2,5 — 4,5 m m . longi e t
2.5 — 3 m m . la ti. S ta m in a  7 — 8; f ila m en ta  b asi 0,5 — 1 mm. longe c o n n a ta , superne  1,5 —2,5 
m m . longa, rosea vel p u rp u rea , e lobis p e r ia n th ii  non exserta . P ed icelli fructiferi u sq u e  ad
1.5 cm . longi, baccae  o v a tae , 7 m m . lo n g ae , u tr in q u e  an g usta tae .

H olo ty p u s: B o r h i d i : 27805 SY!; S ierra de N ipe, in  charrascosis m on tis  
L om a B an d era  in  a lt. approx . 500 m .s.m . Leg. A. B o r h i d i  13. F eb r. 1976. 
Iso ty p u s : Bp!

Specim . ex am .: Sierra de Ñ ip e : P u n ta  G orda to  W oodfred , S h a f e r  

3543!; A lto de la  B andera  L e ó n  e t  A l a i n  19324!; L e ó n , M a r i e - V i c t o r i n , 

C l e m e n t e  e t A l a i n  19758! M. L ó p e z  F i g u e i r a s  2031!; 2060!; A rroyo C an ap ú , 
M. L ó p e z - F i g u e i r a s  1875! —  S ie rra  de N ipe, M ayari, C a r a b i a  3814!

Coccoloba coriacea A. Rieh. s. s tr .

F ru te x  vel a rb o r p a rv a , usque 7 m . a lta . Folia 7 — 10 m m . longe p e tio la ta , pe tio lis  
3 — 4 m m . crassis, s tr ia t is  glaberrim is su ffu lta , o v a ta  vel la te  o v a ta , basi p rofunde au ric u la to -  
c o rd a ta , saepe am p lex icau lia , an tice  p le ru m q u e  b rev ite r a cu m in a ta  vel ro tu n d a ta , ap ice ipso 
o b tu sa , 10 — 20 cm. longa, 6 —11 cm. la ta ,  la ti tu d in e  1,5 — 2-plo lo n g io ra , nervo m edio su p ra  
a p p la n a to  vel p rom inu lo  sub tus bene p ro m in e n ti, glabro, la te ra lib u s  u tro q u e  la te re  6 — 9 
su p ra  ap p lan atis , su b tu s  p ro m in en tib u s , m arg in em  versus b ifu rca tis  e t a n as to m o sa n tib u s  
secundariis  u tr in q u e  densissim e re tic u la tis ,  su p ra  conspicuis su b tu s  levissim e p ro m in u lis , 
u tr in q u e  g labris e t  p u n c tis  b runneis m in u tis  im pressis dense p ra e d ita , m argine p lan a , co ria ­
cea. In flo rescen tiae  term in ales , 10 — 20 cm . longae, rhachis g lab ra , p u rp u rea , crassa. F lo res 
m ascu li p lerum que so lita rii, b rac teae  lan c eo la ta e , acu tae , 0,5 m m . longae, ochreolae m e m b ra ­
naceae , 0,5 m m. longae , caducae, ped icelli 5 — 8 mm. longi, p u rp u re i, g labri. P e r ia n th iu m  
5 — 6 m m . longum , lobi obovati, 2,5 — 3,5 m m . longi e t 1,5 — 2 m m . la ti ,  h y p a n th iu m  2 — 2,5 
m m . longum . S ta m in a  7 — 8, fila m en ta  b asi in  tu b u m  3 — 4 m m . longum  co n n a ta , su perne
1,5 — 2,5 m m . longe lib e ra , alba, e lobis p e r ia n th ii  b rev iter ex se rta .

L ec to ty p u s: P ro v . P in a r dei R io , S ierra de C a ja lb an a : L om a P ré lu d a  
in  charrascosis. L eg.: A. B o r h i d i  e t  R . C a p o t e  28. J a n . 1976. SY.! Iso lecto- 
ty p u s : Bp!

Coccoloba oligantha A lain  v a r. elliptica B o rh id i v ar. n.

A ty p o  d iffe rt: foliis e llip tic is, 4 8 m m . la tis , basi o b tu s is  v e l b re v ite r  cu n ea tis .

H olo ty p u s: SY. 26071. P ro v . O rien te , Región de M oa, R eservación  de 
C upeyal, al N E  de G u an tán am o . L eg .: S. G a n t s h e f f , M arzo 1966.
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F am .: M imosaceae

Pithecellobium asplenifolium  Griseb. ssp. mayarense B orh id i ssp. n.

A typo  d iffert: fo lio lis e llip tic is vel o b o v a tis , 1 — 1,8 cm. longis , 0,5 —1,0 cm. la tis , 
su p ra  n itid is et b u lle scen tib u s, su b tu s  concaviusculis e t dense adpresse  p ilosis, m argine rev o lu ­
tis ,  rhach id ib u s fo lio rum  4 — 8 cm . longis (in ty p o  2,5 — 5,5 cm.).

H olo typus: C u b a ; S ierra  dei C rista l, N icaro , M ayari, M ontes U n ited  
F ru i t .  Leg.: J .  A c u ñ a  e t  Za y a s  19663 SY.! 26— 27. M ai. 1955.

Specim. ex am .: S ie rra  del C ristal: C harrascos de la fa ld a  del Pico C ristal, 
2— 7. A pr. 1956, A c u ñ a , A lain  e t L ópez  F ig u e ir a s  (5800)! —  P in a r de 
M icara , Leg.: A l a in  e t  L ópez  F ig u e ir a s  (4637)!, 27. D ec. 1955. —  M eseta 
e n tre  C abañas y  M oa, L eg .: M .-Vic t o r in , Cl e m e n t e  e t A l a in  (21691 León!) 
A p r. 1943. —  S ierra  de Ñ ipe: Lom a de S an  Jo sé , cerca de W oodfred  P iñ a l 
de M ayari. Leg.: L e ó n  e t  A lain  (17977)! 26. ju l .  1940; — L e ó n , M.-Vict o rin , 
Cl e m e n t e  et A lain  (19845)! 6. apr. 1941. —  Cayo La P la n c h a , bosque húm edo, 
a lt. 750 m .s.m .; leg .: A l a in  et A cuñ a  (8012!) 21. ap r. I960 .

ssp. asplenifo lium
T ypus: W rig h t  2403! Cuba occ. (? ) —  C um bre de C ayo G uaní P u n ta  

G o rd a , Moa; leg.: A c u ñ a  (12440!) O rien te  17. apr. 1945.

F am .: Caesalpiniaceae 

Cassia acunae B o rh id i sp. n.

R am i horno tin i flav o -s trig illo so -h irtu li, s tip u lae  lin e a ri-su b u la tae , 4 — 7 mm. longae, 
flavo-villosae . Folia 4 —5 cm . longe p e tio la ta , 14 — 20-juga; rhach is eg lan d u lo sa , cum  petio lo  
15 — 25 cm. longa; foliola o p p o s ita , petio lu lis 2 — 3 m m . longis, ob longo-lanceo lata  vel oblongo- 
o v a ta , basi obtusa , a n tice  longe acu m in ata , apice ipso  ob tusiuscu lo  e t 1 — 2 m m . longe m ucro- 
n u la to , 4 — 7 cm. longa e t  0,8 —1,5 cm. la ta , ne rv o  m edio  supra  im presso , la te ra lib u s su p ra  
im pressis , sub tus bene p ro m in e n tib u s , u trin q u e  dense  re ticu la tis , re ticu lo  su b tu s p rom inen ti, 
su p ra  g labra , n itid a , su b tu s  adpresse  strig illosa, c h a rtac e a . In flo rescen tiae  corym boso-pani- 
c u la ta e , corym bi p a r tia le s  p ed u n cu lis  1,5 — 2,5 cm . longis ad apicem  confertim  e t subum - 
b e lla tim  m ultiflori; b ra c te a e  p e rsisten tes . Pedicelli 1 — 3 cm. longi, flavo-pubescen tes. Sépala  
2 ex te rio ra  n av ic u la ri-o v a ta , 4 — 5 m m. longa, in te r io ra  in aeq u alia  su borb icu laria  usque  
o v a ta  6 — 8 mm. longa, v a ld e  concava, om nia m arg in e  pilosa e t sub an th e s i reflexa, in  sicco 
n ig rescen tia . P e ta la  3 — 4 m m . longe s tip ita ta , lim bo  su b o rb icu lare  9 — 11 m m . longo e t 8 — 10 
m m . la to , antice ro tu n d a to ,  m em branacea . S ta m in a  10; a n th e rae  3 m in im ae , lineares, steriles
1,5 — 2 m m . longae, 4 — 5 in te rm ed iae  4 m m . longae basi sa g itta ta e , 2 — 3 a rcu a to -cu rv a tae  
6 — 7 m m . longae. O v a riu m  a rc u a tu m , g labrum . L eg u m en  com pressum , ch artaceu m , g labrum , 
7 — 10 cm. longum  e t u sq u e  ad  1 cm. la tu m , in tu s  se p ta tu m , ex tu s  ir reg u la r ite r  con trac tu m . 
Sem ina  o v a ta , n itid a , n ig ra , 4 m m . longa et 3 m m . la ta , com pressa.

H olo typus: C uba; P rov . P in a r del R io . L a C aja lb an a , ju n to  al arroyo  
L a P a lm a. Leg.: J .  A c u ñ a , 27. ju n . 1961. (flo r.) 22698 SY!; iso ty p i: SV! Bp!

— Ib idem , leg. J .  A c u ñ a  19. oct. 1950 (fruct.) 16418 SV!
Obs.: C. gund lach ii U rb . (e S ierra de N ipe e t C rista l, p rov . O riente) 

a ffin is , quae stipu lis  lin ea ri-su b u la tis , 4— 7 m m  longis, foliis 2 —3 cm longe 
p e tio la tis , 5— 10-jugis, rh acb id e  6— 15 cm . longa, foliolis m inoribus, ova tis , 
sepalis glabris, f lo rib u s m ajo ribus bene d iffe rt.
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Cassia holguinensis B o rh id i sp. n. 

(Cassia buchii au c t. cu b an , non  U rban )

S u ffru tex  ram o su s , 10 — 20 cm . a ltu s , basi lignescens. R am i pilis flavescen tibus, rig id is , 
adpresse  strig illosi; s tip u lis  tr ian g u lari-lan ceo la tis , 3 — 5 m m . longis, se taceo -acu m in atis , 
lo n g itu d in a lite r n e rv a tis . F o lia  petio lis 2 — 4 m m . longis, m edio g lan d u la  scu te lla ta , cca. 
0,5 —0,8 m m . longe s t ip ita ta ,  n ig rescen ti su ffu lta , 1,5 — 3 cm . longa, foliola 7 — 14-juga, sessi­
lia , basi u n ila te ra li te r  ro tu n d a ta ,  apice su p ra  n e rv u m  p rincipalem  b re v ite r  m u cro n a ta , l in e a ­
ria , lev ite r fa lc a ta , 5 —10 m m . longa, 1 —1,5 m m . la ta ,  nervo p rin c ip a li u n ila te ra li iu x ta  
m arg inem  obvio , la te ra lib u s  6 — 8 u tr in q u e  p raese rtim  su b tu s  crassiuscule  p ro m in en tib u s , 
lam in a  su p ra  ne rv o s e t ad  m arg inem  ±  sparse  s trig illo sa , in te r  nervos m inutissim e flav id o - 
p u n c ta ta ;  p ed u n cu lu s 1,5 — 3 cm . longus, p ilosulus, 4 — 5 m m . sub  apice b rac tea s  tr ia n g u la ri-  
su b u la ta s  1,5 — 2 m m . longas gerens 1-florus. Sépala  e x te rio ra  ob longo-lanceo lata , a r is ta to -  
acu m in a ta , 6 — 7 m m . longa, in te rio ra  o v a to -ob longa, apice su b u la to -acu m in a ta , 8 —10 m m . 
longa, om nia nervo  m edio  dorso p rom inulo  e t sparse  strig illoso  su ffu lta  e t la te  m em b ran aceo - 
m arg in a ta . P e ta la  f la v a  ±  su b aeq u alia , o b o v a ta , 9 — 11 m m . longa e t 5 — 7 m m . la ta ,  m u lti-  
n e rv ia , nervis re ticu la to -a n as to m o san tib u s . S ta m in a  10, om nia  p e rfec ta , 3 — 4 m ajo ra  6 — 7 
m m . longa, 6 — 7 m in o ra  3 — 4 m m . longa, b re v ite r  ro s tra ta ,  o m nia  1 m m . longe s t ip ita ta .  
O varium  lineare , dense  adpresse  strig illosum , s ty lu s  a rcu a tu s , ovario  paullo  longior. L eg u ­
m in a  sessilia, 2 — 3 cm . longa, lin ea ria , 3 — 4 m m . la ta ,  apice b re v ite r  acu m in ata , b ru n n escen - 
t ia  e t parce  s trig illo sa , in tu s  d issep im en ta  p ra e b e n tia , non re ticu lo-venosa . Sem ina 6 — 9, 
rh o m b ea  vel re c tan g u la r ia , g landulis im p resso -p u n c ta ta .

H o lo ty p u s: C uba; p rov . O rien te: L om as de H olguin . Leg.: M. L ópez  
F ig u e ir a s  942! 3. ap r. 753. SY!

Specim ina e x a m in a ta : P rov . O rien te : L om a P ilón, H olgu in ; leg. M. L ó pez  
F ig u e ir a s  1012! 8. nov . 1953. — P ro v . O rien te : Y u rag u an a l, H acienda P e sq u e ­
ro , C acocum ; leg.: H . L eó n  e t J. Garcia  Casta ñ ed a  15690!, 4. ju l. 1932. 
—  Cerro del F ra ile , H olguin ; leg.: H . L e ó n , 16296!, 27. ju l. 1935.

O bs.: C. strigillosae B en th . affin is, q u ae  petio lis g landu la  sessili su ffu ltis , 
foliolis 4 — 6 m m . longis, postrem o g labris , e p u n c ta tis , flo ribus m ino ribus 
d iffe rt; C. buchii U rb . a specie n o stra  ram is b rev issim e pilosis, foliis 2 —3.5 em . 
longis, foliolis g labris e t e p u n c ta tis , sepalis g labris, in te rio rib u s apice o b tu sis , 
petalis m ajo rib u s, inaequ im agn is, sem in ibus eglandulosis certe  d iversa.

Caesalpinia baham ensis Lam .

1 a P inas y  folíolos sin estipu las espiniform es, p inas 2— 3 pares, foliolos
3— 6 p ares , obovados ................................................................ ssp. baham ensis

b P inas con estip u las  espiniform es, p in as  3— 6 p ares , foliolos 6— 9 
pares, oblongo-elip ticos o e s trech am en te  obovados ............................  2

2 a Folíolos b rev em en te  peciolulados, sin estipu las espiniform es rec ta s , el
raqu is peloso a glabro  ..................................................................  ssp. rugeliana

b Folíolos subsesiles, con estipu las esp inosas rec ta s ; el raqu is p u b eru lo  
a to m en to so  ................................................................................... ssp. orientensis
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Las p lan ta s  ru g e lian as , co lec tadas en  la  zona costera  de la  c iudad  M a ta n ­
zas, son in d u d ab lem en te  id én ticas  con las de las costas rocosas de la  p ro v in c ia  
H a b a n a , (reco lectadas v a ria s  veces p o r H . L e ó n ). E l iso tipo  de la  C aesalpinia  
rugeliana  U rb . en  H erb ario  Sa u v a l l e  ( W right  2364, rev isado  p o r U r b a n ) 
es consp icuam ente  u n a  m ezcla de e jem p lares  de d is tin ta s  poblaciones. U na 
p a r te  de las ram as son idén ticas con las p la n ta s  de la  zona co ste ra  de las 
p ro v in c ias  H a b a n a  — M atan zas, y  so lam en te  la  m itad  del m a te ria l tiene  origen 
de poblaciones de O rien te  —  con g ran  p ro b ab ilid ad . De e s ta  m an era  la d escrip ­
c ión  de U r b a n  es ta  b a sa d a  en poblaciones le jan as , que se d is tinguen  en algunas 
c a rac te rís tic a s , y  pues reú n e  c a rac te rís tic a s , que no se en cu en tran  ju n ta s  en 
las poblaciones cu b an as . N u estra  op in ión  es, que la C. baham ensis L am . sensu 
B r it to n  es u n a  especie b a s ta n te  v a riab le , que  se segrega en v a ria s  razas geográ­
ficas m ás o m enos b ien  defin idas. E s ta s  son las sigu ien tes:

ssp. rugeliana (U rb .) B o rh id i com b. e t s ta tu s  n.

(B asionym : Caesalpinia rugeliana U rb an  Sym b. A nt. 2. 1901. p. 199.)

Folia sub p in n a ru m  in se rtio n e  p leru m q u e  acu leis gem inis vel so lita riis  o b sita , 3 — 6- 
ju g a ,  foliolis 6 —9-jugis, in erm ib u s, an g u ste  o b o v a tis  vel oblongis, 1 — 2 m m . longe p e tio lu la - 
tis ,  rh ach id e  su b g lab ra  vel sparse  pilosula.

W right  2364 in  H e rb . Sauv . p .p .!  L ec to ty p u s: C uba, P rov . H a b a n a ; 
P la y a  de M arianao; leg. H . L e ó n  5628! 16. sep t. 1915. SY.

ssp. orientensis B o rh id i ssp. n.

Folia  sub p in n a ru m  in se rtio n e  a cu lea ta , fo lio lis 6 — 9-jugis stipellis  sp in ifo rm ibus rec ­
tis ,  1 — 3 m m . longis su ffu ltis , subsessilibus basi e t  nervo  m edio su b tu s  p u b eru lis , rh a ch id e  
p u b e sc en ti vel to m en to su la .

W right  2364 in  H erb . S auv . p. p.! H o lo ty p u s: C uba; P rov . O rien te ; 
m an ig u a  costera  en las cercanías del a e ro p u e rto  de S an tiago  de C uba; leg.:
M. L ópez  F ig u e ir a s  1142! 14. m a rt. 1954. SV!

Specim ina e x a m in a ta :

ssp . bahamensis : B ah am as: New  P ro v id en ce  n ea r N assau , 7. ap r. 1904! leg .:
N . L. B r it t o n ; —  Ib id em , Cu rt iss  128! m a r t .—m ai. 1903. —  C uba: P ro v . 
H a b a n a ; S antiago  de las Y egas, c u ltiv ad a , 10990! SY. — Is la  de P inos: S ierra  
de las Casas, 28. ap r. 1954. leg.: K il lip  44166! SV. —  R io Casas, N u ev a  
G ero n a , 3 febr. 1953. leg .: K illip  42581! SV.
ssp . rugeliana  (U rb .) B orh id i: P rov . P in a r  del Rio: T oscano , B ah ia  H o n d a ; 
leg .: J. A cuñ a  e t J. T. R oig 21. oct. 1951. 23607 SV! — P in a r  del R io, leg.:
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J .  T . R oig H erb . M in. Agr. 949!, 952!, leg.: A. F ors  H erb . Min. A gr. 25! —  
R em ates  de G u an e ; leg.: J .  A c u ñ a  e t  Correl  12. ap r. 1938. H erb . M in. A gr. 
557! — Las M artin as , leg.: J .  A c u ñ a  e t J .  T. R oig 16996! SV. —  P en in su la  
de G u an ah acab ib es : M aria L a G o rd a , leg.: J .  A c u ñ a  e t F. Za y a s  24. ju l. 
1955. 19864 SY! —  Isla  de Pinos, leg .: Clara  de  P i ñ a l , m ai. 1967. 26418 SY! — 
Cerro D aguilla , leg .: K il lip , 12. ap r. 1954. 43987 SV. — P rov . H a b a n a : 
C ojim ar, leg.: B a k e r , 1. ju l. 1905. 5319 SY!, 5344 SV!. —  P lay a  de B acu ran ao , 
leg .: H . Le ó n  5. atig. 1909. 1380!, 11. ju l. 1911. 2624!. —  E l Salado, B ancs, 
leg.: H . A l a in  3042! 27. ju n . 1953. —  P rov . Las V illas: A ntón  R ecio, leg.: 
H . L eón  et H . N e st o r  11. apr. 1930. 14316! — S a n ta  C lara, Rio P rim ero  27. 
m art. 1934. leg.: H . L eón  16073! —  S abanas C aim iabo en tre  S ancti S p iritu s  
e t J ib a ro  29. aug . 1950. leg.: H . A l a in  1603! —  P ro v . C am agüey: N u ev ita s , 
leg. J .  T . R oig 23. febr. 1916. 6486 SV! — S abana  de G u anam aqu illa ; leg.: 
R oig , L uac es  e t A r a n j o , 3. m ai. 1915. 6012 SV!.
ssp. orientensis B o rh id i: P rov . O rien te : C entral M an a ti, S ab an a lam ar; leg.: 
H . L e ó n  et S. Clark  15732! 6. ju l. 1932. — P u e rto  P a d re ; leg.: M. Cu r b e l o  
16995 SV! —  P la y a  H errad u ra , P u e r to  P ad re ; leg .: D iaz-P if e r r e r  23. aug. 
1960. 21409 SV! —  M onte cerca de Cacocum , leg.: H . L eón  15692! 4. ju l. 
1932. —  B ah ia  de N ispero, leg.: H . Clem en te  6028! ap r. 1948. — B ah ia  de 
S an tiago  de C uba: Cinco R eales; leg .: H . L eón  e t H . P edro  3750! 2. aug. 
1913. —  S an tiago  de Cuba, leg.: H . Ch ryso go ne  7517! febr. 1951. —  C am ino 
del M orro, S an tiag o  de Cuba, leg .: H . Cl em en te  2909! ju l. 1943. — Ib id em , 
H . L e ó n  e t D a h l g r e n  22895! 19. m ai. 1947. —  R e n té , Santiago  de C uba, 
leg .: H . H ioram  2043! 30. ju l. 1918. —  Ib idem , H . Cl e m e n t e  2760!, H . Cl e ­
m e n t e  sine n u m ero  nov. 1932. H . L e ó n  9800! — Im ias , leg.: H . L e ó n  12261! 
17. ju l .—4 . aug. 1924.

Farn.: Fabaceae 

Brya hirsuta B orhid i sp. n.

(Brya buxifolia a u c t. F lo rae Cub. non  U rban)

F ru te x  u sq u e  ad  2 — 3 m. a ltu s ; ram u li dense e t ad presse  h irsu ti, aculeis recu rv is , 
1 — 2 m m . longis; fo lia  a lte rn a  vel fa sc ic u la ta , 0,5 m m . longe p e tio la ta , e llip tica, suborb icu - 
la r ia  vel la te  o b o v a ta , basi apiceque r o tu n d a ta ,  2 — 5 m m . longa  e t 1,5 — 3 m m . la ta ,  su p ra  
pilis erectis g landu losis p a te n ti-h ir tu la , su b tu s  pilis sericeis long ioribus adpresse  strigoso- 
pu b escen tia . F lores la te ra les  so litarii vel 2 — 4 fascicula ti, pedicelli 2 — 6 m m. longi, p a te n te  
h irsu ti vel villosuli. B rac teae  e t p ro p h y lla  lin ea ria , h irsu ta , 2 m m . longa. C alyx 4,5 — 5 m m . 
longus, sericeo-villosus, lobi 2 — 2,5 m m . longi, tubo  ±  aequilongi, in te r  sese lev ite r  inaeq u i- 
m agni, ov a ti vel in ferio res lanceo lati, om nes acu ti e t a cu m in a ti, u tr in q u e  h irsu ti vel v illosuli. 
P e ta la  a u ran tia c a  vel ocbracea. V ex illum  8 — 10 m m . longum  e t 5 — 6 m m . la tu m , lim b u s 
ipse su b orb icu laris , 7 — 8 m m. longus e t  5 — 6 m m . la tu s , c a rin a  alis ±  aequ ilonga, lim bo 
8 — 9 m m  longo, u n g u icu lu m  4 —5-plo su p e ran te . A ndroeceum  9 — 10 m m . longum , gynoeceum  
cum  sty lo  11 —12 m m . longum . L eg u m en  suborb icu lare, p a r te  inferiore tru n c a tu m , 1 - 2 -  
a r ticu la tu m , b re v ite r  s tip ita tu m , 8 17 m m . longum , dense a lbo -h irsu tum .
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H olo ty p u s: C uba; p rov . O rien te . In  fru tice tis  spinosis serpentinosis ad 
C eja de Melones in te r  pag . S an ta  L ucia  e t H olguin . Leg.: A. B o r h id i  14. febr. 
1976. 27800 SY!; iso ty p i: 27799 SV! e t Bp!

Specim ina e x a m in a ta : P ro v . O rien te : Cerro G alano, L a P a lm a , H olguin; 
leg .: A . B o r h id i , R . Ca po t e  e t R am o n a  Ov i e d o , 25. sep t. 1975! —  Sierra de 
N ip e : R io  P ilo to  in  a it. ap p rox . 800 m .s .m .; leg.: A. B o r h i d i , R . Capote  e t 
R a m o n a  Ovie d o  6. sep t. 1974! —  S ierra  de Ñ ipe: C harrascal de la Cueva; 
leg .: H . L eón  e t H . Ma r i e -Vict o rin  1942!

O bs.: Foliorum  fo rm a, m ag n itu d in e  e t ind u m en to  B . buxifoliae  U rb . 
(ex in su la  H ispaniolae) affin is, a qua  flo rib u s m ajo ribus, vex illo  8 —10 m m . 
longo , ca rin a  alis subaeq ilonga, a tq u e  androeceo  gynoeceoque 2— 3-plo longiore 
om nino  differt.

F am .: Erythroxylaceae

Erythroxylon horridum B orh id i e t Oviedo sp. n.

F ru te x  ram osissim us usq u e  ad  1 m . a ltu s. R am i te re te s , c ircum circa  e la ti, rigidissim i, 
dep ressi, cortice griseo p ra e d iti ,  apice a tte n u a ti ,  in  fasciculos stip u la ru m  excu rren tes , p o ste ­
riu s  sp in ifo rm i-pungen tes. R am u li p rim i o rd in is su b rec tan g u la rite r  p a te n te s , num erosissim i, 
v a ld e  ap p ro x im ati, 2 — 5 cm . longi, apice a tte n u a t i ,  sp inescentes, ram u li secundarii e t te rtii 
o rd in is  b rev issim i, te re te s , rig id i, apice conferte  foliosi. Fo lia  m inim a, pe tio lis  0,5 1 m m .
longis , a lb id o -p u lv eru len tib u s su ffu lta , su b o rb icu la ria , o v a ta  vel la te  e llip tica , apice ro tu n ­
d a ta  e t  b re v ite r  em arg in a ta , basi ro tu n d a ta  vel o b tu sa , 4 — 7 m m . longa e t  3 — 5 m m . la ta , 
u tr in q u e  re ticu la to -v en o sa , g lab ra , su p ra  v irid ia , in  sicco n igrescen tia , su b tu s  glaucescentia , 
u tr in q u e  opaca , ch artacea . S tip u lae  p e rsis ten tes , tr ian g u la re s , 1 mm. longae, acu tae  e t longe 
a p ic u la ta e , m argine m em b ran aceae  e t f im b ria ta e , fe rrug ineo-b runneae. F lo res in  apice ram o ­
ru m  secu n d i e t te r tii  o rd in is te rm inales vel su b te rm in a le s , so litarii, 5-m eri. Pedicelli 1 — 2 
m m . long i, 5 -angulati, ap icem  versus v a ld e  in c ra ssa ti. C alyx usque ad 4/5 p a r ti tu s , lobi t r i ­
an g u la res  0,5 —0,6 m m . longi, a lb o -m arg in a ti, apice o b tu si, lev iter inaequilongi. P e ta la  1 —1,5 
m m . lo n g a , lam ina  o v a ta , la te  m em b ran aceo -m arg in a ta , pallide lu tea , 1/4 lo n g it. lam in . la te  
u n g u ic u la ta , ligula m aju scu la  in s tru c ta , au ricu lae  la te ra les  in teg rae  lobulo  com m issurali 
b rev i aequilongae. S tam in a  10, ex se rta , u sq u e  ad  2 m m . longa; u rceolus stam ineus calyce 
d im id io  brev io r. O varium  urceolo i  aequ ilongum , o v a tu m , tr iq u e tru m , s tig m a ta  m in u ta  
su bsessilia , sty li brevissim i crassi. D ru p a  4 — 5 m m . longa, 2,5 m m . in  d iam ., oblongo-ellipsoi- 
dea, m an ifes te  3-gona, apice b re v ite r  ap ic u la ta , o b tusiuscu la .

H o lo ty p u s: C uba; p rov. O rien te . In  fru tice tis  serpen tinosis aridis ad 
C eja de M elones, p rope  opp. H olguin ; leg.: A. B o r h i d i , R. Ca po t e  e t R amona  
Ov i e d o  24. sep t. 1975. 27791 SY!, iso ty p u s: Bp!

O bs.: E . spinescenti A. R ich. h a b itu  affin is, quod ram is hornotin is 
luc ide  b runne is, foliis o bova tis , m ajo rib u s, b asi cuneatis, flo rib u s axillaribus 
1— 3, m a jo ribus, sty lis ten u ib u s , fru c tib u s  m ajo ribus, 6 -angu la tis  om nino 
d iffe rt. E . echinodendron E k m an  (ex descr.) foliis lucidis, crasse coriaceis, 
su b tu s  ferrug ineis, s tipu lis  m inoribus a tq u e  flo rib u s fruc tibusque  certe  diversum .
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Erythroxylon clárense B orhid i sp. n.

F ru te x  ram osus, 1 — 2 m. a ltu s. R a m i ho rn o tin i b ru n n e i, g lab ri, a n g u la ti, v e tu s tio re s  
te re te s , grisei, s tr ia ti. S tip u lae  dense o b sitae , trian g u lares, ap ice tr id e n ta ta e .  Fo lia  1 — 2 m m . 
longe p e tio la ta , e llip tica  vel lev ite r o b o v a ta , 1 — 2,5 cm. longa e t 0,5 —1,3 em . la ta ,  apice 
r o tu n d a ta  e t em arg in a ta , basi o b tu sa , u tr in q u e  re ticu la to -v en o sa , ven is su p ra  p rom inu lis, 
su b tu s  conspicuis, lam in a  supra  n itid u la , su b tu s  opaca e t in te r  ne rv o s a lb o -p u n c ta ta , sub- 
c h a rtac e a . Flores in  ax illis s tip u la ru m  so lita rii, subsessiles, C alycis lobi 0 ,7 — 1 m m . longi, 
a cu m in a ti e t a cu ti, u sq u e  ad  1/2 —1/3 lo n g itu d in is  incisi. P e ta la  o b o v a ta , 1/3 longe unguicu- 
la ta ,  1,5 — 2 m m . longa, ligulae in  a it. 1/3 in se rtae , an ticae  p o stic is 2-plo longiores, posticae  
lobulo  inflexo tenu issim o  co n ju n c tae ; u rceo lu s stam ineus calyce b rev io r. S ta m in a  0,5 m m. 
longa, ovarium  urceolo m anifeste  b rev iu s , o v a tu m ; sty lus 1 m m . longus.

H olo ty p u s: C uba; p rov . L as V illas. Sierra de E sc a m b ra y , en la  cresta  
rocosa del Pico P o tre rillo , a lt. 930 m .s.m .; leg.: H . A la in  6691! 2. ap r. 1959.

Specim . exam .: S ierra de E sc a m b ra y : subida a B uenos A ires, San B las. 
L eg.: J .  A c u ñ a  e t  J .  B ö ig  24269 SV!

O bs.: E . alaternifolio  A. R ieh , affinis, quod foliis coriaceis, u tr in q u e  
n itid is  s ta tim  d iscernendum  est.

Erythroxylon baracoënse B orhidi sp. n.

F ru te x  2 — 3 m . a ltu s . R am i h o rn o tin i b runnei, g labri, v e tu s tio re s  c inereo-ferruginei, 
len tice llis  lo n g itu d in a lite r  oblongis, suberosis, valde  p ro m in en tib u s verrucosi. Fo lia  1 — 5 m m . 
longe p e tio la ta , o b o v a ta  vel e llip tica, a n tic e  ro tu n d a ta  e t v a ld e  e m a rg in a ta , basi o b tu sa  vel 
ro tu n d a ta ,  2 — 5 cm . longa e t 1,5 —3,5 cm . la ta ,  nervo m edio su p ra  p ro fu n d e  im presso , su b tu s 
ca rin a to -p ro m in en ti, la te ra lib u s  u tr in q u e  p ro m in en tib u s e t densissim e re ticu la tis , lam ina  
u tr in q u e  n itid a , g lab ra , su p ra  in  sicco o livaceo-brunnea, su b tu s  fe rru g in ea  e t m inutissim e 
fe rru g in eo -p u n c ta ta , in  areolis n e rv o ru m  tubercu lis  puncti- e t b acillifo rm ibus p rom inulis 
su ffu lta , rigide coriacea. S tipu lae  p e rs is ten te s  1 — 1,5 m m . longae, tr ia n g u la re s , ap ice acum i­
n a ta e  e t longe b id e n ta ta e , d en tib u s caducis . Flores 3 — 4 m m . longe p ed ice lla ti, so litarii. 
C alyx 0,7 — 1 m m . longus, lobi usque  ad  d im id iu m  incisi, tr ia n g u la re s  e t a cu ti. P e ta la  oblongo- 
e llip tica , apice acu tiu scu la , 1,5 m m . lo n g a , usque  ad 2/3 — 3/5 lo n g itu d in is  lam inae  unguicu- 
la ta ,  ligu la  in  3/5 lo n g it. lam . in s tru c ta ;  au ricu lae  la te ra les a n tic ae  postic is 3-plo longiores, 
p o sticae  lobulo inflexo m in u to  c o n ju n c tae . Flores dolichosty li: u rceo lus stam in eu s calyce 
pau llo  b rev io r, fila m en ta  b rev issim a, 0,2 m m . longa, an th e rae  ru d im e n ta r ia e  0,1 — 0,2 m m . 
longae. O varium  1 —1,2 m m . longum , o b o v a tu m , urceolum  1,5-plo su p eran s . S ty lus subnu llus; 
s t ig m a ta  h o rizo n ta lite r  lo b u la ta . D ru p a  4 -an g u la ta , 6 —7 m m . longa, 2 — 3 m m . in  diam , 
ob longa, b re v ite r  ap icu la ta .

H olo ty p u s: C uba; p rov . O rien te : in sum m o m o n tis  calcarei Y u n q u e  
de B aracoa . Leg.: M. L ópez F i g u e ir a s  27. ju l. 1960. UO 2292 SV!

Specim . exam .: Y unque  de B araco a , leg.: H . A l a in  e t J .  A c u ñ a  7527! 
758! 14. ja n . 1960. —  Ib idem , leg .: H . A lain  et M. L ópez  F ig u e ir a s  7175,! 
7221! 2. ja n . 1960.

Erythroxylon flavicans B orhidi sp. n .

F ru te x  2 — 3 m . a ltu s , valde  ra m ifica tu s . R am i h o rn o tin i f lav ica n te s  vel b ru n n e i, 
g lab ri, v e tu s tio res  cinerei, s tr ia ti. Fo lia  1 — 2 m m . longe p e tio la ta , o b o v a ta , an tice  ro tu n d a ta  
vel tru n c a ta ,  apice e m arg in a ta , basi c u n e a ta  vel ob tusiuscu la , 0,7 — 1,5 cm . longa e t 4 — 9
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m m . la ta , nervo m edio su p ra  im presso , su b tu s p ro m in en ti, la te ra lib u s  su p ra  obsoletis, p lerum ­
que  n o n  re ticu la tis, su b tu s  lev issim e prom inu lis e t obsolete re ticu la tis , lam in a  supra  in  sicco- 
o livaceo-v irid is vel can o sa, su b tu s  pallide  flav a  in  areolis v e n aru m  m in u te  flav o p u n c ta ta , 
u tr in q u e  opaca, g lab ra , rig id e  coriacea. S tipu lae  persis ten tes , u sque  ad  1 m m . longae, la te  
tr ia n g u la re s , apice m u c ro n a ta e . F lores 1 —2, ax illares, pedicelli 1 — 2 m m . longi, lobi calycis 
0,7 m m . longi, tr ia n g u la re s , a cu ti, 1/2 — 2/3 longit. incisi. P e ta la  ob longo-ellip tica , 2 — 2,3 
m m . longa, 1/3 —2/5 lo n g it. u n g u icu la ta , ligulae in  1/3 —2/5 a lt i t .  in se r ta e , an ticae  posticis 
2-p lo  longiore, posticae p e rfec te  se p a ra tae . U rceolus stam in eu s calyce aequilongus, filam enta  
0,2 m m . longa, s tam in o d ia  0,2 m m . in d iam ., orb icu lares. O varium  o b o v a tu m  1,7 — 2 mm. 
lo n g u m . Styli 3, 0,2 — 0,3 m m . longi, h o rizo n ta lite r e la ti stig m a  o b o v a tu m  vel orbiculare. 
F ru c tu s  non pleno m a tu ru s  4 — 5 m m . longus e t 2 m m . la tu s .

H olotypus: C u b a; p ro v . O rien te : S ierra dei C rista l; in  fru tice tis  sem per- 
v ire n tib u s  serpen tinosis  m o n tan is  M t. Saca L engua in a it. ap p ro x . 650 m .s.m ., 
leg .: A. B o r h i d i , M. V a l e s  e t R a m o n a  O v i e d o  11. ap r. 1976. 27819 S V ! ;  

iso ty p u s : Bp!
Obs.: Species p ro x im a  E . dum osum  A lain  (e S ierra  de Ñ ipe) a specie 

n o s tra  foliis duplo m a jo rib u s , nerv is la te ra lib u s  u tr in q u e  p rom inen tibus et 
re tic u la tis , flo ribus sessilibus, pe ta lis  obovatis , f ilam en tis  m u lto  longioribus 
c la re  differt.

F am .: Rutaceae

R avenia baracoënsis B orhidi e t M uñiz sp. n.

F ru te x  vel a rb o r p a rv a ,  u sq u e  ad  5 — 6 m. a lta . R am i h o rn o tin i angulosi, sulcati, 
b re v ite r  e t adpresse fe rru g in eo -p u b eru li, v e tu s tio res  te re te s , s tr ia ti ,  len tice llis  p rom inen tibus 
o b siti. Folia 5 — 15 m m . longe  p e tio la ta , petio lis su p ra  p ro fu n d e  su lcatis , ±  puberu lis suffu lta , 
s im p lic ia , obovata  vel la te  e llip tica , basi cu n ea ta  e t in  pe tio lu m  p ro tra c ta ,  apice acu ta  e t 
m u c ro n a ta , b rev iter a c u m in a ta , r a r i te r  o b tu sa , 4 —11 cm . longa e t 2 — 4,5 cm. la ta , nervo 
m ed io  supra  im presso, s u b tu s  c rassiuscu le  p ro m in en te , la te ra lib u s  u tro q u e  la te re  6 — 9 supra  
n o n  vel vix conspicuis, su b tu s  te n u ite r  p rom inulis vel obsole tis, a n te  m arg in em  conjunctis , 
la m in a  supra  glandulis im p ress is  dense m in u teq u e  n ig ro -p u n c ta ta , su b tu s  g landulis v ix  p ro ­
m in u lis  m ox ev an escen tib u s o b sita , su p ra  glaucescens, su b tu s  b ru n n escen s, u tr in q u e  opaca, 
m arg in e  ten u ite r re v o lu ta , co riacea. In flo rescen tiae  te rm in ales  1 —3-florae, pedunculus usque 
a d  5 cm . longus, ad presse  strig illo sus. P ro p h y lla  1 — 2 m m . longa, p u b e ru la , pedicelli 5 — 20 
m m . longi. Sépala 2 e x te r io ra  o b lo n g o -trian g u la ria  vel ob lo n g o -o v ata , ap ice  ob tusa , 10 —14 
m m . longa e t basi 3 — 5 m m . la ta ,  dense g landulosa , in  f ru c tu  n o n  acc rescen tia ; in te rio ra  
2 o rb icu laria , 3 — 4 m m . lo n g a , g lan d u lo so -p u n c ta ta , a d  m arg in em  m em b ran acea  e t pilosa. 
C orolla  2,5 — 3 cm. lo n g a , p u rp u re a , g lan d u lo so -p u n c ta ta ; tu b u s  15 m m . longus, superne 
sen sim  am pliatus; lobi 5, o b o v a ti , an tice  ro tu n d a ti ,  tu b o  quasi aequilongi. A n therae  2, sub- 
sessiles, filam entis b rev issim is , lo n g itu d in a lite r  co n n atis, apice b ilo b a tis  suffu ltae , oblongo- 
e llip ticae , 3 —4 m m . lo n g ae , c o n n a tae . S tam in o d ia  3, a rc u a ta , lin e a ria , 2 — 3 mm. longa. 
S ty lu s  tu b o  ±  aequ ilongus, cy lind ricus, apice in ae q u a lite r  5 -lobatus. C arpella  5, e levatim  
n e rv o sa , 7 — 9 mm. lo n g a , n ig ro -p u n c ta ta . Sem ina singula  in  quoque  carpe llo , subren iform ia, 
n ig ra ,  opaca, 4 m m . lo n g a , sp in u lo so -tu b ercu la ta .

H olotypus: C uba; p ro v . O rien te . “ E n  charrascales de la ‘E rm ita ’ al 
E s te  de Y unque de B a ra c o a .”  Leg.: H . A l a i n , J .  A c u ñ a  e t J .  R amos 7573, 
15. ja n . 1960. SY!, iso ty p i: SY!

Specim. ex am .: C h arrasca l ju n to  a la  c a rre te ra  de Q u ib iján , V ia M ulata, 
B a raco a . Leg.: H . A l a i n  e t M. L ópez F ig u e ir a s  7266, 3. ja n .  I960.!; — L a 
E rm ita ,  B aracoa; leg .: E . D e l - R isco 2. febr. 1973. 27412 SV!
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O bs.: R . sim plicifo liae  W r. in  W ils, affin is, q u ae  foliis oblongo-ellip ticis, 
u trin q u e  lucid is, sepalis m ajo ribus, o v a tis  vel la te  o v a tis , 7 —10 m m . longis, 
an theris  non  co n n a tis  certe  specifice d iffert.

F a in .: Euphorbiaceae

Acidocroton acunae B orh id i e t M uñiz sp. n.

F ru te x  spinosus. R am i h o rn o tin i brev issim e ad p resseque  pilosi, v e tu s tio re s  dense 
tu b erc u la ti. Sp inae s tip u la res  d iv arica tae , rec tae , 7 —15 m m . longae. Folia 0,5 — 1 m m . longe 
p e tio la ta , o b o v a ta  vel o b o v a to -sp a th u la ta , in ferne  longe a n g u s ta ta , antice ro tu n d a ta ,  2 — 5 
m m . longa e t 1 — 3 m m . la ta , nervo m edio  su p ra  im presso  vel inconspicuo, su b tu s te n u ite r  
p rom inulo , pilis p a rc is  o b tec to , postrem o  g labro , la te ra lib u s  u tr in q u e  nullis, lam in a  su p ra  
n itid u la  e t lev ite r  p lic a tu la , rigide coriacea. F lores m asculi e p u lv in u lis  la te ra lib u s te rm in a li-  
b u sq u e  1 — 4 -n a tim  p ro d eu n te s ; pedicelli 3 — 5 m m . longi. Sépala  5 — 6, sublibera, in  a es tiv a - 
tione a p e rta , e llip tica , m arg in e  dense c ilia ta , cea. 1 m m . longa. P e ta la  5, valde co ch lea tim  
im b rica ta , o rb icu la ri-o v a ta , apice ro tu n d a ta , 2,5 m m . longa e t  la ta ,  m argine recu rv a , m in u te  
p ilosa, c h a rtac e a . R ece p ta c u lu m  lev ite r co n vexum , b re v ite r  e t densissim e rufo-p ilosum . S ta ­
m in a  16, p e r to ta m  superficiem  recep tacu li p lu rise ria tim  in se r ta , filam en ta  0,3 — 0,6 m m . 
longa, a n th e rae  e rec tae , 1 m m . longae, lan ceo la tae , apice a cu tae ; ovarii ru d im en tu m  nullum . 
F lores fem inei ex p u lv in is  suprem is 1 — 3; pedicelli 4 —6 m m . longi, superne in crassa ti. Sépala  
libera , in  a e s tiv a tio n e  a p e rta , basi in te r  sese ta n g e n tia , lin e a ria  vel ob longo-oblanceo lata , 
in teg ra  vel a cu te  d e n ta ta  vel lo b u la ta , 4 —6 m m . longa, fru c tib u s  ±  aequilonga, 0,7 — 1 m m . 
la ta . D iscus an n u la ris  dense pilosus. O v ariu m  ovale, parce  adpresse  pilosum . S ty li 3, basi 
conn ati, c e te ru m  liberi, carnosi, lineares, 1,5 — 2 m m . longi, apice bifidi, lobis b ifu rca tis , 
lobulis e llip tic is , ob tu sis . C apsula globosa, p le ru m q u e  g lab ra , 4 — 6 m m . longa.

H o lo ty p u s: C uba; p rov . L as V illas: S ab an a  al S u r de S an ta  C lara. L eg.: 
J .  A c u ñ a  e t A lonso  26. aug. 1953. 18869 SV!

Specim . ex am .: P rov . Las V illas: S ab an a  de M otem bo; leg.: H . L e ó n  
et H . R oca 8210! 10. aug. 1918. —  Ib id em , H . L e ó n  e t A. L oustalot  9321! 
10. aug. 1920.

O bs.: A . oligostemoni U rb . (ex O rien te  m erid ionali) affinis, qui foliis 
m ajo ribus, pe ta lis  m asculinis m arg in e  g labris, s tam in ib u s  un iseria te  d ispositis , 
sepalis fem ineis obo v a tis  vel sp a th u la tis , 2— 4 m m . longis, capsu la d im id io  
b rev io ribus, capsulis m ajo ribus d iffert.

Bonania suborbiculata B orh id i e t U rb in o  sp. n.

F ru te x  1 — 2 m . a ltu s , inerm is, glaber. R am i h o rn o tin i in  sicco an g u la ti, b ru n n e i, 
n itid i, tran sv e rs im  s tr ia ti .  S tipu lae  o v a to -o rb icu la res vel la te  tr ia n g u la re s , adpressae , r ig id ae , 
coriaceae, po strem o  n ig rae , 1 —1,5 m m . longae. Fo lia  1 m m . longe p e tio la ta , p e tio lis  su p ra  
p lan is, 1 m m . la tis  su ffu lta , o rb icu laria  vel o rb icu la ri-o b o v a ta , basi ro tu n d a ta , su b c o rd a ta  
vel tru n c a ta ,  ap ice ro tu n d a ta  vel t ru n c a ta ,  sem per p ro fu n d e  em arg in a ta  et m u c ro n u la ta , 
1 — 2 cm. longa  e t 0,8 —1,8 cm. la ta , nervo  m edio su p ra  in ferne  lev ite r im presso, su p ern e  
ap p lan a to  e t ev an escen ti, la te ra lib u s u tro q u e  la te re  4 — 6, su p ra  nullis, su b tu s o b so le tis , 
m argine u tro q u e  la te re  g landulis m in u tis  5 — 8 -d en ticu la ta , te n u ite r  recurva, lam in a  su p ra  
n itid u la , v irid is , su b tu s  p a llid a , flav icans, c h a rtacea . In flo rescen tiae  m asculinae ax illa res  ve l 
basi ram o ru m  h o rn o tin o ru m  la te ra les , 3 — 4 m m . longae e t 2,5 — 3 m m . in d iam .; b ra c te a e
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tr ia n g u la re s , usque ad  1 m m . longae, 1 — 2-florae. C alyx  pu rp u reu s , 1 m m . longus, b re v ite r  
2 — 3-lobatus; stam in a  3, sessilia, an th e rae  b re v ite r  ex se rtae . Flos fem ineus a d  b asim  inflo- 
re sce n tia e  m asculinae vel in  ax illis  foliorum  so lita riu s. C alyx 3-lobatus, lobi calycis o rb icu lar- 
o b o v a ti ,  apice ro tu n d a ti  e t a b ru p te  su b u la to -m u cro n a ti. C apsula depresse globosa, 5 — 6 m m , 
a l ta  e t 8 — 9 m m . in  d iam ., g lab ra , b ru n n ea , 3 -c o s ta ta . Sem ina 3 m m . in  d iam ., globosa, 
c ine reo -b ru n n ea , m arm o ra ta .

H olo typus: P ro v . O rien te : in fru tic e tis  sem perv iren tib u s serpen tinosis  
m o n tis  Cerro G alano p ro p e  opp. H olguin , a it . 250 m .s.m .; leg .: A. B o r h i d i , 
R . Capote  et R a m o n a  O v ie d o  25. sep t. 1975. 27806 SV!. Iso ty p i: 27807 SV! 
e t in  Bp!

Obs.: B. n ipensi U rb . e t E km . affin is, q u ae  foliis obova tis  vel obovato - 
e llip tic is , 2 — 3.5 cm . longis e t 1 — 2.5 cm. la tis , nerv is la te ra lib u s 8 —11, su b tu s  
p ro m in en tib u s  et an as to m o san tib u s , f ru c tib u s  m ajo ribus d iffert.

B o n an ia  acunae B o rh id i sp. n.

F ru te x  ram osus; ra m i h o rn o tin i a n g u la to -s tr ia ti ,  b runnei, g labri. F o lia  1,5 — 4 m m . 
longe  pe tio la ta , pe tio lis n ig ris , g labris, 0,5 m m . crassis, su p ra  su lcatis su ffu lta , la te  o v a to - 
su b o rb icu la ria , an tice r o tu n d a ta  e t em arg in a ta , basi t ru n c a ta ,  1,2 —2,6 cm . longa e t 0,9 — 
2,3 cm . la ta , nervo m edio u tr in q u e  p ro m in en ti, la te ra lib u s  num erosissim is u tr in q u e  te n u ite r  
p ro m in en tib u s  e t densissim e re ticu la to -a n as to m o san tib u s , m argine se rra to -d e n tic u la ta , u t r in ­
q u e  g lab ra , su b ch ara tacea . F lo res nobis igno ti. F ru c tu s  sessilis vel subsessilis, o v a tu s , apice 
acu tiu scu lu s , 6 — 7 m m . lo n g u s, glaber. Sem ina c in e rea , globosa, 4 — 4,5 m m . in  diam .

H olo typus: C uba; P rov . O rien te; M eseta  de Maisi. L eg.: J .  A c u ñ a  e t 
D . B arreto  6. feb r. 1952. 17387 SV!

Specim . exam .: M esa del Chivo, M aisi; leg .: H . Le ó n , Ma r i e -Vict o rin  
e t  Ca r a b ia  17158/c —  M aisi: m anigua co s te ra ; leg.: H. León  16571/b, ju l. 1935.

Obs.: B . cubanae A . R ieh , affinis, q u ae  foliis 1.5— 2 m m . longe p e tio la tis , 
ob longo-ovatis ve) e llip tic is , basi ro tu n d a tis  ve l subco rdatis , crassiuscu le  e t 
re m o te  re ticu la to -venosis , subcoriaceis, fru c tib u s  depresse—globosis, usque ad  
5 m m . longis bene d iffe rt.

M oacroton lanceo la tu s  A lain v a r . v ariu s  Borhidi v a r . n.

A typo  d iffert: foliis lin eari-lanceo la tis , 3 — 7 cm . longis e t 4 — 12 m m . la tis , apice 1 — 2 
m m . longe m ucronatis , flo rib u s  fem ineis cum  4 — 6, p le ru m q u e  5 sepalis.

H olo typus: C uba; p ro v . O rien te: in  f ru tic e tis  serpentinosis arid is m ontis 
C erro  Galano ad pag . L a  P alm a, H olgu in ; leg .: A. B o r h id i , R . Ca po te  e t 
R a m o n a  Ovie do  25. sep t. 1975. 27793 SV!; iso typi: SV!, Bp!

Acta Botanica Academiae Scientiarum Hungaricae 22, 1976



P L A N T A S  N U E V A S  E N  C U B A  V . 3 0 7

F am .: Buxaceae

Buxus acunae B orh id i e t M uñiz sp. n.

F ru te x ;  ram i ho rn o tin i q u ad ran g u li, g labri. Fo lia  apice ram o ru m  co n fe rta , 1,5 — 2 
m m . longe p e tio la ta , petio lis d ecu rren tib u s  su ffu lta , o v a ta  vel e llip tica , basi o b tu sa  vel r o tu n ­
d a ta  e t in  p e tio lum  brevissim e p ro tra c ta , an tice  o b tu sa  vel ro tu n d a ta ,  apice ipso  b re v ite r  
m u c ro n a to -p u n g en tia , 1 — 2,5 cm. longa e t 0,7 —1,7 cm . la ta , nervo m edio su p ra  im presso , 
la te ra lib u s  u tro q u e  la te re  6 —10, u tr in q u e  obsoletis vel p lerum que su p ra  nullis e t  su b tu s  
levissim e prom inu lis, non re tic u la tis , an te  m arg inem  co n ju n c tis , lam in a  su p ra  n iten s, o livaceo- 
b ru n n e a , su b tu s  opaca, m arg ine p lerum que va lde  re v o lu ta , rig ide  coriacea. In flo rescen tiae  
ax illares, 1 — 2 cm. longae. B rac teae  0,5 m m . longae, ad  b asim  peduncu li paucae. P e d u n c u lu s  
6 — 12 m m . longus, e b rac tea tu s , g laber; flores apice p eduncu li co n ferti, m asculin i 4, sp ira lite r  
d ispositi, 0,2 — 4 m m . longe ped ice lla ti, b racteo lis  1 m m . longis, tria n g u la ri-o v a tis  su ffu lti. 
Sépala  4, ob longo-ovata  vel ob longo-lanceo lata , 2 — 2,5 m m . longa, apice acu ta , m arg in e  b re ­
v issim e pu lveru len to -p ilo sa , lam in a  convexa, crasse coriacea. S tam in a  4, sepalis o p p o sita , 
in  sinus disci 4 -lobulati in se rta , subsessilia; f ila m en ta  crassa, 0,3 — 0,5 m m . longa  e t la ta ;  
a n th e rae  o v a tae , 1 —1,5 m m . longae, sepalis b rev iores. Flos fem ineus te rm in a lis  so lita riu s , 
sessilis, b rac te is  b re v ite r  tr ia n g u la rib u s  c ircu m d atu s, sépala 4, la te  tr ia n g u la ri-o v a ta , 0,7 — 1 
m m . longa, apice acu ta . O varium  1,5 m m . longum , sty li sem io rb icu la rite r re c u rv a ti ,  1,5 — 2 
m m . longi. F ru c tu s  6 — 7 m m . longus. Sem ina 4 — 5 m m . longa, lu cida , nigra.

H o lo ty p u s: Cuba; P ro v . O rien te: B reñales de P lay a  de Y aca, M oa. 
L eg.: J .  A c u ñ a  9. nov. 1945. 13168. SY!

—  Ib id em , J . A c u ñ a  11. ap r. 1945 12515. SY!
O bs.: B . bahamensi B ak e r affinis, quae a specie n o stra  foliis basi a n g u s ta ­

tis , in florescentiis b rev io ribus, s tam in ib u s longis exsertisque , filam en tis  te n u i­
bus, sepalis fem ineis ob longo-ovatis, fru c tib u s m inoribus d iversa . A lte ra  
species B . rheedioides U rb . (e S ierra de N ipe) foliis apice acu tis  e t a cu m in a tis , 
nerv is la te ra lib u s  u tro q u e  la te re  5— 7 su p ra  p ro m in en tib u s d iffert.

Buxus historica B orhidi e t M uñiz sp. n.

F ru te x ; ram i h o rn o tin i su b q u ad ran g u li, resinoso-papillosi, flavo -v irides, g lab ri, in te r ­
nodiis 2,5 — 5 cm. longis. S tip u lae  oblongo-lanceo latae  0,6 — 1 cm. longae, coriaceae, g lab rae . 
F o lia  3 — 5 m m . longe p e tio la ta , o v a ta  vel ov a to -e llip tica , basi o b tu sa  vel ro tu n d a ta  e t in 
p e tio lu m  p ro tra c ta , an tice  o b tu sa  vel ro tu n d a ta , apice ipso b re v ite r  re tu sa  e t  e m a rg in a ta , 
3,5 — 6 cm . longa e t 1,5 — 3 cm. la ta ,  nervo m edio su p ra  te n u ite r  im presso , su b tu s p ro m in e n ti, 
la te ra lib u s  u tro q u e  la te re  12 — 18 su p ra  p ro m in en tib u s e t an as to m o san tib u s , ad  m arg in em  
obsoletis e t non vel v ix  co n ju n c tis , su b tu s p ro m in u lis vel obso le tis, lam ina  su p ra  n ite n s , 
flavo-v irid is , su b tu s opaca e t b ru n n e a , m argine te n u ite r  re v o lu ta , coriacea. In flo rescen tiae  
fru c tife rae  ta n tu m  visae; b reves, ax illares, 1,5 — 2 cm . longae. P ed u n cu lu s 5 —15 m m . lo n ­
gus, b rac te is  lanceo latis, a cu tis , 1 — 1,5 m m . longis, su p ra  e t ad  m arg inem  ferru g in eo -to m en - 
to sis densissim e ob tec tus. F lores m asculi 4, pedicelli 2 — 3 m m . longi, co m p a lan ti, g lab ri, 
sépa la  4, o v a ta , apice a cu m in a ta  e t a cu ta , 1,5 — 2 m m . longa, ex tu s  g lab ra , in tu s  to m e n to su la ; 
s ta m in a  4, longe ex se rta , 4 m m . longa, f ilam en ta  filifo rm ia , 3 m m . longa, g lab ra ; a n th e ra e  
o v a tae , 1 m m . longae. Flos fem ineus te rm in a lis  sessilis, so lita riu s. Sépala 5, su b o rb icu la ria , 
m arg in e  e t in tu s  to m en to su la , dorso ca rin a ta , apice in  m u cro n em  a r is ta tu m  e x cu rre n tia . 
C apsula subglobosa, b ru n n ea , g lab ra , 7 — 9 m m . longa, s ty li b reves, 2 — 3 m m . long i, re c ti, 
su b h o rizo n ta lite r  p a ten tes . Sem ina 4 — 5 m m . longa, b ru n n ea , n itid a .

H o lo ty p u s: C uba; P ro v . O rien te . C harrascos, S ierra  de M oa, en a it. 
ap rox . 800 m .s.m . Leg.: H . A l a i n  3428! 26. ju l. 1953. SY!
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O bs.: B . retusae (G riseb .) Muell. A rg. (e M onte V erde) affin is, quae a 
specie n o stra  foliis b a s i an g u sta tis , nerv is  la te ra lib u s  u tr in q u e  prom inu lis, 
in flo rescen tiis sessilibus, pedicellis m asculin is 5— 7 m m . longis e t b rac te is  
g labris sa tis d iffert.

Fam.: Aquifoliaceae

Ilex nannophylla B orhid i e t M uñiz sp. n.

F ru te x  valde  ram o su s , u sq u e  ad 2 m. a ltu s . R am i to rtu o s i, h o rn o tin i lev ite r a n g u la ti, 
b ru n n e i, brevissim e p a te n ti-p ilo s i , ve tu s tio res c inerei, g lab ri. Folia  1 — 2 m m . longe p e tio la ta , 
pe tio lis  m in u te  pilosis su ffu lta , o rb icu laria  vel la te  o v a ta , basi o b tu sa  vel b re v ite r  ro tu n d a ta , 
ap ice p lerum que a c u ta  e t  b re v ite r  acu m in ata , 5 — 12 m m . longa e t 3 —10 m m . la ta ,  nervo 
m edio  su p ra  p ro fu n d e  im p resso , su b tu s crassiuscule  p ro m in en ti, la te ra lib u s  su p ra  nullis, 
su b tu s  u tro q u e  la te re  3 — 4 , p rom inu lis e t re ticu la to -a n as to m o san tib u s , m arg ine  recu rv a , 
ap icem  versus 1 — 3 -d e n tic u la ta , su p ra  n itid a , su b tu s  op aca , u tr in q u e  g labra .

H o lo ty p u s: C uba; P ro v . O riente: S ie rra  M aestra , in  fru tice tis  subalp in is 
m on tis  Pico C uba, 1800 m .s.m . Leg.: A. B o r h i d i  1731; 5. dec. 1969. 27047 SV!, 
iso ty p u s : Bp!

F am .: Celastraceae

Crossopetalum cristalense B o rh id i sp. n.

F ru te x  1 —1,5 m . a ltu s ;  ram i horno tin i te n u ite r  4 -a la ti, v e tu s tio re s  4-lineati, b ru n n e i, 
g riseo -m acu la ti, t ra n s v e rsa lite r  len tice lla ti vel f is su ra ti, g labri. Folia  su b o pposita , 1 — 2 m m . 
longe p e tio la ta , e llip tica  v e l lev issim e o v a ta , a n tice  ro tu n d a ta  vel t ru n c a ta , lev ite r em argi- 
n a ta ,  basi ob tu sa  e t in  p e tio lu m  p ro tra c ta , 1 — 3 cm . longa  e t 0.7 —1,3 cm . la ta ;  nervo m edio 
su p ra  im presso vel ex  sulco in fern e  prom inulo , su b tu s  crasse c a rin a to -p ro m in en ti, la te ra lib u s  
u tro q u e  la te re  4 — 6, su p ra  nu llis  vel obsolete im pressis , su b tu s  bene p ro m in en tib u s  e t obsolete 
re tic u la tis ;  lam ina  m arg in e  te n u ite r  rev o lu ta , su p ern e  d en tic u la ta , in  sicco su p ra  flav ido- 
b ru n n e a , su b tu s v irid is , su b co riacea . In flo rescen tiae  ax illares, cym osae, 3 — 9-florae, g labrae. 
P ed u n cu lu s 5 —10 m m . lo n g u s, b racteae  0,7 — 1 m m . longae, m argine b rev issim e c ilia tae ; 
ped icelli g labri. Sépala  in  2/3 lo n g it. co n n ata , lobi lib e ri 0,5 m m . longi, sem iorbiculares, p le ­
ru m q u e  perfecte  g lab ri ve l m arg in e  brevissim e c ilia ti. P e ta la  o v a ta , 1 — 1,2 m m . longa, in  
f ru c tu  p e rs is ten tia , re flex a . F ru c tu s  valde a sy m m etricu s , p u rp u reu s , 8 m m . longus e t 6 
m m . la tu s .

H olo ty p u s: C uba. P ro v . O riente; S ierra  del C ristal, in  fru tice tis  sem per- 
v iren tib u s  serpen tinosis  m o n tis  Cayo V erde, p ro p e  pag. Corea in  a it. 780 m .s.m . 
L eg.: A. B o r h i d i , M. V a l e s  e t R am ona  O v i e d o  10. ap r. 1976. 27774 SV! 
Iso ty p u s : Bp!

O bs.: C. rhacomae (L .) C rantz affin is, q u ae  a specie n o s tra  foliis basi 
cu n ea tis , nervo  m edio  te n u i, supra p ro m in en ti, la te ra lib u s  p le ru m q u e  nullis, 
pergam aceis, in flo rescen tiis  a tq u e  sepalis pu b eru lis  clare d iffert. C. shaferi 
(B r it t . e t W ils.) A lain  foliis obovatis, 2— 3-plo m ajo ribus, coriaceis, m arg ine 
in teg ris  vel obsolete c re n u la tis , in florescentiis lax is, la te  ram ifica tis , (6)— 12- 
flo ris , pedunculis 10— 15 m m . longis ce rte  d is ta t .
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F am .: Sapindaceae 

Thouinia baracoënsis B orh id i sp. n.

F ru te x  2 — 3 m . a ltu s. R am i h o rn o tin i s tr ia ti e t can oso -puberu li. Fo lia  sim plicia , 
pe tio lis  puberu lis  2 — 6 m m . longe p e tio la ta , o v a ta  vel lan c eo la ta , basi c o rd a ta , apice o b tu sa  
vel b re v ite r  ro tu n d a ta  e t m u c ro n a ta , m ucrone  reflexo, 3 — 6,5 cm . longa e t 2 — 4 cm. la ta , 
nervo  m edio su p ra  im presso , in ferne  ex  sulco p rom inulo , la te ra lib u s  u tro q u e  la te re  5 — 8, 
in  d en tes subrecu rvos e x cu rren tib u s , su p ra  im pressis, su b tu s  v a ld e  p ro m in en tib u s , u tr in q u e  
densissim e et p ro m in en te r  re ticu la to -v en o sis , supra  ad n e rv u m  m ed iu m  resin o so -p u n cta ta  
e t b re v ite r  adpresse  p ilosa, su b tu s in  ax illis nervorum  flav o -s trig illo sa  e t ad  nervos sparse 
p ilosa  vel g labra , in te r  nervos resin o so -g ran u la ta , m arg ine a cu te  e t  rem o te  d en ticu la ta , coria­
cea. T hyrsi ax illares e t term in ales  racem osi, 1 —1,5 cm. longi, pauci-(10  — 15-)flori. P e d u n cu ­
lus 3 — 8 m m . longus, s tr ia tu s , b re v ite r  p u b eru lu s , flores in ax illis b ra c te a ru m  2 — 5, subsessiles 
vel usque  ad 2 m m . longe p ed ice lla ti. Sépala su b orb icu laria , 1 — 1,2 m m . longa, ro tu n d a ta , 
dorso p u b eru la , in tu s  g lab ra ; p e ta la  1,5 m m . longa, lam in a  ipsa  o v a ta , basi t ru n c a ta  e t longe 
s t ip ita ta , an tice e m a rg in a ta ; f ila m en ta  1,5 — 2 m m . longa, p e ta lis  b re v ite r  su p e ra ta , pu b eru la , 
a n th e rae  o v a tae . F ru c tu s  non v isus.

H olo ty p u s: C uba. P ro v . O rien te : Sobre los fara llones de la  A bra de 
Y u m u ri, B aracoa . L eg.: H . A l a i n , J .  A c u ñ a  e t R a m o s  7695! 16. ja n . 1960. 
SY! iso ty p u s: SY!

—  Ib idem , M. L ópez  F i g u e i r a s  28. jul. 1960. U O  2320!
O bs.: T. cubensi R ad lk . a ffin is, quae a specie n o s tra  foliis basi ro tu n d a tis , 

nerv is la te ra lib u s u tro q u e  la te re  7— 10 u trin q u e  p ro m in en tib u s , in florescentiis 
usque ad  3 em. longis, subsessilibus, am entifo rm ibus dense m u ltiflo ris , flo ribus 
duplo m ajo ribus sepalis o v a tis  1.5 m m . longis, p e ta lis  ob o v a tis , apice ro tu n ­
da tis , basi a tte n u a tis , 3 m m . longis, f ilam en tis  p e ta lis  b rev io ribus om nino 
d iffert.

Thouinia hypoleuca B orh id i sp. n.

F ru te x  vel a rb o r p a rv a , 3 — 5 m . a lta . R am i h o rn o tin i dense p u b escen tes , v e tu s tio re s  
grisei, g labri. F o lia  3 -fo lio lata , 3 — 5 cm . longe pe tio la ta , pe tio lis  longe s tr ia tis , a lbo-tom ento- 
sis vel g lab rescen tibus su ffu lta . F o lio la  m edia  1/4 —1/5 p a r te  m ajo ra  q u am  la te ra lia , la te  
e llip tica  vel lan ceo la ta , u tr in q u e  a e q u a lite r  an g u sta ta , apice b re v ite r  a cu m in a ta , basi cu n ea ta , 
5 — 9 cm. longa e t 2,5 — 5 cm . la ta , ne rv o  m edio la te ra lib u sq u e  u tro q u e  la te re  9 —12 su p ra  
h ir tu lis  e t p ro funde  im pressis, su b tu s  c a r in a to -p ro m in en tib u s , u tr in q u e  densissim e e t p ro ­
m in en te r re ticu la tis , lam in a  su p ra  b ru n n e a , n itid a  e t m u cig era , su b tu s  ad  nervos longe e t 
dense a lb o -to m en to sa  v e l h irsu ta , in  ax illis non vel obscure  b a rb a ta ,  sub pu b e  in te r  n e rv o s 
n itid a  e t  g labra , m arg in e  sa tis  dense  m u cro n a to -d e n ta ta , p le ru m q u e  va lde  rev o lu ta , sub- 
coriacea vel coriacea. T hyrsi la te ra les , m u ltiflo ri, sub an th es i e rec ti, albo-strig illosi vel h irsu ti. 
B rac teae  o b ovatae , h ir tu la e . Pedicelli 2 — 2,5 m m . longi, 0,2 — 0,3 m m . la ti;  sépala 4, o b o v a ta , 
2 m m . longa, 1 m m . la ta ,  m em b ran acea , ex tu s  a lbo-strigosa , in tu s  g lab ra ; p e ta la  4, o rb icu lari- 
o b o v a ta , 1,5 — 2 m m . longa, basi s t ip i ta ta ,  ex tus p u b e ru la , in tu s  ad  ap icem  stip itis  b a rb a ta . 
S tam in a  1,5 m m . longa, f ila m en ta  g lab ra , an th e rae  o v a ta e , 0,5 m m . longae. O varium  v illo ­
sum , s ty li 3, recu rv i, basi strigosi. F ru c tu s  o bovato -e llip ticus vel ob longo-obovatus, 1 cm , 
longus, b re v ite r  pilosus.

H olo ty p u s: Cuba. P ro v . O rien te ; Mesa de L indero  en tre  G ran T ierra  
y  M aisi, sobre rocas calcáreas á rid as . Leg.: H . A l a i n  e t M. L ó p e z  F i g u e i r a s  

30. dec. 1959. (Al. 7038) SV!, iso ty p u s : SV!
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Specim . exam .: O rien te : Ja u c o  ab a jo , m anigua co ste ra ; leg.: H . L e ó n  

11876!; —  F arallón  del L indero , M aisi; leg.: H. L e ó n  e t M a r i e -V i c t o r i n  

17174!; —  Maisi, B a raco a ; leg.: M. B e r m u d e z  ( L e ó n  17491)!
O bs.: T. maëstrensi L ippo ld  affin is, quae foliis m ino ribus, ap ice obtusis 

v e l ro tu n d a tis , 6 —8 -n e rv a tis , sparse  e t ob tuse d en ticu la tis , in  axillis n er­
v o ru m  b arb a tis , flo ribus 5-m eris, pe ta lis  sépala su p e ran tib u s , f ilam en tis  pilosis 
a b u n d e  differt.

F a m .: Rham naceae

Rham nidium  brevifolium  B orhidi sp. n.

F ru te x ; ram uli te re te s , ju n io re s  g lab ri, n ig ro -stria ti. S tipu lae  in te rp e tio la re s  trian g u lari-  
la n c e o la ta e , dorso b inerves, ap ice  b rev issim e b id en ta ta e , 1 — 1,5 m m . longae. F o lia  opposita  
4 — 8 m m . longe pe tio la ta , e llip tic a  vel su b o rb icu la ria , basi o b tu sa  vel t ru n c a ta ,  brevissim e 
m u c ro n u la ta , 2 — 3,8 cm. lo n g a  e t 1 — 2 cm . la ta ,  nervo m edio su p ra  an g u ste  im presso , la te ra ­
lib u s  u tro q u e  latere 5 — 8 su b  angulo  30 — 50° ab eu n tib u s, u tr in q u e  p ro m in u lis e t dense 
an as to m o sa n ti-re tic u la tis , re ticu lo  v e n a ru m  su p ra  p rom inulo , su b tu s  im presso , m argine 
in te g ra , u n d u la to -recu rv a , su p ra  n itid a , v ir id ia  e t irreg u la rite r p ro m in e n ti-p u n c ta ta , sub tus 
b ru n n e a , opaca, m inute  e t  f req u e n te r  obso le te  n ig ro p u n c ta ta , c h a rtacea . In flo rescen tiae  
ax illa re s , pruinosae, 2 —4-flo rae , 1 — 1,5 cm . longae, 4 — 6 m m . longe p e d u n cu la ta e , b racteae  
v a ld e  cad u cae ; pedicelli 3 — 6 m m . longi, b rac teo lae  trian g u lari-lan ceo la tae , longe acu m inatae , 
a c u ta e , 0,5 mm. longae. C alyx  4 m m . longus, tu b u s  2 m m . longus, p ru in o su s, g laber, lobi 5, 
tu b o  aequilongi, tr ia n g u la ri-o v a ti, ap ice a cu ti, crasse carnosi, in tu s  lo n g itu d in a lite r  carinati, 
u tr in q u e  g labri. Petala  5, o b o v a ta  vel sp a th u la ta , apice tru n c a ta  e t e m a rg in a ta  vel m inute  
d e n tic u la ta , basi b rev ite r u n g u ic u la ta , 1 m m . longa. S tam in a  5, p e ta lis  o p p o sita , filam en ta  
0,8 1 m m . longa, a n th e rae  0,2 — 0,3 m m . longae, o va tae , apice ap ic u la tae , su p ra  basim
d o rsifix ae . O varium  o b o v a tu m , b ilocu lare , 2 m m . longum , la te ra lite r  co m pressum , dissepi- 
m e n tu m  com pletum . O vula  so lita ria  in  quo q u e  loculo. D iscus an n u la ris  carnosus. S tylus 
0,7 — 0,8 m m . longus, crassus, ap ice tru n c a tu s .

H o lo typus: Cuba. P ro v . O rien te : C harrascal de P inales de P eñ a  P rie ta , 
L a M agdalena, Toa; a lt . ap ro x . 6 5 0 — 700 m .s.m . Leg.: H . A l a i n  3478; 20. 
ju l. 1953. SY!

O bs.: R. sulcinervi U rb . affin is, quod  foliis coriaceis 2— 4-plo m ajo ribus, 
su p e rn e  angusta tis , nerv is la te ra lib u s  u tro q u e  la te re  9— 11, sub angulo  3 5 —40° 
a b e u n tib u s , parallelis, pedicellis fru c tife ris  2 —3 m m . longis o p tim e differt.

Karwinskia angustata B orh id i e t M uñiz sp. n.

F ru te x ;  ram i h o rn o tin i te re te s , n ig rescen tes, glabri. S tipu lae  lan c eo la to -su b u la tae  2 
m m . lo n g ae , glabrae. Fo lia  a lte rn a , 3 —4 m m . longe p e tio la ta , lin ea ri-lan ceo la ta , apice longe 
a n g u s ta ta ,  a cu ta  vel o b tu siu scu la , m u c ro n a ta , basi ob tu sa  vel ro tu n d a ta ,  5 —11 cm . longa 
e t 0,7 — 1,2 cm. la ta , nervo m edio  su p ra  im presso , su b tu s p ro m in en ti, la te ra lib u s  u tro q u e  
la te re  10 —16, apicem  versus a rc u a tis , e t u tr in q u e  te n u ite r  p rom inulis, a n te  m arg in em  con­
ju n c tis  e t re ticu la tis , lam ina  su p ra  n itid a , o livácea, su b tu s opaca, p ru inoso-g laucescens u tr in ­
que  g lab ra , supra  pu n c tis  p ro m in u lis , su b tu s  n igrescen tibus obsoletis p ra e d ita , m argine 
re c u rv a , m in u te  u n d u la ta , c h a r ta c e a . C ym ae u m b ella tae  axillares 0,5 —1,5 m m . longe p ed u n ­
c u la ta e , g labrae. Flores sessiles vel 1 — 2 m m . longe ped icellati, b rac teo lae  2, m em branaceae, 
1,5 — 2 m m . longae, ov a tae  ve l lan ceo la tae , deciduae. C alyx 2 m m . longus, g laber, glauco- 
p ru in o su s , tu b u s  1 m m. longus; lobi tr ia n g u la re s , acu ti, 1 m m . longi. P e ta la  la te  o v a ta , 0,3
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m m . longa  e t 0,5 m m . la ta , brevissim e s t ip ita ta ,  apice p ro fu n d e  excisa, m edio p u n c to  nigro 
o rn a ta . S tam in a  5, f ilam en ta  in  sinus disci in se rta , b rev issim a, an th e rae  o v a ta e , 0,4 — 0,5 
m m . longae; discus n ig ro p u n c ta tu s , o v ariu m  ovoideum , lev ite r  4 -lobatum , g lab ru m , 2-locu- 
la re ; ovu la  in  quoque loculo 2.

H o lo ty p u s; Cuba. P rov . P in a r  dei R io: S ierra  dei R osario; L om a P e lad a , 
B u en a  V ista , C ayajabos. Leg.: H . L e ó n  13825!, 23. m art. 1929. SV!

O bs.: K . rocanae (R ritt. e t W ils.) U rb. affin is, quae ram is h o rn o tin is  
c inerascen ti-p u b eru lis , foliis 6 — 8 m m . longe petio la tis , ob longo-ellip ticis, 
7— 10 cm . longis e t 2— 3.5 cm. la tis , apice ro tu n d a tis  vel o b tu s is , su b tu s  
sparse  pilosis d iffert.

Fam .: Clusiaceae 

Rheedia L.

Clave p a ra  las especies cu b an as:

1 a H oj as fu e rtem en te  r e v o lu t a s ...........................................................................  2
b H oj as p lan as o con el m argen  recu rv o , no revolu to  ........................  3

2 a R a m ita s  tríg o n as, ápice de las ho jas agudo , los nervios la te ra le s
14— 17 p ares , salen en un ángulo  casi rec to  . . 1. R. polyneura U rb. 

b R a m ita s  cilindricas, ápice de las ho jas ob tu so  u redondeado , n e r ­
vios la te ra les  7— 10 pares, salen  en un  ángulo  de ± 4 5 °  ...............
.....................................................................................................2. R. revoluta Urb.

3 a H oj as obovadas, m as anchas en el te rc io  s u p e r io r .............................
......................................................................................................... 3. R. cincta U rb.

b H o jas ao v ad as, lanceoladas u oblongas .................................................  4
4 a H oja? de 3— 9 cm ., aovadas a oblongas .................................................. 5

b H o jas  de 1— 4 cm ., lineales, lineal-lanceo ladas, oblongo-lanceola- 
das a oblongo-oblanceoladas ...........................................................................  8

5 a Pedicelo  co rto  .......................................................................................................  6
b Pedicelos axilares de 1.5 cm . de largo, pecíolo de las h o jas  de

3— 5 mm. de largo ...................................................... 4. R. bakeriana U rb.
6 a H o jas aovado-e líp ticas; red o n d ead as a re tu sa s  en la b a s e ............  7

b H o jas oblongo-lanceoladas de 4 — 6 cm ., ob tusas o agudas en la
base ....................................................................................... 5. R. brevipes B ritt.

7 a F ru to  globoso de 8— 15 m m . in  d iám etro  . . .  6. R. aristata G riseb. 
b F ru to  elipso idal de 3 cm. de largo  . . 7. R. elliptica W r. ex  Sauv.

8 a Pedicelos de 1— 5 cm. de l a r g o ....................................................................  9
b Pedicelos de 2— 5 m m . de largo  ................................................................ 11

9 a H o jas concavas sin nervios ap a ren te s  en el h a z .................................
............................................................................................ 8. R. ophiticola B orhidi

b H o jas  p lan as , nervios p ro m in en tes  en am b as caras ..........................  10
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10 a H o jas ob lanceo ladas u  oblongas, la base  ag u d a  .................................
...................................................................................................  9. R. m oaensis Bisse

b  H o jas ao vado-lanceo ladas a lanceo-lineales, la  base o b tu sa  о
brevem en te  a g u d a  .................................................. 10. R. ruscifolia G riseb.
aa  H ojas ao v ado-lanceo ladas, la base o b t u s a ........................................

............................................................................................ 10/a. v a r. ruscifolia
bb  H ojas lanceo-lineales, la  base b re v e m e n te  aguda ........................

................................................................................  10/b. var. linearis B orh id i
11 a H o jas  sin nerv ios a p a re n te s  en el haz y  sin nervios la te ra les con­

spicuos en el envés. F ru to  de 1— 1.5 cm . de diám  ..........................
...........................................................................  11. R. fruticosa W r. ex  G riseb.

b H o jas  con nerv ios la te ra les  prom inu los en  am bas caras. F ru to  
de 2— 2.5 cm ......................................................................12. R. cubensis B orh id i

Rhecdia ophiticola B o rh id i sp . n.

F ru te x  ram osissim us, 1 — 3 m . a ltu s; ram uli 3 — 4-goni g labri. Folia  o p p o sita  vel 3 — 4- 
n a tim  v e rtic illa ta , 1 — 3 m m . longe  p e tio la ta , lan ceo la to -lin ea ria  vel linearia , b asi c u n e a ta , 
ap ice  longe acu m in ata  e t  a r is ta to -p u n g e n tia , 1 — 2 cm . lo n g a  e t 2 — 4 m m . la ta ,  su p ra  con­
c av a  e t  aven ia , su b tu s ne rv o  m ed io  crasse p ro m in en ti, la te ra lib u s  10 —14 i  re c ta n g u la r ite r  
p a te n t ib u s ,  lev ite r p ro m in u lis , su p ra  n itid a , v irid ia , su b tu s  opaca, in  sicco b ru n n escen tia , 
g lab ra , m arg ine p lan a , rig id e  coriacea. Flores ad  ram o s la te ra le s  m ulti, 1 — 2,5 cm . longe 
p ed ic e lla ti. Pedicelli ax illares 1 — 2, tenues, tr iq u e tr i,  foliis : aequilongi. Sépala 2, v a lv a res , 
tr ia n g u la r ia ,  apice a cu ta , do rso  c a r in a ta , basi c o n n a ta ; p e ta la  4 — 5, o rb icu lari-o v a ta , v a ld e  
co n v ex a , dorso c a rin a ta  e t n e rv o sa , ex te rio ra  2, la te ra lite r  1 lobu lo  dentiform i su ffu lta , 2 m m . 
lo n g a  e t  3 m m . la ta ; s ta m in a  12 — 20, ovarium  globosum , s tig m a  subsessile, 4 -lobatum . В асса 
g lobosa , n itid a , 2 cm. in  d iam ., 2-sperm a.

H olo ty p u s: Cuba. P ro v . O rien te; A serrío  de M oa. Leg.: H . C l e m e n t e , 

H . C h r y s o g o n e  e t H . N e s t o r  ( C l e m e n t e  4325!) 25. ju l. 1945. SY!
Specim . exam .: C l e m e n t e  5514! B a ja d a  al cam ino del Coco: M ina 

F ra n k ly n , Moa; leg.: C l e m e n t e , L e ó n  e t N e s t o r  20. ju l. 1947. —  C l e m e n t e  

6872! C ananova, leg .: C l e m e n t e , A l a i n  e t C h r y s o g o n e , ju l. 1949. — L e ó n  

23244! M oa, ju l. 1947. —  SY 11105! Moa; leg .: M rs. B û c h e r  —  L e ó n  23246! 
P la y a  de Moa. Leg.: L e ó n  e t C l e m e n t e  22. ju l .  1947. — C l e m e n t e  4116! 
A serrío  del Moa; leg .: C l e m e n t e  e t A l a i n  17. ju l. 1944. —  L e ó n  21150! 
Cerro de M iraflores de C an an o v a ; leg.: L e ó n  e t M o n t e r o  ju l. 1942. —  L e ó n  

20170! L om a de J ic o te a , S u r de Moa; leg.: L e ó n  e t C l e m e n t e  22. ju l. 1942.
O bs.: H ab itu  R . fru ticosae  W r. ex G riseb. a ffin is , quae foliis non  venosis, 

ram u lis  4 — 5-gonis, f lo rib u s  b re v ite r  ped icella tis, pedicellis foliis m u lto  b rev io ri­
bus c la re  d iscrepat. P ro x im a  R . ruscifolia  G riseb ., foliis o v a to —lan ceo la tis , 
su p ra  n erv is  bene p ro m in e n tib u s , floribus 2— 4 cm . longe pedicellatis, pedicellis 
fo lia  m an ifeste  su p e ra n tib u s  d iffert.
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Rheedia ruscifolia G riseb. v a r. linearis B o rh id i var. n.

F ru te x  usq u e  ad  4 — 5 m. a ltu s ; a ty p o  d iffe rt: foliis lan ce la to -lin ea rib u s , 1,5 — 3,5 cm. 
lo n g is  e t 3 — 6 m m . la tis , m agis coriaceis.

H o lo ty p u s: C uba. P rov . O rien te : S ierra  del C ristal, in  fru tice tis  se rp en tin o - 
sis m ontis Saca L engua , a lt. 6 5 0 —700 m .s.m .; leg.: A. B o r h i d i , M. Y a l e s  e t  
R a m o n a  O v i e d o  11. ap r. 1976. SV! iso ty p u s: Bp!

Specim . ex am .: A l a i n  5870! S ierra  del C ristal: R io  M iguel; leg.: A c u ñ a , 

A l a i n  e t M. L ó p e z  F i g u e i r a s . —  A l a i n  7921! S ierra de Ñ ipe: Cayo S ab inas 
al N E  de la L om a M ensura in a lt. 750 m .s.m .; leg.: A c u ñ a  e t A l a i n . —  L ó p e z  

F i g u e i r a s  1888! S ierra  de Ñ ipe: A rroyo  C anapu, Cayo R ey . —  L ó p e z  F i g u e i ­

r a s  2858! S ierra de Ñ ipe: P iña l C olorado, Cayo R ey.

Rheedia cubensis B orhidi sp. n .

F ru te x  ram osissim us 1 — 3 m. a ltu s ; ra m u li 4 —6-goni, g lab ri, in  axillis rosu la to-fo liosi, 
foliis 4 — 6 -na tim  v e rtic illa tis . Folia  lanceo la to -lin ea ria  vel lin ea ria , 1 — 3 m m . longe p e tio la ta , 
basi b re v ite r  a n g u s ta ta , apice longe su b u la to -a cu m in a ta , 2 — 3 m m . longe m u cro n a to -a r is ta ta , 
1 — 2,3 cm. longa e t 2 — 4 m m . la ta , concava, nervo  m edio su p ra  in ferne  valde p ro m in e n ti, 
su p ra  m edium  a p p la n a to , su b tu s crasse p ro m in en ti, la te ra lib u s u tro q u e  la te re  12 —18, sub 
angulo  40 — 50° p a te n tib u s  u tr in q u e  m an ifeste  prom inulis, lam in a  su p ra  n itid a , v irid is, su b tu s  
flav ican s, opaca, rig id e  coriacea. Pedicelli bacciferi solitarii, subsessiles vel 2 — 4 m m . longi, 
fo lio  m u lto  b rev iores. B accae 2 — 2,5 cm. longae bisperm ae.

H o lo ty p u s: C uba. P rov . Las V illas: Sabanas de M otem bo; leg.: H . L e ó n  

e t A. L o u s t a l o t  ( L e ó n  9320!) 9 —10 aug. 1920. SV!
Specim . ex am .: León 2933! P ro v . H a b an a : L om a de Coca, Cam po F lo rid o ; 

leg .: L e ó n  9. ap r. 1912. —  Ib idem  B o r h i d i  672!, leg. A . B o r h i d i  e t 0 .  M u ñ i z  

19. sep t. 1969. —  P ro v . M atanzas: L e ó n  14806! L o m a de los B o tinos, 28. 
m a r t .  1931. — E sp in a l de Canasi, A c u ñ a  24268 SV!

O bs.: R . fru ticosae  W r. ex G riseb . (e P rov . P in a r  del R io: C a ja lb an a) 
affin is, quae foliis su p ra  enerv ibus, su b tu s  nervis la te ra lib u s  absen tibus, baccis 
m inoribus d iffert.

F am .: Flacourtiaceae

Samyda campanulata B orh id i et M uñiz sp. n.

F ru te x  vel a rb o r  p a rv a . R am i h o rn o tin i fe rru g in eo -h irsu ti. S tip u lae  lineares, 2 —3 
m m . longae. Folia  d is tich e  a lte rn a , 2 —4 m m . longe p e tio la ta , o v a ta  vel o b o v a ta , 3 — 8 cm . 
lo n g a  e t 2 —4,5 cm. la ta ,  basi ob tusa , r o tu n d a ta  vel su b co rd a ta , ap ice  o b tu sa  vel b rev issim e  
a p ic u la ta , nervo m edio  su p ra  in  sulco p ro m in u lo , su b tu s so lem n iter p ro m in en te , la te ra lib u s  
u tro q u e  la te re  7 —10, u tr in q u e  densissim e re ticu la to -co n ju n c tis , su p ra  p rom inulis e t  p ilis 
basi tu b e rc u la tis  co p ertis , su b tu s bene p ro m in e n tib u s  e t longe fe rru g in eo -h irsu tis , m arg in e  
b re v ite r  se rru la ta  ve l su b in teg ra , ten u ite r  re v o lu ta , corriacea. F lo res in  axillis so litarii, n u ta n ­
te s . Pedicelli 3 — 5 m m . longi, fe rru g in eo -h irsu ti. C alyx c am p an u la tu s , usque  ad 1,2 cm . Ion-
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gus; tu b u s  5 — 6 m m . longus, sub  lobis 8 — 9 m m . la tu s ,  lobi la te  o v a ti, 5 — 6 m m . longi, u tr in -  
que rufo -puberu li. S ta m in a  9 —10, gam osepala ; f i la m e n ta  co n n ata , p a rs  lib e ra  trian g u lari-  
su b u la ta , apice acu ta , 1,2 — 2 m m . longa. A n th e rae  suborb icu lares , e tu b o  exsertae. S ty lus 
g laber, 6 — 7 m m . longus, u tro q u e  ex trem o d ila ta tu s . S tig m a  c ap ita tu m , b rev issim e  2 — 10-lobum  
F ru c tu s  globosus, 3 -locularis, u sq u e  ad  1,5 cm . in  d iam ., ex tu s v illosus.

H olo typus: C uba. P ro v . O rien te: m an ig u a  costera , R e n té , Santiago de 
C uba; leg.: H . C h r y s o g o n e  1982!, aug. 1951. SV!

Specim . exam .: C l e m e n t e  5330, C iu d am ar, S an tiago  de Cuba, m ai. 
1947. —  C l e m e n t e  3680! C arre te ra  del M orro , Santiago  de C uba, ju n . 1944. — 
L e ó n  17267! Mesa del C hivo, Maisi; O rien te . 25. aug. 1939. —  Ib idem , L e ó n  

18602! dec. 1938.
O bs.: S. dodecandrae Ja c q . affin is, q u ae  flo ribus fasc icu la tis , tubo  calycis 

an g u sto , lobis longiore, filam en tis  apice tru n c a tis ,  in  tubo  in se rtis  bene d iffert.

Samyda subintegra B o rh id i e t M uñiz sp. n .

F ru te x  1 m. a ltu s . R am i ho rn o tin i fe rru g in eo -h irsu ti. S tipu lae  l in ea re s , 1 m m . longae , 
F o lia  d istiche  a lte rn a , 1 — 2 m m . longe p e tio la ta , e llip tica  vel o b lo n g o -o v ata  vel o b ovata . 
3 — 7 cm . longa e t 1,5 — 3 cm . la ta ,  basi o b tu sa  ve l ro tu n d a ta , lev ite r o b liq u a , apice ob tu sa , 
e t b rev issim e m u cro n a ta ; ne rv o  m edio su p ra  im presso , su b tu s a rc te  p ro m in e n te , la te ra lib u s  
u tro q u e  la te re  7 — 9, a rc u a tis  e t  a n te  m arg inem  re cu rv a tis , u tr in q u e  re tic u la tis ,  supra  o m ni­
b us im pressis, su b tu s p ro m in e n tib u s , lam ina  su p ra  f lav o -h irsu ta  e t m inu tissim e rugulosa , 
su b tu s  ad  nervos dense p a te n ti-h irsu ta , m arg ine  in te g ra  vel obsolete d e n tic u la ta , ch artacea. 
F lo res in  axillis fo liorum  1 — 3, brevissim e p ed ice lla ti. Calyx in fu n d ib u lifo rm is 1,2 —1,5 cm. 
longus, tu b u s  calycis cy lin d ricu s , 6 — 7 m m . lo n g u s e t  3 — 4 m m . in  d iam .; lobi obovati, tu b o  
aequ ilong i, u trin q u e  fu lv o -p u b escen tes. S tam in a  10, filam en ta  in  tu b u m  g labrum  co n n ata , 
gam osepala , pars lib e ra  i  1 m m . longa, p lan a , ap ice  tru n c a ta , a n th e r is  a eq u ila ta . A n th erae  
ob longae, e tubo  calycis e x se rtae . S ty lus g laber, u tro q u e  ex trem o d ila ta to , stigm a cap ita tu m . 
O v ariu m  villosum , 3-loculare.

H olo typus: C uba. P ro v . C am agüey: L om a de caliza, P as te lillo , N u ev itas , 
L eg.: L e ó n  23385!, ju l. 1948. SV!

O bs.: S. dodecandrae Ja c q . affin is, a q u a  foliis ch a rtace is , nervis la te ra li­
bus su p ra  im pressis, lobis calycis tu b o  aequilongis, o bova tis , an tlie ris  oblongis 
d iffe rt. V erisim iliter S am yda  dodecandra J a c q . ty p ica  in  C uba non occurrit.

F am .: Thym elaeaceae

Daphnopsis angustifolia W r. in Griseb. v a r . nipensis B orh id i e t M uñiz var. n.

A ty p o  d iffert: fo liis ob o v a tis vel o b lan ceo la tis , 1,5 — 4 cm . lo ng is e t 0,6 —1,5 cm . 
la tis , p istillodio  am pu llifo rm i 1,5 m m . longo.

H olo typus: C uba. P ro v . O rien te ; S ie rra  de Ñ ipe, P in a re s  de M ayari; 
leg.: M. L ó p e z  F i g u e i r a s  (UO 917), 27— 31. m ai. 1960. SV! — Ib idem  UO 
941 SV!
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F am .: Symplocaceae 

Symplocos moaënsis B orh id i sp. n.

F ru te x  vel a rb o r p a rv a ; ram i ho rno tin i a n g u la to -s tr ia ti ,  g laberrim i. Folia oblongo- 
e llip tica  vel ob longo-ovata , apice o b tu sa  vel brevissim e em a rg in a ta , basi cu n ea ta  e t in p e tio ­
lu m  p ro tra c ta , pe tio lis 2 — 4 m m . longis g labris su ffu lta , 5,5 — 9 cm . longa e t 2 — 3,5 cm. la ta ,  
nervo  m edio su p ra  im presso , su b tu s  p rom inen ti, la te ra lib u s  u tro q u e  la te re  6 — 8, u tr in q u e  
p rom inu lis vel sup ra  obso le tis e t su b tu s re ticu la to -v en o sis g laberrim is, lam ina  supra  flavo- 
v irid is , p lerum que b ru n n eo -m acu lo sa , sub tus flav icans, u tr in q u e  lucida  e t glabra vel ra r i te r  
sparse  adpresseque s trigu losa , m arg ine  in teg ra , coriacea. In flo rescen tiae  axillares, g lo m era tae  
vel p lerum que b re v ite r  racem osae , ferrugineo-strig illosae, 1 — 6-florae. P edunculus 0 — 3 m m . 
longus, pedicelli p le ru m q u e  nu lli; b racteae  la te  o v a ta e , 0,2 — 0,3 m m . longae, ferrug ineo- 
strigosae. Flores 3 — 4 m m . longi. C alyx 2 — 2,5 m m . longus, tu b u s  1 — 1,5 m m . longus, g laber, 
lobi 5, ova ti, v a lv a ti, apice o b tu s i, 1 —1,2 m m . longi, e x tu s  fe rrugineo-strig illosi. Corolla 2,5 — 3 
m m . longa, g labra , tu b u s  1 — -1,2 m m . longus, lobi 5, im b ric a ti, la te  o v a ti, 1,8 — 2 m m . longi, 
concav i, apice ro tu n d a ti .  S ta m in a  15 — 18, basi tu b i corollae 3 —4 -n a tim  coalita  a d n a ta , 
fila m en ta  filiform ia, in aequ ilonga . A n therae  su b d id y m ae , 0,3 — 0,4 m m . longae. O varium
1,5 — 2 m m . longum , sem i-in ferum , vertice  longe fe rru g in eo -h irsu tu m , biloculare; ovu la  2 in  
quoque  loculo. S ty lus 1 m m . longus, glaber; stigm a b re v ite r  c ap ita tu m .

H olo typus: C uba. P ro v . O riente; M ina Ib e ria , T aco В ау, B a raco a ; 
leg.: E . D e l - R i s c o  27167 SV! —

Specim . exam .: P ro v . O riente, Moa; A serradero  del km . 26, La M elba; 
leg. E . D e l - R i s c o  28. m a rt. 1972. 27442 SV! e t  27506 SV!

Obs.: S . cipon im oid i Griseb. affinis, quae  ram ulis  villosis, foliis su b tu s  
p lerum que ad nervos sericeo-strigosis, corolla sericea, s tam in ibus 25, bene 
d iffert.

F am .: Borraginaceae 

Cordia suffruticosa B orh id i sp. n.

(C. stenopliylla A lain p . p . non C. angustifolia (V ent.) R oem . e t S chult.)

Suffru tex  ram osissim us, 30 — 80 cm. altus. R am i h o rn o tin i te re te s , s tria ti, g landulosi 
e t pilis sursum  o rien ta tis  ±  adpressis sparse strigillosi vel se tu losi. F o lia  lineari-obovata  ve l 
ob longo-obovata, apice ro tu n d a ta  e t p lerum que b re v ite r  excisa, b asi cu n ea ta , 1 —1,5 m m . 
longe p e tio la ta , 0,8 — 3,5 cm . longa e t 2 — 5 m m . la ta , nervo  m edio  su p ra  im presso, su b tu s  
p ro m in en ti, la te ra lib u s  u tro q u e  la te re  5 — 7, sup ra  im pressis , su b tu s  prom inulis, lam ina  in  
sicco nigrescens, su p ra  dense tu b ercu la to -ru g u lo sa , scab ra  e t m in u tissim e  glandulosa, su b tu s  
ad  nervos sparse adpresse  se tu losa , in te r  nervos to m e n to  delicatissim o  v irid i e t g landulis 
m in u tis  lucidis o b tec ta , m arg in e  lev ite r c ren u la ta  vel u n d u la ta , te n u ite r  recurva, sparse  
strigosa . In flu rescen tia  sp ic a ta , pauciflo ra , te rm in alis , u sque  ad  1 cm . longa. P eduncu lus 
1 — 2 m m . longus, pu b e  ra m o ru m  suffu ltus. Calyx c am p an u la tu s , 2,5 — 3 m m . longus, tu b u s
1,5 — 2 m m . longus, su perne  a m p lia tu s , nervosus, e x tu s  g landulosus e t sparse strig illosus, 
lobi 4( — 5), trian g u la re s , 1 m m . longi, acu ti, apice b re v ite r  e t crasse m u cro n a ti. Corolla 4 — 5 
m m . longa, tu b u s  3 — 3,5 m m . longus, 10-nervosus, in tu s  ad  nervos sub  filam en tis s trig illo ­
sus, lobi 5, reflexi, 1 — 1,5 m m . longi, ex tu s m inu tissim e g landulosi, in tu s  glabri. S tam in a  5, 
f ila m en ta  m edio tu b i a ffix a , 1 — 1,2 m m . longa, g lab ra . A n th e rae  versa tiles , in  fauce tu b i  
in se rtae . S ty lus 2 m m . longus. F ru c tu s  p u rp u reu s , lucidus, calyce inclusus, 3 m m . in  diam etro^

H o lo typus: C uba. P ro v . O rien te: in fru tice tis  serpen tinosis  m ontis Cerro 
G alano prope L a P a lm a , H olguin . Leg.: A. B o r h i d i , R .  C a p o t e  et R a m o n a  

O v i e d o  25. sep t. 1975. SV 27751!; iso typ i: SY 27752! e t Bp!
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Specim . exam .: W right  3114 (e C uba O rientali, v e ris im ilite r e S ierra 
de N ipe)! — M. L ópez  F ig u e ir a s  2508! S ierra de N ipe: charrascales  de la 
C u ev a ; 25. febr. 1956.

Cordia holguinensis B o rh id i e t M uñiz sp. n.

F ru te x  1 — 2 m. a ltu s. R am i h o rn o tin i te re te s , setis p a te n tib u s  e t to m e n to  a lbido 
a tq u e  g landu lis sessilibus in te rm ix tis  se toso -pubescen tes , v e tu s tio res obscure  c inerei, g labri, 
m in u te  s tr ia ti . Folia  petio lis 5 —10 m m . longis e t 1 — 1,5 mm. la tis  su ffu lta , ob longo-ovata , 
o b lo n go-ellip tica  vel lan ceo la ta , basi c u n e a ta , ap ice  ob tusa , p lerum que sub  m edio latissim a, 
3 — 7 cm . longa e t 7 —15 m m . la ta , nervo  m edio  cum  la te ra libus u tro q u e  la te re  8 — 11 supra  
im p ress is , su b tu s p ro m in en tib u s , u tr in q u e  re ticu la to -an as to m o san tib u s , m arg ine  u n d u la to - 
c re n u la ta  e t te n u ite r  re v o lu ta , lam in a  su p ra  bullescens, se tu loso-scabra , su b tu s  ad  nervos 
p a te n ti-s tr ig illo sa , in te r  nervos to m e n to  c inereo -v irid i p u lv eru len ta , e t  g landu lis lucidis 
sessilibus u tr in q u e  g landulosa , ch a rtac e a  vel subcoriacea, rig ida. In flo rescen tiae  te rm in ales 
vel p seu d o -la tera les , cy lind raceo -sp ica tae , ap icem  versus lev iter d ila ta tae . P ed u n cu lu s 2 — 5 
cm . longus, spica ipsa usque  ad  8 cm. longa, dense p a te n ti-h irsu ta  e t g landu losa . C alyx  sub 
a n th e s i 4 — 5 m m . longus, e x tu s  strigosus e t g landu losus, in tu s  g laber; lob i 5, tu b o  breviores, 
t r ia n g u la re s , acu ti, in aequ im agn i, 1 —1,5 m m . longi. Corolla 5 m m . longa, ex tu s g lab ra , tu b u s  
le v ite r  tu rb in a tu s , 3,5 — 4 m m . longus, su p ern e  3,5 — 4 m m . la tu s , in tu s  ad  basim  filam en to ru m  
p u b escen s; lobi 5, ob longo-triangu lares , ap ice o b tu s i vel acu ti, 1,5 — 2 m m . longi, sub  anthesi 
v a ld e  re flex i. S tam ina  in aeq u ilonga , su p ra  m edio  tu b i ad n a ta , f ila m en ta  b rev io ra  0,7 mm. 
lo n g a , long io ra  2,5 m m . longa, basi p u b e ru la . A n th e rae  dorsifixae, e llip ticae , 1 m m . longae. 
F ru c tu s  globosus, p u rp u reu s , g laber, 4 — 5 m m . in  d iam etro ; in  calyce n o n  inclusus.

H olo ty p u s: Cuba. P ro v . O rien te ; in  fru tice tis  serpen tinosis  ad  Ceja de 
M elones prope opp. H olguin . L eg.: A. B o r h i d i , R .  C a p o t e  e t R a m o n a  O v i e d o  

24. sep t. 1975. SY! iso ty p u s: Bp!
Specim . exam .: B orh id i 8185; P ro v . O riente, La T in a jita , p rope  opp. 

G ib a ra . Leg.: A. B o r h i d i , O. M u ñ i z , E . D e l - R i s c o  et A. L ó p e z  17. ju l. 1970.
O bs.: C. cinerascenti A .DC. affin is, quae  foliis eglandulosis, in flo rescen tia  

p u b e ru la , non g landu loso-strigosa , calyce 2 mm. longo, fru c tib u s  3 m m . in 
d ia m , calyce inclusis sa tis  d iffert.

F a rn .: Verbenaceae

Callicarpa m oana B o rh id i et Muñiz sp. n.

F ru te x  1 — 2 m. a ltu s. R am i ju n io re s  o b tu se  4 -angulati, sparse  e t b re v ite r  spinuloso- 
tu b e rc u la t i,  pilis m u ltirad ia tis  ferrug ine is densissim e ob tec ti, v e tu s tio re s  te re te s . F o lia  pe tio ­
lis 8 — 10 m m . longis, 3 -costa tis , su p ra  c an a licu la tis , basi m anifeste  d ila ta tis  su ffu lta , o v a ta  
ve l e llip tic a , apice b re v ite r  a cu m in a ta  e t  m u cro n a to -a c u ta , basi sensim  a n g u s ta ta  e t  obtu- 
s iu scu la , 3 — 6 cm. longa e t 1,5 — 3 cm . la ta ,  m edio  latissim a, nervis la te ra lib u s  u tro q u e  la te re  
6 — 8, s icu t m edio su p ra  im pressis, su b tu s  bene  p rom inen tibus, u tr in q u e  dense areolato- 
re tic u la ta ,  re ticu lo  su p ra  p ro funde  im presso , su b tu s  crassiuscule p ro m in en ti, m arg in e  p lana  
e t  ap icem  versus brevissim e c ren u la ta , lam in a  su p ra  b u lla ta  e t b re v ite r  a lb o -setu losa , n igra, 
su b tu s  pilis m u ltirad ia tis  fe rrug ineis densissim e to m en tosa , sub to m e n to  eg landu losa , sub ­
co riacea . In flo rescen tiae  ax illares cum  ped u n cu lo  1 — 1,5 cm. longo 2,5 — 3 cm . longae, corym bi- 
fo rm ae , dichotom e ram ifica tae . B rac teae  lin ea res  infim ae 4 — 5 m m . longae, superio res b rev io ­
res. Pedicelli v ix  0,5 m m . longi. Calycis tu b u s  b re v ite r  tu rb in a tu s  1 — 1,5 m m . longus, ste lla to - 
p ilo sus. C etera non visa.
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H o lo ty p u s: C uba. P rov . O rien te; S ierra de M oa; charrascales y  p inares 
en a lt. aprox. 800 m .s.m . Leg.: H . A l a in  3377! 25 — 26. ju l. 1953. SY!

O bs.: C. areolatae U rb . affin is, quae foliis ob lanceo latis, sup ra  m edium  
latissim is, 0.8— 1.5 em . longis, b rev ius p e tio la tis , su p ra  g labris, in florescentiis 
b rev io ribus, a tq u e  flo ribus fru c tib u sq u e  (?) d iffe rt.

Callicarpa toaënsis B orhidi e t M uñiz sp. n.

F ru te x ; ra m i h o rn o tin i ob tuse  4-anguli, sparse e t  b re v ite r  sp in u loso -tubercu la ti, pilis 
m u ltirad ia tis  ferrug ine is densissim e o b tec ti, v e tu s tio re s  te re te s . Folia  petiolis 3 — 7 m m . lo n ­
gis, convexis, su p ra  esu lca tis , 1 — 1,5 m m . la tis  su ffu lta , lan ceo la ta  vel ob lanceo lata , apice 
acu m in ata , basi longe cu n ea ta , 2,5 — 6,5 m m . longa e t  1 — 2,2 cm . la ta , nerv is la te ra lib u s  
u tro q u e  la te re  6 — 8, sicu t m edio su p ra  im pressis, su b tu s  bene  p ro m in en tib u s , u tr in q u e  dense 
a reo la to -re ticu la tis , re ticu lo  su p ra  im presso , su b tu s c rassiuscu le  p ro m in en ti, lam ina  m arg ine  
p lan a  e t superne irreg u la rite r  c ren u la to -d en ticu la ta , su p ra  bullescens e t dense a lbostrigosa , 
su b tu s pilis m u ltira d ia tis  ferrug ineis densissim e to m e n to sa , sub  to m en to  in te r  venas dense 
g landu losa , coriacea, vel subcoriacea. In fio rescen tiae  ax illares, dichotom e cym oso-corym bo- 
sae, 1 — 1,5 cm. longe p ed u n cu la tae , pedunculis tu b e rc u la tis  e t ferrugineo-floccosis su ffu ltae , 
2 — 3 cm. longae. B ra c tea e  inferiores lineares, 3 — 4 m m . longae. Pedicelli 1,5 —2,5 m m . longi, 
s te lla to -p u b eru li e t glanduloso-pilosi. Calycis tu b u s  c u p u la tu s , obsolete d e n ta tu s  vel t ru n c a ­
tus, 1,5 m m . longus, dense ferrugineo s te lla to -h irsu tu s e t pilis g landulosis obsitus. Corolla
2,5 m m . longa, e x tu s  g landulosa . F ru c tu s  depresse g lobosus, 3 — 4 m m . longus e t 3 — 5 m m . 
la tu s , dense g landu loso -h irsu tus.

H o lo ty p u s: C uba. P rov . O rien te ; P a len q u ito  de Y a te ras  en a it. ap rox . 
550 m .s.m . L eg.: H . A l a i n  3077! 20. ju l. 1953. SY!; iso typus: SY!

Specim . ex am .: A l a i n  3742! Cuba, P ro v . O rien te , Cum bre dei P ico 
G alano, S ierra de F rijo l, La A legria, T oa; a lt. ap ro x . 1050 m .s.m . 1. ja n . 1954 
—  S Y  26665! P ro v . O rien te ; C upeyal de N o rte . L eg.: Y .  S a m e k , m a rt. 1968.

O bs.: E x  a ff in ita te  C. leonis M old., quae foliis ellip ticis, m argine reg u la ri­
te r  c renu la tis , su b tu s  sparse  ste lla to -to m en to sis , peduncu lis m ulto  b rev io ribus, 
in florescentiis pilis g landulosis caren tib u s d iffe rt.

Vitex guanahacabibensis B o rh id i sp. n.

A rbor p a rv a  u sq u e  ad  3 — 4 m. a lta . R am i h o rn o tin i 4-anguli, griseo-puberuli, v e tu s tio ­
res g labri. Folia  3 -fo lio la ta , 2,5 — 6,5 cm. longe p e tio la ta , fo lio la sessilia vel cen tra lia  p le ru m ­
que 2 — 4 m m . longe p e tio lu la ta , lan ceo la ta  vel o b lo n go-lanceo lata , an tice  longe a cu m in a ta  
vel c au d a ta , basi c u n e a ta  vel o b tu siu scu la , c en tra lia  5 — 12 cm . longa e t 1,7 — 3 cm . la ta , 
nervo m edio su p ra  im presso , su b tu s p ro m in en ti, la te ra lib u s  u tro q u e  la te re  10 —14, a rcu a tis  
e t ad m arg inem  co n ju n c tis , u tr in q u e  te n u ite r  a n as to m o sa n ti-re tic u la tis , lam ina  su p ra  b ru n - 
nea vel nigrescens, in itio  dense im presso-g landulosa, p o strem o  glandulis dejectis im presso- 
p u n c ta ta , g labra , su b tu s  adpresse  c inereo-tom entosa , sub  to m e n to  eglandulosa, m arg ine- 
in teg ra , rev o lu ta , c h a rtac e a . In fio rescen tiae  axillares, p a n ic u la tae , 4 — 5 cm. longae. P e d u n ­
culus 2 — 3 cm. longus, pu b eru lu s . C alyx 1,5 — 2 m m . lo n g u s, rem o te  e t brevissim e 4 -d e n ta tu s  
vel tru n c a tu s . Corolla 4 -lo b u la ta , ex tu s p u b eru la . F ru c tu s  g lobosus 3,5 — 4 m m . longus, g laber.

H olo ty p u s: C uba. P rov . P in a r  del R io. L ito ra l Sur de la P en insu la  de 
G uanahacab ibes. L eg.: J. A c u ñ a  e t F . Z a y a s  ju l. 1955. 19938 SY!, iso ty p i: SY!
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Specim . e x a m .: P en insu la  de G u an ah acab ib es : P u n ta  H o lan d és. Leg.: 
A .  B o r h i d i , R. Ca p o t e  e t M. Y a l e s , 18. dec. 1974! — P en insu la  de C orrien tes, 
G u an ah acab ib es; M anigua costera . L eg .: H . A l a i n  6915! 22, dec. 1959.

Yitex acunae B orh id i e t M uüiz sp. n.

A rb o r pa rv a ; ram u li o b tu se  4-anguli, griseo vel ferrug ineo-puberu li, v e tu s tio re s  glabri. 
F o lia  3 -fo lio la ta , 3 — 7 cm . longe p e tio la ta , fo lio la  sessilia vel cen tra lia  2 — 4 m m . on g e  petio- 
lu la ta , ; lan ceo la ta  vel ob longo-lanceo lata , ap ice longe acu m in ata , basi cu n ea ta , lvel ob tusius- 
cu la , c en tra lia  8 —15 cm. lo n g a  e t 3 — 6 cm . la ta ,  la te ra lia  m inora; nervo m edio  su p ra  im ­
presso , su b tu s  p ro m in en ti, la te ra lib u s  u tro q u e  la te re  7 — 10 a rcu a tis , sup ra  im pressis e t obso­
le te  an as to m o san tib u s  su b tu s  dense e t c rassiuscu le  p ro m in en ter re ticu la to -v en o sis , lam ina 
su p ra  in  sicco b runnescens e t  sparse  g lan d u lo sa , g lab ra , su b tu s ten u ite r  e t ad p resse  cinereo- 
p u lv e ru le n ta  e t dense f lav o -g lan d u lo sa , p o strem o  ad  nervos sparse h ir tu la  ce teru m  g labrescens 
ve l g lab ra , glandulosa, m arg in e  in te g ra  vel ap icem  versus lev ite r d en ticu la ta , p lan a , c h a r ta ­
cea. In flo rescen tiae  ax illares, p eduncu li pe tio lis  ±  aequilongi, puberu li. P a n icu la  ip sa  4 — 6 
cm . longa, fe rru g in eo -p u b eru la  e t g landulosa . C alyx 2 — 2,5 m m . longus, b re v ite r  4 -lobatus, 
lobi ap ice  m u cronu lati, sem iorb icu lares . Corolla 3 — 4 m m . longa, ex tus p u lv e ru len ta , 4 -lobata. 
F ru c tu s  globosus vel o b o v a tu s  4,5 — 6 m m . longus, glaber.

H o lo typus: C uba. P ro v . P in a r dei R io. M ontes de la P en insu la  de G u an a ­
hacab ib es . Leg.: J .  A c u ñ a  e t F . Z a y a s  24. ju l. 1955. 19936! SY; iso ty p i: SV!

Vitex praetervisa B orh id i sp. n.

A rb o r pa rv a  vel fru tico sa . R am i h o rn o tin i ob tuse  4-anguli, fe rru g ineo-puberu li, 
v e tu s tio re s  tere tes, glabri. F o lia  3-fo lio lata , 1,5 — 2,5 cm. longe p e tio la ta , fo lio la  sessilia, 
lan c eo la ta  vel ob lanceo la ta , ap ice acu m in a ta  e t p leru m q u e  acu ta , basi c u n ea ta  vel ob tusius- 
cu la , c en tra lia  2 — 4 cm. lo n g a  e t 0 ,6 —1,2 cm . la ta ,  nerv is su p ra  an as to m o sa n tib u s  e t areo- 
la to -im p ress is , su b tu s c rassiuscu le  p ro m in en tib u s  e t dense re ticu la tis , lam in a  su p ra  in  sicco 
b ru n n e a  vel nigrescens, sp a rse  lep id o ta , m ox g lab ra  e t p lic a tu la , sub tus dense cinereo-lanugi- 
nosa , sub  tom en to  eg landu losa , m argine in te g ra , p lan a , ch artacea. In flo rescen tiae  ax illares, 
1 — 2 cm . longae, 1 —1,5 cm . longe p e d u n cu la ta e , cap itu lifo rm iter cym osae. C alyx  1,5 — 2 
m m . longus, b rev ite r 4 -d e n ta tu s , g landulosus e t  g labrescens vel glaber. Corolla 2 — 2,5 mm. 
]onga, 4 -lo b u la ta , ex tu s g landu losa . F ru c tu s  o b o v a tu s , 4 — 5 m m . longus, g laber.

H o lo typus: C uba; P rov . O rien te ; Cabo Cruz, sobre rocas ca lizas. Leg.: 
H . L e ó n  16336! 31. dec. 1935. S Y !

O bs.: C itada e rró n eam en te  por M oldenke como V. tom entosula  Mold.

F a m .: Solanaceae

Cestrum moaënse B orh id i e t M uñiz sp. n.

F ru tex . R am i te re te s , pilis m u ltiram osis ru fis  dense tom en tosi, s tric ti. F o lia  2 — 4 m m . 
longe p e tio la ta , e llip tica  vel ob longo-ellip tica , a n tice  an g u s ta ta , apice ipso o b tu sa , basi b rev i­
te r  ro tu n d a ta  vel su b c o rd a ta , 3 — 7 cm. longa e t 1,5 — 3 cm. la ta , nervo m edio su p ra  im presso 
la te ra lib u s  u tro q u e  la te re  5 — 7 a rcu a tis  su p ra  im pressis, su b tu s om nibus p ro m in u lis, non 
re tic u la tis ,  lam ina su p ra  g lab ra , nigrescens, lev ite r  b u lla ta , n itid a , su b tu s ad  ne rv o s sparse

Acta Botanica Academiae Scientiarum Hungaricae 22, 1976



P L A N T A S  N U E V A S  E N  C U B A  V . 3 1 9

ste lla to -p ilosa, in te r  nervos ru fo -p u n c ta ta , m argine valde in v o lu ta , rig ide coriacea. Inflorescen- 
tia e  ax illares 1-florae e t term inales 1 — 2-florae; pedunculo  subnullo , usque  ad  1 — 3 m m . 
longo, rufo  to m en to so  suffu ltae. B ra c tea e  lanceo la tae  vel lin ea ri-lan ceo la tae , crassae , tom en- 
to sae , 5 — 6 m m . longae; pedicelli 1 — 2 m m . longi, 1 m m . crassi, perfec te  glabri. C alyx obova- 
tu s  4 — 5 m m . longus glaber, obsolete 5 -nerv is, lobi tr ian g u la re s , apice m u cro n a ti e t pilosi, 
tu b o  duplo  brev iores. Corolla non  v isa . F ru c tu s  globosus, nigrescens, g laber, 6 m m . in 
d iam etro .

H o lo typus: Cuba. P rov . O rien te ; Sierra de M da, in a it. 800 m .s.m . 
L eg.: H . A l a i n  25— 26. ju l. 1953. 3443 SY!

O bs.: C. hirto  Sw. affin is, quod  ram is ferrug ineo  tom en tosis , foliis ovatis, 
longius p e tio la tis , m em branaceis ve l chartaceis densissim e tom en tosis , inflores- 
cen tiis cap ita tis  3 —8-floris, p eduncu lis  petiolo longioribus a tq u e  calycibus 
s te lla to -p u b escen tib u s differt.

Cestrum buxoides E km . ex U rb . v ar. lucens B orhidi e t M uñiz v a r . n.

A ty p o  d iffert: foliis u tr in q u e  lucid is, calycibus 3,5 —4,5 m m . longis, lobis tr ia n g u la r i­
b u s  5 — 8 m m . longis, tu b o  5 — 5 1/2-plo b rev ioribus, m arg ine  d en ticu la tis , corollae lobis 4 
m m . longis, tu b o  4 —5-plo brev io ribus, baccis subglobosis.

H olo ty p u s: Cuba. P rov . O rien te ; C harrascos de la S ierra de M oa, en 
a lt. aprox . 800 m .s.m . Leg.: H . A l a i n  25— 26. ju l. 1953.; 3407, SY!

Specim . ex am .: Ib idem , H . A l a i n  3313! 3321! 3345!
O bs.: P ro b ab lem en te  endém ica  de la zona a lta  de la S ierra de Moa.

Fam .: Gesneriaceae

Gesneria pallida M orton  ex B orhidi e t M uñiz sp. n.

P eren n an s, g laberrim a, caule sim plic i, subnullo. R a d ix  e longata, lignescens, parce  
ram o sa . F o lia  i  re tic u la ta , subsessilia , o b o v a ta , apice o b tu sa , vel brevissim e a cu ta , basi 
a u ric u la ta  e t in  p e tio lu m  p ro tra c ta , 2,5 — 8 cm. longa e t 1,5 —3,5 cm. la ta , m arg ine  irregu lari- 
te r  e t rem ote  c ren u la ta , nervis su p ra  te n u ite r  im pressis, su b tu s  prom inulis, a n te  m arg inem  
a rcu a to -co n ju n c tis  e t  re ticu la to -v en o sis, m em branacea . P ed u n cu lu s 1-florus, 1 — 2 cm . lo n ­
gus, su p ra  basim  p ro p h y lla  b ina  lin e a ri-o b o v a ta  3 — 6 m m . longa  gerens. Calycis tu b u s  b rev i­
te r  o b o v a tu s 3 — 4 m m . longus, lobi lan ceo la ti vel tr ian g u la re s , 1-nerves, tu b o  aequilongi. 
Corolla 20 — 25 m m . longa, pallide f lav a , c lav iform i-cy lindrica, superne  sensim  am p lia ta , sub 
apice in  s ta tu  com presso 3 — 4 m m . la ta ,  lobis concoloribus, in  s ta tu  com presso 7 — 8 m m . 
la tis , 3 — 5 m m . longis, an tice  ro tu n d a tis ,  m arg ine se rru la tis , ex tu s  cum  tu b o  p u b eru lis  vel 
tom en tosu lis . A n th e rae  e tu b o  v ix  e x se rtae , sty lus 15 m m . longus.

H olo ty p u s: Cuba. P rov . O rien te ; P inares y  cañ ad as al N orte  de Y unque  
de B aracoa . L eg.: J .  A c u ñ a , H . A l a i n  et R a m o s . 13. ja n . 1960. A l a i n . 7609 
SY!; iso ty p i: SY!

O bs.: G.glandulosae (G riseb.) U rb . affinis, quae cau libus foliisque dense 
g landuloso-villosis, calycis tu b o  purpureo-p iloso , lobis pu rpu re is  e t corollae
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tu b o  a tq u e  g a rg an ta  le v ite r  co n trac to ; ta x o n  p ro x im u m , G. cuneifo lia  (DC.) 
M oq. e t Sesse ssp. obovata (G riseb.) B orhidi foliis m arg ine b ise rra tis  e t lev iter 
b u lla tis , lobis calycis o v a tis , corolla p u rp u rea  d iffert.

Gesneria acunae B orh id i sp. n.

Perennans; caulis u sq u e  ad  4 — 5 cm . longus, v illosus, lignescens. F o lia  ro su la ta , sub- 
sessilia , ob longo-oblanceo lata , ap ice  ap icu la ta  e t p le ru m q u e  a cu ta , basi a n g u s ta ta  e t in  petio ­
lu m  b rev issim um  et a la tu m  p ro tra c ta ,  8 —13 em . longa  e t 2 — 3 cm. la ta , u tr in q u e  dense, 
re ticu la to -v en o sa  e t ad  n e rv o s  longe p u b eru la  vel p o strem o  g lab rescen tia , lev ite r  b u lla ta , 
m arg in e  c ren u la to -se rra ta  v e l se rra to -d e n tic u la ta , m em b ran acea  vel su b ch a rtacea . P eduncu­
lu s 1 — 2-florus гг 1 cm . lo n g u s , resinosus. P ro p h y lla  lin e a ri-su b u la ta  usq u e  ad  1 cm . longa. 
C alycis tu b u s  obconicus, le v i te r  tu rb in a tu s ,  2 — 3 m m . longus, pu b eru lu s ; lobi calycis subulato- 
lan c e o la ti  10 — 13 m m . lo n g i, su p ra  basim  la tissim i, 2 m m . la ti, longe pilosi. Corolla 25 — 28 
m m . longa, extus a lb o -p u b e ru la ; tu b o  in  sicco flavo , obconico , sub apice in  s ta tu  com presso 
7 — 9 m m . lato , lobis sa n g u in eo -p u rp u re is , m arg ine  flav is , su perio ribus sem iorb icu laribus 
in fim o  8 — 10 mm. longo e t  la to .  S ta m in a  e tu b o  e x se rta , a n th e rae  oblongae, apice cohaeren­
te s . C apsula  5 — 6 m m . lo n g a , longe  villosula.

H olotypus; C uba. P ro v . O rien te : sobre un  pared ó n  al E s te  del Y unque 
de B aracoa , alt. a p ro x . 300 m .s.m . Leg.: J. A c u ñ a , H . A l a i n  e t R a m o s , 

14. ja n . 1960. A l a i n  7541! SV; iso ty p i: SV!
O bs.: G. shaferi U rb . a ffin is, quae cau libus foliisque glabris, foliis 4— 8 cm. 

lo n g is , apice ob tusis , ca lyc is  lobis lanceo la tis , 5 —7 m m . longis, g lab ris, corolla 
17— 20 mm. longa, tu b o  p u rp u re o  e t lobis flav is , rubro-venosis ab u n d e  d iffert.
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NICHE STUDIES ON SOME PLANT SPECIES 
OF A GRASSLAND COMMUNITY I

C O M PA R ISO N  OF V A R IO U S M E A S U R E M E N T S 

By

G .  F e k e t e ,* I .  P r é c s é n y i ,**  E . M o l n á r ,* *  a n d  E . M e l k ó **

* BOTANICAL DEPARTM ENT, NATURAL H ISTORY  M USEUM , BUDAPEST 
** BOTANICAL RESEA RCH  IN STITU TE, HUNGARIAN ACADEMY OF SCIENCES, VÁCRÁTÓT

(R eceived N ovem ber 10, 1976)

T his series of papers proposes an  analysis of th e  n iche-re la tions of the  d o m in a n t-  
a b u n d an t species o f a d ry  grassland. T his f irs t  p u b lic a tio n  estim ates the  p a ra m e te rs  
of n iche-overlap  an d  of n ich e-b read th  on th e  basis o f v a rio u s  indices ob ta in ed  from  
m easu rem en ts ta k e n  w ith  regard  to  tw o  niche d im ensions: soil m oisture c o n te n t, 
d ep th  of m ax im u m  ro o t m ass; h e reafte r: ro o t d ep th . T he ap p lied  niche b re ad th  ind ices 
and fu n c tio n s, resp ec tiv e ly , are as follows: E v enness c a lcu la ted  on the basis o f S h a n ­
n o n ’s fo rm u la  ( / / ,) ;  C o l w e l l — F u t u y m a ’s fo rm u la  (1971) based  on S h a n n o n ’s fo r ­
m ula (С /w); P i e l o u ’s (1972) tw o form ulas fo r th e  av erage  b re a d th  h/(b) and  fo r th e  
w eighted b re a d th  u zh /(b ); L e v i n s ’s (1968) B r  O verlap  fo rm ulas: H o r n ’s (1966) 
W h i t t a k e r  — F a i r b a n k s ’s (1958) Сл,; L e v i n s ’s (1968) <xhi an d  <xitl com petition  coef­
ficien ts; th e  E u c lid ean  d istance ( O r l o c i  1967d); f in a lly , th e  U -value. By m ean s of 
the  w eigh ts c a lcu la ted  w ith  th e  C o l w e l l — F u t u y m a  m eth o d , th e  basic va lues w ere  
tran sfo rm ed  to  th e  calcu la tion  of also o th e r  in d ex  va lues.

I n  b o t h  d i m e n s i o n s ,  t h e  L E V l N S - t y p e  B z a l l  o t h e r  m e a s u r e m e n t s  e s t i m a t e d  
i n  t h e  b e s t  w a y  ( j u d g i n g  f r o m  t h e  r a n k  c o r r e l a t i o n s  a c c o r d i n g  t o  v a l u e s ) .  T h e  d i f f e r e n t  
n a t u r e  o f  t h e  m e a s u r e m e n t s  i s  i n d i c a t e d  b y  t h e  f a c t  t h a t  i n  m a n y  c a s e s  i t  i s  n o t  t h e  
v a r i o u s  w e i g h t e d  m e a s u r e m e n t s  w h i c h  s h o w  a g r e e m e n t ,  b u t ,  f o r  e x a m p l e ,  a  w e i g h t e d  
f o r m u l a  w i t h  a  n o n - w e i g h t e d  o n e  o f  o t h e r  o r i g i n .  A s  w a s  e x p e c t a b l e ,  P i e l o u ’s w e i g h t e d  
m e a s u r e m e n t s  s h o w e d  s e n s i t i v i t y  t o  t h e  r e l a t i v e  f r e q u e n c y  o f  t h e  s p e c i e s ,  w h i l e  t h e  
m e a s u r e m e n t  o f  C o l w e l l  a n d  F u t u y m a  t o  t h e  c a t e g o r i e s .

T he o v erlap  m easu rem en t Н Лг- of H o r n  gave a h ig h  v a lu e  in  m uch m ore o f th e  
cases th a n  d id  th e  m easu rem en t. T he average  ov erlap  v a lue  in the  case o f  soil 
m oistu re  c o n te n t w as th e  h ighest in  Festuca vaginata , w hile  th e  lowest in F u m a n a  
procum bens; in  th e  case of th e  ro o t d ep th , th e  average  overlap  value of T h ym u s  sp. 
is th e  h ig h es t, a n d  again  th a t  of F um ana  is th e  low est. A ccord ing  to  the co m b in a tio n s 
of categories, Festuca  s ta n d s  a t  th e  beg inn ing  of th e  o rd e r, while Fum ana  s ta n d s  
a t th e  end.

T he n iche-values, according to  categories in  co m b in a tio n , and also th e  co m ­
m u n ity  an d  species effects w hich can  be re ad  from  th e  c o m m u n ity  m atrix , are sim ila r 
to  th e  p a t te rn  show n b y  ro o t depths.

Introduction

The am a lg am a tio n  of th e  various n iche concep tions ( G r i n n e l l  1917, 
E l t o n  1927, D i c e  1952, C l a r k e  1954, etc .) an d  th e  fo u n d a tio n  of a gen era l 
niche th eo ry  are  due to  H u t c h i n s o n  (1957). T he know n  theory  —  w hich  
characterizes an d  fo rm u la tes  th e  p o p u la tio n s b y  m eans of “ d im ensions”  
ind ica ted  by  (re le v a n t)  fac to rs p rovid ing  th e  cond itions o f th e ir  existence an d
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su rv iv a l and  by m eans o f hyperspaces m a rk e d  by the  d im ensions — o rig in ­
a te d  in  zoo-ecology. I ts  w ide sp read  th e re  has been su p p o rted  b y  its  co n cu r­
rence  an d  in te rtw in in g  w ith  com petition  th e o ry .

T he p resen t su rv ey  does no t lay  c la im  to  provide a co m p le te  p ic tu re  of 
e ith e r  th e  developm ent o f th e  niche th e o ry , o f th e  overw helm ingly  zoo-ecologi­
cal re su lts  of an ex p erim en ta l research  a d e q u a te  to  the th e o ry , m a in ly  because 
th e re  are  sa tisfac to ry  sum m aries av a ilab le  fo r the  purpose (cf. M i l l e r  1967, 
L e v i n s  1968, P i a n k a  1972, V a n d e r m e e r  1972, M a g u i r e  1973, C o l w e l l - 

F u e n t e s  1975, P i e l o u , 1975). O ur a im  is to  analyse som e o f th e  aspects 
a n d  problem s of th e  p lan t-eco logical ap p lic a tio n  of the niche concep tion .

I t  is surprising  to  w h a t e x te n t p la n t ecology h as  neglected th e  in te rp re ta tio n  of niche 
re la tio n s  of species to  our v e ry  days. The p o sitio n  o f th e  populations w ith in  th e  co m m u n ity  
on  th e  env iro n m en ta l co n tin u u m , or, for ex am p le , life functions of sh o rte r  periods, o r th e  
d is tr ib u tio n  of th e  seasonal rh y th m  according to  species on the  tim e ax is , w ere in te re s tin g  
fo r th e  ecologists in  th e  m a jo r ity  of th e  cases n o t  b ecause  of considerations like , fo r exam ple, 
d e te c tin g  how th ey  m ake coexistence possible. A  g re a t num ber of tra d it io n a l  co m m u n ity - 
p h eno log ical descrip tions a re  sa tisfied  w ith  c o n fin in g  them selves to  a m ere  re g is tra tio n  of 
th e  ph en o m en o n  exam ined  a n d  th ey  do n o t ev en  m ak e  an  a tte m p t to  a p p ro ac h  th e  va rio u s 
p h e n o m e n a  from  an asp ec t o f coexistence. T he ex am in a tio n  of in te rc o m m u n ity  b eh av io u r 
o f th e  species s tud ied  from  one of th e  aspects o f h a b ita t  have ever b een  a m ore a ttra c t iv e  
fie ld  o f research  ( W h i t t a k e r  — L e v i n  — R o o t  1973). (H ere we th in k  o f th e  g re a t nu m b er 
o f w o rk s referring  to  th e  “ ecological in d ic a to r”  ro le  o f the  species, acco rd in g  to  w hich  th e  
species on  th e  scale of h a b ita ts  lie on the  g ra d ie n ts  o f th e  various fac to rs , th u s  d istingu ish ing  
a n d  in d ic a tin g  certa in  g rad es.) Phy toceno logy  a n d  th e  re la ted  applied sciences (am ong  o thers 
th e  science of a rb o ricu ltu re ) describe m any  in te re s tin g  exam ples of p h en o m en a  w hich  m igh t 
be a d eq u a te ly  discussed b y  m eans of th e  n iche th e o ry . L et us tak e , fo r ex am p le , th e  sharp  
seg reg a tio n  of tree  species acco rd ing  to soil ty p es  on  th e  n o rth ern  b o u n d a ry  of th e  E u ro p ea n  
d ec id u o u s fo rest zone. T his is no th in g  b u t  a n iche  question . The co m p e titio n  of lin d en , oak, 
a n d  m ap le  w ith  th e  conifers on  some sand  or g rav e  soil there  is a lre ad y  in  fav o u r — as a 
re su lt  o f th e  clim atic  b ack g ro u n d  — of th e  la t t e r  tree s ; on the  o th er h a n d , th e  conifers are 
e x c lu d ed  on a loess soil rich  in  nu trien ts .

T he fu n d am en ta l n iche (the  “ v ir tu a l n ich e” ) o f th e  niche th eo ry  is to  be  considered  
as p re -co m p etitiv e  (in  th e  concep tion  of th e  zoo log ist V a n d e r m e e r , 1972, i t  is to  be p laced  
a t  th e  n ich e -b read th  w here th e  d ensity  d ep en d en ce  o f th e  p opu lation  is n o t y e t o p e ra tiv e , 
as a g a in s t th e  so-called f ir s t  p a r tia l  niche w h ich  co rresponds to the  in tra sp ec ific  co m p etitio n ). 
U n fo rtu n a te ly , p lan t-eco logy  is still ra th e r  fa r  f ro m  hav ing  developed m ore or less un ifo rm  
m e th o d s  of s tudy ing  th e  fu n d a m e n ta l niche, fo r th e  v e ry  reason, for ex am p le , because  i t  is 
m ore  d ifficu lt for th e  population -b io log ica l v iew  to  ga in  ground in  p la n t  ecology th a n  in  zoo­
eco logy . U nd o u b ted ly , sim pler organism s (for ex am p le  algae) are m ore  idea l su b je c ts  to  
becom e fam ilia r w ith  th e  fu n d am en ta l niche (cf. C a s t e n h o l z  1968) th a n  o rgan ism s of a 
h ig h e r order. R ela tive ly  sim ple  ex p erim en ts a re  also su itable for a co m p ariso n  be tw een  
fu n d a m e n ta l and  realized  niches. A n exam ple  o f th is  is M o o r e ’s w o rk  (1959), in  w hich  he 
p re sen ts  th e  sep ara tio n  of th e  realized  niches of tw o  E ucalyptus  species w ith  sim ilar fu n d a m e n ­
ta l  n iches; th e  resu lts  also rep re sen t th e  c o n firm a tio n  of P a r k ’s Trib o liu m  ex p erim en ts  on 
p la n t  objects. The ap p lic a tio n  of selective h e rb ic id es represents an  a d v an c em e n t n o t only 
tec h n ica lly  — the se lective rem oval of c o m p e titio rs  — as, for exam ple, th e  e x p erim en ts  of 
P u t w a i n  — H a r p e r  (1970) on  re la ted  R u m e x  species. K r u c k e b e r g  (1954) ex am in ed  ser­
p e n tin e  p lan ts  on th e  basis o f re la ted  princip les . B y  e laborating  an d  a p p ly in g  tra n s p la n ta ­
t io n  techn iq u es, he p o in ted  o u t th a t  th e  fu n d a m e n ta l niche of the  se rp en tin e  species (in  re la ­
t io n  to  soil factors) is w id er th a n  th a t  of th e  co -ex istin g  non-serpentine species (cf., re cen tly , 
W o o d e l l  — M o o n e y  1975); th e ir  ecological n iche  narrow s down o n ly  u n d e r  th e  effect o f 
c o m p e tito rs . T a d r o s  (1957) d em o n s tra ted  th e  sam e on  two species o f a  genus (E m m eranthe ), 
one  of w hich had  a se rp en tin e  h a b ita t. T he a n a ly s is  o f such extrem e ecological s i tu a tio n s  is 
o b v io u sly  a fru itfu l ta s k  since th e  n u m b er o f possib le  factors is red u ced . In c id e n ta lly , th e  
c o n tra s tin g  of th e  fu n d a m e n ta l beh av io u r o f th e  species of th e ir p reco m p etitiv e  to le ran ce , 
w ith  th e  ecological niche is a possib ility  w h ich  h as  h a rd ly  been e x p lo ited  y e t. A pparen tly*
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th e  wide am p litu d es o f physiological to lerance do no t in  a n u m b er o f  cases im p ly  th e  g rea t 
b re a d th  of th e  realized niche. T he g re a t to lerance of T ypha  angustifo lia  — in  iso la tion  -  
to w ard s  th e  wide scale of sa lt co n ce n tra tio n  solved in  th e  soil is accom pan ied  by  w eak  com ­
p e titiv e  ab ilities; th is  is w hy th e  physio logically  “ gen era lis t”  p la n t  becom es an  ecological 
spec ia lis t of d is ju n ct areas. T h is exam ple  is a t  th e  sam e tim e analoguous w ith  th a t  of th e  
above serp en tin e  species. On th e  o th e r  h an d , a su itab le  physio log ical specia lization  — to  
sa ltless w a ter — m akes th e  re la ted  T ypha  la tifo lia , according to  th e  ex p erim en ts  o f M c M i l l a n  
(1959), th o u g h  no t an  ecological genera lis t, still a species o f wide range.

An im p o rta n t p a ram ete r o f niche is th e  volum e (niche b re ad th ) , and  th e  overlap  of 
n iche, be tw een  tw o po p u la tio n s ( L e v i n s  1968). An increase in th e  overlap  of n iche w ould 
in d ica te  th e  e x te n t of th e  jo in t  use  o f resources, th e  sharpen ing  of th e  co m p etitio n ; for its 
r ig h t e stim a tio n  th e  dem an d /su p p ly  ra tio  of th e  p o p u la tio n s m u st be considered  ( P i a n k a  
1972); th is  again  im plies th e  know ledge of th e  physiological back g ro u n d . I t  is im aginab le  th a t  
in  green p lan ts  th e  overlap  of n iche occurs in  c e rta in  d im ensions w ith o u t th e  co m p etitiv e  
exclusion  tak in g  place. S ign ifican t overlaps m ay  come in to  existence a t  even iden tica l v e g e ta ­
tio n  levels (for exam ple, on th e  lig h t ax is ; cf. K a l l i s  — T o o m i n g  1975). W e m u st agree w ith  
W h i t t a k e r  (1965) th a t  p a rtia l co m p e titio n  m ay be a general phenom enon  in th e  p la n t com ­
m u n ity ; in such cases, a lth o u g h  th e  species are in com p etitio n  for basic physio logical facto rs, 
n ev ertheless — as a resu lt of fine  req u irem en t-sh ifts  in  th em  u n d e r th e  effect of o th er fac ­
to rs  — th e ir  coexistence is possible. I t  seems an  im p o r ta n t c ircu m stan ce  th a t  th e  “ acqu isi­
t io n ”  of th e  indispensable lim iting  m ate ria ls  and energy in  p lan ts  tak e s  p lace from  m ore sources 
an d  w ith  th e  aid  of various m echan ism s (see lig h t, C 0 2, w a ter, n u tr ie n t)  th a n  in  th e  case 
o f h e te ro tro p h s . C oexistence is an  im p o r ta n t  and  de te rm in in g  phenom enon  in th e  p la n t com ­
m u n ity , w hich is de term ined  by  th e  p a rtitio n in g  of resources, as, for ex am p le , th e  v e ry  im p o r­
ta n t  p a rtitio n in g  in  tim e , see for exam ple  F e k e t e  -  S z u j k ó - L a c z a  (1973). H ere we refer to  
H a r p e r  — C i i a t s w o r t h ’s 1963, T r ifo liu m  repens and  Tr. fra g ife ru m  ex p erim en ts; J a n z e n  
1967, and  S m y t i i e  1970, b ring  th e  coexistence of tro p ical fo rests in  connexion  w ith  th e  fine  
sh ifts  occuring  in  th e  seasonal rh y th m , florescence, f ru it ripen ing , e tc . T hese flow ering and  
fru itin g  p a tte rn s  — as is a p p a re n t from  th e  w orks, for exam ple, of F r a n k i e  — B a k e r  — O p l e r  
1974, and  from  those  of o th er — im p ly  in  m an y  cases an  in te rac tio n  be tw een  p la n t an d  an im al: 
th e  m in im um  overlap  of th e  periods of florescence is c rea ted  by  th e  co m p etitio n  for th e  
“ services”  o f b irds carry ing  o u t p o llin a tio n ) .-  In  c e rta in  cases, th e  p o p u la tio n s  m ig h t be 
lim ite d  by  n u tr ie n t supply , b u t  th is  lim ita tio n  c an n o t becom e p re v a len t (and  so no com ­
p e titiv e  exclusion comes in to  ex is tence) since an o th er fac to r (for exam ple  th e  g razing  a c tiv ity  
o f a n  herb ivorous an im al species) con tro ls th e  popu lations ( H a r p e r  1969). D espite  these  
co n sid era tio n s m eriting  cau tio n , in fo rm a tio n  on th e  n iche vo lum en  of p o p u la tio n s, on th e  
ov erlap  of popu lations in pairs, e tc ., seem s to  have a perspec tive . One can  a t ta in  w ith  va rio u s 
ex p erim en ta l techniques th a t  th e  fu n d a m e n ta l and  th e  realized  niche b re ad th s  an d  th e  o v er­
lap s re la te d  to  various d im ensions can  be  m easured  b y  d ifferen t p la n t responses. So d id , for 
ex am p le , P i c k e t t  — В a z z a z  (1976) who could d em o n stra te  in a n n u a l species t h a t  on th e  
a ris in g  of th e  com p etitio n  th e  p o p u la tio n  cen tres “ recede”  from  one a n o th e r on th e  niche 
axis, as a re su lt of w hich th e ir  coex istence becom es possible.

H a rd ly  any  s tu d y  is kno w n  w hich  could convincingly  define th e  n iche-hypervo lum e 
of th e  p o p u la tio n  in  th e  co m m u n ity . In d eed , th e  e lab o ra tio n  of a n  ad eq u a te  a lte rn a tiv e  
s tra te g y  m ak ing  i t  possible for responsib le  niche d im ensions to  be in cluded  in to  th e  ex am in a ­
tio n s  is still pending. B y ex am in in g  th e  co n v ertib ility  o f th e  co m m u n ity , J u h á s z - n a g y  
(1968) p resen ted  th e  m eth o d  of se lecting  th e  re lev an t fac to r and  i ts  ex p erim en ta l evidence 
as w ell. W e m u st agree w ith  M c N a u g h t o n  — W o l f ’s view  (1973), acco rd ing  to  w hich  th e  
species carry  on th e  co m p etition  n o t for th e  reg u la to rs  b u t  for th e  resources. E v en  th o u g h , 
fo r exam ple, th e  p H  as an  ecological fac to r in  a given case seems re le v a n t, one has to  to o k  
fo r th e  fac to r (the  n u tr ie n t facto r) w hich , as regards co m p etitio n  — in  th e  la s t  analysis develop­
ing  th e  volum e of th e  niches in  th e  co m m u n ity  — is in  in te rac tio n  w ith  th e  p H  (for exam ple, 
th e  easily  abso rbab le  phosphorus). T here  is no p red ic tio n  in  re la tio n  to  th e  qu estio n  of th e  
n u m b er of d im ensions necessary  fo r th e  niches to  separa te . A ccording to  th e  experiences 
o f R o g e r s  and  K i n g  (1972), A grostis  species re la ted  to  one a n o th e r sep a ra te  well in a lread y  
tw o  dim enions. W h i t t a k e r  (1975) believes th a t  in a sem i-desert c o m m u n ity  th ree  dim ensions 
a re  a lread y  enough to  segregate  th e  species well. In  general, th e  in cluded  — d e tec ted  niche- 
d im ensions are ab io tical e n v iro n m en ta l facto rs; som etim es th ey  are  b io tic ; th ird ly , as in  
W h i t t a k e r  m entioned  above, th e y  are  o f th e  p lan t response ty p e  (for exam ple, seasonal 
rh y th m ). A ch arac te ris tic  sy n th esis o f th e  various conceptions is rep re sen ted  by  th e  p roposi­
t io n  of th e  b o ta n is t  W u e n s c h e r  (1969); according to  h im , all p o in ts  o f th e  niche can  be 
considered  as a  vec to r w hich  co n ta in s  — besides th e  m easu rem en ts o f th e  en v iro n m en ta l 
fac to rs  — th e  responses given to  th ese  facto rs m easu rab le  in  physio logical functions.
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T he m ost im p o rta n t a d v an c em e n t in  re ce n t y ears  have  p ro b a b ly  ta k e n  place in  re la ­
tio n  to  th e  techn ica l t r e a tm e n t  of th e  niche h y p ervo lum e. T he f ir s t  exam ples are re la ted  
to  zoo-ecology. G r e e n  (1971) a p p lied  a m u ltip le -d isc rim in an t analysis for th e  inv estig a tio n  
of n ich e -sep ara tio n  in b iv a lv e  m olluscs; S h u g a r t  — P a t t e n  (1972) in v es tig a ted  th e  h a b ita t  
p re fe ren ce  of F ringillidae  b y  m ean s of D 2-analysis.

F o r  th e  n ich e -ch a rac te riza tio n  of u n d e rg ro w th  p lan ts , F e k e t e  (1974) applied  m easu re ­
m e n ts  w h ich  were carried  o u t in  6 dim ensions; he exam ined  th e  c o rre la tio n  m atrices of the  
p h y sica l fac to rs  by  m eans o f fa c to r  analysis. T he co n fig u ra tio n  o f th e  factor-scores in  th e  
fa c to r  space tak es a c h a ra c te ris tic  form  per species, w hile in  th e  case o f a sim ilar co n figu ra­
tio n , a tim e  axis — on w hich  each  of th e  values o f th e  re la tiv e  g ro w th  ra te  of tw o p o p u la ­
tio n s  are  in d ica ted  — m ay  p la y  a sep a ra tin g  role.

T h e  niche conception  is re le v a n t also to  th e  a u to tro p h o u s  level to  th e  species d iversity  
o f th e  co m m u n ity , and  n o t on ly  to  th e  h e te ro tro p h o u s  level ( M a c A r t h u r  1957, M a c A r t h u r  — 
L e v i n s  1967, etc.). T he species d iv e rs ity  o f an im al com m unities, com posed of stab le  p o p u la ­
tio n s  co n sistin g  of tax o n o m ica lly  re la te d  species fo r exam ple th a t  of n estin g  b irds of fo res ts— 
su p p o rts  th e  random  n o n -o v erlap p in g  niche h y p o th esis  (b roken  stick  m odel) proposed by 
M a c A r t h u r . I t  was W h i t t a k e r ’s (1965) im p o rta n t a rtic le  to p o in t ou t, as the  firs t, th a t ,  as 
a re su lt  o f th e  general p h en o m e n o n  of dom inance, th e  niche space p a rtitio n in g  in  th e  p lan t 
co m m u n ity  tak es p ro b ab ly  a d iffe re n t p a tte rn  th a n  those  w hich a re  follow ed in  certa in  an i­
m al com m unities; a t  least i t  follow s several m odels (resource p a rtitio n in g  m odels, P i e l o u  1975). 
T h e  classified abundancies o f th e  species —  or o th er m easu rem en ts, as for exam ple p ro d u c ti­
v i ty  —  ta k e  a  p a tte rn  acco rd ing  to  th e  geom etrical series (niche p re em p tio n  m odel) in com m uni­
ties w h ich  are com posed of species sm all in num ber, in a m ore rigorous en v iro n m en t (for exam ­
ple, in  in itia l old field co m m u n itie s; W h i t t a k e r  1972). In  a m ore o p tim al env ironm en t, in 
co m m u n itie s  rich  in species, th e  species abudan d an cies  can  be  considered  as a lognorm al v a ­
r iab le , w hich  is an  in d ic a tio n  o f th e  fa c t th a t  a c e rta in  re p re se n ta tio n  of th e  p opu lations is 
fo rm ed  by  a com bined effec t o f m an y  in d ep en d en t facto rs w hich  influence th e  species 
d iffe re n tly  and  m u ltip lic a tiv e ly . M a c N a u g h t o n  —  W o l f  (1970) develop th e  conception  
fu r th e r  an d  p o in t ou t th a t  in  th e  p la n t  co m m u n itie s  th e  s itu a to n  is d iffe ren t as to  re la tiv e  
ab u n d an ces . A ccording to  th e m , th e  exclusions th a t  have  tak e n  p lace  in th e  zones o f over­
lap p in g  are  in d ica ted  b y  th e  fa c t th a t  in  th e  categories of low re la tiv e  abu n d an ce  we can  fin d  
m ore species, while in  th e  ca teg o rie s  of h igh  re la tiv e  ab undace  few er species are to  be found , 
th a n  ex pected , and th a t  th e re fo re  th e  a d ju s tm e n t of th e  experienced  re la tiv e  frequencies 
to  th e  lognorm al d is tr ib u tio n  is n o t sa tis fac to ry . The overlap p in g  n iche-hypo thesis of M a c ­
A r t h u r  (1957) — in  w hich th e  niche m easu rem en ts o f th e  p o p u la tio n s  is p ro p o rtio n a l to  the  
d is tan c e  betw een  2 ran d o m  p o in ts  on th e  line — was checked b y  P i e l o u  (1975) on species 
w h ich  show  zonation  p h e n o m e n a  along th e  e n v iro n m en ta l g rad ien . She p o in ted  o u t th a t  
th e  zone b re ad th s  of th e  p la n t  p o p u la tio n s  ex am ined  are co n sid e rab ly  m ore even th a n in d ic a te d  
b y  th e  m odel. The a u th o rs  re fe rre d  to  above, an d  o th ers , called  in  a n y  case a tte n tio n  to  th e  
in te rre la tio n s  betw een spec ies-d iv ers ity  and  reso u rce -d iv ers ity  an d  especially  b y  th e  analysis 
o f th e  e q u itab ility  c o m p o n en t ( L l o y d  — G h e l a r d i  1964). Since th e  th eo ry  c rea ted  the  
te c h n ica l possib ility  o f co n tro llin g , for exam ple, a h y p o th es is  accord ing  to w hich  each of 
th e  species in  a co m m u n ity  is m u tu a lly  exclusive (e.g. each of th e  po p u la tio n s uses its  env iro n ­
m e n t so th a t  i t  will be un accessib le  to  th e  o th e r species), concre te  ex am in atio n s have  also 
b een  launched , concern ing  e.g. n u tr ie n t lim ita tio n s  (carn ivo rous versus herb ivorous insects; 
cf. P u l l i a m  — O d u m  — B a r r e t t  1968). As a re su lt o f th is , th e  th eo ry  found  its w ay of app lica­
tio n  also in  p lan t co m m u n ity  analyses. A r e s  (1972), A r e s  — L e o n  (1972) for exam ple drew  
conclusions from  th e  v a lu es o f  b io m ass-d iv e rsity -eq u itab ility  on th e  ex te n t of niche sep ara ­
t io n  d u rin g  succession, b y  s e ttin g  th e  lim itin g  resources a t  d iffe re n t levels. H ere also, th e  
a p p lied  m odel p resupposes t h a t  l im ita tio n  tak e s  effect in  one d im ension  only.

T he niche concep tion  in  p la n t ecology receives accep tance  — sporad ica lly  — in th e  
te r ra in  of to lerance ecology a n d  co m m u n ity  s tru c tu re  (co m m u n ity  d iversity ). Owing to  th e  
causes m en tioned  above, n o t v e ry  m uch  could be done w ith  i t  in re la tio n  to  p o p u la tio n  d y n am ­
ics. On th e  o th er h a n d , im p o r ta n t  dynam ical-ecological p rob lem s, such as th e  question  of 
succession , can n o t do w ith o u t th e  niche conception  sim ply  because th e  fa te  of th e  p o p u la ­
tio n s  is decided in th e  n iche in te rsectio n s. E v en  ro u g h  ap p ro x im atio n s (cf. M a c N a u g h t o n  — 
W o l f  1970) suggest th a t  n iche  p a ram ete rs  in p la n t co m m unities (for exam ple, b read th s) 
a re  sensitive  to  com position  a n d  species num ber. In  th e  field  o f zoo-ecology, in  tro p ica l bird  
co m m u n itie s  rich  in species, C a i n  (1969) su b m its  th e  e x p lan a tio n  of th e  narrow  niche b re ad th  
of th e  species. P i e l o u  (1975) leaves th e  q u estio n  open in con n ec tio n  w ith  th e  richness in  
species of th e  tro p ical p la n t  com m unities, nam ely , w h e th er i t  is th e  decrease in  th e  average 
n ich e  volum es or th e  increase  in  th e  average niche overlapp ing  w hich  gives th e  r ig h t ex p lan a ­
tio n . W e consider i t  like ly  t h a t  th e  narrow ing  dow n of th e  niche b re ad th s  of th e  p o p u la tio n s
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is a ten d en cy  w hich  is va lid  also in  succession, since in  m ulti-specific  b io tically  stressed  com ­
m u n ities  th e  po p u la tio n s are forced  — owing to  in te rsp ecific  co m p e titio n  — to  fu n c tio n  on 
th e  re s tr ic te d  physio log ical scale, t h a t  is a ro u n d  th e  o p tim u m . I t  seem s a ju s tif ia b le  h y po thesis 
th a t  a t  th e  end of th e  succession series th e  overlap  of a species p a ir, i ts  re la tiv e  position  in 
th e  hyperspace , w ill be d ifferen t from  t h a t  is th e  in itia l s tage  of th e  succession, if th ey  exist 
in  b o th  phases. B y m eans of th e  n iche conception  we can  ap p ro ach  questions, as for exam ple, 
w hy a p o p u la tio n  falls ou t a t  one p o in t o f the  succession series and  w hy a n o th e r is able to  
in f il tra te  a developing co m m u n ity ; or w h y  th e  in f iltra tio n  has ta k e n  p lace as a k ind  of sub ­
s ti tu tio n  for the  one w hich has fa llen  o u t, or because of an  exp an d in g  hyperspace  for 
exam ple, th e  a rising  of new  niche axes.

The m ore th e  hypo theses an d  specu la tions, th e  less th e  ob jec tive  m easu re­
m e n ts— these are ch a rac teris tic s  o f stud ies d iscussing ecological n iche. T hanks 
to  som e few ex cep tiona l au th o rs , we have la te ly  been  enab led  to  choose some 
feaw  niche m easurem ents. T he aim  of th is  p a p e r is to  ev a lu a te , b y  m eans 
of various indices, the  resu lts  o f ob jective m easu rem en ts ca rried  ou t in  th e  
chosen p lan t co m m u n ity  w ith  reg a rd  to  th e  n iche vo lum en  of th e  p o p u la tion , 
th e  niche overlaps, th e  d istance  (separa tion ) of th e  n iche cen tres , e tc ., and  also 
b y  m aking  com parisons betw een  resu lts  re la ted  to  id en tica l p a ram e te rs  o b ta in ­
ed b y  d ifferen t m ethods. A ccord ingly , th is  f irs t p a r t  of th e  series o f our papers 
is ra th e r  m ethodological in n a tu re ; a m ore ob jec tiv e  cen tred  assessm ent o f 
th e  niche re la tions of th e  species in  th e  co m m u n ity  will be m ade in  su b sequen t 
p a rts  o f th e  p a p e r  series.

Material and method

The species exam ined and methods o f  their m easuring

The p lan t co m m u n ity  se lected  fo r in v estiga tion  w as th e  calciphilous perenn ial d ry  
san d y  grassland ( Festucetum  vaginatae danubiale ; cf. Soó 1957). A nice, wdde-ranging s tan d  
of th is  co m m u n ity  w as chosen from  th o se  along th e  Tece b ro o k  n ear th e  v illage V á crá tó t 
(ab o u t 30 km  N -N E  from  B u d ap est), cf. K á r p á t i , I. - K á r p á t i , V. (1954).

T he m o n th ly  averages of te m p e ra tu re  and  th e  sum  of p re c ip ita tio n  of th e  n eare st 
M eteorological S ta tio n  (Vác, 1976):

I. II . I I I .  IV. V. V I. V II. V I I I .  IX . X . X L  X II .
tem perature , °C 0.5 0.6 2.4 11.2 15.4 18.7 21.5 17.7 14.6 11.0 6.3 0.1
precip ita tion , m m  58 6 17 69 22 29 51 18 124 75 63 119

T he sem i-closed san d y  g rasslan d  consists of m an y  species o f c o n tin en ta l, P o n tic , 
P o n to -P a n n o n ian  H e m ic ry p to p h y te s , T h ero p h y tes , an d  of som e C h am aephy te  life-form . 
A lis t of th e  flo ra  ru n s  as follows: A chillea  ochroleuca, A lk a n n a  tinctoria , A lyssu m  gm elin i, 
Andropogon ischaem um , A renaria  serpy llifo lia , B rom us tectorum , Carex liparicarpos , C. prae­
cox, C. stenophylla , C. su p in a , Centaurea arenaria , Cerastium  sem idecandrum , C orisperm um  
n itid u m , Cynodon dactylon , E quisetum  ram osissim um , E ro p h ila  verna , E uphorbia  seguieriana , 
Festuca vaginata , F . w agneri, F u m a n a  procum bens, G alium  verum , Holosteum  um bellatum , 
Kochia lan iflora , Koeleria glauca , L in a ria  genistifo lia , M edicago m in im a , M in u a rtia  verna , 
Onosma arenaria , Plantago ind ica , Poa bulbosa, Polygonum  arenarium , Salsola k a li , Secale 
silvestre, Silene otites, S tip a  jo a n n is , Syren ia  сапа , T h ym u s sp ., Tragus racemosus, Veronica 
verna , Cladonia fo liacea , Cl. fu rc a ta , C ornicularia tenu issim a , Syntrych ia  ruralis.

On 8 Ju n e  1976, tw o c h arac te ris tic s  have been  m easu red  w ith  reg ard  to  th e  m ost 
freq u e n t 10 species ( Festuca vaginata , Medicago m in im a , T h ym u s s p F u m a n a  procum bens, 
E uphorbia seguieriana , Carex stenophylla , M in u a rtia  verna , Cynodon dactylon , E quisetum  ramo­
siss im u m , Centaurea arenaria) of m ass occurrence in  th e  co m m unity .
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T he m ost im p o rta n t e n v iro n m en ta l fac to r in  th e  given cond itions w as u n d o u b ted ly  
w a te r . Accordingly, we m ea su re d  th e  m oistu re  co n te n t o f th e  soil w ith  th e  a id  o f a p o rtab le  
in s t ru m e n t  operating on  th e  b asis o f e lec tro ly te  co n d u c tiv ity . T he é lectrodes w ere s tuck  
in to  th e  soil in con tact w ith  th e  rh y zo sp h ere  o f th e  species exam ined ; th e  va lues o f co n d u ctiv ity  
d ire c tly  read  from in s tru m e n t, in  m S. A fter a  p re lim in ary  ca lib ra tio n  of th e  in s tru m e n t (on 
a  series o f sand sam ples w ith  k n ow n w a te r c o n ten t), th e  re la tio n sh ip  b e tw een  th e  m oistu re  
c o n te n t  o f th e  sand soil a n d  i ts  co n d u c tiv ity  — in th e  0 — 10%  ran g e  of th e  re la tiv e  m oistu re  
c o n te n t  — appeared to  be l in e a r;  in  o rder to  avo id  errors t h a t  m ay  arise d u rin g  reca lcu la ­
t io n , we continued w ork ing  w ith  th e  m S va lues even in  th e  la te r  phases o f w ork . I t  should 
be  n o te d  th a t  the  actu al w a te r  c o n te n t was a t  only a 3 — 4%  m ax im u m  even a f te r  ra in y  days.

T he o ther c h a ra c te ris tic  could  be  m easu red  on th e  p la n t  itself: th e  d e p th  a t  w hich 
th e  m ax im u m  root m ass ( t h a t  o f th e  abso rb ing  roo ts) of th e  in d iv id u á is  ex am in ed  developed. 
T h is  ch aracte ris tic  is th u s  in  co n n ec tio n  w ith  th e  use and  p a rtitio n in g  of space.

T he num ber of m ea su re m e n ts  w as n o t iden tica l in  re la tio n  to  th e  v a rio u s  species; 
th e  n u m b er of the  in d iv id u á is  ex am ined  a p p ro x im ate ly  reflecte  th e  re la tiv e  freq u en cy  of 
th e  species in the s tand .

F o r  the  calcu la tions th e  d a ta  — in  re la tio n  to  b o th  th e  m o is tu re  c o n te n t o f th e  soil 
a n d  to  th e  dep th  of th e  m ax im u m  ro o t m ass (for th e  sake o f s im p lic ity  h e re in a fte r: ro o t 
d e p th )  — were la te r in c lu d ed  in  groups of five , as follows:

Table 1

Categories set up on the tivo Coordinates

~~—----- _______________ Category
Niche-axis ----- 1 2 3 4 5

M oisture  content of th e  soil (m S) .1 .29 .3 —.49 .5 —.69

O
N

C
OÍ . 9 -

R o o t d e p th  (cm) 2 - 3 .9 4 - 5 .9 6 - 7 .9 8 - 9 .9 10-

I t  m ay  seem a rb itra ry  th a t ,  as in  u su a l in  such cases (cf. Co lw e ll— F u tu y m a  1971) 
5 g rad es hâve  been set u p  fo r  eac h  of th e  facto rs, b u t  th e  n u m b er o f th e  m easu rem en t d a ta  and 
th e ir  d is trib u tio n  suggest th e  fo rm a tio n  of nearly  th a t  m an y  categories.

T h e  niche measurem ents applied

In  surveying th e  v a r io u s  m easu rem en ts used  for th e  e s tim a tio n  of n iche  b read th s  
a n d  ov erlap , th e  follow ing sch em e m ay  prove  useful:
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B y d iv id ing  th e  values o b ta ined  on th e  n iche axis in to  categ o ries, we can  d e te rm in e  
th e  freq u en cy  of th e  species in the  v a rio u s  categories, th is is th e  basis of the  ca lcu la tio n  of 
th e  va rio u s m easurem ents.

The measurements applied fo r  the estimation o f niche breadth

( a )  M easurem ents related to inform ation theory
T h e s e  m e a s u r e m e n t s  o r i g i n a t e  f r o m  S h a n n o n ’s f u n c t i o n - m e a s u r i n g  d i v e r s i t y  ( o r  t h e y  

t h e m s e l v e s  a r e  t h e  S H A N N O N - f u n c t i o n ) .  O n  t h e  q u e s t i o n  o f  m e a s u r i n g  d i v e r s i t y ,  Р е е т  (1974), 
N ő s e k  (1976) a n d  o t h e r s  s u b m i t t e d  a  s u r v e y .  A c c o r d i n g  t o  t h e  S h a n n o n  f u n c t i o n  H  =

c
=  — N7 Dij lg D,jl th e  p ro b a b ility  of th e  spec ies occurring in  th e  v a rio u s categories should

be e s tim a te d  as p ij =  f i j / f i • In  place of th is  d iv e rs ity  function , even n ess is applied: I f / lg  c, 
i.e. th e  d iv ers ity  value  is d iv ided  by th e  lo g a rith m  of the num ber o f categories. In  ou r p ap er 
th is  is in d ica ted  as if/.

F o r a b e tte r  e s tim a tio n  of th e  n iche b r e a d th  and of the o v erlap , C o l w e l l  and F u t u y m a  
(1971) suggested  th a t  th e  v arious categories o f resource sta tes , a n d  th e  species com position  
of th e  com m unities u tiliz in g  th em  ( th a t  is, th e  d istrib u tio n  acco rd in g  to  categories o f th e  
occu rrin g  species — th e  h e te ro g en e ity  o f th e  m a tr ix )  be used for th e  ca lcu la tio n  of w eigh ting  
fa c to rs  (dj). T hese w eigh t va lues express th e  degree of d is tin c tn ess  o f th e  categories. T he 
o rig ina l m a tr ix  can  a t  a la te r  phase be e x te n d e d  to  a greater c a teg o ry  n u m b er, if  i t  is chosen 
a p p ro p ria te ly . In  our case, we chose th is  к to  be 100. By m u ltip ly in g  i t  w ith  a s ta n d ard iz in g  

к
fa c to r  ——-—, th e  niche b re ad th s  d eno ted  b e low  C;.w is calcu la ted  b y  th e  w eighting  fac to rs

l g  к
o n  t h e  b a s i s  o f  S h a n n o n ’s f u n c t i o n  f r o m  t h e  t r a n s f o r m e d  p r o b a b i l i t y  v a l u e s ,  a s

C,> = lg/c dj/plj lg Pi] ■

P i e l o u  (1967) justifiab ly  criticizes th e  use of S h a n n o n  function; she suggests B r i l - 
l o u i n ’s  function instead. P i e l o u  (1972) estim ates the niche breadth from the decom posed

v a lu e  of H y  =  —— lg —=-r-j, w hich is c a lcu la te d  from  th e  r x c  tab le . T he va lue  of H j  c an  be 
/  • • Jip

divided into pairs of com ponents in two w ays:
(i) by breaking it down into the average niche breadths (/i/(6)) o f the species or into  

the weighted average niche breadths (щк^Ь)) and the species d iversity o f the entire collection;
(ii) or by giving the species d iversity in  categories; P i e l o u  (1972) considers the cat­

egories as niche overlap, while the d iversity  as categories.
(6) Lev in s  (1968) worked out an index for the estim ation of niche breadth:

Bi
1

V '  2
w  PU

M easurem ents applied fo r  the estimation o f niche overlap

(a) M easurem ents related to the in form ation  theory
H o r n  (1966) suggests in  his s tu d y  (a f te r  m ention ing  M o r i s i t a ’s index) th e  follow ing 

fo rm u la :

R 0 — Rfti — Hpbs. H min.
H m ax. Н т(П'

w here H obSt =  observed , Н шгл =  m in im um , H max =  m axim um  e n tro p y .
In  our opin ion, th is  eq u atio n  can  be  u se d  for the  e s tim a tio n  of th e  overlap  of even  

m ore th a n  tw o species.
In  th e  foregoing, we have  a lread y  m en tio n ed  P ielou’s m eth o d  (1972) in  w h ich  she 

considered  th e  d iv ers ity  o f th e  categories as a  m easure  of the  overlap .
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(b) A n  overlap  index r e la te d  to  th e  ex am in atio n  of com petition  has b een  worked ou t b y  
L e v i n s  (1968). For th e  a p p ro x im a tio n  of th e  v a lu es of a and  ß  (c o m p e titio n  coefficients) 
o c cu rrin g  in  the  know n L o t k a — V o l t e r r a  eq u a tio n s , he suggested  th e  following form ula:

“ =  “ fti = — PhjPij/±.’Phi and  ß  =  а ,л =  Z.'P hjP ij/Z 'P Ïj

w here  а refers to  th e  e ffe c t o f species i on species h, while а (Л e s tim a te s  the  effect o f 
species h on  species i.
T he v a lu e s  of the  tw o a  a re  id en tica l w hen th e  n iche b re a d th  of th e  tw o  species is id en tica l, 
(e) S im ila rity  (ecological s im ila r ity )  indices w ere u sed  b y  S c h o e n e r  (1970) who applied th e  
Сл,- =  1 -  1/2 _x' I p hj  — p ij  I in d ex  w orked o u t b y  W w i t t a k e r — F a i r b a n k s  (1958).
(d )  F o r  th e  estim ation  o f th e  overlap , L e v i n s  (1968) suggests th e  d e te rm in a tio n  of th e  geo­
m e tr ic  d istance. In  o u r s tu d y ,  we calcu la ted  th e  E u clid ean  d is tan ce  be tw een  the  species, 
on th e  basis of norm alized  v e c to rs  ( O r l ó c i , 1967). T he d istance n am ed  b y  him  as chord d is­
ta n c e  w ill hereinafter b e  d e n o te d  by  d; its  m ax im u m  value  is 1.41, i ts  m inim um  is 0. T h e  
g re a te r  th e  d betw een tw o  species, th e  sm aller th e  overlap  m ay  be a n d  v ice  versa.
(e )  F o r  m easuring th e  d is ta n c e  betw een th e  n iche cen tres o f th e  species, S h u g a r t  a n d  
P a t t e n  (1972) applied th e  D 2 sta tistics . O ur p a p e r  gives th e  v a lu e  o f  D  re la ted  to  som e 
species pairs.

B y  m eans of n iche b re a d th  and overlap , m easu rem en ts  e n u m e ra te d  above as 

H i, hj(b), Ujhi(b), Cj.w, B j R M, ahi and  ain, Chi,

a n d  b y  m eans of the  d -v a lu e , we perform ed tw o  k in d s  o f calcu la tion :
(i) w ith  the  o rig in a l d a ta ,  when no sym bol w  occurs w ith  th e  m easurem ents;
(ii) w ith  th e  v a lu e s  re -ca lcu la ted  by  m ean s of th e  w e ig h ts g iv en  by  C o l w e l l — 

F u t u y m a , which is in d ic a te d  b y  th e  sym bol w accom pany ing  th e  m easu rem en t. — An ex ­
c ep tio n  is P i e l o u ’s fu n c tio n , w here  th e  w eigh ting  w as m ade in  th e  w a y  given by her, a n d  
w h ere  also her d esig n atio n  w as ta k e n  over.

T he p a ram ete r v a lu e s  o f  b re a d th  and overlap  are  estim a ted  b y  th e  enum erated  m easu re ­
m e n t,  b o th  separately  as to  d im ension  and in  co m b in a tio n s, acco rd ing  to  th e  combined c a t ­
egories o f th e  two d im en sio n s.

Results and discussion

Niche breadth

T he d is trib u tio n  o f  th e  species (basic d a ta ) accord ing  to  the  categories 
o f  soil m oisture c o n te n ts  an d  th e ir  niche b re a d th s  p er th ese  dim ensions — ca l­
c u la tin g  by the m easu rem en ts  m en tioned  above —  is show n in Tables 2 — 5 
a n d  19— 20. The m easu rem en ts  are o f d iffe ren t origins —  as has been in d ic a t­
ed —  therefore no id e n tic a l values could he expected . T he w eigh ting  m entioned  
(cf. th e  m ethods of Co l w e l l  and F u tu y m a , an d  P ie l o u ) h as  obviously changed 
th e  values even in  th e  case of calcu la ting  th e  m easu rem en ts by the iden tica l 
m e th o d . I t  appears in  T ab le  6, how ever, w here th e  a rra n g e m en t of the species 
is g iven  according to  th e  various m easu rem en ts, th a t  Festuca  has the g rea test 
n iche  b read ths, w h ic h e v e r of the  m easu rem en ts is used. T h e  narrow est niche 
b re a d th  belongs to  E q u ise tu m  ; w ith  th e  excep tion  of tw o  cases, viz. u ;/i((6) an d  
B IW, i t  is the last one in  th e  order of sequence.

On the basis o f  th e  preceding T ab le  (6), we ca lcu la ted  the  rank  c o r­
re la tio n  betw een m easu rem en ts  (see T ab le  7). Ff, —  w ith  th e  exception of 
in d ices  H iw and B iw —  showed a sign ifican t positive co rrelation  w ith  all
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Table 2

D istribution  o f  species frequency in  the categories o f  soil m oisture content

mS
Species 0.10—0.29 0.30—0.49 0.50—0.69 0.70—0.89 0.90— Sum

Festuca 6 6 4 3 l 20

M edicago l 3 6 2 0 12

T h ym u s 3 4 4 0 l 12

F um ana 0 1 2 2 6 11

E uphorbia 1 1 1 3 5 11

Carex 4 4 2 1 0 11

M in u a rtia 1 4 3 0 0 8

Cynodon 2 1 2 0 0 5

E quisetum 2 2 0 0 0 4

Centaurea 1 0 1 1 0 3

Sum 21 26 25 12 13 97

Table 3

Species niche breadths and overlap 
Soil m oisture content

Festuca
Medica-

g° Thymus Fumana
Euphor­

bia Carex Minu­
artia Cynodon

Equise­
tum

Centau­
rea

Festuca 0.918
0.962

0.883 0.916 0.641 0.749 0.968 0.858 0.893 0.832 0.856

M edicago 0.839 0.744
0.783

0.827 0.598 0.620 0.860 0.884 0.841 0.586 0.821

T h ym u s 0.915 0.744 0.798
0.859

0.577 0.625 0.888 0.934 0.940 0.790 0.633

F um a n a 0.595 0.363 0.584 0.727
0.458

0.934 0.471 0.453 0.418 0.219 0.525

Euphorbia 0.698 0.429 0.637 0.956 0.847
0.599

0.601 0.474 0.524 0.439 0.690

Carex 0.928 0.850 0.818 0.286 0.414 0.783
0.773

0.882 0.915 0.878 0.797

M in u a rtia 0.804 0.662 0.859 0.251 0.334 0.863 0.608
0.635

0.898 0.750 0.564

Cynodon 0.862 0.814 0.884 0.238 0.350 0.920 0.892 0.655
0.633

0.757 0.721

E quisetum 0.810 0.587 0.761 0.115 0.305 0.887 0.744 0.802 0.431
0.421

0.399

Centaurea 0.844 0.830 0.590 0.362 0.535 0.815 0.556 0.708 0.456 0.682
0.676

In  th e  m ain  d iagonal the  u p p e r v a lu e  is I f ,  th e  lower value  is H j.w. 
In  th e  r ig h t sem im atrix  ЙЛ|-, in  th e  left sem im atrix  Я л,-.w
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m easu rem en t. In d ex  H ia.. is in  th e  s tro n g est p ositive  co rre la tion  w ith  in d ex  
B j w. A s trong  positive co rre la tio n  can be d e tec ted  b e tw een  P i e l o u ’s fu n c tions. 
I t  is in te re s tin g  th a t  Ciw  is in  a reliab le co rre la tio n  w ith  th e  non-w eighted  
o th e r  m easu rem en ts, e x c e p t fo r u ji^b ). In d e x  B t is in  a s ign ifican t co rre la tion  
w ith  all o th e r m e asu rem en t im p ly ing  th a t  L e v i n ’s fo rm u la  app ro x im ates  th e  
o th e r  m easurem ents well. In d e x  B, u w hich is also L e v in s ’s fo rm ula, th o u g h

Table 4

Species niche breadth and  overlap on the basis o f  indices Cj.w, (■/.[ and  C7;,'.u
Soil moisture content

! Festuca Medi­
cago Thymus Fumana

Euphor­
bia Carex M inu­

artia Cynodon Equise­
tum

Centau­
rea

Festuca 0.947 0.683 0.805 0.472 0.475 0.875 0.625 0.700 0.600 0.655

Medicago 0,644 0.825 0.667 0.440 0.435 0.605 0.708 0.683 0.315 0.583
Thym us 0.791 0.592 0.914 0.355 0.360 0.770 0.790 0.785 0.583 0.590

F um ana 0.347 0.213 0.335 0.914 0.815 0.363 0.265 0.272 0.090 0.365

Euphorbia 0.424 0.299 0.359 0.879 0.947 0.370 0.273 0.275 0.185 0.455

Carex 0.813 0.593 0.678 0.213 0.239 0.842 0.670 0.745 0.725 0.610

M in u a rtia 0.554 0.695 0.676 0.114 0.138 0.630 0.771 0.700 0.625 0.458

Cynodon 0.653 0.621 0.696 0.113 0.138 0.762 0.682 0.793 0.600 0.665

Equisetum 0.559 0.338 0.525 0.038 0.098 0.745 0.581 0.658 0.727 0.335

Centaurea 0.636 0.579 0.527 0.176 0.259 0.635 0.437 0.646 0.380 0.821

In  the rnain  dis gonal Ci)W> *n he righ sem i-nla t r ix  Cft/, in tb e left s em im atrix  C^/.,

Table 5

Species niche breadths on the basis o f  P ielou’s fu n c tio n

Root depth Soil m oisture content

'ч(Ь) • A W hi(b) Uihjfb)

Festuca 0.363 0.075 0.526 0.108

Medicago 0.346 0.043 0.395 0.049
Thym us 0.370 0.046 0.428 0.053
Fum ana 0.202 0.023 0.375 0.043
Euphorbia 0.424 0.048 0.440 0.049

Carex 0.306 0.035 0.412 0.047

M inuartia 0.113 0.009 0.306 0.025

Cynodon 0.295 0.152 0.295 0.015

Equisetum 0.150 0.006 0.194 0.008

Centaurea 0.000 0.000 0.259 0.008
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T ab le  6

Species niche breadths sequence 
Soil moisture content

Hi Hf, w МЧ «Л(Ч Q; w B; Bf, w

Festuca 1 l 1 1 1.5 l l

Medicago 5 3 5 3.5 6 6 3
Thym us 3 2 3 2 3.5 2 2

F um ana 6 9 6 6 3.5 8 10

Euphorbia 2 8 2 3.5 1.5 3.5 9

Carex 4 4 4 5 5 3.5 4

M inuartia 9 6 7 7 9 9 6

Cynodon 8 7 8 8 8 7 7

Equisetum 10 10 10 9.5 10 10 8

Centaurea 7 5 9 9.5 7 5 5

T ab le  7

R a n k  correlations between the niche breadth measurements 
Soil moisture content 

(see Table 6)

* sign ifican t a t  5%  
** a t  1%

*** a t  0.1%  level

w ith  w eigh ted  values, is in  co rre la tio n  only w ith  if ,  w an d  w ith  th e  non- 
w eigh ted  orig inal form ula.

T he basic  d a ta  and  th e  n iche b read th s  re la te d  to  ro o t d ep th s  are given 
p e r m easu rem en ts in  Tables 5, 8, 10 and  21—22. C onsidering th e  a rran g em en t 
of th e  species (Table 11), E uphorbia  has the  g re a te s t n iche b re a d th  b y  alm ost 
all th e  m easu rem en ts. Centaurea has th e  narrow est n iche b re a d th , as i t  occurred  
on ly  in  one ca tegory . M in u a rtia  an d  Equisetum  occurred  m ost freq u en tly  as 
9 an d  8 in  th e  order.
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T ab le  8

D istribution o f  species frequency in  the root depth categories

_ cm 

Species
2.0—3.9 4.0—5.9 6.0—7.9 8.0—9.9 10.0— Sum

Festuca l 9 9 l 0 20
M edicago 6 4 2 0 0 12
T h y m u s 4 5 3 0 0 12
F um a n a 0 0 0 3 8 11

E uphorbia 0 1 3 4 3 11
Carex 6 4 1 0 0 11
M in u a rtia 7 1 0 0 0 8
Cynodon 0 2 2 0 1 5
E quisetum 0 3 1 0 0 4
Centaurea 0 0 3 0 0 3
S um 24 29 24 8 12 97

T ab le  9

Species niche breadths and overlaps 
Root depth

Festuca M edi­
cago

Thym us Fumana Euphor­
bia

Carex M inuar­
tia

Cynodon Equise­
tum

Centau­
rea

Festuca 0.682
0.633

0.690 0.983 0.090 0.536 0.642 0.396 0.736 0.905 0.764

M edicago 0.761 0.518
0.630

0.976 0.000 0.264 0.994 0.906 0.474 0.596 0.367

Th ym u s 0.868 0.978 0.637
0.669

0.000 0.332 0.956 0.807 0.586 0.732 0.494

F um a n a 0.111 0.000 0.000 0.277
0.439

0.790 0.000 0.000 0.456 0.000 0.000

E uphorbia 0.622 0.371 0.434 0.739 0.764
0.802

0.219 0.048 0.793 0.459 0.521

Carex 0.702 0.991 0.952 0.000 0.315 0.463
0.567

0.928 0.420 0.558 0.247

M in u a rtia 0.374 0.852 0.736 0.000 0.111 0.887 0.144
0.323

0.133 0.186 0.000

C ynodon 0.834 0.640 0.733 0.349 0.762 0.637 0.220 0.682
0.655

0.785 0.600

E quisetum 0.925 0.743 0.838 0.000 0.605 0.822 0.294 0.853 0.365
0.349

0.499

Centaurea 0.758 0.448 0.554 0.000 0.578 0.309 0.000 0.636 0.470 0.000
0.000

I n  th e  m ain  d iagonal th e  u p p e r  va lue  is H j w, th e  va lue  below  is I f .  I n  th e  r ig h t semi- 
m a t r ix  R /,1 in  th e  le f t s e m im a tr ix  Д л/
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Table 10

Species niche breadths and overlaps on the basis o f  Q ;w> Chi and  CW;w
Root depths

Festuca M edi­
cago

Thymus Fumana Euphor­
bia

Carex M inuar­
tia

Cynodon Equise­
tum

Centau­
rea

Festuca 0.834 0.550 0.717 0.050 0.413 0.505 0.175 0.800 0.700 0.450

Medicago 0.418 0.858 0.833 0.000 0.257 0.924 0.625 0.500 0.500 0.167

Thym us 0.585 0.833 0.684 0.000 0.340 0.788 0.458 0.650 0.667 0.250

Fum ana 0.047 0.000 0.000 0.788 0.545 0.000 0.000 0.200 0.000 0.000

Euphorbia 0.389 0.182 0.265 0.580 0.914 0.181 0.090 0.563 0.340 0.272

Carex 0.376 0.886 0.791 0.000 0.127 0.842 0.670 0.455 0.455 0.091

M inuartia 0.157 0.739 0.573 0.000 0.059 0.782 0.766 0.125 0.125 0.000

Cynodon 0.672 0.321 0.488 0.327 0.622 0.278 0.064 0.858 0.650 0.400

Equisetum 0.675 0.321 0.487 0.000 0.294 0.278 0.060 0.590 0.753 0.250

Centaurea 0.458 0.178 0.199 0.000 0.228 0.062 0.000 0.360 0.278 0.586

In  th e  m ain  d iag o n a l C/.w, in  th e  r ig h t sem im atrix  C ^ ,  in  th e  le ft sem im atrix  С/tf.w

Table 11

Species niche breadths sequence 
Root depth

Index

Species
Hi Hp, w hi(b) “AO1) Q ; ui Bi w

Festuca 4 2 3 2 5 5 3

Medicago 5 5 4 5 2.5 4 5

Thym us 2 4 2 4 9 2 4

Fum ana 7 8 7 7 6 7 8

Euphorbia 1 1 1 3 1 1 1

Carex 6 6 5 6 4 6 6

M inuartia 9 9 9 8 7 9 9

Cynodon 3 3 6 1 2.5 3 2

Equisetum 8 7 8 9 8 8 7

Centaurea 10 10 10 10 10 10 10

The ra n k  co rre la tio n  coefficients ca lcu la ted  b e tw een  th e  m easurem ents 
(Table 12) now  show  a d ifferen t p ic tu re  from  th a t  in  T ab le  7 (soil m o istu re  
co n ten t). In d e x  B i is in  a positive  co rrelation  of som e s tre n g th  w ith  each  o f 
th e  others also now , an d  even B [w shows th e  sam e connection . W e c a n n o t 
d raw  an u n am biguous conclusion from  th e  tw o T ab les (7 a n d  12).
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Table 12

R a n k  correlations between the niche breadth measurem ents 
Root depth  

(see also Table 11)

F o r rem arks see T ab le  7

N iche overlap

T he overlaps ca lcu la ted  b y  m ean s of th e  various m easu rem en ts  (Chi, 
Chi w, R hi and  R hiw) occuring  b e tw een  th e  species are to  be  fo u n d  in  Tables 3, 
4 , 9 an d  10. In  T ables 13 and  14, also th e  E uclidean  d is tan ces  (d) ca lcu la ted  
b e tw een  th e  pairs of species are g iven .

Table 13

The E uclidean distance (d )  between the species 
Soil m oisture content

Festuca M edi­
cago

Thymus Fumana Euphor­
bia

Carex M inuar­
tia

Cynodon Equise­
tum

Centau­
rea

Festuca 0.662 0.398 0.884 1.001 0.199 0.854 0.493 0.534 0.489
M edicago 0.758 0.527 1.090 1.116 0.766 0.508 0.617 1.089 0.715
T h ym u s 0.420 0.731 1.069 1.089 0.415 0.348 0.380 0.685 0.912
F um a n a 1.121 1.313 1.003 0.296 1.228 1.189 1.225 1.337 1.144
E uphorbia 1.050 1.296 1.030 0.136 1.208 1.218 1.203 1.239 1.019
Carex 0.334 0.821 0.570 1.362 1.304 0.567 0.481 0.373 0.816
M in u a rtia 0.715 0.553 0.586 1.350 1.348 0.660 0.648 0.781 1.044
Cynodon 0.520 0.742 0.531 1.368 1.333 0.413 0.701 0.764 0.677
E quisetum 0.553 1.102 0.728 1.396 1.341 0.324 0.839 0.614 1.087
Centaurea 0.654 0.751 0.914 1.326 1.248 0.739 1.065 0.716 0.893

I n  th e  r ig h t sem i-m a trix  th e  v a lu es c a lcu la ted  from  th e  n o n -w eig h ted  d a ta , in  th e  
le f t  sem i-m a trix  th e  v a lu es ca lcu la ted  fro m  th e  w eigh ted  d a ta
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Table 14

The E uclidean distance (d )  between the species 
Root depth

j Festuca M edi­
cago

Thymus Fumana Euphor­
bia

Carex M inuar­
tia

Cynodon Equise-
tum

Centau­
rea

Festuca 0.864 0.567 1.395 0.972 0.952 1.283 0.355 0.471 0.771

Medicago 1.054 0.332 1.414 1.244 0.133 0.511 0.965 0.904 1.211

Thym us 0.812 0.282 1.414 1.153 0.417 0.825 0.701 0.624 1.073

Fum ana 1.403 1.414 1.414 0.759 1.414 1.414 1.173 1.414 1.414

Euphorbia 1.079 1.343 1.277 0.582 1.294 1.397 0.872 1.166 0.993

Carex 1.099 0.079 0.328 1.414 1.366 0.461 1.041 0.933 1.313

M inuartia 1.267 0.271 0.547 1.414 1.409 0.243 1.346 1.316 1.414

Cynodon 0.600 1.221 1.037 0.956 0.739 1.254 1.388 0.560 0.816

Equisetum 0.520 1.169 0.943 1.414 1.225 1.182 1.369 0.723 1.169

Centaurea 0.711 1.295 1.164 1.414 1.091 1.353 1.414 0.869 1.136

In  th e  r ig h t  sem i-m atrix  th e  va lues c a lcu la ted  from  non-w eigh ted  d a ta , in  th e  le f t  
sem i-m atrix  th e  v a lu es ca lcu la ted  form  th e  w eig h ted  d a ta

T he av erag e  overlaps fo r th e  various species (the  average of th e  overlaps 
occurring  be tw een  th e  given species an d  all th e  o th e r species) were also d e te r ­
m ined. T ables 15 an d  16 con ta in  th e  o rd er o f these  averages. The va lu es  d  
w ere s im ila rly  t r e a te d  (Tables 15 and 16).

tjj p  -,
Table 15

Species average niche overlap order 
Soil moisture content

~ ^ ^ ^ M ^ a s u r e m e n t  | 

Species
C h i См; и R h i R h i  i я> d* d *; w

Festuca 1 1 l 1 1 l

Medicago 5 5 4 5 5 7

Thym us 3 3 3 2 2 2

F um ana 10 10 10 10 10 10

Euphorbia 9 9 8 9 9 9

Carex 2 2 2 3 3 3

M inuartia 7 6 6 6 6 6

Cynodon 4 4 5 4 1 4 4

Equisetum 8 8 9 8 8 5

Centaurea 6 7 7 7 7 8

* S ta r tin g  fro m  th e  sm allest distance

5! Acta Botanica Academiae Scientiarum Hungaricae 22, 1976•



336 F E K E T E ,  G . - P R É C S É N Y I ,  I , —M O L N Á R ,  E . M E L K Ó , E .

Table 16

Species average niche overlap sequence 
Root depth

Measurement 1 

Species
С ы Cm ; Vi K M Rw: » d * i w

Festuca 2 3 2 2 3 4

Medicago 3 2 3 3 2 2

Thym us 1 1 1 1 1 1

Fum ana 1 0 10 1 0 10 1 0 1 0

Euphorbia 7 7 7 7 7 8

Carex 5 5 5 5 5 3

M inuartia 8 8 9 9 8 6

Cynodon 4 4 4 4 4 5

Equisetum 6 6 6 6 6 7

Centaurea 9 9 8 8 9 9

* S ta rtin g  from  th e  sm allest d istance

On th e  basis o f th e  average overlap s —  w ith  reg a rd  to  soil m o is tu re  
c o n te n t —  Festuca  s ta n d s  a t  th e  f irs t  p lace  b y  all th e  m easu rem en ts , w h ich  
m eans th a t  i t  has g rea t overlaps w ith  m o st o f  th e  species. O n th e  o th e r h a n d , 
th e  average overlap  o f E uphorbia  and  F u m a n a  is th e  sm allest. The rev e rsed  
o rd e r o f sequence c lassifica tion  of th e  d -va lues supports  w h a t has been sa id  in  
th e  foregoing.

Table 17

D istribu tion  o f  the n iche overlap and d-values 
Soil m oisture content

* T he s ta r tin g  v a lu es o f th e  classes are  in d ic a te d ; 0.0 rep re sen ts  in te rv a l 0.00 — 0.09 etc.
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Table 18

D istribution o f  the niche overlap and d-values 
Rooth depth

Class*

Measurement
1.4 1.3 1.2 1.1 1.0 0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1 0.0

c u 1 2 3 5 6 6 2 4 5 11
C , f  » 2 3 3 4 4 6 6 5 12

R m 4 7 8 5 2 3 5 2 2 7

R hp w 7 1 6 3 5 6 3 3 2 9

d 7 5 4 4 2 6 4 3 1 3 3 2 0 1 0
d; w 9 5 6 4 5 2 2 3 1 3 0 1 3 0 1

* See T able  17

B y exam in ing  th e  order of ra n k  o f th e  m easu rem en ts in  th e  case o f m ax i­
m um  ro o t d ep th s  (T able 16), T hym us  ta k e s  th e  f irs t p lace and F um ana  again  
th e  la s t one.
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A ll the rank correlation coefficients between the various measurem ents 
and the d  and d w values are above 0.9.

Am ong the Chi ind ices the m ost frequent is the 0.6 value overlap, while 
am ong the R hi functions th e  0.8 overlap; in  d’s the m ost frequent values are 
and 1.3, in the case o f soil m oisture content (Table 17).

In  the case of root depths, the 0 overlap value is the m ost frequent in 
C hi indices. Among the R hi S ,  in  non-w eighted cases, the overlap values are 
th e  m ost frequent in th e  0.7— 0.8 and 0 categories, while in w eighted cases 
in  th e  0.7 and 0 categories. The d  values show a m axim um  in the 1.4 category, 
w hich corresponds to th e  0 overlap (Table 18).

In the case of soil m oisture content, an approxim ately linear correlation 
ex ists  between R hi and C htw  (Fig. 1). Sim ilarly, there is a linear correlation

Fig. 6. R e la tio n sh ip  be tw een  Я л,- and  d. R o o t d e p th  
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Fig. 7. R e la tio n sh ip  be tw een  w and  dw. R o o t d ep th
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Fig. 8. Relationship betw een  R and d. Soil moisture content

betw een R hi and R hiw, and also betw een the d —d w values (Figs 2— 5). B y  
exam ining any one of the factors, a curvilinear relationship is obtained betw een  
R hi and d  (Figs 6— 9) and this is va lid  also when the categories o f soil m oisture 
content and root depth are calcu lated  in com bination. No explanation  could  
be found in  respect of this relationship.

On the basis of the a12 and ot21 values (Tables 19, 20, 21 and 22), which  
represent the com m unity m atrices, th e  species effect and the com m unity effect 
were calculated (Tables 23 and 24; cf. V a n d e r m e e r  1972).

In  the case o f soil moisture con ten t, the species effect calculated b y  using  
th e  unw eighted and the w eighted data  showed a very different ordering o f
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th e  species. There is no  good agreem ent in  th e  sequence of th e  species w ith  
re g a rd  to  co m m unity  e ffec t e ither, if  we co m p are  th e  w eighted  an d  th e  non- 
w e ig h ted  indices. W h a t can  be in ferred  is t h a t  F u m a n a  and  E uphorbia  have

T a b l e  1 9

C om m unity m atrix  
Soil moisture content 

(o n  the basis o f  поп-weighted values)

1 Festuca Medi-
cago Thymus Fumana Euphor­

bia Carex Minuar­
tia Cynodon Equise­

tum
Centau-

rea

Festuca 4.081 0.918 1.003 0.482 0.557 1.095 1.071 1.061 1.224 0.884
M edicago 0.648 2.880 0.780 0.414 0.349 0.654 0.930 0.816 0.480 0.720
T h y m u s 0.843 0.929 3.429 0.467 0.416 0.935 1.107 1.028 1.000 0.667
F um ana 0.318 0.387 0.366 2.689 0.866 0.222 0.305 0.244 0.122 0.326
Euphorbia 0.446 0.396 0.396 1.054 3.271 0.351 0.297 0.297 0.297 0.495
Carex 0.877 0.743 0.892 0.270 0.351 3.271 0.966 0.952 1.189 0.694
M in u a rtia 0.646 0.795 0.795 0.280 0.224 0.727 2.461 0.738 0.769 0.410
Cynodon 0.722 0.787 0.833 0.252 0.252 0.808 0.833 2.778 0.833 0.741
E quisetum 0.600 0.333 0.583 0.091 0.182 0.727 0.625 0.600 2.000 0.333
Centaurea 0.650 0.750 0.583 0.364 0.454 0.636 0.500 0.800 0.500 3.000

In  th e  m ain d iag o n a l I f ,  in  th e  u p p e r se m i-m a trix  ocI2, in  th e  low er sem i-m atrix  
v a lu e  a 21

Table 20

C om m unity m atrix  
Soil moisture content 

( on the basis o f  weighted values)

Festuca Medi­
cago Thymus Fumana Euphor­

bia Carex Minuar- I 
lia Cynodon J Equise­

tum
Centau­

rea

Festuca 4.4189 0.8418 0.9512 1.5725 0.6792 1.1257 0.9576 1.1158 1.2815 0.9629
M edicago 1.6609 3.1605 0.6536 0.1940 0.2092 0.6596 0.9207 0.7920 0.4993 0.7405
T h ym u s 0.8567 1.2147 3.9809 0.7727 0.7309 0.9367 1.0123 1.0469 1.0430 0.6668
F um ana 0.5592 0.0965 0.3051 1.5711 0.9013 0.0517 0.0692 0.0487 0.0251 0.0868
Euphorbia 0.2932 0.1263 0.3502 1.0939 1.9076 0.1160 0.0816 0.0946 0.0992 0.1751
Carex 0.7962 0.6524 0.7355 0.1616 0.1901 3.1259 0.8443 0.9941 1.2129 0.7465
M in u a rtia 1.7554 0.7658 0.6685 0.1819 0.1125 0.7100 2.6288 0.7461 0.7466 0.4017
Cynodon 1.5196 0.6531 0.6854 0.0808 0.1293 0.8288 0.7396 2.6062 0.9382 0.6932
E quisetum 0.5622 0.3063 0.5079 0.0310 0.1008 0.7522 0.5506 0.6979 1.9387 0.4304
Centaurea 0.6403 0.6885 0.4922 0.1622 0.2698 0.7017 0.4490 0.7817 0.6524 2.9386

In  th e  m ain  d iag o n a l va lues B j w; see also T ab le  19
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Table 21

C om m unity  m atrix  
Root depth

(on the basis o f  non-tceighted values)

Festuca M edi­
cago

Thymus Fumana Euphor­
bia

Carex M inuar­
tia

Cynodon Equise­
tum

Centau-
rea

Festuca 2.4390 0.6098 0.7724 0.0332 0.4434 0.5654 0.2439 0.8780 1.0976 1.0976

Medicago 0.6428 2.5713 0.8928 0.0000 0.1949 1.0519 1.2322 0.5143 0.7501 0.4286

T h ym u s 0.9122 1.0000 2.8802 0.0000 0.2837 1.0256 0.9899 0.7681 1.0801 0.7200

F um ana 0.0225 0.0000 0.0000 1.6575 0.4931 0.0000 0.0000 0.2412 0.0000 0.0000

Euphorbia 0.6286 0.2621 0.3406 1.0287 3.4575 0.1999 0.0394 0.6916 0.4716 0.9429

Carex 0.5292 0.9340 0.8130 0.0000 0.1320 2.2831 1.1936 0.4151 0.6744 0.2075

M inuartia 0.1280 0.6133 0.4399 0.0000 0.0146 0.6691 1.2799 0.0640 0.1201 0.0000

Cynodon 1.0000 0.5556 0.7408 0.4042 0.5556 0.5050 0.1389 2.7778 1.1111 1.1111

E quisetum 0.7200 0.4667 0.6000 0.0000 0.2182 0.4726 0.1501 0.6400 1.6000 0.6944

Centaurea 0.4500 0.1667 0.2500 0.0000 0.2727 0.0909 0.0000 0.4000 0.2500 1.0000

In  th e  m ain  d iagonal values B p  see T able  19

Table 22

C om m unity  m atrix  
Root depth

( on the basis o f  weighted data)

! Festuca Medi­
cago

Thymus Fumana Euphor­
bia

Carex M inuar­
tia

Cynodon Equise­
tum

Centau­
rea

Festuca 2.638 0.521 0.674 0.021 0.380 0.484 0.299 0.770 1.089 1.213

Medicago 0.380 1.922 0.824 0.000 0.087 1.041 1.255 0.204 0.341 0.225

T h ym u s 0.667 1.118 2.609 0.000 0.167 1.151 1.290 0.431 0.696 0.522

F um ana 0.011 0.000 0.000 1.378 0.547 0.000 0.000 0.369 0.000 0.000

Euphorbia 0.458 0.143 0.203 1.260 3.175 0.090 0.014 0.749 0.345 0.721

Carex 0.324 0.955 0.778 0.000 0.050 1.763 1.211 0.164 0.310 0.113

M in u a rtia 0.128 0.739 0.560 0.000 0.004 0.777 1.132 0.022 0.051 0.000

Cynodon 0.873 0.317 0.494 0.800 0.705 0.227 0.059 2.990 0.990 1.076

Equisetum 0.687 0.295 0.444 0.000 0.181 0.292 0.075 0.550 1.663 0.457

Centaurea 0.460 0.117 0.200 0.000 0.227 0.064 0.000 0.360 0.275 1.000

In  th e  m a in  d iagonal values B, sae T able  19

h ard ly  an y  e ffec t  on th e  d istr ib u tion  o f  th e  o ther sp ecies according to  so il 
m oistu re co n ten t, and th e  other sp ecies h ave no in flu en ce  on th e  d istr ib u tion  
o f  th e  tw o  sp ecies (F um ana  and Euphorbia)  accord in g to  soil m oisture co n ten t  
eith er.
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As regards roo t d e p th , b o th  th e  species effect and  th e  co m m u n ity  effect 
show  th e  sm allest va lu e  in  F um ana , e ith e r  b y  th e  w eighted  or b y  th e  non- 
w eig h ted  d a ta . The s itu a tio n  is s im ilar also here  to  th a t  in  th e  case of soil

Table 23

Species effect and com m unity  effect 
Soil m oisture content

Com m unity effect Species effect

Calculated on the  basis o f da ta

non-weighted weighted non-welghted weighted

Festuca 0.639 (7) 1.054 (1) 0.922 ( i) 0.960 (1)
Medicago 0.671 (6) 0.703 (4) 0.643 (5) 0.594 (7)
T h ym u s 0.692 (4) 0.920 (2) 0.821 (2) 0.594 (6)
F um ana 0.408 (9) 0.238 (10) 0.351 (10) 0.472 (9)
Euphorbia 0.406 (10) 0.270 (9) 0.448 (9) 0.369 (10)
C arex 0.684 (5) 0.704 (3) 0.771 (3) 0.654 (4)
M inuartia 0.737 (1) 0.676 (6) 0.598 (6) 0.625 (5)
Cynodon 0.726 (2) 0.696 (5) 0.674 (4) 0.702 (3)
Equisetum 0.713 (3) 0.438 (8) 0.453 (8) 0.722 (2)
Centaurea 0.586 (8) 0.537 (7) 0.582 (7) 0.545 (8)

T h e  ra n k  n u m bers a re  in  b rack e ts

Table 24

Species effects and co m m unity  effects 
Root depth

Species effect Community effect

Calculated on the basis of da ta

non-we ghted weighted non-weighted weighted

Festuca 0.559 (3) 0.606 (3) 0.638 (3) 0.443 (7)
Medicago 0.512 (6) 0.484 (4) 0.634 (4) 0.467 (2)
Th ym u s 0.539 (4) 0.671 (1) 0.753 (1) 0.464 (4.5)
F um ana 0.163 (10) 0.103 (10) 0.084 (10) 0.231 (10)
Euphorb ia 0.290 (9) 0.443 (5) 0.512 (6) 0.261 (9)
Carex 0.509 (7) 0.434 (6) 0.544 (5) 0.464 (4.5)
M inuartia 0.443 (8) 0.253 (8) 0.228 (8) 0.467 (3)
Cynodon 0.512 (5) 0.621 (2) 0.680 (2) 0.402 (8)
Equisetum 0.617 (1) 0.331 (7) 0.440 (7) 0.455 (6)
Centaurea 0.578 (2) 0.189 (9) 0.209 (9) 0.481 (1)

R a n k  num bers a re  in  b rack e ts
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Table 25

D istribu tion  o f species frequencies in  the categories o f soil m oisture content and root depth

mS 0 . 1- -0 .29 0.30 —0.49 0.50 —0.69 0.70—0.89 0.90-
cm

O' O' O' O' O' O' O' O' O' O' O' O' O' O' O' O' O' O' O'
со Ю t- Ô CO t- O' CO O' со Ю c- O' со to t- O'

Species 04 Tf vO CO о 04 i vO CO о 04 sO i © 04 'O CO
J

О 04 vd CO О

Festuca 4 2 3 3 1 2 1 1 2 1
Medicago 1 1 l 1 5 1 2

T h y m u s

F um ana

2 1 1 2 1

1

1 1 2

1 1 2

1

2 4
Euphorbia 1 1 1 1 1 1 1 2 2
Carex 1 2 1 2 2 2 1
M in u a rtia 1 4 2 1

E ynodon 2 1 1 1

E quisetum

Centaurea
2

1

1 1

1 1

S um 4 12 5 8 10 7 1 10 3 7 3 2 2 2 4 1 3 2 1 4 6

Festuca vaginata Medicago minima

0 %  < 1 0 %  1 0 -1 9 % 2 0 - 2 9 % 3 0 - 3 9 %

F ig . 10. P o sitio n  of th e  species in  th e  sy s tem  of co-ordinates fo rm ed  b y  th e  soil m o istu re
an d  ro o t d e p th  axes 

H a tch in g  p a tte rn  in d ica tes  frequency
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1 I I Г
Euphorbia seguieriana

m o istu re  con ten t: th e  seq u en ce  of species is h igh ly  d ev ia tin g  in  a com parison 
b e tw een  th e  w eigh ted  a n d  th e  non-w eighted  v a lu es; th is  holds for b o th  th e  
species effect and  th e  c o m m u n ity  effect (Table 24).

T he species f req u en cy , according to  th e  com bined  categories of soil 
m o istu re  co n ten t an d  ro o t d e p th  is show n in  T ab le  25 an d  in  Fig. 10. In  th is 
case we only w orked  w ith  th e  original frequencies.

Festuca  has th e  g re a te s t  niche b re a d th , w hile E quisetum  has th e  sm allest 
one (Table 26).

The average of th e  overlap s calcu lated  b y  using  m easu rem en t Chi and  R hi 
gave  an  alm ost id e n tic a l o rd er. The value of Festuca  is th e  g rea test also in  
th is  case. The sm allest v a lu e  occured in  F um ana . T he  averages of th e  d-values
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Minuartia verna
- 1------1 г
Cynodon dactylon

“ I-----------1----------- 1 I I I I I I Г
Eauisetum ramosissimum Centaurea arenaria

accord ing  to  species (Table 27), or m ore ex ac tly  th e  rev e rsed  order o f th e  c a t ­
egory n u m b ers , p ro d u ced  an o rder v e ry  n e a r to  th a t  o f th e  overlap averages 
(Table 28).

T he d is tr ib u tio n  of th e  overlap  values (ca lcu la ted  on th e  basis o f com b in ed  
categories) can  be s tu d ied  on tw o m easu rem en ts (Chi an d  R hi) (T ab le  29). 
In  b o th  o f th e m , th e  value 0 is th e  m ost freq u en t, w here th e  tw o freq u en cy  
d is trib u tio n s are  r a th e r  d ifferen t. In  an y  case, th e y  are  m ore sim ilar to  th e  
d is trib u tio n  accord ing  to  roo t d ep th  (T able 18) th a n  to  th a t  according to  soil 
m oistu re  c o n te n t (Table 17).
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Table 26

N iche breadths and overlaps 
C om bination  o f  soil moisture content and root depth

Festuca M edi­
cago

T hy mus Fumana Euphor­
bia

Carex Minuar­
tia

Cynodon Equise­
tum

Centau­
rea

Festuca 0.677 0.421 0.645 0.069 0.370 0.520 0.083 0.638 0.769 0.643
M edicago 0.332 0.527 0.642 0.000 0.088 0.623 0.394 0.455 0.521 0.185
T h ym u s 0.516 0.499 0.664 0.000 0.120 0.654 0.573 0.505 0.579 0.254
F u m a n a 0.050 0.000 0.000 0.510 0.648 0.000 0.000 0.140 0.000 0.000
E uphorbia 0.323 0.084 0.133 0.545 0.666 0.216 0.000 0.000 0.159 0.381
Carex 0.473 0.432 0.509 0.047 0.184 0.588 0.617 0.279 0.538 0.191
M in u a rtia 0.050 0.333 0.374 0.000 0.000 0.454 0.377 0.000 0.000 0.000
C ynodon 0.450 0.249 0.333 0.091 0.000 0.182 0.000 0.414 0.673 0.262
E quisetum 0.500 0.249 0.333 0.000 0.091 0.363 0.000 0.600 0.323 0.000
Centaurea 0.300 0.084 0.168 0.000 0.183 0.093 0.000 0.200 0.000 0.341

In  th e  m ain  d iagonal v a lu e  JETj, in th e  u p p e r  m a tr ix  R in  th e  low er m a tr ix  va lue  Chi

Table 27

The E uclidean  distance (d )  between the species 
C om bination o f  soil moisture content and root depth

Medicago Thym us Fumana Euphor­
bia

Carex Minuar­
tia

Cynodon Equise­
tum

Centaurea

Festuca 1.212 0.951 1.396 1.211 0.996 1.395 0.855 0.724 1.051
M edicago 0.550 1.414 1.350 0.861 0.988 1.217 1.200 1.342
T h ym u s 1.414 1.325 0.838 1.047 1.053 1.019 1.206
F u m a n a 0.714 1.414 1.414 1.362 1.414 1.414
E uphorbia 1.282 1.414 1.414 1.338 1.185
Carex 0.853 1.143 0.936 1.317
M in u a rtia 1.414 1.414 1.414
Cynodon 0.676 1.250
E quisetum 1.414

The sequence o f th e  n iche b re a d th s , ca lcu la ted  on th e  basis of in d ex  B t 
(T ab le  30), shows no o th e r  ag reem ent w ith  th e  order accord ing  to  th e  H t 
fu n c tio n  th a n  th e  n iche  b re a d th  of E qu ise tum  being th e  n a rro w est also b y  
th is  calculation .

On the  basis o f th e  co m m u n ity  m a tr ix  (T able 30), th e  co m m u n ity  effect 
is th e  g rea test in  th e  case o f Festuca an d  th e  sm allest in F u m ana . The species 
e ffec t is the  g rea te s t in  E quisetum  and  th e  lo w est in  F um ana  (T able 31).
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Table 28

Species average niche overlap order 
Combination o f  soil m oisture content and root depth

Measurement

Species
Chi Kki d*

Festuca 1 1 1

Medicago 4 4 5

Th ym u s 2 2 2

F um ana 10 10 10

Euphorbia 7 7 7

Carex 3 3 3

M in u a rtia 8 9 8

Cynodon 6 6 4

E quisetum 5 5 6

Centaurea 9 8 9

* S ta r tin g  fro m  th e  sm allest d is tan ce

Table 29

D istribution o f  niche overlap values 
Soil moisture content and root dep th*

* See also T ab le  17
Table 30

C om m unity  m atrix
Combination o f  soil m oisture content and root depth*

Festuca M edi­
cago

Thymus Fum ana Euphor­
bia

Carex M inuar­
tia

Cynodon Equise­
tum

Centau­
rea

Festuca 8.064 0.395 0.645 0.040 0.298 0.620 0.048 1.048 1.419 0.798

Medicago 0.209 4.273 0.358 0.000 0.034 0.512 0.623 0.286 0.358 0.119

Thym us 0.634 0.666 7.936 0.000 0.119 0.714 0.746 0.658 0.667 0.444

F um ana 0.022 0.000 0.000 4.504 0.554 0.000 0.000 0.081 0.000 0.000

Euphorbia 0.301 0.065 0.121 1.000 8.130 0.195 0.000 0.000 0.186 0.487

Carex 0.493 0.769 0.577 0.000 0.153 6.410 0.940 0.461 0.871 0.192

M in u a rtia 0.017 0.424 0.273 0.000 0.000 0.427 2.907 0.000 0.000 0.000

Cynodon 0.541 0.279 0.345 0.075 0.000 0.300 0.000 4.166 1.041 0.279

Equisetum 0.470 0.224 0.224 0.000 0.061 0.363 0.000 0.668 2.674 0.000

Centaurea 0.297 0.084 0.168 0.000 0.180 0.090 0.000 0.201 0.000 3.003

* See also T ab le  19

0  Acta Botanica Academiae Scientiarum Hungaricae 22, 1976



3 5 0 F E K E T E ,  G . — P R É C S É N Y I ,  I .  M O L N Á R , E . - M E L K Ó ,  E .

Table 31

Species effect and co m m u n ity  effect 
C om bination o f  soil m oisture content and root depth

Species Species effect Community effect

Festuca 0.332 (4) 0.590 (1)
Medicago 0,323 (5) 0.278 (5)
Thym us 0.301 (6) 0.516 (2)
F um ana 0.124 (10) 0.073 (10)

Euphorbia 0.155 (9) 0.262 (6)
Carex 0.358 (3) 0.495 (3)
M in u a rtia 0.262 (7) 0.127 (8)
Cynodon 0.378 (2) 0.318 (4)

E quisetum 0.505 0 ) 0.223 (7)
Centaurea 0.258 (8) 0.113 (9)

R a n k  num bers in  b ra ck e ts

Table 32

D -analysis results

Medicago Thymus Fum ana Euphorbia Carex

Festuca 0.611 0.496 1.508*** 1.094** 0.856*
Medicago 0.240 1.632*** 1.319** 0.662
Thym us 1.491*** 2.234*** 0.281
F u m a n a 0.539 0.821*
Euphorbia 2.267***

F o r rem arks see T ab le  7

D -analysis was m ade only in F estuca, Medicago, T h ym u s, F um ana , 
E uphorb ia  and Carex, on the basis o f soil m oisture content and root depth  
b y  using the original m easurem ent data. 13y taking into consideration the 
tw o characteristics together, it can he stated  that the distance is sm all between  
the niche centres o f Festuca — Medicago — T h ym u s, Medicago — C arex— T hym us  
and F u m a n a — E uphorb ia  (Table 32).
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S um m ary

F o r a com parison  betw een vario u s m easu rem en ts  we used ra n k  co r­
relations of th e  species ob ta ined  on th e  basis of th e  above m entioned  m easures, 
W ith o u t d o u b t, th e  com parison is possib le also in  o th e r  w ays. F o r exam ple , 
th e  functions if,- a n d  Ü , u„ according to  th e  soil m o istu re  co n ten t, did n o t 
corre la te, even th o u g h  th e  differences betw een  th e  value  pairs accord ing  to  
th e  tw o functions are  n o t great. I t  can  be a t tr ib u te d  to  th e  fu n d am en ta l d if­
ferences betw een  th e  m easurem ent t h a t  in  m any  o f th e  cases it  is no t th e  
various w eigh ted  m easu res th a t  show ag reem en t accord ing  to  th e  co rre la tions, 
b u t, for exam ple, a w eighted  m easure w ith  an u n w eig h ted  form ula o f o th e r  
origin. As has been  m en tioned , L e v in s’s in d ex  В , e s tim a te s , according to  ra n k  
correlations, th e  m o st satisfac to rily  all b re a d th  orders o b ta in ed  by  th e  o th e r  
m easu rem en ts an d  fo r th a t  m a tte r  in  b o th  n iche d im ensions.

In  th e  o rder o f  sequence of th e  PiELOU-type w eigh ted  niche b re a d th s , 
th e  value betw een  th e  f irs t  and  th e  la s t  species dev ia tes  w ith  one o rd e r of 
m agn itude . T he in d e x  u,h,(fc) takes dom inance  in to  considera tion , b lu rred  in  
th e  o th e r m easu rem en ts .T h u s th e  PiELOU-type w eigh ting  is sensitive to  so m e­
th in g  else th a n  th a t  o f  th e  CoLWELL-FuTUYMA-type: th e  fo rm er to  species re ­
p resen ta tio n , th e  la t te r  to  categories.

The d ev ia tin g  n a tu re  of th e  v a rious m easu rem en ts  m anifests itse lf  also 
in  th e  overlap -values . T his is well re flec ted  from  th e  com pilations w hich in d ica te  
th e  frequency  d is tr ib u tio n  of the  overlap  values (45—45) according to  th e  
various m easu rem en ts . A  m easurem ent ch a rac te ris tic  is for exam ple t h a t  
H orn’s R hi (and  th e  R hi w) give a h igh v a lu e  ()> 0.7) in  considerab ly  m ore cases 
th a n  do th e  indices Chi (and  Chiw) In  a n y  case, all m easu rem en ts  give th e  id e n ­
tica l resu lts  for th e  average  overlap v a lu e  (th e  overlap  average of one species 
in  re la tion  to  all th e  o thers), i t  being th e  g re a te s t in  th e  case of Festuca, an d  
th e  sm allest in  th e  t h a t  o f F um ana, on th e  soil m o istu re  co n ten t axis. O n th e  
roo t d ep th  axis, all m easurem ent show ed th e  g re a te s t average overlap  in  
T hym us, and  th e  sm alle st one in  F um ana , w hile, accord ing  to  th e  com bined  
categories, Festuca  is a t  th e  beginning  of th e  sequence and  F um ana  a t  
its  end.

The tw o -d im ensiona l p resen ta tio n  o f th e  niches is to  be found  a lread y  
in  H u tc h in so n ’s w orks (1957, 1967), h u t  th e  ca lcu la tion  of th e  p a ram e te rs  
b y  our app ro ach  (on th e  basis of com bined  categories) has h a rd ly  any  p rev ious 
exam ple. T he exp ression  of b read th  an d  overlap  accord ing  to  fac to r co m b in a­
tions is m ore n a tu ra l th a n  th a t  m ade on sep a ra te  axes, for i t  is likely  th a t  
th e  f ittin g  in to  th e  com m unity , th e  co m p e titio n  on all scales, tak es  p lace 
sim u ltaneously  (if th e y  are indeed re lev an t). The n iche b read th s  accord ing  to  
th e  com bined ca tego ries m ostly  follow th e  p a t te rn  of n iche b re a d th  of th e  
roo t d ep ths. T he co m m u n ity  effect c a lcu la ted  on th e  basis o f th e  com bined
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categories also tak es  an alm ost id en tica l p a t te rn  w ith  roo t d e p th . T he sequence 
o f species effect is also s im ila r to  th a t  acco rd ing  to  th e  roo t d ep th .

Follow ing from  th e  c h a ra c te r  o f th is  p ap e r, we do n o t p ropose to  discuss 
th e  analysis o f th e  species effect an d  co m m u n ity  effect accord ing  to  species 
o r n iche dim ensions. T he co m m u n ity  effect d irec ted  to  a species h is in  som e 
w ay  dep en d en t on th e  n iche b re a d th  o f th e  species exam ined , since

<*hi =  2  PhjPij 12  p l j  =  2  PhjPij • B h 
j  j  j

w here  B h is th e  n iche b re a d th  (L e v in s , 1968). The values, an d  f in a lly  th e  
co m m u n ity  effect va lues, depend  on th e  m ag n itu d e  of th e  values p h an d  p i9 
b u t  m ain ly  on th e ir  d is tr ib u tio n . T he c o m m u n ity  effect can  be v e ry  low fo r a 
species of m edium  n iche b re a d th  (for exam ple , F um ana , accord ing  to  th e  
com bined  categories), since F um ana  is an  “ ecological sp ec ia lis t” : i t  p refers 
ca tego ries w here all o th e r  species occu r on ly  w ith  a sm all freq u en cy  (or do 
n o t a t  all).
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CLAVATOSPORA FLAGELLATA SP. NOY.
AN AQUATIC HYPHOMYCETE FROM HUNGARY

By

J . G önczöl

BOTANICAL D EPARTM ENT, H UNGARIAN N ATURAL H ISTORY  MUSEUM, BU DA PEST 

(R eceived N o v em b er 17, 1976)

Clavalospora flagella ta  sp. nov. is described  from  subm erged  decay ing  leaves.
T he d ev elopm en t on  its  n a tu ra l su b s tra te , th e  seasonal freq u en cy  and  d is tr ib u tio n
of th e  fungus are  also discussed and  illu s tra te d .

The conidia of th e  fungus described  here  have a lread y  o ccu rred  in  th e  
w in te r foam -sam ple collected in  th e  u p p e r reach  of th e  riv e r-sy s tem  o f Morgó- 
b rook  (M ts. B örzsöny , N o rth e rn  H u n g ary ) u n d e r  s tu d y  fo r som e years. D u r­
in g  th e  w in te r in v estiga tions in  1974, a few  skeletonized leaves w ere co llected  
w ith  a fungus grow ing am ong and  v e ry  s im ila r to  th e  w ell-know n specim ens 
of Alatospora acum inata  Ingold.

In  th e  sam e period  of th e  n ex t yea r, m ore lea f m ateria l cou ld  be co llected  
an d  th e  fungus, know n  u n til th e n  b y  its  con id ia  only, was successfu lly  c u lt iv a t­
ed on its  n a tu ra l su b s tra te  and  observed  d u rin g  its  developm ent.

Spore p ro d u c tio n  of th e  p resen t species was observed  on subm erged  
decaying  leaves of Fagus silvatica, C arpinus betulus and  Quercus sp ., co llected  
in  N ovem ber, D ecem ber and  Ja n u a ry . Skeleton ized  leaves w ere p laced  in  
P e tri-d ishes filled  w ith  d istilled  w ate r, an d  in  an  aqu ariu m  filled  w ith  b rook  
w a te r. B o th  th e  P etri-d ishes and  th e  aq u a riu m  were ae ra te d  an d  k e p t a b o u t 
5°C. In  th e  s tro n g ly  ae ra ted  cu ltu res, th e  developing specim ens ap p eared  on 
th e  th ird  day . M any skeletonized leaves w ere exam ined  d u rin g  th e  w in te r 
in v es tig a tio n a l period  (N o v em b er—J a n u a ry )  an d  i t  was found  th a t  th e  p re se n t 
fungus ap p eared  only  v e ry  sparsely  on each  leaf. A lm ost alw ays single conidio- 
phores were to  he seen on th e  leaves.

T he p re sen t fungus, to g e th e r w ith  Monotosporella tuberculata  G önczöl 
described  recen tly , is one of the  m ost ch a rac te ris tic  species of th e  A q u a tic  
H y phom ycetes in  th e  m on tane  stream s of th e  beech region in  H u n g a ry . This 
fungus, s im ilarly  to  Monotosporella tuberculata, is defin ite ly  a w in te r  species 
h av in g  its  sp o ru la tio n  peak  in  D ecem b er—J a n u a ry  w ith  w a te r  te m p e ra tu re  
ab o u t 0°C (G önczöl, 1975).

C lavatospora flage lla ta  sp. nov . (Figs 1— 2)

F u n g u s h y p h is  h y a lin is, sep ta tis , ad  folia  p u tr id a  in  aq u a  su bm ersa . C onid iophora  
h y a lin a , s e p ta ta , p le ru m q u e  brev issim a, 15 — 25 (50) x 3  — 3.5 inn . sim plicia  ve l ram o sa , p h ia- 
lides acrogenis p le ru m q u e  2 vel ra ro  3. C onidia (p h ia losporae) hya lin a , cy lind raceo-fuso idea ,
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F ig . 1. Clavatospora flagella ta  sp. nov. spore  p ro d u c tio n

Fig. 2. L ib e ra te d  m a tu re  conidia
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a se p ta ta , ra riu s  1 — 3 se p ta ta , 23 — 26 (30) X 3 .5 —4 f im , in  apice append icibus p leru m q u e  3, 
ra ro  4, sem p era rcu a tis  e t  flex ib ilibus, n u n q u am  re c tis  e t  rig id is aeq u ab ilite r  crassis, 25 - 30 X 
1 .4—1.6 fim .

H a b it, in  foliis Fagi silvaticae, C arpini betuli e t Quercus sp. in  aq u a  subm ersis p u tr i-  
disque. T ypus: in  riv u lo  S zén p atak  prope K irá ly ré t, M ts. B örzsöny , H ungária , 15. 1. 1975., 
leg. J .  GÖNCZÖl , in  H erb . Mus. H is t.-n a t. H ung . B u d ap est.

On th e  n a tu ra l su b s tra te , th e  m ycelium  and  conidiophores are h y a lin e , 
se p ta te , 3 — 3.5 fim  th ick . The conidiophores w ere sh o rt in  th e  m a jo rity  o f  th e  
specim ens observed . F req u en tly , on ly  th e  ph ia lide  rose o u t o f th e  su rface  o f 
th e  su b s tra te  (leaf vein) (P la te  I , 1— 5). T he longer conid iophores, fo u n d  on 
som e occasions, w ere 35 —40 (m ax. 50) p m  long to g e th e r  w ith  th e  p h ia lid e . 
The phialide is cylindrical-oval, th ick en in g  s ligh tly  in  its  u p p er th ird .

One or tw o  phialides are usually  develop ing  on th e  conidiophores, b u t  
th e y  m ay  be ra re ly  b ran ch ed  w ith  th re e  ph ia lides (P la te  I , 7).

The con id ium  begins its developm ent as a sm all sw elling a t th e  end  of 
th e  ph ialide an d  soon becom es cy lindrical-fusiform . T h e  fusiform  sh ap e  is 
h a rd ly  acu m in a te , being th e  th ick es t som etim es in  th e  low er, and  som etim es 
in  th e  u p p er th i r d ,b u t  never tru ly  c lav a te .T h e  th ree , ra re ly  four, s im u ltan eo u sly  
developing processes ap p ear w hen th e  m ain  p a r t  of th e  conidium  reaches th e  
leng th  of 15— 20 /um. The processes c h a rac te ris tic a lly  o rig ina te  as s tra ig h t 
co n tinua tions o f th e  m ain  p a r t  of th e  con id ium , and th e n  becom e in cu rv ed  
and  d ivergen t. T h ey  are never rigid an d  s tra ig h t, b u t  flagella te lly  f lex ib le , 
read ily  bend ing  w hen th e  cover slide is ta p p e d .

The processes are 1 .4—1.6 ^ m  w ide, as long as th e  m ain  p a r t  o f th e  
conidium , h a rd ly  tap e rin g  apically . The m a tu re  conidia are colourless, 23 —26 
(m ax. 30) X 3 .5 —4 /urn. The g ranu losity  o f th e  cy top lasm  is often  conspicuous, 
as e.g. th e  con id ium  of Jaculispora submersa  H udson  e t Ingo ld . In  som e o f 
th e  conidia b igger, c ircu lar or irreg u la rly  sh aped , d a rk  granules are v isib le . 
Som etim es fou r or six such granules can be observed , a lm o st w holly filling  th e  
m ain  p a r t  of th e  conidium  (P la te  I I ,  6).

M ost conid ia  are un icellu lar, how ever, th e re  recu r regu larly  con id ia  
w ith  1— 3 v e ry  pale  sep ta . G erm inating  con id ia  can  h a rd ly  be found am ong  
th e  num erous con id ia  in th e  foam -sam ples. So far, g e rm in a tio n  could be o b se rv ­
ed in  no m ore th a n  tw o case. The germ  tu b e  s ta r te d  from  th e  basal end o f th e  
conidia.

D iscussion

W hen classify ing th e  p resen t species, tw o  genera w ith  ph ialosporae w ere 
considered, viz. A latospora , Ingold and  Clavatospora S. N ilsson. The conid ium  
o f Clavatospora flagella ta  sp. nov . resem bles th e  conid ium  o f Alatospora acum i­
nata  Ingo ld , y e t th e  fo rm er has no m ain  axis, a lth o u g h  an y  one of its  processes 
m ay  ap p ear as a co n tin u a tio n  of th e  m ain  p a r t  o f th e  conid ium .
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Plate I
1 — 6. D evelop ing  conid ia  on su b m erg ed  Fagus silvatica  le a f  (1000 x )  

7. D eveloping co n id ia  on a con id iophore  w ith  th ree  p h ia lides (1000 X )
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1 .
Plate I I

L ib e ra ted  conidia  of Clavatospora flagella ta  sp. nov. from  a foam -sam ple  in  D ecem ber
(240 X)

2 —4. L ib e ra ted  young  conidia  o f Clavatospora flagellata  sp. nov . (800 X , 1200 x)
5 —6. L ib era ted  m a tu re  conidia from  a  foam  sam ple (700 X, 1000 x)
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T h e libera ted  an d  m a tu re  conidia of th e  p resen t species resem ble th e  
con id ia  o f  Alatospora acum ina ta , especially w hen  one o f its  th re e  processes, 
n am ely  th e  m edian one w h ich  lies in th e  sam e level o f th e  m ain  p a r t , form s 
a com m on  arc w ith  i t  (P la te  I I ,  6). In  sam ples w here th e  conidia of Clavatospora 

flagella ta  sp. nov. occur m ix ed  w ith  those o f  Alatospora acum inata , th e  new  
species im ita te s  s tr in k in g ly  th e  conidium  of Alatospora acum inata  (P la te  I I ,  1). 
H o w ev er, u n d er a h ig h er m ag n ifica tio n , th e  m orphological differences betw een  
th e  con id ia  becom e w ell v isib le  (P la te  I I ,  2— 6). W hile th e  fou r arm s of th e  
con id iu m  of Alatospora acum ina ta  are of eq u a l w id th , th e  con id ium  of Clavato­
spora flagella ta  sp. nov . a p p e a r  as a conidial t r u n k  w ith  th ree  equal processes. 
T h erefo re  sim ilarly  to  th e  genera  Clavatospora an d  Clavariopsis, th e  conidium  
has ra d ia te ly  sy m m etrica l b u t  ch a rac te ris tica lly  form ed processes.

O n th e  basis o f th e se  charac teristics its  re lega tion  to  Clavatospora seems 
ju s tif ie d , a lthough  th e  m a in  p a r t  of th e  con id ium  is n o t m ark ed ly  clavate* 
b u t  r a th e r  cy lindrica l-fusifo rm  or occasionally  resem bling  a ta p ro o t. A fu r th e r  
d ifference  is the  occurence o f 1— 3 sep ta  in  som e conidia. B ecause of these  
d ifferences as well as th e  pecu liarly  o rig in a tin g  w hip-like processes, th e  new  
species differs from  th e  k n o w n  species of Clavatospora . I t  m ay  possib ly  rep resen t 
also a new  genus.

Com parison o f th e  m ain  featu res o f th e  conidia o f Clavatospora longi- 
brachiata  (Ingold) S. N ilsson  and  of Clavatospora flagellata  sp. nov.

Cl. longibrachiata Cl. flagella ta  sp. nov.

C onid ium  tru n k  w ed g e-sh ap ed , one-celled cylindrica l-fusifo rm  or slightly  c la v a te
1 —(4) celled

P ro cess s tra ig h t, r ig id , 3 c u rv ed , flexibile , 3, (4)
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ON THE THICK-SPINED SPECIES OF MICRACTINIUM

B y

T. H orto bá g y i

DEPARTM ENT OF BOTANY, U N IV ER SITY  OF AGRICU LTURA L SCIEN CES, GÖDÖLLÖ, HUNGARY 

(R eceived  S ep tem b er 25, 1976)

In  th e  y ears 1971 — 73 I observed th re e  M icra ctin iu m  species w ith  u n u su a lly  
th ick  spines in th e  R iver D an u b e  (H u n g a ry ). One w as pu b lish ed  as M icractin ium  
crassisetum  H o rto b . (p. 123) in 1973. M y re ce n t o b se rv a tio n s com plem ent m y earlie r 
descrip tion . D iam e ter of cells 5.5 — 9 f t : th e  hollow , r ig id , u n u su a lly  th ick -w alled , 
sharp ly  p o in ted  spines 24.7 — 60 fi ,  long, th e ir  b asa l b re a d th  1.7 — 2.8 ft.

A species o f sim ilar c o n stru c tio n  is M icra ctin iu m  strigoniense  H o rtob . I t  d iffers 
from  th e  p reced ing  one b y  h av in g  one th ick -w a lled  sp ine on  each  cell w ith  tw o th in - 
walled sm all sp ines, s itu a te d  on  b o th  sides o f th e  form er. Cell d iam ete r 5 — 5.5 ft, len g th  
of spines 30 —  33 Iit, sh o rte r ones 16 —  19 f t ;  th e  fo rm er h av e  a basal b re ad th  of 1.6 — 
1.8 f t ,  th e  la t te r  0.3 — 0.4 f t .  Com posed of fe a tu res  ch a ra c te ris tic  to  M . p u sillu m  F resen  
and  M . crassisetum  H o rtob .

T he th ird  species is M . conococcoides H o rto b ., w ith  one th ick-w alled  sp ine on 
each cell, an d  a b ro ad  base. Cell d iam e te r  6 — 7 f t ,  len g th  of spines 47 — 51 f t ,  b asa l 
b re a d th  2.5 — 3 ft.

All th re e  species are w ith  cells in  agg lom era tions a n d  n o t  a rranged  in  a p lane .

In  the  course of ex am in a tio n  of th e  m icroscopic v eg e ta tio n  in the  se ttlin g  
and  enriching dressing  basins, 1 have  id en tified  415 ta x a  from  th e  collections 
m ade in 1968— 1969. T he respec tive  ta x a  w ere h igh ly  d iverse  as regards space 
and  th iin e  in  th e  fo rm atio n  of th e  coenosis. T his fac t can  be explained  p a r tly  
b y  th e  g rea t n u m b e r o f o rganism s, d iffe ren t ecological sp ec tra  and  p a r t ly  
b y  th e  p e rm an en t connection  to  th e  D an u b e  an d  by  th e  various en v iro n m en ta l 
fac to rs. M ost ta x a , va lu ab le  from  a saprobiological v iew p o n t, are b e ta - an d  
m esosaprobic: th e y  reflec t th e  s ta te  of th e  D an u b e  as a good feeding w a te r. 
A m ong th e  158 assessed organism s th e re  are  3 o ligosaprob ion ts, 34 oligo-beta- 
sap ro b io n ts , 65 b e ta -m eso sap ro b io n ts , 49 b e ta -a lp h a-m eso sap ro b io n ts , 6 a lpha- 
saprob ion ts and  1 p o ly sap rob ion t.

In  the  course of ex am in a tio n  of th e  in d ic a to r  o rgan ism s, ta x a  w ith  v e ry  
th ic k  spicules h av e  been  v e ry  stick ing . I  h a d  a lread y  m en tio n ed , as early  as 
in  m y  In d ia n  an d  V iet-N am ese p u b lica tio n s, th a t  th e  occurrence of som e 
organism s in  m ore so u th e rn  regions as well as th e  s ta te  o f tro p h isa tio n  m ay  be 
connected  w ith  a m ore ro b u st an d  la rger s ta tu re  and  p rin c ip a lly  w ith  a b igger 
and  th ick e r ap p earan ce  of th e  spicules.

In  m y  stud ies on th e  D an u b e , I  em phasized  th e  u n u su a lly  th ick  coenobia 
w ith  ob tuse spicules, occurring  in  th e  genus Scenedesm us.

The f irs t M icractin ium  green alga w ith  an u n u su a lly  th ick  wall an d  
spines was observed  in  th e  D an u b e  in  A ugust, 1968; i t  w as su b seq u en tly  pub lish -
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Fig. 1. M icractin ium  crassisetum  H ortob .

ed  as M icractin ium  crassisetum  H o rto b ., in  1973 (p. 123). Cell d im ensions 
5 .5— 6.5 fx, len g th  of spines 24.7— 33.8 p ,  basa l b re a d th  o f sp ines 1.7— 2.6 p . 
M . crassisetum  is w ell-d istingu ishab le  from  th e  co n cu rren t M . p u sillu m .

My recen t observa tions com p lem en ted  th e  orig inal d esc rip tion . D ia ­
m e te r  of cell 5 .5 —9 p ,  leng th  of th e  u n u su a lly  th ick -w alled , sh a rp ly  p o in ted  
sp ines 24.7— 60 p ,  w id th  a t base 1.7— 2.8 p . Cells globose, occasionally  s lig h tly  
com pressed , e longated . C oenobia 2- o r 4-celled, ra re ly  8 o f cells. T he m ost 
com m on form  of occurrence is in  g roups of fou r (Fig. 1). — J u ly — S ep tem ­
b er.
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Fig. 2. M icractin ium  strigoniense H o rto b . n. sp.

In  th e  D an u b e  sam ples collected in  1972—73. I  found  tw o fu r th e r  th ick - 
sp ined M icractin ium  species. T h e  th ree  ta x a  show  a good ev o lu tio n ary  series. 
T hey  exem plify  t h a t  th e  ap p earan ce  of th ick -sp ines is in te rp re ta b le  as p ara lle l 
m orphoses.

M icractin ium  strigoniense H o rto b . n . sp.
Fig. 2

Coenobia 4-celled, d iam e te r  5—5.5 [i. Cell-wall sm ooth . Cells n o t a rranged  
in  a p lane. E ach  cell em ittin g  a th ick -w alled , rig id , s tra ig h t, sh a rp ly  po in ted  
spine w ith  an in te rn  cav ity , le n g th  30—33 (n. Beside each  spine a th in -w alled , 
rig id , s tra ig h t, sp h a rp ly  po in ted  spine on b o th  sides, len g th  16— 19 /1 . B asal 
b re a d th  of long an d  th ic k  spines 1.6—1.8 ц , th a t  o f th e  sh o rte r  sp ines 0.3— 0.4 //. 
C hloroplasts p a r ie ta l, filling in  cell, w ith  a large py reno id . P ro p ag a tio n  by  
au to-spores. In  M ay, 1972: ra re .
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Fig. 3. M icra ctin iu m  conococcoides H o rto b . n. sp.

A close ally  o f M . crassisetum  H o rto b ., b u t  c learly  d istingu ishab le  from  
i t  b y  its  single th ic k  sp in e  an d  th e  sh o rte r  sp ines, one on each  side o f th e  form er. 
I t  d isplays ch a rac te ris tic s  of M .p u s il lu m  F resen  and  o f M . crassisetum  H o rto b ., 
w ith  th e ir  th in  and  th ic k  spines, respective ly .

M icrantinium conococcoides H o rto b . n . sp.
F ig . 3

The th ird  th ick -sp in ed  M icra c tin iu m  w ith  a considerab le  basa l b re a d th  
is th e  sim plest one, m orpho log ica lly . C oenobia 4-celled, cells n o t a rran g ed  in  
a p lane , sm ooth-w alled , d iam ete r 6 —7 p , som etim es slig h tly  com pressed. 
E ach  cell bearing  o n ly  one th ick -w alled , s tra ig h t, rig id , sh a rp ly  po in ted , 
hollow  spinéi len g th  47 — 51 p , b re a d th  o f base 2 .5 —3 p . C h lo rop last p a rie ta l, 
filling  in cell, w ith  a w ell-d iscernible pyrenoid .

In  Ju ly , 1973: ra re .
I t  is closely re la te d  to  M . crassisetum  H o rto b ., but sh a rp ly  differs from  

i t ,  by  having only a single spine on each  cell.
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I t  s trik in g ly  resem bles Conococcus elongatus C arte r. I n  th is  la t te r  species 
each  cell bears one b ro ad -b ased  sp in e , b u t  th e  cells a re  a rran g ed  in  a p lane , 
w hile th e  specim ens from  th e  D an u b e  h av e  th e ir  cells a rran g ed  as ch a rac te ris tic  
o f M icractin ium , i.e. in  an  agg lom eration .

D IA G N O S E S

M icractinium strigoniense H ortob . n. sp.

Cellulae 5 — 5.5 fi d iam ., q u a te rn ae  d isp o sitae , in u n a q u aq u e  earu m  spinae singulae , 
rig idae, rec tae , crasse tu n ic a ta e , in te rn e  cav ae , m u cronatae , 30 — 33 f i  longae, su b tu s  1.6 — 
1 .8 / 1  la ta e , u ltro  sp inae b inae  te n u ite r  tu n ic a ta e , sp in a t singulas in  m ed ium  acc ip ien tes, 
rig id ae, m u cro n a tae , cavae, 16-19 ц  longae, a d  b asin  0.3 —0.4 /i la ta e ,  ch lo ro p las tis  parie - 
ta lis  p y ren o id a  conspicua. P ro p ag a tio  p e r au to sp o ras . D u na , 1973, У . — R aro .

M icractinium conococcoides H ortob . n. sp.

C oenobia 4-cellu laria , e cellulis 6 —7 /t d iam . com posita . In  u n a q u a q u e  cellu la sp inae 
singulae, crasse tu n ic a ta e , rig idae, rec tae , m u cro n a tae , cavae, 47 — 51 /i longae, ad  basin  
2.5 — 3 fi crassae. C hlorop lastis p a rie ta lis . P y ren o id a  conspicua. D u n a , 1973. V II . — R a ro

R E F E R E N C E S

H o r t o b á g y i  T. (1973): N eue Chlorococcales au s  den A bsetz- u n d  G ru n d w asse ran re ich eru n g s­
becken de r R u d ap este r W asserw erke. — A cta  B ot. Acad. Sc. H ungaricae . B u d a p es t, 
18, 1 1 9 -1 3 0 .
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CHANGES IN THE PEROXIDASE ENZYME 
AND IN ITS ABILITY TO HYDROXYLATE 
UNDER THE EFFECT OF ACTINOMYCIN D 

AND CHLORAMPHENICOL IN SEEDLING BEAN PLANTS
By

M. M. H o r v á t h  and  J.  N e m c s ó k

BIOCHEMICAL AND G EN ETICA L RESEA RCH  TEAM, JÓ Z SE F ATTILA  U N IV ERSITY , SZEGED
(HUNGARY)

(R ece iv ed  Ju n e  7, 1974)

R ecen tly  th e  in v es tig a tio n  of th e  effect m ech an ism  of perox idase  a n d  its  p a r t  
p layed  in  h y d ro x y la tin g  p rocesses have come to  th e  fo refro n t. I t  is tim e ly  to  exam ine 
th e  b eh av io u r of com pounds su itab le  for a com plete  in h ib itio n  a t  va rio u s p o in ts  in  
th e  course o f p ro te in  sy n th e s is  in  re la tio n  to  th e  q u a n ti ty  o f perox idase  an d  to  its  
ab ility  to  h y d ro x y la te .

I t  c an  be  in ferred  fro m  p re sen t experim en ts t h a t  th e  in h ib ito rs  u sed  (actino- 
m ycin  D a n d  ch loram phen ico l) a re  su itab le  to  in h ib it  th e  a c tiv ity  an d  h y d ro x y la tin g  
ab ility  of th e  perox idase  enzym e.

M aterial and method

W e carried  o u t our e x p e rim e n ts  w ith  seedlings o f w h ite  pearl beans. T h ey  w ere ger­
m in a ted  a t 23°C in  P e tr i dishes on  f i lte r  p ap er in  a th e rm o s ta t  fo r 3 days. W hen  th e  ro o tle t 
w as 1 —1.5 cm  long, i t  was p laced  in  w a te r  cu ltu re. They w ere p u t  in  sem i-conditioned  c ircum ­
stan ces, in  ta p -w a te r  lig h ted  by  7000 lu x  ( H o r v á t h  — L a s z t i t y  1965). The age of our ex ­
p e rim en ta l p lan ts  w as betw een  4 a n d  20 days. The m ea su re m e n t o f th e  perox idase  enzym e 
w as carried  ou t as a  fu n c tio n  of tim e , accord ing  to  th e  age o f  th e  p la n t, from  th e  shoo t and  
from  th e  roo t, on th e  basis o f th e  m e th o d  e laborated  b y  S o l y m o s y — F a r k a s  in  1963.

Para lle l w ith  th e  enzym e a c t iv ity  m easurem ents, we also app lied  in h ib ito rs  and , on 
th e  one h an d , exam ined  th e ir  effect m ech an ism  on th e  enzym e, a n d , on  th e  o th er h a n d , stu d ied  
th e ir  role and  p osition  a t  h y d ro x y la tio n . The inh ib ito rs u sed  an d  th e ir  c o n cen tra tio n  were: 
2 m g/m l ch loram phenico l, and 2 m g /m l actinom ycin  D.

W e p laced  ou r 7-day-old  p la n ts  bearin g  tw o foliage leaves in  boiling glasses in to  th e  
in h ib itin g  so lu tions, w hile th e  co n tro ls  w ere also p u t  in b o iling  glasses in to  ta p -w a te r , so th a t  
th e  tre a te d  and th e  con tro l p la n ts  cou ld  be un d er iden tica l cond itions. A n o th er one of our 
in h ib itin g  ex p erim en t was to  cu t o ff th e  shoots o f the  p la n ts  a n d  to  p u t  th e  shoots in to  th e  
in h ib itin g  so lu tion , a n d  in th e  ta p -w a te r ;  th e  roo ts were also p laced  in to  th e  in h ib itin g  so lu­
tio n  and  in tap -w a te r , respec tive ly . T h en  we m easured  th e  a c t iv ity  o f perox idase  in th e  
fu n c tio n  of tre a tm e n t tim e ; a fte r  a  t r e a tm e n t  o f 24 hours, 48 h o u rs  an d  9 days, we hom ogen­
ized  2 g of each shoo t an d  ro o t o f th e  tre a te d  and contro l p la n ts , re sp ec tive ly , in  6 p H  phos­
p h a te  bu ffer, th e n  in cu b a ted  th e m  a t  25 m l end volum e, w ith  an tra n ilic  acid  so lu tio n  of 10 
m M ole co n cen tra tio n . W e carried  o u t  in c u b a tio n  also w ith  th e  o th e r  in h ib ito rs , an d  also w ith  
ho rse  rad ish  perox idase  p roduced  b y  u s. T he tim e of in c u b a tio n  w as 24 hours. B efore th a t ,  
th e  in cu b a tio n  was tr ie d  also as a fu n c tio n  of tim e (from  16 to  24 hours).

A fter in cu b a tio n  th e  system  w as sto p p ed  f irs t by  ch lo ro fo rm  and  th en , to  fac ilita te  
f ilte r in g , by  10%  TCA. A fter sto p p ag e , sy s tem  was rinsed  th re e  tim es  w ith  e th e r. A fte r e v ap ­
o ra tio n , i t  w as m ade  ru n  for tw o h o u rs  in  95 : 5 m ix tu re  o f  ch loroform  and  ace tic  acid on 
k ieselguhr p la te s  p re p a re d  in  a d v an ce , b y  add ing  drops a t  a  t im e . T h en  th e  p la te s  were 
developed  b y  th e  V an  U rk  reag en t. F o r  one day  afte r d ev e lo p m en t, th e  p la te s  w ere le ft to  
d ry  an d  th en  eva lu a ted . E v a lu a tio n  to o k  place on th e  basis o f R f  values ( S i m o n  — M a t k o - 
v i c s  — M . H o r v á t h  1970).
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F ig . 1. T he ex tin c tio n  cu rv e  as a  fu n c tio n  o f tim e o f th e  perox idase  a c t iv ity  in  th e  7 -day- 
o ld lb e a n  seedling  t r e a te d  w ith  actin o m y cin , a n d  in  th e  co n tro l seed ling

F ig . 2. T he e x tin c tio n  cu rv e  as a  fu n c tio n  of tim e  of th e  perox idase  a c t iv ity  in  th e  7-day-old 
b ean  ro o t t r e a te d  w ith  actin o m y cin , an d  in  th e  con tro l ro o t
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Evaluation o f the results

In  th e  case o f tre a tm e n t w ith  ac tin o m y cin  D an d  ch lo ram phen ico l, th e  
perox idase  enzym e a c tiv ity  o f b o th  th e  shoo t and  th e  ro o t decreases to  a 
considerab le  e x te n t, ow ing to  th e  effect o f th e  tre a tm e n t.

In  Figs 1 and  2, th e  effect of ac tinom ycin  D , while in  Figs 3 an d  4 th a t  
o f ch loram phenico l on shoo ts and  roo ts are illu s tra ted , re la ted  in  all four 
cases to  th a t  of th e  con tro l.

F ig . 5 dem o n stra tes  th e  changes in  th e  bean  seedling an d  th e  a c tiv ity  
o f p eroxydase  enzym e as a fu nc tion  of tim e .

F o r  th e  roo ts, th e  ex tin c tio n  in  th e  enzym e a c tiv ity  is th e  g re a te s t in  
th e  case of tre a tm e n t w ith  ac tinom ycin  D a f te r  a fiv e -d ay  tre a tm e n t an d  for 
th e  shoots a fte r a 2 -day  tre a tm e n t. T he effect o f ch lo ram phen ico l h a d  th e  
conspicuously  low est v a lue  a fte r  a 4 -day  tre a tm e n t, b o th  in  th e  shoo ts an d  
in  th e  roo ts. In  th is case th e  effect o f ac tinom ycin  D resu lts  in  th e  lin k in g  of 
th e  R N A  polim erase being  in h ib ited .

In  th e  course of our experim en ts  we found  th a t  w hen th e  shoo t, th e  ro o t, 
an d  th e  roo ted  p la n t h ad  been prev iously  tre a te d  and  th e n  in c u b a te d  w ith  
an th ran ilic  acid, th e  q u a lity  o f th e  h y d ro x y  deriv a tiv es  was para lle l w ith  th e
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F ig . 3. T h e  ex tin c tio n  curve as a fu n c tio n  of tim e of th e  perox idase  a c tiv ity  in  th e  7-day- 
old b ean  shoot, and  in th e  co n tro l shoot
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Fig. 4. T he ex tin c tio n  cu rv e  as a  function  of tim e  o f th e  perox idase  a c tiv ity  in  th e  7 -day- 
old b e an  roo t, and in  th e  co n tro l ro o t

F ig. 5. Changes in  th e  perox idase  enzym e as a  fu n c tio n  of age in  th e  b ean  seedling

Acta Botanica Academiae Scientiarum Hungaricae 22, 1976



C H A N G E S  I N  T H E  P E R O X I D A S E  E N Z Y M E 371

V

Rf =0.88

Rf = 0.75 

Rf = 0.60

Rf =0.00-0.22

Fig. 6. T he sh o o t a n d  ro o t of a 7-day-old b e an  seedling tre a te d  w ith  actinom ycin  D  fo r  24 
h ours, follow ed b y  a 24-hour incu b a tio n  w ith  an tra n ilic  acid , an d  its  Controls. 1 T re a te d  
shoot (an th ran ilic  acid ); 2 Control shoot (a n th ra n ilic  acid 3 -O H , 4-O H . 5- and  6 -O H  a n ­
tran ilic  acid); 3 T re a te d  ro o t (an th ran ilic  acid ); 4 T rea ted  ro o t (an th ran ilic  acid); 5 C ontro l 

ro o t (an th ran ilic  acid, 3 -O H , 5- an d  6-O H  a n th ra n ilic  acid)

Rf =0.88

Rf = 0.75 

Rf = 0.60

Rf = 0 .00-0 .22

Fig. 7. T he shoo t a n d  th e  ro o t of a 7-day o ld  b e an  seedling, fo llow ed b y  a 24-hour in c u b a ­
t io n  w ith  a n th ra n ilic  acid , and its Controls. 1 T rea te d  shoo t (a n tra n ilic  acid); 2 C o n tro l 
shoo t (an tran ilic  acid , 3-O H , 4-OH, 5- a n d  6-O H  a n tran ilic  acid ); 3 T rea ted  ro o t ( a n tr a ­
nilic acid); 4 T re a te d  ro o t (an tran ilic  acid); 5 C ontro l ro o t (a n tra n ilic  acid, 3-O H , 5- a n d

6-OH a n tra n ilic  acid)

1 2  3 4 5
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a c tiv i ty  of th e  p ero x id ase  enzym e, and  w ith  th e  q u a n tity  o f th e  enzym e 
A ctinom ycin  D an d  ch lo ram phen ico l in h ib ite d  th e  occurence o f all h y d ro x y  
d e riv a tiv e s  b o th  in  th e  ro o ts  and in  th e  sh o o ts , in  com parison w ith  th e  con tro l. 
T h is w as to  be ex p ec ted , since th e  tw o in h ib ito rs  effect th e  m ost im p o r ta n t 
sy n th es is  processes, a n d  th ere fo re  no h y d ro x y  derivatives could  be p roduced .

In  th e  ch ro m ato g ram s p resen ted  here  (F igs 6 and 7), i t  can  be seen th a t  
th e  p ro d u c tio n  o f th e  h y d ro x y  de riv a tiv es  in  all tre a te d  shoo ts an d  ro o ts  
becam e ex tin c t, in  c o n tra s t  to  th e  case o f th e  controls.

O ur experim en ts  allow  th e  s ta te m e n t th a t  the  in h ib ito rs  used  b y  us 
are  su itab le  for th e  in h ib itio n  of a c tiv ity  an d  h y d ro x ila tin g  a b ility  o f perox idase 
enzym e.
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SOIL ALGAL GROWTH TYPES AS EDAPHIC 
ADAPTATION IN HUNGARIAN FOREST 

AND GRASS STEPPE ECOSYSTEMS

B y

Zs. P . K o m Á R O M Y

(R eceived O c to b er 11, 1976)

I t  was e s tab lish ed  th a t  th e  a lg a l synusia  of fo res t ecosystem s are of th e  Chloro­
phyta  ty pe, w hereas th e  grass s tep p e  ecosystem s are algologically  of th e  Cyanophyla  
ty p e . A c lassifica tion  o f soil algae h a s  been  m ade by  th e  soil ty p es , w ith  special regard  
to  soil tex tu re . S ix  g ro w th  ty p es w ere  e laborated , o f w h ich  fiv e  are fu n d a m e n ta l a n d  
one is divided in to  tw o  sub types: th e y  are of th e  d isp e rsa l (1), s tra to se  (2), m icro­
coleus (3.1), ram o se  (3.2), m ucose (4) an d  g lutinöse (5) ty p e .

T he “ s tru c tu re ”  o f ecosystem s —  species com position , th e ir  p a tte rn , 
re la tio n s of species com binations, th e  grow th ty p e , life-form s, d iv e rs ity  o f 
species etc. —  reflec ts  th e  ecological conditions in  w h ich  th e y  ex ist.

M ost of th e  ecological papers d iscussing  soil algae in v es tig a te  th e  species com position  
fro m  a taxonom ica l v iew p o in t. O thers desc rib e  h a b ita ts  in  w h ich  th e  algal “ com m unities”  
o c cu r (e.g. F r i e d m a n n  1971, L y n n  and B r o c k  1969, C a m e r o n  1972). Some of th e  researchers 
a t te m p t  to  recognise o th e r  re la tio n s of soil a lg a l synusia (e.g. S h t i n a  an d  H ö l l e r b a c h  1976, 
A l e x a k h i n a  1971, J e g o r o v a  an d  A l e x a k h i n a  1974). Since c e r ta in  te rm s have  in tro d u ced  in 
ecology ( O d u m  1959, M a r g a l e f  1963), it seem s app ro p ria te  to  in te rp re t  and  use th em  also in 
a lg a l ecology. As th e  b asis o f  in fo rm atio n  ex ch an g e  is a u n ified  sy s tem  of term s, th is is an  im ­
p o r ta n t  m a tte r.

W hen  S h t i n a  a n d  H ö l l e r b a c h  (1976) devised th e ir  algological life-form  system , i t  
w as fou n d ed  on S c h m i t h ü z e n ’s and  S i r i b r j a k o v a ’s life-form  concep tion , H ow ever, F e k e t e  
a n d  S z u j k ó - L a c z a  (1970, 1971) and  S z u j k ó - L a c z a  an d  F e k e t e  (1972) discussed in 
th e ir  series of papers, th e  p rob lem s of life -fo rm  conceptions a n d  th e y  defined  th e  te rm  life- 
fo rm  in  agreem ent w ith  R a u n k i a e r ’s  b a s ic  concepcion. A ccord ing ly , th e  te rm  life-form  
sh o u ld  be d istingu ished  fro m  grow th  ty p e  a lso  in  algology. L ife-fo rm  is a c h a rac te ris tic  of 
a d a p ta t io n  to  u n favorab le  seasons, while th e  g ro w th  ty p e  is a  ch a ra c te ris tic  of tax o n o m ic  
or ed ap h ic  a d ap ta tio n  d u rin g  th e  g row th  p e rio d .

In  th e  p resen t p a p e r, th e  g ro w th  types of soil algae are e lab o ra ted  
accord ing  to  the  s tru c tu re  of soil ty p e s , as a sequence to  th e  s tu d y  of species 
com position  of th e  H u n g a ria n  fo res t an d  grass s te p p e  ecosystem s from  the  
v iew p o in t of algology.

Material and methods

D ifferen t soil ty p es  w ere in v es tig a te d  from  forest a n d  g rass steppe  ecosystem s in  
H u n g a ry . T he soil sam ples w ere tak en  from  500 x 5 0 0  cm p lo ts  d iv id ed  in to  25 (each 100 X 
100 cm 2) q u a d ra ts ; 25 soil sam ples were co llec ted  pe r soil ty p es  in  each  case.
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Table 1

E xa m in e d  soil types and  their localities characterized by vascular p la n t c o m m u n itie s*

Localities V ascular p lan t 
com munities

Soil type Soil s tructu re

M ts. M á tra Deschamp sio-Luzulo- 
Fagetum

acidic, nonpodzolized 
b row n forest soil

g ran u la r (gruel), diam . of 
soil p a rtic le s  3 —1 m m

M ts. M á tra  
M ts. M á tra

M ercuria li-T ilietum  
M elitti- Fagetum

m ull-ranker 
R am an n -ty p e  brow n 

e a rth

g ran u la r (gruel) 
g ran u la r (haze lnu t), diam . 

o f soil p a rtic les 5 — 3 
m m

H o rto b á g y
N a tio n a l
P a rk

Artem isio-Festucetum  
pseudovinae

sa lt-a ffec ted  soil 
(m eadow  solonetz)

colum ned, diam . of soil 
p a rtic le s  50 mm

H o rto b á g y
N a tio n a l
P a rk

Camphorosmetum sa lt-a ffec ted  soil
(solonetz w ith  solod)

pow dery , d iam . of soil 
p a rtic le s  0.5 mm

* The exam inations and exact enum eration o f soil types were given  b y  K ovács (1975) 
and Szabolcs (1965).

T o our know ledge, th e  w a te r  reg im e (q u a n ti ty  an d  q u a lity  o f th e  soil m o is tu re , w a te r­
h o ld in g  cap ac ity  and  p e rm e ab ility )  a n d  a ir  regim e of th e  soil depend on  i ts  s tru c tu re  (Csapó 
1958). W h en  the  exam in ed  soil ty p e s  a re  g rouped  b y  s tru c tu re , th ree  g ro u p s  can  be d is­
tin g u ish e d  (gruel, h a ze ln u t a n d  pow dery).

T h e  soil sam ples o rig in a tin g  fro m  fo res t soils w ere k e p t in  c u ltu re , illu m in a ted  b y  
l ig h t  tu b e s  (4000 lu x , fo r six  h o u rs  p e r  d ay ). T he solonetz  sam ples could  be ex am ined  m icro­
sco p ica lly  a fte r sam pling. T h e  d a ta  o f  th ese  sam ples offered th e  basic m a te r ia l  o f th e  analysis.

Species com position o f  soil types with respect to ecosystem s

T h e firs t s tep  in  th e  analysis o f soil algal synusia  is to  de term ine  th e  
species com position. T h e  n u m b e r o f species an d  th e ir  tax o n o m ic  d is trib u tio n  
a re  d iffe ren t in  fo rest a n d  grass s tep p e  ecosystem s (F ig. 1). In  a p rev ious p a p e r 
( K o m á r o m y  1975), th e  algological c h a rac te riza tio n  and  q u a n ti ta t iv e  exam i­
n a tio n  o f forest soils h a v e  a lread y  been en u m era ted  and i t  has been  underlined  
t h a t  th e  soils o f fo rest ecosystem s are  cha rac terized  by  Chlorophyta  and  X antho- 
p h y ta  species (e.g. C hlam ydom onas, Chlorococcum, B o tryd iopsis, M onodus, 
Vischeria  etc.).

I t  was found in  th e  course o f th is  w ork th a t  algal cells occu r usually  sp o r­
a d ica lly  in forest soils. M ost o f th e  sam ples h ad  a long c u ltiv a tio n  tim e (six 
o r  te n  weeks), and  som e o f th e m  w ere neg a tiv e . I t  was estab lish ed  th a t  th e re  
are  tw o  or th ree  species w hich  p lay ed  an  im p o r ta n t role in  species com position 
( K omáromy  1969). T h e soil ty p es  o f forests differ from  each o th e r  sign ifican tly  
a n d  th ese  differences a re  based  on physica l and  chem ical soil ca rac teristics 
( K omáromy  1975).
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F i g .  1.  The taxonomic proportion of the species in different forest and grass steppe soils. 
1 — acidic nonpodzolized brown forest soil; 2 — mull-ranker; 3 — RAMANN-type brown 

earth; 4 — 5 — salt-affected soils (solonetz)

The C hlorophyta-Xanthophyta  co m b in a tio n  of soil algal sy n u sia  is ch a r­
ac te ris tic  of th e  E u ro p ean  fo rest zone (Sh tin a  1961, A l e x a k h in a  1971, 
J egorova  and  A l e x a k h in a  1974, R osa 1962).

The sa lt-a ffec ted  soil types (e.g. exam ined  solonetz) are  in  c o n tra s t to  
fo rest soils, o f th e  Cyanophyta  ty p e , s im ilarly  to  d ese rt ecosystem s.

The sa lt-a ffec ted  soils were an a ly sed  b y  sam ple series o rig in a tin g  from  
d iffe ren t localities in  th e  H o rto b ág y  N a tio n a l P a rk . T he m ost fre q u e n t species 
w ere P horm idium , Lyngbya , Nostoc, Microcoleus, Tolypothrix  an d  Calothrix. 
C hlorhorm idium  crenulatum  (K iitz .) K orn, was a b u n d a n t in  som e localities.

The soil sam ples could be ex am in ed  m icroscopically  d irec tly  a fte r  sam ­
p ling , because th e  b a re  surface o f soil was everyw here covered  w ith  algae. 
N o essential d ifference was ex p ec ted  betw een  th e  species com position  of 
d iffe ren t localities in  th e  case o f sam ples o rig ina ting  from  “ szik”  p lo ts , b u t  
s till some differences appeared  b e tw een  Festucetum , Cam phorosm etum  and  
“ sz ik ”  p lots.

An attem pt to group soil algae by their growth type 
with special regard to soil texture

The species com position  of soil algal synusia  re flec ts  also th e  edaphic 
cond itions. T hese cond itions consist o f several effects, th u s  th e ir  ex am in a­
tio n s  also gave sev era l new  aspects. O ne o f th em  is soil te x tu re  (as a physica l 
ch a rac te ris tic ). T he to p  layer of soils, as a su b s tra te  o f sy n u sia , is diverse 
b y  its  d ifferen t te x tu re  and  s tru c tu re , because d iffe ren t algal species can 
se ttle  on it. A ccord ing ly , th e  soil a lgal species m ay, in d e p e n d e n tly  also of th e ir
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Table 2

J o in t occurrence o f  soil characters and algal growth types

Soil structure Growth type Examples

G ra n u la r  (hazelnut) 
(5 — 3 ш ш  0 )

d ispersal Chlorococcum hum icolum  (N äg.) R abenh. 
Botrydiopsis m inor (Schm idle) Chod. 
M onodus subterranea P e tersen  
Vischeria stellata (Chod.) Pasch.

G ran u la r  (gruel) 
(3 — 1 m m  0 )

stra to se Chlorhormidium fla cc id u m  (K ü tz .) F ő tt  
Chlorhormidium dissectum  (K ü tz .) Kom. 
Chlorhormidium crenulatum  (K ü tz .) Kom . 
Stichococcus bacillar is Näg.
Heterothrix exilis  Pasch.
Tribonema m in u s  (W ille) H azen

G ran u la r  (gruel) glutinöse H antzschia am phyoxis  (E h r.) G run. 
N avicula m utica  K ü tz .
P innularia  borealis E h r.

Pow dery
(0.5 m m  0 )

m icrocoleus Microcoleus lacustris (R ab en h .) Fari. 
Microcoleus sociatus W . e t W est. 
Phorm idium  foveolarum  (M ont.) Gom. 
Phorm idium  molle (K ü tz .) Gom. 
P horm idium  paulsen ianum  Petersen

C olum ned 
(50 m m  0 )

ram ose
(to ly p o th rix )

Tolypothrix tenuis  K ü tz .

C olum ned 
(50 m m  0 )

mucose Nostoc commune  Y auch. 
Nostoc microscopicum  Carm.

tax o n o m ica l positions, be d iv ided  in to  ce rta in  basic  groups. W hen  th e  basic 
g roups are m arked  b y  seria l n u m b ers , th e  system  can  be w idened  a t  will.

1. The coccoid green  and  yellow -green algae, ex isting  m ore or less d isper- 
sa lly  am ong the  soil p a rtic le s , m ay  be d raw n to g e th e r  in to  a com m on group . 
T he soil particles fo rm  sm all “ n iches”  in w hich th e  algal cells have enough 
lig h t an d  m oisture to  grow  an d  m u ltip ly  (Fig. 2a). T his g row th  ty p e  occurs 
m o st frequen tly  in  soil ty p es  of a loose and  g ran u la r te x tu re  (T able 2).

2. The filam en to u s  green an d  yellow -green algae form , like th e  m oss 
p ro to n em a , a dense c o a t on th e  soil surface. T he p ro p er d esignation  o f th is  
ty p e  should  be s tra to se , because th e  algal coat has no im m ed ia te  connections 
w ith  th e  top  of th e  soil. T he f ilam en ts  re ta in  ra in  w a te r  an d  num erous u n i­
ce llu la r m icroorganism s occur in  i t .  This g row th  ty p e  w as found  on acidic, 
nonpodzolized b row n  fo rest soil, on th e  bare  soil o f clearings an d  also on sa lt- 
a ffec ted  soil (Fig. 2b).

3. The nex t g ro u p , called c ru st fo rm atio n , m ay  be subd iv ided  in to  
tw o  p a rts :

3.1 One su b g ro u p  com prises th e  filam en to u s b lue-g reen  algae (e.g. 
P horm id ium , L yngbya , Microcoleus e tc.) w hich , by  th e ir  ac tive  m otion , 
th o ro u g h ly  in te rw av e  th e  soil surface so th a t  th e  algal filam en ts  are in  close
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■connection w ith  th e  soil partic les. This so-called m icrocoleus ty p e  was o b serv ed  
on “ szik” spo ts , on heav ily  tre a d  p a th s , an d  on o th e r p laces w here th e  soil s u r ­
face is v e ry  solid (F ig . 2c).

3.2 T he ram ose ty p e  (or to ly p o th rix  ty p e ) form s th e  second su b g ro u p ; 
i t  was co n sis ten tly  found  on half-closed Festuca  g rasslan d , on m eadow  so lonetz . 
T h e  red -b row n filam en ts  of Tolypothrix tenuis  K g. are  covering th e  u n o c ­
cupied places am ong Festuca pseudovina  c lum ps. T he b ranches of the  f ila m e n ts  
clim b on to  th e  soil surface, because th e y  have  p ositive  p h o to trop ism , w hile 
o th e r segm ents of filam en ts  creep am ong th e  soil partic les  (Fig. 2d).

4. Some algal species (e.g. Nostoc com m une, Gloeocapsa arenaria, Chro- 
ococcus m inor an d  som e terrico lous Chlam ydom onas species) w ith  a s lim y  
ex trace llu lar m ucilage m ay  be re lega ted  to  a com m on group, because th e y  
s tick  to  th e  soil su rface b y  m ucilage. This group , called  m ucose ty p e  (F ig . 2e), 
is a ch a rac te ris tic  c o n s titu e n t of th e  sa lt p a s tu re s  in  H u n g ary . The b lack ish - 
green m ucilag inous th a lli  are th e  “ b ir th p la c e ”  of ed ap h o n  on th e  grass s te p p e : 
num erous un ice llu la r algae, th e  cysts of m in u te  an im als, th e  spores o f m olds 
e tc . occurred  inside th e  m ucilage.

Fig. 2. G row th ty p e s  o f soil algae. 1. d ispersal g row th  ty p e ; 2. s tra to se  g row th ty p e ; 3.1 
m icrocoleus g row th  ty p e ; 3.2 ram ose g ro w th  ty p e ; 4. m ucose g ro w th  ty p e ; 5. g lu tinöse

g row th  ty p e

Acta Botanica Academiae Scientiarum Hungaricae 22, 1976



378 K O M Á R O M Y , P .  Z S .

F ig . 3. T he p ro p o rtio n  of th e  algal species by  g ro w th  types in  d ifferen t ecosystem s, a —c 
fo res t ecosystem s, a — acid ic  nonpodzolized  b ro w n  fo re s t soil; b — m u ll-ran k er; c — R a m a n n -  
ty p e  b ro w n  e a r th ; d —e g rass steppe  ecosystem s, sa lt-a ffec ted  soils (so lonetz). 1 d ispersal; 
2 s tra to se ; 3 c ru st fo rm atio n  (m icrocoleus an d  ram o se  grow th types); 4 m ucose; 5 g lu tinöse

g ro w th  ty p e

5. The la s t g roup  m ay  com prise th e  terricolous d ia to m s. T h ey  have 
ex tra c e llu la r  m ucilage an d  th e y  can  m ove. The so-called g lu tinöse  ty p e  o f 
g ro w th  was well observ ab le  on th e  su rface  o f agar-agar cu ltu res . A ccording 
to  m y  observations, th e  d iatom s live in  th e  m ucilage o f o th e r  algal species 
(e.g. Nostoc), or am ong filam en tous a lgae. A no ther place w hich  th e  d ia tom s 
p re fe r  is th e  p e rm a n e n tly  w et soil su rface . D espite th e  fa c t th a t  one can n o t 
sa tis fac to rily  observe th e  glu tinöse ty p e  in  th e  field , it  should  be d istingu ished  
fro m  o th e r g row th  ty p e s  because th e  p resence of d ia tom s is c h a ra c te r is tic  
o f  ce rta in  soil ty p es  (F ig . 2).

Sum m ary

T he soil ty p e  w ith  a loosely h a z e ln u t s tru c tu re  (e.g. b ro w n  ea rth )  is  
asso c ia ted  w ith  th e  dom inance of d isp e rsa l g row th ty p e ; th e  m u ll-ran k e r and  
acid ic , nonpodzolized  brow n fo rest soil o f  sm aller partic les (gruel s tru c tu re )  
a n d  w ith  a h igh hum u s an d  w et c o n te n t b e a r  th is dispersal, s tra to se  or dispersal- 
s tra to se  g row th  ty p e ; th e  pow dery  soil s tru c tu re  (solonetz w ith  solod) is 
fav o u rab le  to  c ru s t fo rm atio n s (m icrocoleus and  to ly p o th rix  ty p e ). T he d iatom s 
w ere u sua lly  associa ted  w ith  a p e rm a n e n tly  high w a te r co n te n t. A p p aren tly , 
th e  o th e r edaphic  effects are n o t im p o r ta n t  for th em  (Fig. 3).
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ON THE PHOTOSYNTHESIS AND CHLOROPHYLL 
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B y

G y . L a k a t o s

DEPARTM ENT OF ZOOLOGY AND A NTHROPOLOGY, L. KOSSUTH U N IV ER SITY , DEBRECEN  

(R eceived S ep tem b er 22, 1976)

In  ad d itio n  to  the  know ledge of th e  ch lo rophy ll co n cen tra tio n , th e  p a ram e te rs  
w hich  p rov ide  in fo rm atio n  on th e  physio log ica l s ta te  o f ch lo ro p h y ll fa c ilita te  th e  
ex p lo ra tio n  of th e  eu tro p h ica tio n  of w a te rs , an d  th ey  also p ro m o te  th e  c la rific a tio n  
of th e  role p lay ed  b y  p lan k to n ic  a n d  b e n th o n ic  com m unities in  a q u a tic  ecosystem s.

F o r th e  ex p lo ra tio n  of th e  specific  ch arac te ris tic s  o f th e  b e n th ic  ch lo rophy ll, 
p h o to sy n th es is  ex am in atio n s w ere m ad e  in  th e  m ost c h a ra c te ris tic  an d  d o m in a tin g  
b en th ic  p la n t co m m u n ity  of L ake  V elence, v iz. in  th e  Vaucheria  s ta n d . O f th e  m eth o d s  
m easuring  ph o to sy n th es is , th e  d a rk  a n d  lig h t b o ttle  m eth o d  w as app lied  in  our e x p eri­
m en ts , w ith  0 2 ind ica tion .

On th e  basis o f our in v es tig a tio n s  m ad e  in  L ake Velence in  th e  sum m er of 1973, 
th e  p ro d u c tiv ity  p a ram ete rs  of th e  Vaucheria dichotoma m a t  a re  as follows:

P 0„ =  1.76 m g 0 2 D m  g _1 h -1 
P c =  0.56 m g C D m  g _1 h -1

D aily  gross p ro d u c tio n  v a lu e  =  3.29 gC m _! d _I
F or th e  b e n th ic  assim ila tion  n u m b er o f ch lorophy ll (A N ) th e  value  0.24 w as 

ob ta in ed , w hile th e  a c tiv ity  fa c to r a p p ea red  as 0.01.
W e can  s ta te  th a t  i t  is c h a ra c te ris tic  o f th e  ben th o n ic  eu tro p h ica tio n  t h a t  th e  

sessile v e g e ta tio n  has a  considerable q u a n ti ty  o f biom ass an d , in  connexion  w ith  th is , 
a  g rea t q u a n ti ty  o f ch lorophyll, f a r th e r  a  low  p ro d u c tiv ity , a sm all value  of a ssim ila ­
t io n  and  a sim ilarly  sm all p h o to sy n th e tic  a c tiv ity  factor.

In tro d u c tio n

L ate ly , eu tro p h ica tio n  has becom e a w orldw ide evil in cu rred  b y  civ ili­
za tio n . E u tro p h ic a tio n  is essen tia lly  a b io logical reac tion  ensu ing  an  increase  
in  n u tr im e n ts , th a t  is, a com plex process of th e  changes in  th e  increasing  
t ro p h y  o f th e  a q u a tic  ecosystem , w hich  is accom panied  b y  th e  increase o f 
p r im a ry  p ro d u c tio n  cap ac ity  in  it . T he  p la n t  n u tr im en ts  m an ifest them selves 
in  tw o  form s: p h y to p la n k to n  consisting  o f m icroscopic algae th a t  d r if t  in  
open  w a te r  an d  p la n ts  a tta ch ed  on som e su b stra te s , e.g. subm erged  a q u a tic  
p la n t  s tan d s , algal m a ts , b io tec to n , e tc .

O n th e  basis o f th e  h a b ita t  an d  n a tu re  o f th e  p la n t  organism s fix , use  an d  tu r n  o ver 
en ergy , tw o  form s of eu tro p h ica tio n  can  be  d is tin g u ish ed  viz. p lan k to n ic  and  b e n th o n ic  
eu tro p h ica tio n . In  th e  case o f th e  la t te r ,  a n  in crease  in  th e  m ass o f sessile p lan ts  occurs as 
a g a in s t th e  p lan k to n ic  eu tro p h ica tio n  w hich  is cau sed  b y  th e  free p h y to p la n k to n  in  th e  su b ­
s tra te le ss  pelegiel.
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T he te rm ino logy  u sed  in  our paper concern ing  assem blages liv ing  on th e  in te rface  
of w a te r  — solid su b s tra te  is as follows:

O rganism s asso c ia ted  w ith  th e  so lid-liquid  in te rface  =  Benthon  ( M o r l i e r  1951); 
bo ttom -dw elling  o rg an ism s =  Benthos ( H a e c k e l  1891), Phytobenthos; Zoobenthos, e tc .; 
organism s a d n a te  on  solid  surface =  Biotecton  (M a r g a l e f  1955), Phytotecton , Zoo- 

tecton , etc.
In  th e  shallow  H u n g a r ia n  w aters, p e rm ittin g  p la n t life also a t  th e ir  b o tto m , p h y to ­

b en th o s  m ay  have  an  im p o r ta n t  role. Our p ap er deals w ith  th e  p ro d u c tio n  d a ta  of Vaucheria  
dichotoma , one of th e  c h a ra c te ris tic  b o ttom -dw elling  p lan ts  o f L ake Velence.

T he se p a ra tio n  o f e u tro p h ica tio n  in to  p lan k to n ic  and  b en th o n ic  ones ( A n g e r  1975, 
L a k a t o s  1974) im plies th e  p ro b lem  of re la tio n sh ip  and  differences be tw een  p lan k to n ic  an d  
b e n th o n ic  chlorophyll.

F o r th e  c la rifica tio n  of th e  specific c h a ra c te ris tic s  of b en th o n ic  ch lorophyll, p h o to ­
sy n th e tic  ex am in atio n s w ere  m ade  w ith  reg ard  to  Vaucheria dichotoma  th e  m ost c h a ra c te r­
istic  an d  w ide-spread  b e n th ic  p la n t of L ake Velence.

A lthough  severa l a u th o rs  discuss th e  filifo rm  alga Vaucheria ( N i e n n i u s  and S i m o n s  
1972; P o l d e r m a n  1974; S i m o n s  1974, 1975; S i m o n s  an d  V r o m a n  1973, e tc .) , m ain ly  tax o -  
nom ica l and  cenological w o rk s are know n from  l ite ra tu re  in  c o n tra s t  w ith  in v es tig a tio n s  
u n d e r  discussion.

On th e  basis o f recen t in fo rm ation , th e  eu tro p h ica tio n  of the  a q u a tic  
ecosystem s can be ap p ro ach ed  num erica lly  th ro u g h  th e  in te n s ity  of p la n t life 
in  th e  w ate r. F o r th is , th e  d e te rm in a tio n  o f th e  q u a n tity  of p lan ts  liv ing  in  
w a te r , or a m easu rin g  o f th e  in ten s ity  o f p rim ary  p ro d u c tio n  is to  be m ade. 
F o r  th e  e s tim a tio n  o f th e  aq u a tic  p rim ary  organic m a tte r , th e  m ost im p o r ta n t 
p a ra m e te r  is th e  q u a n t i ty  of ch lorophyll a per vo lum e of w a te r bo d y  p e r 
u n it  o f solid b o tto m  su rface . Since th e  re la tio n sh ip  b e tw een  ch lorophyll an d  
p h o to sy n th esis  is n o t c o n s ta n t, ch lo rophy ll efficiency is to  be dete rm in ed  in  
ev e ry  case.

The m easu ring  o f all these is no t sim ple in th e  case o f b en thon ic  p la n ts .

Site o f  investigation, materials and methods

Lake Velence

One of th e  large  sa line  lakes of C entral E u ro p e  is L ake V elence, w hich  lies a t  th e  fo o t 
of th e  Velence R an g e , in  a  y o u n g  O ld-H olocene depression . T he surface  of th e  L ake is 25.9 
k m 2, i ts  len g th  10.5 k m  a n d  its  g rea tes t w id th  3.3 km . I ts  average w a te rd e p th  is 1.2 m , its  
g re a te s t d e p th  3 m , i ts  w a te r  q u a n tity  40 m illion  m 3. The tr ib u ta ry  a rea  is 615 k m 2. T he 
ex ten sio n  of its  open w a te r  is 16 k m 2, the  re s t is occupied  by  reed. T he zero p o in t o f th e  w a te r  
level is 103.3 m  above  th e  A dria tic .

One of th e  specia l c h arac te ris tics  of th e  w a te r  o f th e  lake, re su ltin g  from  its  “ fu n c tio n a l 
s ta te  o f being w ith o u t an  o u t le t” , is th a t  it has a g re a t salt co n ce n tra tio n  (1000 — 1500 mg/1), 
w hich  has led  to  a p e cu lia r  sa lt-w ater liv ing  w orld . T herefore th e  lak e  is a hydrobio log ical 
ra r i ty .  A n o th er one of i ts  fe a tu res  is its g re a t degree of m osaic s ta te , its  s tre tch  of w a te r  is, 
m u ltip ly  subdiv ided  b y  is lan d s  of reed, v e ritab le  “ walls of reed ” , in to  several w a te r spaces, 
a n d  th e  various “ c learin g s”  can  in te rco m m u n ica te  only th ro u g h  th e  th ic k  of th e  re ed s ; 
th ere fo re  areas of d iffe re n t w a te r  qualities m ay  develop in  th e  lake , N early  20%  of th e  open  
w a te r  a rea  of th e  L ak e  V elence is covered w ith  seaw eed (K iss , E ., 1972). The d o m in a n t 
b e n th ic  p lan t of th e  lak e  is Vaucheria dichotoma A g h ard  (215 ha), a n d  th e  subm erged m ac ro ­
p h y te  M yrio p h yllu m  sp ica tu m  L. (35 ha). In  ad d itio n , Ceratophyllum  dem ersum  L ., Chara sp ., 
as well as N ajas m arina  L ., Utricularia vulgaris  L ., Potamogeton pectinatus L. are w o rth  
m en tion ing . The b iom ass ex am in atio n s and  p h o to sy n th es is  ex p erim en ts  o f th e  Vaucheria  
dichotoma s tan d  w ere m ad e  in  th e  w ater a rea  “ H o sszú tisz tás”  of L ake  Velence.
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M aterials and methods

T he m ost d ifficu lt task s of hydrobio log ical m eth o d s are  th e  collecting of th e  b io te c to n  
and  ben th ic  assem blages ( F o r s b e r g  1959 W o o d  1969, e tc .). F ro m  th e  tough , th ic k , f i la ­
m en tous algal v e g e ta tio n  no sam ple can  be ta k e n  b y  an y  k in d  of sam pling  device co n tro lled  
from  above. So, th e  on ly  so lu tion  t h a t  rem ain ed  w as to  dive u n d e r  w a te r  and to  collect algae 
b y  hand , from  a reas ex ac tly  lo ca ted . F o r  th is  p u rpose , an  iro n -fram e  sized 50 x 5 0  cm  w as 
used; i t  was p laced  on th e  b o tto m  of th e  lake “ a t ra n d o m ” . F ro m  th e  m ate ria l g a th e re d  
in  a p lastic  b asin , th e  deposit w as em p tied  in to  n u m b ered  tu lle  bags and tra n sp o rte d  in to  
th e  lab o ra to ry . T h e  fresh  w eigh t o f th e  collected  filam en to u s  a lgal specim ens was m easu red , 
th e n  a certa in  q u a n ti ty  of i t  w as p reserv ed  for d ry  m a tte r  d e te rm in a tio n . For p h o to sy n th es is  
exam in atio n  b u n d les  o f th e  filam en to se  collected algae w ere m ade  b y  w h ite  th rea d , to  en su re  
th e ir  easy p lac ing  in to  and rem oval from  W i n k l e r  vessels.

The p h o to sy n th e tic  s tu d y  of th e  b e n th ic  v eg e ta tio n  an d  th e  problem  of m eth o d o lo g y  
have been d iscussed  b y  several au th o rs .

C oncerning th e  p rocedures m easu ring  th e  p h o to sy n th e tic  ac tiv ities  of a q u a tic  p ro ­
ductive  organism s, th e  dark  and lig h t b o ttle  tech n iq u e  w ith  oxygen  ind ica tion  was u se d  in  
our work.

In  th e  p ro jec tin g  and  carry in g  o u t of th e  p h o to sy n th e tic  ex am in atio n  of Vaucheria  
dichotoma, th e  p a p ers  by  M e y e r  e t al. (1943) an d  by  F e l f ö l d y  (1960) were considered .

A sho rt d e sc rip tio n  of th e  m eth o d  applied  is as follows:
a) Vaucheria dichotoma h a d  in  each  case been co llected  d u rin g  th e  afte rnoon  of th e  

preceding day ; w h ite  th rea d s  b u n d les  o f ab o u t 400 m g w eigh t have  been secured  a n d  
left in  filte red  w a te r  o f th e  lake, a t  room  tem p e ra tu re  d u rin g  one n ig h t in th e  dark .

b) The w a te r  sam ple rem oved  fro m  th e  site  o f e x a m in a tio n  was filte red  by  m ean s 
of bundles m em b ran e  filte rs  u n til  i t  w as free of algae, th e n  th e  dissolved oxygen c o n te n t of 
th e  w a te r was red u ced  by  v acu u m  p u m ping .

c) In  tw o  tu b e s  closed by  sm oo thed  s toppers, oxygen  w as im m edia tely  se p a ra te d  
w ith  reag en ts  ( th e  n o u g h t p o in t o f th e  ex p erim en t). T h en  W i n k l e r  b o ttle s  of know n vo lu m e 
were filled w ith  w a te r  w ith  reduced  oxygen , and  one of th e  p re p are d  bundles was p laced . 
A few of th e  W i n k l e r  b o ttle s  w ere covered  w ith  a lu m in iu m  foil (d a rk  bo ttle ), w hile  th e  
re s t rem ained  lig h t (ligh t bo ttle ).

d) “ R e la tiv e  ex am in a tio n s”  w ere f irs t  m ade w ith  th e  sam ples p laced near th e  w a te r  
surface, w hen we o b ta in e d  in fo rm a tio n  on th e  p h o to sy n th e tic  c a p a c ity  o f th e  various b u n d les  
(calib ra tio n  run ).

e) A fter m easu rin g  th e  re la tiv e  p h o to sy n th e tic  c a p a c ity  o f th e  Vaucheria b u n d les , 
we m easured  th e  p h o to sy n th es is  of th e  a lgal filam en ts  in  th re e  d e p th s  o f th e  lake (e x p e ri­
m en ta l run ), and  from  th e  ra tio  of th e  tw o  values, th e  a p p a re n t  p h o to sy n th es is  was expressed .

f )  The p h o to sy n th e tic  ex am in a tio n  of th e  algal b u n d les , exposed near th e  b o tto m , 
was m ade for th e  degree of ch lorophyll efficiency; lig h t a n d  d a rk  b o ttle s  were used.

g)  A fte r exposing , th e  m odified  version  of th e  W i n k l e r  m eth o d  ( F e l f ö l d y  1974) 
was used  for th e  d e te rm in a tio n  of d issolved oxygen in  th e  l ig h t and  d a rk  bo ttles:

ne t p h o to sy n th es is  =  lig h t b o ttle  — n o ugh t p o in t
gross p h o to sy n th es is  =  n e t p h o to sy n th es is  — n o u g h t p o in t d a rk  b o ttle

. experim en ta l ru n
a p p aren t p h o to sy n th es is  =  100 • -----—----- :--------------

ca lib ra tio n  ru n
The oxygen q u a n ti ty  p roduced  du rin g  one h o u r w as expressed  for th e  u n it  v a lu es o f 

fresh  w eight, d ry  m a tte r  w eight, ash-free  d ry  m a tte r  w e ig h t, ch lorophyll, n itro g en  a n d  
phosphorus.

The d e te rm in a tio n  of d ry -m a tte r  was m ade, as u su a l, a t  105°C, while th a t  of th e  a sh ­
free d ry -m a tte r  w e igh t a t  600°C. The d e te rm in a tio n  of c h lo ro p h y ll was m ade on th e  b asis  
of th e  m ethods p u b lish ed  by  L o r e n z e n  1967, I w a m u r a  e t al. 1970.

The d e te rm in a tio n  of to ta l-N  w as m ade  by  th e  u su a l K j e l d a h l  m ethod , a fte r d e s tru c ­
tio n  and n e u tra liz a tio n  by  co n ce n tra ted  so lu tion  of su lp h u ric  acid  th ro u g h  th e  d e s tin a tio n  
in  boric acid of th e  am m onia  o rig in a tin g  from  organic n itro -co m p o u n d s. The essen tia l p o in t 
in  th e  d e te rm in a tio n  o f th e  to ta l  P  is t h a t  all th e  p h o sp h o ru s fo rm s should  be tran s fo rm e d  
in to  o rth o p h o sp h a te  b y  th e  d estru c tio n . W ith  th e  d issolved o r th o p h o sp h a te  ions, th e  m o ly b ­
d a te  su lphuric  acid  re ag e n t p roduces a yellow  com plex w hich  it  red u ced  by  th e  ascorbic acid  
so lu tion , to  re su lt in  a b lue-colour com plex ; th is  undergoes p h o to m e try . Since th e  d e te rm in a ­
tio n  of N and P  h as  ta k e n  p lace from  th e  sam e sam ple, no selenic ca ta ly zer was used  w h ich  
w ould d istu rb  th e  m easu rem en t of phosphorus.
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F ro m  th e  an a ly tic a l m easu res o b ta in e d , ch a ra c te ris tic  p a ram e te rs  w ere calcu la ted ; 
th e  p ro d u c tio n  of 0 2 (m g 0 2 D m  g -1 h -1 ), fix ed  C 0 2 and  C (PQ =  1.2); we ca lcu la ted  th e  
C v a lu e  of th e  da ily  fix ed  coal and  th e  C fa llin g  o n  one u n it  of surface  (m g C m ~ 2); we de­
te rm in e d  th e  efficiency o f th e  b en th ic  ch lo ro p h y ll (its  assim ila tion  n u m b er): th e  efficiency 
o f  ch lo rophy lla  =  fix ed  m g C h -1 / l  m g ch lo ro p h y lla  ( S t r i c k l a n d  1960). T h e  a c t iv ity  fac to r 
w as ca lcu la ted  as a ssim ila ted  C /biom ass C.

Results

In  T ab le  1, a few  o f th e  ch a ra c te ris tic  p a ram ete rs  of Vaucheria dichotoma, 
co llec ted  a t  “ H o sszu tisz tá s”  of L ake V elence, are given to g e th e r  w ith  th e  
fre sh  w eight p er u n it  su rface , and  w ith  th e  qu an tities  o f d ry  m a tte r  and  
ch lo ro p h y ll a.

Table 1

D ry matter percentage (D m °/0)  o f  Vaucheria dichotoma , 
its fre sh  weight per 1 m2 and  the quantity  o f  dry matter 

and o f  chlorophyll a; H osszú tisz tás , A ugust 9, 1973

Sample Dm
%

W m
gm -2

Dm
gm-*

Ca
g m - '

l 14.37 4640 666.76 1.308

2 13.07 4920 643.04 1.044

3 13.05 6600 993.28 1.670

4 16.88 3760 634.68 0.995

A verage 14.84 4928 734.44 1.254

D m  =  d ry  m a tte r
W m  =  w et m a tte r  

Ca =  C hlorophyll a  co n cen tra tio n

On Ju n e  26, 1973, p re lim in a ry  ex am in a tio n s  w ere m ade for th e  c la rif ic a tio n  o f c e rta in  
m eth odo log ical p roblem s. A n  answ er was o b ta in e d  w ith  respect to  th e  d u ra tio n  of o p tim a l 
ex p o sitio n  (3 — 4 h o urs), to  th e  necessary  size o f  th e  pho to sy n th es iz in g  Vaucheria  bundle  
(0 .2 5 0 -0 .8 0 0  m g W M).

The p re lim in ary  investig a tio n s w ere sa tisfac to rily  u tilized  in  th e  d ep th  
ex p erim en ts  m ade on A ugust 1, w hen  th e  pho tosyn thesis  o f th e  alga was 
ex am in ed  a t various d ep th s . The resu lts  are  sum m arized  in  th e  follow ing 
ta b le .

Sample

Calibration
run

Experim ental
run Experim ental run  

Calibration runmg 0 2 Dm 
g “ 1 h " 1

D epth
m

mgOjDm
g - ’h - i

l . 1.48 0.1 1.32 89.2

2. 1.51 1.0 1.60 105.9

3. 1.38 2.0 1.96 142.0
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On th e  basis o f th e  resu lts  pub lished  b y  Me y e r  e t al. (1943) an d  F e l - 
FÖLDY (1960), we ca lcu la ted  th e  ap p a re n t p h o to sy n th esis  values. A ccord ing  to  
o u r exam in a tio n s, these  values are th e  m ost in ten siv e  in  su n n y  w ea th e r, u n d e r 
a su itab le  tra n sp a re n c y  (Sec c h i tran sp a ren cy  ab o u t 160 cm ), in  th e  n a tu ra l 
h a b ita t  of Vaucheria dichotoma w here p h o to sy n th esis  tak es  p lace, th a t  is, 
a t  b o tto m  of th e  w a te r bed. T herefo re, i t  can be s ta te d  th a t  th e  b en th ic  Vauche-

Table 2 

I.
The measured photosynthesis values o f Vaucheria dichotoma; 

H osszútisztás, A ugust 9, 1973

Sample 
light bottle

nAOz mg 
bottle “ 1

Wm
mg

ЪЛ02 mg 
Wm m g-1

Dm
mg

l + 0 .0 2 1 9 258.0 + 0 .0 5 6 5 28.4

2 + 0 .0 3 5 2 451.0 + 0 .0 9 5 6 55.8
3 + 0 .0 3 6 5 354.0 +  0.0839 46.0
4 + 0 .0 4 1 7 316.0 + 0 .0 8 4 0 54.9

Average 0.0338 361.3 0.0800 46.7

n z )0 2 m g =  ex p erim en ta l n e t ph o to sy n th es is , 0 2 p ro d u e tio n /h o ttle  
ЪАО„ m g =  ex p erim en ta l gross ph o to sy n th es is , 0 2 p ro d u c tio n /w et w eigh t 

W m  =  w et m a tte r  
D m  =  d ry  m a tte r

Table 3 

I I .
The photosynthesis values o f  Vaucheria dichotoma, expressed in  divers u n its ;  

H osszútisztás, A ugust 9, 1973

No. of sample Wm
mg

mg 0 2 • W m
g - i  . h “ 1

Dm
mg

mg 0 2 • Dm
g - i . h - i

Om
mg

mg 0 2 • Om 
g - i . h - i

l 258.0 0.219 28.4 1.989 23.1 2.450
2 451.0 0.212 55.8 1.717 44.5 2.151

3 354.0 0.237 46.0 1.826 37.0 2.271
4 382.0 0.220 54.9 1.490 44.4 1.844

Average 361.3 0.222 46.27 1.756 37.2 2.179

W m  =  w et m a tte r  
D m  =  d ry  m a tte r
Om =  organic m a tte r  (ash  free d ry  m atte r)
D ep th  of w a te r =  220 cm  
S e c c h i  disk  tra n sp a re n c y  =  166 cm
T em p era tu re  o f w a te r  surface  =  22.5°C, b o tto m  =  22.4°C 
W indy , su n n y  w eath er

Acta Botanica Academiae Scientiarum Hungaricae 22, 1976



3 8 6 L A K A T O S , G Y .

Table 4

I I I .
Photosynthesis values o f  Vaucheria dichotoma, in  divers u n its ;  

H osszútisztás, A ugust 9, 1973

No. o f sample Ca
mg

m g b2 • Ca 
m g -1 h _1

N
mg

mg 0 2 • N
m g-1 h _1

P
mg

mg 0 ,  • P 
m g-1 h -1

l 0.0807 0.700 0.264 0.214 0.0153 3.693

2 0.1241 0.772 0.519 0.185 0.0301 3.183

3 0.0957 0.878 0.428 0.196 0.0248 3.387

4 0.0849 0.963 0.511 0.160 0.0296 2.760

A verage 0.0990 0.828 0.482 0.189 0.0280 3.256

Ca =  ch lo rophy ll a  c o n te n t of sam ple 
N  =  n itro g en  c o n te n t  of sam ple 
P  =  phosp h o ru s c o n te n t o f sam ple

Chem ical analysis re su lts  of Vaucheria dichotoma, g iven  in  p e rcen tag e  of d ry  m a t te r  
c o n te n t:

D m %  =  12.65 (ex p ressed  in  fresh  w eight p ercen tage)
0 m %  =  80.55 

A %  =  19.45 
Ca %  =  0.214
N  %  =  0.930
P %  =  0.054

ria  is a shade alga w ith  v e ry  in tensive  in h ib itio n  of lig h t o v e rsa tu ra tio n  
an d  th a t  its p h o to sy n th e tic  a p p a ra tu s  is a d ju s ted  to  th e  dim  lig h t of the  
b o tto m . On the basis o f  ou r d e p th  ex p erim en ts , all fu r th e r  m easurem ents 
w ere m ade on th e  b o tto m  of th e  cen tre  o f th e  L ake , in  “ H o sszu tisz tás” .

O ur d a ta  on th e  0 2 p ro d u c tio n  of Vaucheria dichotoma an d  on th e  degree 
o f  efficiency of ch lo ro p h y ll a are o b ta in ed  from  our ex am in a tio n s m ade on 
A tigust 9, 1973. T he resu lts  are g iven in  T ab le  2.

W e give th e  o x ygen  q u a n titie s  p roduced  b y  th e  p la n t (gross p h o to ­
sy n th esis) in re la tio n  to  various values in  T ables 3 and  4. D esp ite  th e  fac t 
th a t ,  as a resu lt of th e  re la tiv e ly  sm all n u m b er of sam ples, th e  resu lts  are 
r a th e r  sim ilar in ferences m ay  be d raw n  only  w ith  due cau tion .

Discussion

On the  “ H o ssz u tisz tá s”  o f L ake V elence, th e  ph y to m ass of th e  Vaucheria  
s ta n d  produced 736 g d ry  m a tte r  m ~ 2 in  1973. Vaucheria dichotoma  is a dense, 
pow erfu l, gold-shining, filam en to u s alga of ro u g h  th re a d ; i t  fo rm s a tan g led  
w eb a t  bo ttom  an d  fu lly  m erges in to  its  env iro n m en t.

The average oxy g en  p ro d u c tio n  of th e  Vaucheria dichotoma  m a t is
1.76 m g 0 2 D m  g -1  h -1  (see T ab le  3). F ro m  th is , w ith  a v a lu e  o f Q =  1.2
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(Str ic k la n d  1960, W estla k e  1963), 1 g d ry  m a tte r  fix ed  2.02 m g C 0 2, 
o r 0.56 m g C, p er one hour. I f  th e  v a lu e  re la ted  to  one h our is m u ltip lied  by  
8 —  a lth o u g h  accord ing  to  W e t zel  (1964) these  k inds o f conversions are 
d e b a tab le  — th e  p ro d u c tio n  of a w hole d ay  is o b ta in ab le , w hich  in  ou r case 
is 4 .48 m g C D m  g_1 d - 1 . F rom  our d a ta  o f m easu rem en ts , we know  th e  average 
d ry  m a tte r  w eight o f th e  Vaucheria dichotoma  m a t, th u s  we can  ca lcu la te  th e  
d a ily  gross p ro d u c tio n  p e r one u n it o f surface area (w ith  th e  re d u c tio n  o f th e  
loss o f  re sp ira tio n  a t  n ig h t). F o r th e  Vaucheria  m a t, th e  d a ily  gross p ro d u c tio n  
v a lu e  is 3.29 gCm -2 d a ily  gross p ro d u c tio n  values m easu red  b y  v a rio u s au th o rs  
are  su b m itte d  as follow s:

A uthor Sites Method R esult

B erman and P ollinger (1924) Lake Kinneret 
phytoplankton o 2 3.6

B ö s z ö r m é n y i  et al. (1962) Lake Balaton  
phytoplankton Cu 0 .1 7 1 -0 .4 0 8

E dw ards and Owens (1960) River ív e l macro- 
phyton 0 2 0 .5 -1 .4 4

H U N D IN G  (1973) Lake Almonds micro­
phytobenthos 0 2 0.105

L a k a t o s  (1976) Lake Velence Vauche­
ria phytobenthos 0 2 3.29

O n th e  basis o f ou r m easu rem en ts , th e  p ro d u c tiv ity  o f th e  Vaucheria  
m a t is low  (0.56 mgO D m g -1  h -1 ); th e  da ily  gross p ro d u c tio n  o f th e  m asses 
o f  filam en to u s  alga can  ap p ro x im a te  th e  values m easu red  a t  th e  p e rio d  algal 
b loom  b y  B erm an  an d  P o llin g er  (1974).

F o r  th e  d esignation  o f ch lo rophy ll efficiency, W il l st ä t t e r  an d  Stoll 
(1918) suggested  th e  assim ila tion  n u m b e r (A ssim ilationszahl). I n  o u r w ork, 
th e  assim ila tion  n u m b er suggested  b y  Str ic k la n d  (1960) w as ap p lied  (fixed 
m g C h -1  mg ch lo rophy ll a).

T he know ledge o f  th e  ch lo rophy ll efficiency, th a t  is, th e  re la tio n sh ip  
b e tw een  chlorophyll co n cen tra tio n  an d  pho tosy n th esis  in te n s ity , can  be  f ru i t­
fu lly  used  in  th e  ex p lo ra tio n  of th e  eu tro p h ica tio n  of a ce rta in  w a te r  body  
a q u a tic  area  — n a tu ra lly  in  co m b in a tio n  w ith  o th e r indices (for exam ple , 
ch lo ro p h y ll co n cen tra tio n , p rim ary  p ro d u c tio n , etc.). T he assim ila tion  n u m b er 
o f  th e  b en th ic  filam en to u s algae of Vaucheria dichotoma in  L ake V elence is 
A N  =  0.26. The know ledge of th e  ch lo rophy ll efficiency (q u a lita tiv e  side) 
su p p lem en ts  th e  v a lu e  o f ch lorophyll co n cen tra tio n  (q u a n tita tiv e  side) well 
a n d  from  th e ir  p ro d u c t conclusions can  be d raw n  w ith  reg a rd  to  th e  m ag n itu d e  
o f  th e  p rim ary  p ro d u c tio n  as well:

P  =  Cca • AN
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w here

P =  p r im a ry  p ro d u c tio n
Cca =  ch lo ro p h y ll a q u a n tity  p er u n it  o f vo lum e o r surface
AN =  ass im ila tio n  nu m b er.

F u r th e r ,  we know  th e  V aucheria  m a t d ry  m a tte r  co n te n t, w hich is 734 g 
D m  m “ 2, and th e  av erag e  ch lo rophy ll a co n ten t (0 .214% ), hence th e  q u a n tity  
o f ch lo rophy ll a per u n it  o f  su rface  is 1.57 g ch lo rophy ll a m “ 2.

1.57 g — Ch a m -2  • 0.26 g C g -1  Cha h _I =  0.408 g C m _2h _1 X  8 =

=  3.264 gC m ~ 2 d - 1

T he calcu lated  d a ily  gross p roduction  v alue  o f th e  Vaucheria dichotoma 
s ta n d  is 3.26 g C m -2  d - 1 .

Since, on th e  basis o f  o u r p resen t-d ay  know ledge, th e  ra tio  betw een  th e  
ch lo rophy ll con ten t an d  th e  q u a n tity  of lig h t assim ila ted  p e r  u n it o f tim e  
c a n n o t be estim ated  w ith  genera l va lid ity , ch lo rophy ll effic iency  is to  be d e te r­
m in ed  from  case to  case. I n  th e  ta b le  below, p lan k to n ic  an d  b en th o n ic  ch lo ro ­
p h y ll efficiency values a re  g iven  as m easured  b y  various a u th o rs :

A uthor Investigation site AN

Caperon et al. (1971) subtropical estuarium  
phytoplankton 7 .2 -1 4 .5

D okulil (1973) Lake Fertő; phytoplank­
ton among reeds 0 .6 9 -2 .0 6

D okulil (1973) Lake Fertő; high pelagic 
phytoplankton 4 .3 6 -6 .5 5

F elföld y (1961) Balaton; layer Diatoma  
com munity (calculated) 0.44

F elföldy (1963) Balaton; phytoplankton 1.2 —2.9
Gessner  (1949) Wessling-See (average) 3
Lakatos (1975) Nagyiván, Lake Darvas, 

phytobenthos 0.84
O d u m  et al. (1958) Laguna Madre of Texas 

phytoplankton  
phytobenthos

3.8
0.5 —0.9

Manning  and J u d a y  (1941) Wisconsin lakes 2
R ytner  (1956) Dunaliella  culture 3
R ytner  and Y entsch  (1957) Seashore zone (average) 6
Szczepanska (1968) Lake; M ikolayski bio- 

tecton (periphyton) 0.65
Lakatos (1976) Lake Velence; Vaucheria 

dichotoma phyto­
benthos 0.26
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From  th e  re su lts  of th e  above ta b le , an d  from  th e  A N  values g iven  in  
th e  p ap er by  O dum  e t al. (1958), i t  seem s th a t  th e  effic iency  of Vaucheria  
ch lorophyll a m easu red  by  us is r a th e r  low. (An in te re s tin g  ab ility  of Vaucheria  
is th a t  th e  p lastid es  alw ays w ander to w ard s th e  p a r ts  b e s t illu m in a ted  w ith in  
th e  filam en t; th is  w andering  tak es  its  course on th e  one h a n d  along th e  lo n g i­
tu d in a l axis o f th e  f ilam en t, b u t i t  can  be no ticed  also in  th e  cross-section  
o f th e  filam en t: th e  filam en t acts as a cy linder lense, th e  p lastides assem ble 
in  th e  po in t n e a re s t th e  ligh t and  in  th a t  fa r th e rs t  from  it  (personal co m m u n ic­
a tio n , H a jd ú ).

On the  basis of a com parison w ith  l i te ra tu re  d a ta , we m ay s ta te  t h a t  
(a lthough  th e  assim ila tio n  n u m b er m a y  be in fluenced  b y  severa l factors w h ich  
can n o t be left o u t o f consideration) th e  ch lorophyll e ffic iency  of th e  b e n th ic  
p lan ts  is alw ays sm alle r th a n  th a t  o f  th e  p lan k to n ic  p la n ts . T he difference in  
ad v an tag e  to  th e  la t te r  can be exp la ined  b y  ta k in g  in to  considera tion  th e ir  
place occupied in  th e  w a te r space, discussed in  d e ta il in  th e  papers b y  O d u m  
an d  P in k e r t o n  1955, and Odum  an d  co-w orkers (1958).

W ith  re g a rd  to  th e  physio logical s ta te  of ch lo rophy ll, in fo rm ation  can  
be ob ta ined  also from  th e  p h o to sy n th e tic  a c tiv ity  fac to r, b y  use of th e  e q u a ­
tio n :

assim ila ted  coal g d —1
a c tiv ity  fac to rs =  --------- ;----------------------------

b iom ass coal g

The a c tiv ity  fa c to r  for Vaucheria dichotoma  is sm alle r th a n  0.01, w h ich  
is m ore th a n  te n  tim es  less th a n  th a t  g iven for p h y to p la n k to n  (A hlgren  1970. 
B erman  and  P o l l in g e r  1974; F in d e n e g g  1965; J a v o rn iczk y  1966; O dum  
1957, etc.). S evera l au th o rs  proved  th a t ,  s im ilarly  to  th e  assim ilation  n u m b er, 
a reversed  p ro p o rtio n a litiy  exists be tw een  th e  a c tiv ity  fa c to r  and  th e  b iom ass 
(B erm an  and P o l l in g h e r  1974; G oldm an  and  co-w orkers 1968; B odhe  1958 
e tc .). The a c tiv ity  fa c to r  is an im p o r ta n t ecological p a ra m e te r  w hich re la te s  
to  th e  age and  s ta te  of th e  ecosystem  (O dum  1957).

The considerab le  biom ass of th e  sessile v eg e ta tio n  an d  in  connexion w ith  
i t ,  th e  g rea t q u a n t i ty  of ch lorophyll, as well as th e  low p ro d u c tiv ity , sm all 
assim ilation  n u m b e r an d  p h o to sy n th e tic  a c tiv ity  fac to r, are  ch a rac te ris tic  o f 
ben th o n ic  eu tro p h ica tio n .

On th e  basis of lite ra ry  d a ta  an d  o f our resu lts  o f exam ina tions, i t  can  
be s ta te d  th a t  th e  b en th ic  ch lorophyll efficiency is sm aller th a n  th e  p lan k to n ic  
one, while a t th e  sam e tim e th e  b en th ic  ch lorophyll m a y  be a considerab le  
q u a n tity  in  th e  g iven  aq u a tic  area, an d  on th e  basis o f th e  co rrelation  w h ich  
has been analysed  i t  can  be in fe rred  th a t  th e  b en th ic  p la n ts  also p lay  a co n ­
siderab le  p a r t  in  th e  m a tte r  an d  energy  tu rn o v e r  of th e  aq u a tic  ecosystem  
(H argrave 1969, P ieczy n sk a  and  Szczepanska  1966, R ic h  and  co-w orkers 
1971, Sc h in d l e r  an d  F r e e  1973, Straskraba  1963, W e t z e l  1964, etc.
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In  our opinion, th e  exp lo ra tio n  o f th e  degree of tro p h y  o f w aters — th a t  
o f  th e ir  eu tro p h ica tio n  —  is to  a g re a t e x te n t fac ilita ted , an d  m ade m ore 
a c c u ra te  to g e th er w ith  in fo rm atio n  on ch lorophyll co n cen tra tio n , b y  th e  
p a ra m e te rs  s tu d ied  b y  us w hich m ak e  th e  e labo ra tion  o f fu r th e r  details 
possib le.
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T his s tu d y  was m ad e  a t  th e  R esearch  In s t i tu te  for W ate r R esources D evelopm ent, 
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AIR POLLUTION OF THE ECOSYSTEM AREA ON 
AN OAKWOOD AND THE NATURAL 3,4 BENZO-PYRENE 

CONTENT OF THE SOIL 
AND PLANT SAMPLES IN THE ECOSYSTEM*

By

F . M e d v e

IN STITU TE FO R  H Y G IE N E  AND EPID EM IOLOG Y , U N IV E R SIT Y  OF M ED ICIN E, D EBRECEN  

(R eceived N ovem ber 1, 1976)

T he p a p e r  co n ta in s th e  d a ta  o f a 3-years’ ex am in a tio n  of a ir p o llu tio n  in  a  self­
preserv ing  ecosystem . The a u th o r  m easu red  th e  q u a n ti ty  o f sed im en tary  an d  suspended  
p a r ticu la te  m a tte r ,  su lp h u r d iox ide, to ta l  su lp h u r, n itro g en  oxide, and  exam ined  th e  
n a tu ra l 3 ,4 -benzo-pyrene c o n ten t o f th e  soil a n d  p la n t  sam ples. T he resu lts  can  be 
considered as th e  d a ta  of th e  n a tu ra l  b ackground .

A lthough a n u m b er of su rveys of p o llu tio n  in  th e  en v iro n m en t have 
been  m ade in H u n g a ry , no exam ina tions w ere ca rried  o u t in  closed areas 
allegedly  re la tiv e ly  u n d is tu rb ed  up  to  the  p re se n t tim e  in  areas w hich are fa r 
rem oved from  b o th  in d u str ia l and  o th e r in h a b ite d  regions.

W ith in  th e  fram ew ork  of th e  research  w ork  n am ed  “ S ik főku t P ro jec t (7)”  
we h ad  the  o p p o r tu n ity  to  ca rry  o u t basic sam plings in  th e  a rea  given in  th e  
t i t le  of our p ap er. W ith  respect even to  th e  fu tu re , i t  m ay  prove v e ry  useful 
to  com pare th e  re su lts  ob ta ined  here  —  as a b a ck g ro u n d  —  w ith  those m easu red  
in  th e  in h ab ited  a reas, or w ith  those  to  be o b ta in ed  la te r  in  sim ilar sam plings. 
T his is th e  reason  fo r th e  selection  o f  such an a rea , w hich  lies in  th e  so u th e rn  
p a r t  of th e  beech -land  region of th e  C entral M o un ta ins of N o rth  H u n g ary , in  
a T u rk ey  oak fo rest of som e ex tension  a t a d is tan ce  o f 6 km  N — N E  from  
th e  tow n  of E g er (7).

T here is no in d u s tr ia l area  in  th e  neighbourhood . The site  is sep a ra ted  
from  th e  tow n o f E g e r b y  a chain  o f m oun ta in s . I ts  c lim atic  conditions, how ­
ever, are nearer to  tho se  o f th e  G rea t H u n g a rian  P la in . I t s  soil, a clayey  deposit, 
belongs to  th e  g roup  o f brow n fo rest soils.

The air p o llu tio n  exam in a tio n s ex ten d ed  to  th e  d e te rm in a tio n  of sed i­
m e n ta ry  and su sp en d ed  p a r tic u la te d  m a tte r  a n d  su lp h u r an d  n itrogen  oxides. 
In  add ition , we ex am in ed  th e  3 ,4-benzo-pyrene c o n te n t of th e  soil and  p la n t 
sam ples.

* “ S ikfőkut P ro je c t”  No. 25
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M ethods

I n  th e  case of a ir p o llu tio n  ex am in a tio n s , th e  m easu rem en ts w ere g en era lly  ta k e n  
tw ice  a m o n th , a t  th ree  p o in ts  o f th e  P ro je c t area . T he d e te rm in a tio n  of th e  se d im e n ta ry  
d u s t, su lp h u r dioxide, susp en d ed  d u s t a n d  n itro g e n  oxides was m ade  by  m eans o f th e  “ U n ifo rm  
a ir p o llu tio n  testing  m e th o d s”  (5) p u b lish ed  by  th e  N a tio n a l In s t i tu te  of P u b lic  H e a lth  in  
1972. T o ta l su lphur c o n te n t w as d e te rm in ed  b y  th e  L iesegang-type process (13).

T h e  q u a n tity  of th e  d ep o sitin g  d u s t, suspended  p a rticu la te  m a tte r  an d  to ta l  su lp h u r 
w ere m easu red  1.2 m  above g ro u n d  — below  th e  crow n of th e  trees  — an d  a t  a h e ig h t o f 25 m , 
ab ove  th e  crow n of th e  trees . T h e  o th e r  p o llu ta n ts  exam ined  w ere m easu red  a t  1.2 m .

T h e  soil and  p la n t sam ples w ere ta k e n  in  ag reem en t w ith  th e  ru les  o f sam p lin g  (22).
T h e  soil sam ples w ere ta k e n  from  d e p th s  o f 0 — 5, 5 — 10, 10 —15, 40 — 50, 90 —100 cm , 

a t  sev era l p o in ts , in sp ring  a n d  in  sum m er. A fte r d ry ing , q u a n titie s  o f 1.0 —1.2 kg  w ere 
p rocessed .

T he p la n t sam ples w ere co llected  in  v a rio u s  seasons of th e  y e a r (spring , su m m er and 
a u tu m n ). A fte r drying, q u a n tit ie s  o f 80 — 220 g w ere processed. F rom  th e  solid  ex p erim en ta l 
m a te ria l  w hich  was dried  in  th e  d a rk  a t  45°C u p  to  bod y -b a lan ce , th e  c o n s t itu e n t  p a r ts  
(w hich  are  soluble in benzol) w ere rem o v ed  b y  ex tra c tio n  for 15 hours in  a  S o x le th  a p p a ra tu s . 
T he 3,4 benzo-pyrene w as se p a ra te d  from  th e  e x tra c t  by  m eans of Sá r in g e b ’s m e th o d  ( l l r 
10), w ith  lay e r c h ro m a to g rap h y , an d  i ts  q u a n ti ty  w as m easu red  w ith  th e  help  of a  spec tro ­
p h o to m e te r .

A ccord ing  to  our experiences, th e  q u a n ti ty  of th e  specim ens to  be p rocessed  is to  be 
a d a p te d  th u s  th a t  th e  so lu tio n  to  be u sed  in  th e  p h o to m e try  w ill c o n ta in  a t  le a s t 0.2 /ig/m l 
of 3,4 benzo-pyrene. I f  i t  co n ta in s  less th a n  t h a t  q u a n tity , th e  se p a ra tio n  of 3,4 b en zo-pyrene  
c an n o t be checked by sp e c tro p h o to m ete r.

F ig . 1. M onthly  and y e arly  averages o f th e  re su lts  o f sed im en ta tio n  e x am in a tio n s  (1973 — 
1975). 1 =  m o n th ly  av erage  a t  1.2 m ; 2 =  m o n th ly  average a t  25 m ; 3 =  lim it  value  of 
hy g ien e ; 4 =  yearly  av erage  a t  1.2 m ; 5 =  y ea rly  average a t  25 m . T he co lum ns m arked  
b y  c a p ita l  le tte rs  refer to  d a ta  from  th e  l ite ra tu re  (yearly  averages). A j =  fro m  th e  in h ab ited  
a rea  o f M iskolc; A 2 =  fro m  th e  in d u s tr ia l  a rea  o f M iskolc; В =  from  th e  a rea  o f D ebrecen;

C =  from  th e  a rea  o f  B u d a p es t; D =  from  th e  surface of th e  L ak e  B a la to n
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R esults

The q u a n ti ty  of th e  sed im en ta ry  d u s t was m easu red  a t a he igh t o f
1.2 m and  a t 25 m  above g round  (F ig. 1). I ts  v a lue  v a ried  betw een  0.88 an d  
8.0 g(m2) m o n th ; a t a he igh t of 25 m , th a t  is, above th e  crow n of th e  trees , 
th e  sed im en tary  d u s t was ab o u t th e  h a lf  of th a t  m easured  a t  1.2 m. The y ea rly  
average is 32%  a t  a h e igh t of 1.2 m , while it  is only  17.5%  a t  25 in, of th e  
hygienic lim it v a lue .

The v alue  of th e  sed im en tary  d u st m easured  in  our tow ns (1, 2, 4) is in 
every  case th e  m u ltip le  of th a t  in  ou r sam ples. In  ce rta in  in d u s tr ia l w orkshop 
areas i t  even reaches a value h u n d red  tim es m ore th a n  th a t .

The q u a n ti ty  of th e  suspended p a rtic u la te d  m a tte r  in  th e  air is show n 
in Fig. 2.

I ts  m easu rem en t was tak en  w ith  a con iom eter, there fo re  i t  is only o f  
an  in fo rm ato ry  ch a rac te r. I ts  va lue  varies betw een  1.5 an d  21.2 grains/inl. 
T he q u a n tity  o f th e  suspended  p a rtic u la te  m a tte r  m easu red  above th e  crow n 
of the  trees (th e  average  of 3 years is 4.5) is ab o u t th e  h a lf  o f th a t  m easured  
below th e  crow n of th e  trees (3 y ea rs’ average is 8.5).

F ig . 2. M onthly  and  y e arly  averages o f th e  sed im en tary  d u s t va lue  of th e  air. 1 =  m o n th ly  
average  a t  1.2 m ; 2 =  m o n th ly  average a t  25 m ; 3 =  yearly  average  a t  1.2 m ; 4 =  yearly  
average a t  25 m. T he co lum ns m arked  w ith  c ap ita l le tte rs  re fer to  d a ta  from  th e  lite ra tu re  
(y early  averages). A t =  from  th e  in h ab ited  a rea  o f M iskolc; A 2 =  from  th e  in d u stria l a rea  
o f  M iskolc; В =  fro m  th e  in h ab ited  area  o f D ebrecen; Cx =  from  th e  in h ab ited  area  o f 

B u d a p es t; C2 =  from  tra ff ic  ju n c tio n s  in  B u d ap es t
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Fig. 3. M onthly  and  y e a r ly  averages o f th e  su lp h u r dioxide c o n te n t o f th e  air. 1 =  m o n th ly  
av erag e; 2 =  a w ork ing  m ach in e  in  o p e ra tio n  du rin g  th e  m easu rem en t; 3 =  y ea rly  average; 
4 =  th e  average du rin g  th e  h ea tin g  season; 5 =  th e  average d u rin g  th e  n o n -h ea tin g  period ; 
6 =  hygien ic  lim it v a lue . T h e  colum ns m ark e d  w ith  c ap ita l le tte rs  re fer to  d a ta  from  th e  
l ite ra tu re  (yearly  averages). A  =  from  th e  a rea  o f M iskolc; В =  from  th e  a rea  of D ebrecen;

C =  from  th e  a rea  o f B u dapest

The su lp h u r d iox ide  q u a n tity  o f th e  air is show n in F ig . 3.
The values o b ta in e d  are v e ry  low . The su lp h u r d ioxide c o n te n t of th e  

a ir  varies betw een  0 .001—0.05 m g /m 3, w hich is fa r below  th e  hygienic lim it 
v a lu e . The 3 y e a rs ’ average  is 0.021 m g/m 3. In  th e  h ea tin g  season su lp h u r 
d iox ide q u a n tity  is th re e  tim es h ig h er (0.032) th a n  in  th e  n o n -h ea tin g  season 
(0.01). This m eans t h a t  h ea tin g  m akes its  in fluence fe lt also here.

I t  is w o rth y  o f  n o te  th a t  on th e  occasion of one of our m easu rem en ts 
a m achine was o p e ra te d  n ea rb y , as a re su lt of w hich th e  q u a n ti ty  o f su lp h u r 
d iox ide  m easured  w as five  tim es h ig h er (0.12 m g/m 3).

The to ta l  su lp h u r  co n ten t o f th e  a ir is given in  Fig. 4.
I ts  value changes betw een  0.00 and  3.00 m g/100 hours. T he 3 y ea rs’ 

average  a t a h e ig h t o f 1.2 m  above g round  is 0.44 m g/100 hours, while a t 
25 m it is 0.74 m g/100 hours. T he values above th e  crow n of th e  trees w ere 
in  general h igher th a n  o therw ise.

In  th e  h ea tin g  season, th e  q u a n t i ty  of th e  to ta l  su lp h u r c o n te n t is ap p ro x ­
im a te ly  th ree  tim es  (0 .65— 1.16) t h a t  of th e  n o n -h ea tin g  season (0 .2 4 —0.31). 
A ccordingly, su lp h u r co n tam in a tio n  o rig inating  from  h ea tin g  can be m easured  
also here.
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F ig. 4. M onthly  a n d  y e arly  averages of th e  to ta l  su lp h u r c o n te n t o f th e  air. 1 =  m o n th ly  
average a t  1.2 m ; 2 =  m o n th ly  average a t  25 m ; 3 =  a w ork ing  m ach in e  in  op eratio n  d u rin g  
th e  m easu rem en t; 4 =  y e a rly  average a t  25 m ; 6 =  average a t  1.2 m  du rin g  th e  h e a tin g  
season; 7 =  average a t  25 m  during  th e  h e a tin g  season; 8 =  average  a t  1.2 m  during  th e  
non -h eatin g  season; 10 =  hygien ic  lim it v a lue . T he colum ns m ark e d  w ith  cap ita l le tte rs  
a rea  d a ta  from  th e  l i te ra tu re  (y early  averages). A =  from  th e  a rea  o f M iskolc; В =  from  th e  

a rea  o f D ebrecen ; C =  fro m  th e  a rea  of B u d a p es t

The o p era tio n  of th e  m achine in  th e  v ic in ity  —  it  w as digging a tren ch  
fo r cable-laying —  show ed its  effect also in  th e  to ta l  su lp h u r c o n ten t, w hen a 
v alue  of 14.1 m g/100 hours was o b ta ined .

The q u a n ti ty  o f n itro g en  oxides o f th e  a ir is show n in  F ig . 5.
I ts  value varies betw een  0.043— 0.005 m g/m 3. T he 3 y ea rs’ average is 

0.016 m g/m 3.

T ab le  1

3,4 benzo-pyrene content o f  soil samples

D epth  of the soil layer, 
cm

3,4 benzo-pyrene, 
(ig/kg soil

0 -  5 3.4

5 -  10 1.7

1 0 -  15 2.4

4 0 -  50 1.9

9 0 - 1 0 0 1.6
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Fig. 5. M onthly  and  y e a r ly  averages o f th e  n itro g en -o x id e  co n te n t o f th e  a ir. 1 =  m o n th ly  
av erage; 2 =  yearly  av erag e ; 3 =  hygienic l im it  value . T he colum ns m ark ed  w ith  cap ita l 
le t te r s  re fer to  d a ta  from  th e  lite ra tu re  (y ea rly  averages). A =  fro m  th e  a rea  o f M iskolc; 
B t =  fro m  th e  area o f th e  L a jo s  K ossu th  U n iv e rs ity  of Sciences, D ebrecen ; B 2 =  from  th e  

a rea  of th e  B o d a  fo re s t near D eb recen ; C =  from  th e  a rea  o f B u d ap es t

T he second p a r t  o f th e  ex am in a tio n  was the  d e te rm in a tio n  of th e  3,4- 
henzo-pyrene  co n ten t o f th e  soil an d  of th e  p lan t sam ples.

T he 3 ,4-benzo-pyrene co n ten t o f th e  soil sam ples ta k e n  from  various 
d e p th s  in  the P ro jec t a rea  in 1974— 1975 is given in T ab le  1.

T he low est va lu es  w ere found  in  soil layers 5— 10 cm  and  90 —100 cm , 
v iz . 1.7 /tg/kg and  1.6 /tg/kg. The h ig h es t values, 3.4 /tg /kg , was o b ta in ed

T a b le  2

3,4 benzo-pyrene content o f  p lant specimens

Plant specimen 3,4 benzo-pyrene 
^ig/100 g d ry  m aterial

U pper la y e r  of u n d e r-litte r soil 3.0
L as t-y ear l it te r 6.0
C urren t y e a r’s l itte r 15.0

Moss 7.0
Green und er-g ro w th 5.0
Green oak-leaf 1.2
Yellow oak-leaf 1.7
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in  th e  0 —5-cm la y e r. No correlation  w as found  betw een  these  values an d  
th e  d e p th  of th e  soil s tra tu m .

The q u a n tity  o f 3 ,4-benzo-pyrene found  in th e  p la n t sam ples co llected  
in  th e  P ro jec t a rea  in  1974—1975 is g iven  in  T able 2.

F o r a com parison , we offer th e  d a ta  ob ta in ed  b y  W e t t i g  (21) and  Ma l - 
l e t t  (14). T hey  fo u n d  th e  following cjuantities of 3 ,4-benzo-pyrene in  th e  
various p la n t specim ens:

O ak leaf 0.8

Beech leaf 1.6

Tobacco leaf 1.2

L ettuce 1.2

Spinach 2.0

L itte r 30.0

U nder-litter soil layer 6.0

I t  can he s ta te d  th a t  the  3 ,4-benzo-pyrene c o n te n t is the  h ighest in  
sam ples w hich u n d e rw e n t decom position  in  th e  given period . So in 100 g d ry  
m a tte r  o f th e  l i t te r  in  1974 15 /ug 3 ,4 -benzo-pyrene w as found . The sm allest 
q u a n tity  was found  in  th e  dry  m a te ria l o f green oak  leaf; 1.2 /ug 3 ,4-benzo- 
py rene  was found  in  100 g d ry  m ateria l.

Discussion

T he d e te rm in a tio n  of the  b ackground  values of th e  substances po llu tin g  
th e  a tm osphere  has so fa r been tre a te d  b y  v e ry  few  au th o rs  in H u n g a ry . 
VÁRKONYI (20) was th e  f irs t to  m easure one of th e  m ost im p o rta n t c o n ta m i­
n a tio n  substances, su lp h u r  dioxide, w ith  a coverage o f th e  w hole co u n try . O n 
th e  basis o f his d a ta , th e  su lphur d ioxide back g ro u n d  o f th e  a ir in  th e  c lea rest 
p a r t  of th e  c o u n try  ( th e  C om itats B a ra n y a  and  C songrád) is of an id en tica l 
o rder of m ag n itu d e  w ith  our d a ta  m easu red  a t  S ik főku t. C oncerning th e  o th e r  
p o llu ta n ts , no sim ilar background  m easu rem en ts h ad  ta k e n  place.

In  th e  figures, a long  w ith  our ex p e rim en ta l re su lts , lite ra tu re  d a ta  h av e  
also been in d ica ted , th u s  provid ing  a possib ility  of com parisons.

A ccordingly , i t  can  be s ta ted  th a t  th e  q u a n tity  o f th e  sed im en ta ry  d u s t 
m easu red  above th e  crow n of th e  trees show s an  ag reem en t w ith  th a t  m easu red  
b y  M órik above th e  L ak e  B ala ton  (16). T he q u a n tity  of th e  suspended p a r t i ­
cu la te  m a tte r  found  w as considerably  low er th a n  th a t  m easu red  in air sam ples 
ta k e n  from  in h a b ite d  areas (2, 8, 17).

T he v alue  o f b o th  th e  su lphur d iox ide an d  th e  to ta l  su lp h u r co n te n t is 
only o n e -ten th  of th a t  found  in the  a ir o f o u r in h a b ite d  areas (2, 4, 17).
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The n itrogen  oxide c o n te n t o f th e  a ir  shows an  ag reem en t w ith  th e  
av e rag e  values o f 0.010 m g /m 3 m easu red  in  th e  Boda F o re s t n ea r D ebrecen 
(15). The q u an titie s  o f n itro g en  oxide a re  n ea rly  iden tical in  th e  a ir of D eb­
recen  an d  M iskolc. I t  is re m ark ab le , t h a t  in  th e  a ir of B u d ap es t, m easured  in  
1973 (4), it  is v e ry  h igh  (0.125 m g/m 3).

On th e  basis o f ou r m easu rem en ts  we m ay  s ta te  th a t  in  th e  area exam ined  
—  an d  also in  those  s im ila r to  th is  a rea  —  one has to  reckon  w ith  an  a ir 
p o llu tio n  of some slig h t e x te n t. This adds up  from  the  po llu tio n  o f th e  n a tu ra l 
b ack g ro u n d  and  from  th e  po llu tion  caused  b y  civ ilization . W e can n o t sep a ra te  
th e m . Therefore, we can  on ly  estim a te  th e  v a lu e  o f the  rea l n a tu ra l background .

We can s ta te  th a t  a t p resen t i t  is n o t likely th a t  in  H u n g a ry  an  area  
w ould  exist w here on ly  th e  n a tu ra l b ack g ro u n d  po llu tion , ta k e n  in  an  abso lu te  
sense , m ay  occur. N ev erth e less , we can  sa y  th a t  th e  a ir p o llu tio n  values m eas­
u re d  here can be considered  as th e  basic  b ackground  values of th e  air p o llu ­
tio n  of th is region, a t  th is  tim e.

I t  would be n ecessary  —  a t  least occassionally  — to  m ake sim ilar su rveys 
also  a t  o ther po in ts  o f th e  co u n try . T h u s , in th e  course o f tim e , one could  
assess changes in  th e  p re se n t b ack g ro u n d  u n d e r th e  effect o f civ ilization .

The d a ta  o f 3 ,4-benzo-pyrene d e te rm in a tio n s  were co m p ared  w ith  tho se  
o f  investig a tio n s m ade in  o th e r  co u n tries . B o r n e f f  exam ined  soil sam ples of 
G e rm a n  forests and  he fo u n d  0.5 —4 /^g/kg 3 ,4-benzo-pyrene in  th e m  (3).

Sh a bed  and  his co-w orkers ex am in ed  300 sam ples ta k e n  from  th e  soil 
o f  various forests in  th e  Soviet U nion (18); 83%  of th e  sam ples co n ta in ed  
1— 3 /tg /kg 3 ,4 -benzo-pyrene, while th e  re s t  con ta ined  3 —10 /tg /kg  of it . 
T h e  d u s t sam ples o f th e  g rea t cities —  also of those in  H u n g a ry  — co n ta in  
from  te n  to  th o u sa n d  tim es m ore 3 ,4-benzo-pyrene th a n  th a t  show n b y  th e  
b ack g ro u n d  values fo u n d  in  ou r re sea rch  area  (9, 12, 19).

On th e  basis o f th e  3 ,4 -benzo-pyrene  exam inations o f th e  soil an d  o f 
p la n t  sam ples i t  can  be s ta te d  th a t  in  H u n g a ry  th e  q u a n ti ty  of 3 ,4-benzo- 
p y ren e  appearing  in  th e  soil sam ples ta k e n  from  th e  fo rest a t S ik főku t is 
id e n tic a l w ith  th a t  fo u n d  in  th e  soil sam ples o f Soviet an d  G erm an fo rests. 
T h is  m eans th a t  in  th e se  areas —  an d  p ro b a b ly  also in  o th e r  sim ilar areas —  
th e  soil is no t y e t c o n tam in a ted . T h u s, one m ay  suppose th a t  th e  m easu red  
q u a n t i ty  of 3 ,4-benzo-pyrene rep resen ts  th e  real b ack g ro u n d  level.

Concerning th e  orig in  of th e  b a ck g ro u n d  level, one m igh t m en tio n  
fo re s t fires an d  i t  is p ro b a b ly  th a t  c e r ta in  Clostridium  species syn thesize , 
d u rin g  th e ir  m etab o lism , th e  po lycyclic  a rom atic  h y d ro carb o n s. B esides, 
th e y  can get in to  th e  soil by  th e  decom position  of p lan ts  an d  from  th e  g round- 
w a te rs .

T he polycyclic a ro m a tic  h y d ro c a rb o n  co n ten t of p la n ts  o rig inates from  
th re e  sources: from  th e  air, from  th e  soil, and  from  syn thesis . C oncerning 
th e  la tte r , i t  has been  p ro v ed  th a t  a p la n t can  perform  a k in d  of endogenic
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syn thesis. G r a f  a n d  D i e h l  (6 )  fo u n d  3 ,4-benzo-pyrene in  th e  flo ra  and  fau n a  
o f sea regions w here  no kind of e x te rn a l source o f p o llu tio n  could be found . 
F o r  th e  fina l p ro o f  o f th is  endogenic syn thesis , various seeds w ere germ in a ted  
in  an  abso lu tely  h y d rocarbon-free  en v iro n m en t. The 3 ,4-benzo-pyrene co n ten t 
w as determ ined  befo re  and a f te r  g erm ination . I t  was estab lished  th a t  th e  
various seeds c o n ta in e d  2 0 —40 tim es  m ore 3 ,4-benzo-pyrene a fte r germ ination  
th a n  before.

In v es tig a tio n  o f th e  e n v iro n m en ta l carcinogènes is a v e ry  im p o rta n t 
ta sk . These d e te rm in a tio n s  can serve  as guidelines as reg a rd s , on th e  one h an d , 
th e  q u a n tity  o f  carcinogenic su b stan ces  accu m u la tin g  in  our en v iro n m en t, 
and  th e  ex ten t o f  e lim ination , on th e  o ther. B y  th is , re sea rch  provides th e  
p ro tec tio n  of en v iro n m en t w ith  co n cre te  d a ta  in  th e  s trugg le  against cancer.

Summary

The a u th o r de te rm in ed  th e  3 ,4-benzo-pyrene co n te n t and  th e  air p o llu ­
tio n  of p lan t an d  soil sam ples ta k e n  from  th e  self-preserv ing  ecosystem  o f 
an  oak-forest considered  as re la tiv e ly  u n d is tu rb ed  u p  to  th e  p resen t tim e. 
T he aim  of the  a ir  po llu tion  e x am in a tio n , conducted  for th ree  years, was to  
d e te rm in e  th e  b a ck g ro u n d  values fo r th e  various p o llu ta n ts .

The yearly  av erag e  value o f th e  sed im en ta ry  d u s t was 4.05 g/m 2/m o n th  
a t  a height of 1.2 m  above g round , and  2.2 g/m 2/m o n th  a t a he ight of 25 m 
above ground.

The yearly  av erag e  of th e  su sp en d ed  p a rtic u la te  m a tte r  in  th e  air was
8.5 grains/m l a t a h e ig h t of 1.2 m above ground , and  4.5 g rains/m l a t a h e igh t 
o f 25 m above g ro u n d .

The yearly  av erag e  of th e  su lp h u r dioxide co n te n t o f th e  a ir was 0.021 
m g /m 3.

The th ree -y ea rs ’ average o f th e  to ta l  su lp h u r q u a n t i ty  was 0.44 m g/100 
hours a t a he ight o f 1.2 m  above g ro u n d , and  0.74 m g/100 hours a t 25 m above 
ground.

The yearly  av erag e  of th e  n itro g en  oxide c o n ta m in a tio n  of th e  air was 
0.016 m g/m 3.

The soil sam ples were ta k e n  from  dep ths o f 0 —5, 5 —10, 1 0 —15, 40— 50 
an d  90 —100 cm. T h e  q u a n tity  of benzo-pyrene  found  in th e  sam ples was 1.6 —3.4 

Aig/kg-
The 3 ,4-benzo-pyrene co n ten t o f 100 g d ry  m a te ria l, o b ta ined  from  th e  

seven  kinds of p la n t  sam ples ex am in ed  ( litte r  u n d e rn e a th  —  above-ground 
lay e r; last y ear’s l i t te r ;  th is y e a r’s l i t te r ;  m oss; green underw ood; green oak- 
w ood leaf; yellow  oakw ood leaf), w as 1.2— 15 /ug.

A ssum ably , th e  3 ,4-benzo-pyrene value o b ta in ed  in  th e  m easu rem en t 
s till agrees w ith  th e  real b ack g ro u n d  level.
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NUMERICAL TAXONOMIC STUDIES 
ON IRIS PUMILA L. BY CLUSTER ANALYSIS
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BOTANICAL RESEA RCH  IN ST IT U T E , HUNGARIAN ACADEMY OF SCIENCES, YÁCRÁTÓT 

(R eceived  Ju n e  10, 1976)

Orloci’s agglom erative cluster analysis is described first, then applied to the 
geographical and taxonom ical clustering of Ir is  p u m ila  L ., and finally the results are 
assessed.

The m a te ria l consisted  of th e  herbarium  specim ens of I r is  p u m ila  L ., o b ta ined  
from  some 35 localities o f th e  C a rp a th ian  B asin  ( +  one fro m  th e  U kraine). T he basis 
o f th e  ex am in atio n s w as p ro v id ed  b y  th e  14 (abso lu te) sizes m easu red  on th e  leaves 
and on th e  perigone of th e  p la n t , an d  by  12 ra tio s  fo rm ed  from  th e  ab so lu te  sizes.

By ap p ly in g  Orloci’s agglom era tive  c luste r ana ly sis , 4 analyses w ere carried  
ou t. The re su lts  show th a t ,  a lth o u g h  th e  clusters o b ta in e d  by  th e  analyses w ere fa irly  
w ell-d istingu ishab le  in  each  of th e  cases, th e  in d iv id u a l c lu s te rs are n o t hom ogeneous 
e ither geographically  (acco rd ing  to  locality , base ro ck , an d  a ltitu d e ) or w ith  regard  
to  th e  trad itio n a l in fraspecific  tax o n o m ica l classifications.

By inference i t  can  be sa id  th a t  on th e  basis o f th e  v eg e ta tiv e  p a r t  sizes an d  of 
th e  ra tio s  fo rm ed from  th em , I r is  p u m ila  L ., in th e  a rea  ex am ined  (in th e  C a rp a th ian  
B asin), can n o t be classified in to  hom ogeneous groups e ith e r  geographically  or according 
to  th e  cu rren t tax o n o m ica l c lassifications.

The ex am in atio n s in d ic a te  th a t  th e  c luste r an aly ses a re  su itab le  for th e  so lu tion  
of taxonom ica l task s. B y th e ir  m eans, on th e  basis o f c h a ra c te ris tic  q u a litie s, th e  species 
exam ined can  be g rouped  and  i t  can  be show n w hether th e  c lu s te rs o rig inally  considered  
as hom ogeneous are indeed  hom ogeneous.

I. Introduction

1.1. The p re sen t p a p e r is a c tu a lly  a s tu d y  o f m ethodo logy . O ur p rim ary  
aim  w as to  t r y  ou t and p re sen t one of th e  m ethods o f c lu ste r analysis , th e  
agg lom erative  procedure  of O r l o c i .

B y  m eans of th e  above m eth o d , we carried  ou t tw o ty p es  o f c lu s te rin g  du rin g  our w ork, 
n a m e ly  we exam ined

— how th e  Ir is  p u m ila  in d iv id u a ls  o rig in a tin g  from  a geograph ica lly  large a rea  form  
a group;

— w hether th e  in fraspec ific  ta x a  a re  d istinc t.
1.2. In  p h y to ta x o n o m y , th e  c lassifica tion  has been an d  is even  to d ay  based  on m ore 

or less sub jective  e lem en ts; how ever, in  1950 —1960 a tte m p ts  w ere  m ade  to  increase  o b jec tiv ­
i ty  (in  connection  w ith  th is  cf. Go od a ll’s rem ark , 1973).

N um erical tax o n o m y , w ith in  c e r ta in  lim its , endeavours to  a t ta in  an  ob jec tiv e  classi­
f ic a tio n . I ts  m ethods are  based  on  m u ltiv a r ia te  s ta tis tica l an a lyses o r these  analyses have 
b een  borrow ed in  to to . T he m eth o d s e lab o ra ted  for th e  c lass ifica tio n  of v eg e ta tio n  h av e  had 
a g re a t influence on  th e  d evelopm en t o f num erica l tax o n o m y . I n  th e  c lassifica tion  of th e  
v e g e ta tio n  un its , c lu s te r analysis, w hich  is a c tu a lly  an  analysis fam ily , was used  effectively .

B y  m eans of c lu s te r analyses, we can  explore ob jec tive ly  a n d  unam b ig o u sly  th e  ‘n a tu ra l’
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c lu s te rs  o f th e  ind iv iduals b y  ta k in g  in to  accoun t a ran d o m  n u m b er o f th e ir  ch aracte ris tics .
T h e  f irs t fu n d a m e n ta l te x tb o o k  of num erical tax o n o m y  was pub lish ed  in  1963 (Sokal, 

R . R . — Sneath , P. H . A ., 1963), w hile th e  f irs t sum m ariz ing  tex tb o o k  of c lu s te r  analyses in  
1971 (J a r d in e , N. — Sib so n , R ., 1971). Goodall (1973) gives a su m m ary  o f th e  fu n d am en ta l 
q u e s tio n s  o f num erical c la ss if ica tio n , o f i ts  basic p rincip le, m eth o d s and  o f th e  c lu s te r  analyses.

1.3. Cluster analyses can  be classified  in to  tw o large groups:
1. D ivisive c lu s te r an a ly ses
2. A gglom erative c lu s te r  analyses.
T he po in t of d e p a r tu re  in  th e  div isive m ethods is th e  se t of a ll in d iv id u a ls  exam ined, 

w h ich  th e n  are successively b ro k en  dow n a t th e  beg inn ing  in to  large, th e n  g ra d u a lly  in to  sm al­
ler c lu s te rs , then  in to  in d iv id u a ls .

W ith  the  ag g lom era tive  m eth o d s th e  approach  is reversed : s ta r tin g  from  th e  ind iv iduals , 
we b u ild  up  th e  c luste rs o f  g ra d u a lly  increasing  size b y  successive c o n tra c tio n s  up  to  th e  
m ax im u m -size  cluster w h ich  th e n  co n ta in s all th e  ind iv id u a ls .

T h e  resu lt of th e  a n a ly s is  in  b o th  cases is th e  d iv is ion  be tw een  th e  tw o  en d p o in ts , th a t  
is th e  classification  of th e  in d iv id u a ls  in to  a certa in  n u m b er of c lusters. T h e  d e te rm in a tio n  
of th e  p o in t where we s to p  d iv id in g  or co n trac tin g  v a ries according to  th e  m ethods.

W h en  we exam ine in d iv id u a ls  m  and  m easure  q u a litie s  n in  each  o f th em , th e  d a ta  
m a tr ix  w ill be of size m  X n. L e t us consider th e  in d iv id u a ls  as p o in ts  in  a  E u clid ean  space 
o f d im en sio n  n. The p o sitio n  o f th ese  p o in ts  are de te rm in ed  b y  th e  q u a lity  v a lu es as coordinates. 
T h u s  ev ery  axis corresponds to  a q u a lity  and  v ica  versa. E v ery  in d iv id u a l is rep resen ted  by  
one a n d  only one p o in t on  th e  v a rio u s axes. W hen  th e  in d iv id u a ls  fo rm  a c lu s te r  or c luste rs4 
th is  m u s t  be reflected by  th e  a rra n g e m e n ts  of th e  p o in ts .

II . M ethod and m ate ria l

I I .  1. Orloci’s a g g o m era tiv e  c lu s te r  analysis. One of th e  m o st w id e -sp read  of th e  cluste- 
an a ly se s is Orloci’s ag g lo m era tiv e  c lu s te r  analysis. I t  has a n u m b er o f a d v a n ta g e o u s  c h a ra c te r  
is tic s : i t  is based on n a tu ra l  p rin cip les , re la tiv e ly  sim ple, an d  easy to  in te rp re t.

T he basic princip le o f  Orloci’s m eth o d  is th a t  it decreases to  th e  m in im u m  th e  variance 
a t  e v e ry  level w ith in  th e  g ro u p  an d  i t  increases to  th e  m ax im u m  th e  v a ria n ce  be tw een  th e  
g ro u p s. T his can be ap p lied  fo r b o th  th e  presence and  absence d a ta  as w ell as in  th e  case of 
q u a n ti ta t iv e  da ta . The d is tan c e  be tw een  sam ples j  and  к  is:

D jk  =

w h ere  x y  is the value of th e  i - th  v a riab le  in the  j - t h  sam ple , while Vj is th e  len g th  of th e  j - t h  
v e c to r , i.e.
Y £ x ) j .  S tan d ard  d e v ia tio n  w ith in  one group  co n ta in in g  sam ples M  is:

M  M

Q =  { 2;= 1 k = j + l
D I k M

A t the  beginning of th e  analysis, each of th e  p o in ts  is reg ard ed  as a sep a ra te  c luster, 
w hile  th e  increasingly la rg e r c lu s te rs co n ta in in g  th e  sm aller ones are fo rm ed  b y  successive 
c o n tra c tio n s .

D uring  the  c o n tra c tio n s  th e  follow ing ru le m u st be  k ep t: we c o n tra c t alw ays those 
c lu s te rs  (only two a t a s tep ) w hich  increase  to  a sm aller e x te n t th e ir  in te rn a l v a rian ce  by the  
c o n tra c tio n  th an  th ey  w o u ld  do in  a n y  o th e r k ind  of co n trac tio n . A t th e  f i r s t  step , according 
to  th e  above rule, we a c tu a lly  c o n tra c t th e  p o in ts “ n eare s t to  one a n o th e r”  ( th e  ones am ong 
w h ich  th e  E uclidan d is tan c e  is th e  sm allest). To th e  c lu s te r (i.e. to  th e  p a ir)  th u s  form ed, a 
th ir d  sam ple  etc. The fo rm a tio n  of g roups, i.e. th e ir  c luste ring , co n tinues s tep  b y  step  up  to 
th e  p o in t where all m em b ers o f th e  sam ple  belong to  one c luste r. In  th is  w ay  c lu s te rin g  betw een 
th e  v a rio u s  groups m ay  a t  each  level ta k e  place only in  a w ay  of h av in g  a m in im u m  stan d ard  
d e v ia tio n  w ith in  th e  g ro u p s w hile, a t  th e  sam e tim e th e  s ta n d a rd  d ev ia tio n  b e tw een  th e  groups 
is a t  th e  m axim um  level.

A significance te s t  fo r re liab ility  o f c lustering  can  also be m ade b y  Orloci’s clustering. 
T h is  m eth o d  is in m an y  re sp ec ts  sim ilar to  the  sim plest case o f th e  analysis o f va rian ce , where
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Fig. 1. D em o n stra tio n  of th e  c lu s te r analysis by  m eans of a den d ro g ram  (Nos 1, 2, 3 e tc -
in d ica te  ind iv iduals)

th e  to ta l  v a rian ce  is b roken  dow n in to  v a rian ce  betw een c lusters an d  in to  v a riance  w ith in  
c luste rs, b u t  i t  is no t iden tica l w ith  th a t  case.

W e d em o n s tra te  th e  re su lt o f th e  c lu s te r analysis by  m eans of dendrogram s. O n ax is 
X  in  F ig . 1, th e  in d iv iduals are loca ted  in a reaso n ab le  b u t random  o rder so th a t  th e  con n ec tin g  
lines c an n o t in te rce p t each o ther. On ax is У  th e  ra tio  of c luste r in te rn a l v a riance  an d  to ta l  
v a rian ce  is in d ica ted  in  percen tage . T he to ta l  v a rian ce  is o b ta ined  by  ad d ing  up  th e  v a rian ces  
be tw een  th e  groups and  those  w ith in  th e  g roups (G o o d a l l  1973).

T he in d iv id u a ls  connected  w ith  a line belong to  one cluster. The h e ig h t o f th e  h o rizo n ta l 
con n ec tin g  line , i ts  value  У, in d ica tes  th e  p e rcen tag e  accounted  for th e  p a r tic u la r  c lu s te r w ith in  
th e  to ta l  v a rian ce , i.e. th e  degree of closeness in  c luste ring  of its c o n s titu tin g  e lem ents. Fronx 
th is , also th e  d istance  betw een  th e  va rio u s p o in ts  can  be inferred.

T he F O R T R A N  program m e of O r l o c i ’s agglom erative  c lu s te r analysis w as p ro d u ced  
b y  G o l d s t e i n  and G r ig a l  (1972), while I carried  o u t th e  ru n s on th e  CDC 3300 co m p u te r 
o f th e  H A S.

I I .  2. W e borrow ed for our w o rk  som e 260 h e rb aria l sheets o f I r is  p u m ila  L. fro m  th e  
h e rb ariu m  o f th e  P h y to tax o n o m ica l an d  E cological D ep artm en t o f th e  E ö t v ö s  L ó rán d  U n i­
v e rs ity  and  from  th a t  o f th e  B o tan ica l D e p a rtm e n t o f th e  N a tu ra l H is to ry  M useum . I se lec ted  
50 specim ens each of th e  tw o collections by  ta k in g  in to  considera tion  th e  follow ing p o in ts :

th e  sam ples should
— be w hole, w ith  flow ers, i.e. be in  th e  sam e phenophase;
— c o n ta in  specim ens dried  sa tis fac to rily ;
— have  w ell-m easurable ch arac te ris tic s ;
— o rig in a te  from  geograph ica lly  d iffe ren t localities (for exam ple, th e  V iennese B asin , 

th e  G reat H u n g a rian  P la in , T ran sy lv a n ia , th e  U kra ine; th e  loca lities are in d ic a te d  
in  F igs 3 — 8, w ith  th e  a p p ro p ria te  tax o n o m ica l designations;

— belong to  various in fraspecific  ta x a ,  according to  th e  id en tif ic a to r; for exam ple: 
v a r. scapifera , transsilvan ica , f. lu tea , etc.

In  ag reem en t w ith  these  v iew p o in ts, I  w as able to  use also th e  v a lu ab le  h e rb a ria l speci­
m ens w hich  h a d  been  collected  a long  tim e  ago. Collection A  is fo rm ed from  th e  50 sp ec im ens 
o b ta in e d  fro m  th e  h e rb ariu m  of th e  E ö t v ö s  L o rán d  U niversity , w hile  those  o rig in a tin g  fronx 
th e  B o tan ic a l D e p a rtm en t of th e  N a tu ra l  H is to ry  M useum  ap p ear in  collection  B.
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I  m ade an  ex ac t co p y  o f each  of th e  50 se lec ted  in d iv id u a ls  (F ig . 2), and  m easu ring  was 
m ad e  on th e  copies. A t th e  d raw in g  and  in  m easu rin g  on ly  th e  leaves a n d  th e  len g th  o f th e  
p e rigone  w ere considered , th e  flow er p a rts  no t. T he flow er will nam ely  becom e strongly  deform ­
e d  a t  d ry in g  (even its  co lo u r becom es u n d istin g u ish ab le), and , if  I  h ad  m easu red  th e  flow er 
p a r ts ,  I should have  to rn  th e  flow ers in to  p a r ts , c e rta in ly  n o t to  be  done w ith  borrow ed her- 
h a r ia l  specim ens. I  c a rried  o u t  th e  m easu rem en ts b y  th e  so-called localized  sam pling ( H o r á n - 
S Z K Y — Szőcs 1972).

I considered an d  m ea su re d  14 ch arac te ris tic s  in  each  in d iv id u a l (F ig . 2):
T he m orphological c h a ra c te ris tic s  used  fo r 
A nalysis 1 (see also F ig . 2)

V I  — N um ber o f leaves
V2 — T he leng ths of f lo ra l ax is , ovary , and  p e rigone  to g e th e r 
V 3 — L en g th  of leaf m a rg in  I (left)
V 4 — L en g th  of lea f  m a rg in  I (righ t)
V5 — L en g th  of lea f  I
V6 — L argest d iam e te r  o f  le a f  I
V7 — L en g th  of lea f m a rg in  I I  (left)
V 8 — L en g th  of lea f  m a rg in  I I  (righ t)
V9 — L eng th  of lea f I I
V10 — L arg est d iam ete r o f  le a f  I I
V I I  — L en g th  of lea f m a rg in  I I I  (left)
V12 — L en g th  of lea f  m a rg in  I I I  (righ t)
V13 — L en g th  of lea f I I I
V 14 — L argest d iam e te r  o f le a f  I I I

F ig . 2. T he po in ts of m ea su re m e n ts  and  th e  v a riab les  in  th e  in d iv id u a ls  (for keys to  th e  sym bols
see T able  1)
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V ariables V2, V3, V4, VS, V7, V8, V9, V i l ,  V12 an d  V13 w ere m easu red  to  m m  accu racy , 
w hile variab les V6, V10 and V14 to  decim al m m  accuracy.
T he ch arac te ris tics  u sed  for A nalysis 2 (ratios)
W 1 =  V2/V5 — F lo ra l axis, ov ary  an d  perigone len g th s to g e th e r/len g th  of leaf I
W 2 =  V2/V9 — F lo ra l axis, o v a ry  and  perigone le n g th s—to g e th e r/le n g th  of lea f I I
W 3 =  V2/V13 — F lo ra l axis, o v a ry  and  perigone len g th s to g e th e r/len g th  of lea f I I I
W 4 =  V5/V6 — L en g th  of L eaf I/Iarg est d iam ete r of lea f  I
W 5 =  V9/V10 — L en g th  of lea f  I I / la rg e s t d iam ete r of lea f I I
W 6 =  V13/V14 — L en g th  of lea f  I I I / la rg e s t d iam ete r o f lea f I I I
W 7 =  V3/V4 — L eft lea f  m arg in  len g th  of leaf I ./r ig h t lea f m arg in  I leng th
W 8 =  V7/V8 — L eft lea f m arg in  I I  len g th /rig h t lea f  m arg in  I I  len g th
W 9 =  V11/V12 L eft lea f m arg in  I I I  len g th /rig h t leaf m arg in  I I I  len g th
W 1 0 =  V5/V13 — L en g th  of lea f  I /le n g th  of leaf I I I
W l l =  V5/V9 — L en g th  of lea f  I /le n g th  of leaf I I
W 1 2 =  V9/V13 — L en g th  of lea f I I I / le n g th  of leaf I I I

In  order to  be  able to  f i lte r  o u t th e  v a ria b ility  caused  by  en v iro n m en ta l factors, I  cal­
cu la ted  th e  ra tio  n u m b ers  of th e  ab so lu te  va lues, see th e  e n u m e ra tio n  of ra tio s  above. F o r 
i t  is p resum able t h a t  th e  len g th  an d  w id th  of th e  leaves v a ry  u n d e r th e  effect of e n v iro n m en ta l 
fac to rs , w hereas th e  ra tio  of th e ir  len g th  and  w id th  is re la tiv e ly  c o n s ta n t an d  ch arac te ris tic . 
T h u s, I carried  o u t a lto g e th e r fo u r analyses:

1/1. E x am in a tio n  of geographica l groups on th e  basis o f ab so lu te  num bers; 
l / I I .  E x am in a tio n  of geographical groups on th e  basis of ra tio  n u m bers;
2/1. E x am in a tio n  of in fraspecific  ta x a  on th e  basis of ab so lu te  num bers;
2 /II. E x am in a tio n  of in fraspecific  ta x a  on th e  basis of ra tio  n u m bers .

III. Results and their discussion

A n a ly s is  Ц1. —  E xam ina tion  o f  geographical groups on the basis o f absolute 
measures o f  the vegetative parts (Figs 3 and  5)

Collection A

On the  basis o f th e  ab so lu te  m easurem ents of th e  v eg e ta tiv e  p a r ts , i t  
can  be s ta te d  t h a t  th e  Ir is  p u m ila  collection consisting  o f th e  50 ind iv iduals 
an d  o rig inating  from  localities w hich lie geographically  fa r  a p a r t from  one 
a n o th e r (Viennese B asin , th e  B u d a  H ills, G reat H u n g arian  P la in , T ran sy lv an ia , 
U kraine) does n o t sep a ra te  in to  hom ogeneous geograph ical groups (Fig. 3). 
I t  is rem arkab le  th a t  in d iv id u a l N o. 37, w hich o rig inates from  the  U kraine  
(K rasnogorka), does n o t sep a ra te  from  th e  o thers e ither.

Since th e  collection  was ex trem ely  varied  also b y  th e  basic rock an d  
a lt i tu d e  (dolom ite, loess, g ran ite , andesite , sand , e tc ., and  a ltitu d e s  of 100—- 
600 m), I m ade an  a tte m p t to  asses th e  dendrog ram  also b y  tak in g  these  
v iew poin ts in to  co n sidera tion , b u t th e  clusters o b ta in ed  did  n o t tu rn  out to  be 
hom ogeneous in  th is  w ay  e ither.

Collection В

This collection, w hich o rig inates from  an even la rg e r a rea , canno t be 
sep a ra te d  in to  hom ogeneous geographical groups e ith e r (F ig . 5).
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Fig. 3. A nalysis 1/1 — D en d ro g ram  of Collection A. Sym bols:

1: I .  p u m ila  — Bécsi m edence  (V iennese 26: I. p u m ila — F ark asv ö lg y
B asin) 27: I. p um ila — S o roksár

2: I .  p u m ila  — N aszály 28: I. p u m ila — H orgos
3: Ir is  p u m ila — N aszály 29: I. p u m ila — Sashegy
4: I .  p u m ila  — D orog 30: I. pum ila — Sashegy
5: I .  p u m ila  — D orog 31: I. p u m ila — B u d a i hg.
6: I .  p u m ila  — Bécsi m edence 32: I. pum ila — N a d ap
7: I .  p u m ila  — Bécsi m edence 33: I. p u m ila — S zarvaskő
8: I .  p u m ila  — B udai hegység  (B u d a  H ills) 34: 1. p u m ila — H á rm ash a tá rh e g y
9: I .  p u m ila  — B udai hg. 35: I. p um ila — H á rm a sh a tá rh .

10: J. p u m ila  — N aszály 36: 1. pum ila — Pozsony
11: I .  p u m ila  — H orgos 37: I. p u m ila — K raszn o g o rk a
12: I .  p u m ila  — T ö rö k u g ra tó 38: I. p u m ila — H orgos
13: I .  p u m ila  — K áp o sz tásm eg y er 39: I. p um ila v a r. scapifera  — H osszúaszó
14: I .  p u m ila  f. fla v a  — B u d a p es t 40: I. p u m ila  f. coerulea — B udai hg.
15: I .  p u m ila  — B udai hg. 41: I. p um ila  f. lutea  — H á rm ash a tá rh .
16: I .  p u m ila  — B udai hg. 42: I. p u m ila — S vábhegy
17: I .  p u m ila  — Soroksár 43: I. p um ila — B u d a ú jla k
18: I .  p u m ila  — Soroksár 44: I. p um ila — K áp o sz tásm eg y er
19: I .  p u m ila  — W ien 45: I. p um ila — K áp o sz tásm eg y er
20: / .  p um ila  — Sashegy 46: I. pum ila — H á rm a sh a tá rh .
21: I .  p u m ila  — Sashegy 47: I. p um ila — H á rm a sh a tá rh .
22: I .  p u m ila  — Sashegy 48: I. p u m ila — H á rm a sh a tá rh .
23: I .  p u m ila  — S vábhegy 49: I. p um ila — S vábhegy
24: I .  p u m ila  — S vábhegy 50: I. p u m ila f. coerulea — B udai hg.
25: I .  p u m ila  — S vábhegy

In  sum m ary , i t  c an  be s ta te d  th a t ,  even though  in  A nalysis 1 /I th e  dendro­
g ram s of bo th  of th e  collections p resen t clusters w hich sep a ra te  fa irly  
w ell, these  canno t be in te rp re te d  on th e  basis of th e  above v iew poin ts.
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A n a ly s is  l / I I  —  E xam ina tion  o f  geographical groups on the basis o f  ratio numbers 
obtained fro m  the measures o f  vegetative parts ( F igs 4 and 6 )

Collection A

Sim ilarly  to  A nalysis 1/I/A , here we fin d  also w ell-d istinguishable  c lu sters  
(for exam ple, 3 0 —3 3 —1—40), w hich, how ever, are n o t geograph ically  h o m o ­
geneous e ith e r (F ig . 4). In  A nalysis l j ï ï / A ,  d issim ilarly  to  A nalysis 1 /1 /A , 
th e  U kra inean  specim en  No. 37 sep a ra te s  in to  an  in d ep en d en t c lu s te r (Figs 
4 and  3).

Collection В

The co llection  can n o t he b roken  dow n in to  hom ogeneous geograph ica l 
g roups on th e  basis  o f ra tio  num bers e ith e r , a lth o u g h  i t  is divisible in to  well- 
sep a ra tin g  c lu sters  (for exam ple 17— 42 o r 14—27— 11— 48— 15— 19 in  F ig . 6).

As a su m m ary  i t  can  be s ta te d  th a t  A nalysis l / I I  resu lted  in  c lu ste rs  
considerab ly  d iffe ren t from  th a t  of 1/1: th e  c lusters  w ere com pletely  re -a r ra n g ­
ed. N one of th e m  w as, how ever, in te rp re ta b le  on th e  basis o f geograph ica l

Fig. 4. A nalysis l / I I  — D endrogram  of C ollection A. F o r  sym bols see Fig. 3.
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F ig . 5 A nalysis 1/1 — Collection B and  A nalysis 2/1 — D endrogram  of C ollection В. Sym bol

1 I . p u m ila  V .  lutea — T álly a 25 I . transsilvanica  —  Szászsebes
2 I . p u m ila  V .  lutea -  F ü zér 26 I. transsilvanica  —  T ran ssilv an ia
3 I. p u m ila  V .  lutea — F ü zé r 27 I. transsilvanica  — Szászsebes
4 I. pum ila  V .  lutea — S opron 28 I . transsilvanica  — Szászsebes
5 I. p .  f. lutea —  K olozsvár 29 I. p . prol. trans. — K olozsvár
6 I. p. f. lutea  — K olozsvár 30 I. p . prol. trans. — Szászsebes
7 I . p .  var. lutea — B uda 31 I. transsilvanica  — Szászsebes
8 I . p .  var. lutea — B uda 32 I .  p u m ila  — K olozsvár
9 I . p. trans. va r. f la v iflo ra  — N agy- 33 I. p u m ila  — D orog

szeben 34 í . p u m ila  — S á to ra ljaú jh e ly
10 I. p. trans. var. f la v iflo ra  — N agy- 35 I . lutescens —  K olozsvár

szeben 36 г p u m ila  — T o rd a
1 I I. p .  var. scapifera — B udai hg. 37 I. p u m ila  —  H á rm ash a tá rh .
12 I . transsilvanica - B u d a i hg. 38 I. p u m ila  —  H á rm a sh a tá rh .
13 l . transsilvanica — B udai hg. 39 I. p u m ila  — B orsod , B á lv án y h .
1 1 I . transsilvanica — H osszúaszó 40 I. p u m ila  — B orsod , B á lványh .
13 I . transsilvanica — H osszúaszó 41 I. p u m ila  — C sákvár
16 I . transsilvanica — H osszúaszó 42 I. p u m ila  —  C sákvár
17 I . transsilvanica  — H osszúaszó 43 I. p u m ila  — K isv á rd a
1» I. trans. f. fla v a T ran ssilv an ia 44 I . p u m ila  — T ö rö k b á lin t
19 I. trans. f. fla v a T ran ssilv an ia 45 I . p u m ila  f. f la v a  —  B u d a i hg.
20 l . transsilvanica — Sash. 46 I. p u m ila  f. f la v a  —  B udai hg.
2 1 I. transsilvanica — Szászsebes 47 I. p . va r. scapifera  —  H osszúaszó
22 I. transsilvanica — N agyenyed 48 I. p u m ila  —  B u d a i hg.
23 I. transsilvanica — N ag y en y ed 49 I . p . f. lutea —  H á rm a sh a tá rh .
24 I. transsilvanica — N ag yenyed 50 I . p u m ila  —  B udai hg.

v iew po in ts , th a t  is, th e  c lusters ob ta in ed  w ere n o t geographically  hom ogeneous. 
I t  can  accordingly  be in fe rred  th a t  on th e  basis o f the  m easu rem en ts exam ined  
w ith  regard  to  th e  v eg e ta tiv e  p a rts  — considering  e ith er th e  abso lu te  n u m b e r 
or th e  ra tio  n u m b er — Ir is  p u m ila  L . c a n n o t be d iv ided  in to  geograph ica lly  
w ell-d istingu ishab le  groups or tax a .
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A n a ly s is  2 jI— E xam ina tion  the g roup ing  o f  in fraspecific  taxa on the basis o f  the 
absolute measurement o f the vegetative parts (F ig . 5 )

Collection В

T he aim  of th is  analysis was to  exam ine  how , on th e  basis of in fraspecific  
te rm s  found  on th e  herbaria l shee t, th e  ind iv id u a ls  arrange  in to  groups. S u p ­
posed ly , if  in d iv idua ls w ith  id e n tic a l nam es arrange  in to  id en tica l c lu ste rs , 
th is  w ill confirm  th e ir  relatedness an d  ju s tify  th e  te rm .

S im ilarly  to  th e  form er an a ly ses , w ell-separa ting  clusters w ere o b ta in ed  
also here  (for ex am p le , 11— 17— 2 3 — 33—4 7 —1 5 —48), th ese , how ever, w ere 
heterogeneous w ith  respect to  th e ir  te rm s.

F ro m  th is we draw  the  conclusion  th a t
1. e ither th e  designations u sed  on th e  h e rb a ria l sheet are n o t co rrec t,
2. or, on th e  basis of the  m easu rem en ts  of th e  v eg e ta tiv e  p a r ts , th e  in f ra ­

specific  ta x a  desig n a ted  by  the  a u th o rs  c a n n o t be sep a ra ted  b y  th is  m e th o d ;
3. or, th e  sep a ra tio n  of these  in fraspec ific  ta x a  is n o t ju stified .

A n a ly s is  2 / I I  —  E xam ina tion  o f  in fraspec ific  taxon groupings on the basis o f
ratio numbers obtained from  the vegetative p art sizes (F ig . 6 )

Collection В

In  com parison  w ith  the  p reced ing  analysis , th e  clusters becam e consider­
ab ly  re -a rran g ed , b u t  these  clusters a re , s im ilarly  d istingu ishab le  fa irly  well. 
T hey  also co n ta in  ind iv iduals of v a rio u s  designation  an d  so th e y  do n o t con­
firm  th e  ju s tif ic a tio n  of any of th e  d esig n a tio n s, w hich again  ind ica tes one o f 
th e  th re e  cases e n u m are ted  above.

O n th e  d en d ro g ram  of the  an a ly ses  described  in  d e ta il above, we have  
o b ta in e d  clusters w ell-d istingu ishab le  in  each of th e  cases. These c lu sters , 
how ever, do no t co rrespond  to  each  o th e r  in  th e  various analyses: th e  sam e 
in d iv id u a ls  belong to  different g roups accord ing  to  w h e th e r we ta k e  in to  
con sid era tio n  th e  ab so lu te  num ber o r ca rry  o u t th e  analysis on th e  basis 
o f th e  ra tio  n u m bers.

T he in d iv id u a l clusters are he te rogeneous b o th  geographically  (by  
lo ca tio n , base rock , a ltitude) and  tax o n o m ica lly , i.e. b y  th e  tax o n o m ica l 
designations used b y  th e  collectors.

B y  inference i t  can  be s ta ted  th a t ,  on th e  basis of th e  v eg e ta tiv e  p a r t  
sizes or th e  ra tio  n u m b ers  ca lcu la ted  from  th em , Ir is  p u m ila  L. in  th e  area  
exam ined  (in th e  C a rp a th ian  Basin) c a n n o t be classified in to  hom ogeneous 
groups e ith e r  geographically , or in to  th e  c u rre n t tax o n o m ica l classification .
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79 47 22 44 20 41 25 33 7 31 45 24 3 34 18 32 4 46 6 28 36 27 48 19 42

F ig . 6. A nalysis l / I I ,  C ollection В an d  A nalysis 2 /I I ,  Collection В dendrogram . F o r sym bols
see Fig. 5.

P resu m ab ly , Ir is  p u m ila  L ., on th e  basis of flow er p a r t  sizes (or p os­
s ib ly  b y  some o th e r m e thod), classifiable in to  w ell-d istinguishable  geog­
ra p h ic a l un its or in fraspecific  ta x a , th is , how ever, will have to  be decided 
be  fu tu re  exam ina tions. In  w hich case we shall have  to  give up  th e  p o ssib ility  
o f  u nam biguously  id en tify in g  h e rb a ria l specim ens.

T he analyses described  above prove th a t  c lu ste r analysis is applicab le  
fo r  th e  solu tion  of tax o n o m ica l p rob lem s. B y  th is  m eans and  on th e  basis 
o f  th e  ch a rac te ris tic  p ro p erties , th e  species exam ined  can be classified  in to  
g ro u p s , or it  can be show n w h e th e r th e  groups or c lusters, o rig inally  considered  
as hom ogeneous, are  indeed  such.

A n a ly s is  containing erroneous data  ( Figs 7 and 8)

In  the  course o f m y  w ork, I  m is tak en ly  m easured  in  one of th e  specim ens 
(N o . 31, Figs 7 an d  8), a leaf-bund le  consisting  only  of leaves and  h a d  also 
ru n  th e  program m e on th e  basis of these  d a ta  (abso lu te  num bers an d  ra tio  
n u m b ers).

On th e  d en d ro g ram , th is  specim en re m a rk a b ly  sep a ra ted  itse lf  from  th e  
o th e rs ; i t  fo rm ed an  in d ep en d en t c lu ste r, w hile an o th e r specim en o b ta in ed  
fro m  th e  sam e lo ca lity  d id  n o t do so.
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Fig. 7. D en d ro g ram  o f a n  analysis co n ta in ing  e rroneous m easu ring  d a ta  (absolu te num b ers).
For sym bols see Fig. 3.

4 9  3 8  13 11 3 5  3 2  18 21 2  3 6  45 44 3 16  7  3 3  4 0  42 9  3 7  8  15 4 8  2 3  31

F ig . 8. D endrogram  o f an  analysis con tain ing  erroneous m easu rem en t d a ta  (ratios). F o r sym bols
see F ig . 3.
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B y  re -m easuring  th e  f irs t  specim en an d  b y  runn in g  th e  p rog ram m e w ith  
th e  new ly  o b ta in ed  co rrec t d a ta , I  a rr iv ed  a t  new  dendrogram s (F igs 3 an d  4) 
in  w h ich  th is  specim en did  no t sep a ra te  from  th e  o thers.

T his erroneous m easuring  was a good occasion to  prove th a t ,  even on 
th e  basis o f th e  v eg e ta tiv e  p a r t  sizes, th e  in d iv idua ls hav ing  m easu rem en ts  
d iffe ren t from  tho se  o f th e  o thers can  be  s e p a ra te d  (for exam ple, co llection  A, 
in d iv id u a ls  Nos 31 an d  37, Fig. 8; and  in d iv id u a l No. 37, Fig. 4). On th e  o th e r  
h a n d , th is  m eth o d  w as convincing b y  its  v e ry  sen sitiv ity , since i t  im m ed ia te ly  
signalled  th e  erro r.

IV. Conclusions

I t  can be in fe rred  from  th e  ana lyses th a t ,  on th e  basis o f th e  sizes of 
th e  v eg e ta tiv e  p a r ts  and  of the  ra tio  n u m b ers  form ed from  th e m , Ir is  p u m ila  
L . c a n n o t in  th e  area  exam ined  (in th e  C a rp a th ia n  Basin) be classified  in to  
hom ogeneous groups e ith e r  geograph ica lly  or b y  cu rren t tax o n o m ica l c lassi­
fic a tio n s .

The exam in a tio n s show  th a t  c lu s te r  analyses are app licab le  fo r ta x o ­
nom ical te s ts . B y  th is  m eans and  on th e  basis o f th e  ch a rac te ris tic  p ro p ertie s , 
th e  species exam ined  can be set in to  g roups, or i t  can be d em o n stra ted  w h e th e r 
th e  g roups or c lusters orig inally  considered  as hom ogeneous, are  a c tu a lly  such .
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COMPARATIVE ANALYSIS OF SOME DIVERSITY 
FUNCTIONS UNDER DIFFERENT CONDITIONS 

OF SAMPLING IN SANDY MEADOW

B y

J .  N . N ő s e k

DANUBE RESEARCH STATION, HUNGARIAN ACADEMY OF SCIENCES, ALSÓGÖD 

(R ece iv ed  Ju ly  2, 1976)

As a p re lim inary , th e  a u th o r  ou tlines th e  shortcom ings of in v estiga tions m ade 
so fa r as well as the concept o f  d iv e rs ity  based  on set th eo ry  ( J u h á s z -N a g y , 1973). 
A review  of d ifferen t d iv ers ity  a n d  eq u ita b ility  functions a n d /o r  indices used  in  th e  
lite ra tu re  follows.

The in v estig a tio n s w ere m ad e  in a san d y  m eadow  (F estucetum  vaginatae danu- 
biale) a t  V á c rá tó t (near V ác, N o r th  H u n g ary ).

S ix  d i v e r s i t y  f u n c t io n s  ( t h e  S iM P S O N -ty p e , t h e  G iN i - ty p e ,  t h e  M clN T O S H -ty p e , 
t h e  P IE , t h e  c o r r e c te d  — w i t h  t h e  s p e c ie s  n u m b e r  o f  t h e  p o p u l a t i o n  a n d  t h e  n o n -  
c o r r e c te d  SH A N N O N -W E A V E R -type), a n d  o n e  e q u i t a b i l i t y  f u n c t io n  ( :D —  D x.min./U i-m ax-— 
t i  min ')  w e re  e x a m in e d .

Two conditions of sam p lin g  w ere m ade; (a) th e  increase  o f th e  area  of th e  su b ­
sam ples by  pow er of two, from  100 cm 2 to  3200 cm 2, (b) th e  tran s fo rm a tio n  of th e  shape  
of th e  subsam ples, from a q u a d ra te  to  a g radually  n arrow er rec tan g le  (side ra tio s  also 
by  pow er o f tw o , from  1 : 1  to  1 : 32).

N o  s y s t e m a t i c  r e l a t i o n  c o u ld  b e  e s ta b l i s h e d  in  t h e  c a s e  o f  t h e  S i m p s o n - a n d  
M c lN T O S H -ty p e  f u n c t io n s  a n d  i n  t h a t  o f  t h e  P IE , e i th e r  t o  t h e  in c r e a s e  in  a r e a ,  o r  to  
t h e  t r a n s f o r m a t i o n  in  s h a p e .

In  th e  case of the  G iN i-type  and  th e  non-corrected  S h a n n o n - W e a v e r  fu n c tio n , 
a lo g arith m ic  re la tio n  was v isib le  w ith  increase in th e  area. T he d iv ers ity  of th e  p o p u ­
la tio n  was a lw ays u n d e restim ated . T heir values were in d ep en d en t of th e  tra n s fo rm a ­
tio n  above 1600 cm 2.

A hy p erb o lic  re la tion  w as show n in th e  case of th e  co rrec ted  S h a n n o n - W e a v e r  
fu n c tio n  to  th e  area. The d iv e rs ity  o f th e  popu lation  was o v e res tim a ted  to  400 cm 2, 
an d  u n d e re s tim a ted  from 1600 cm 2. I t  becam e in d ep en d en t o f th e  tran s fo rm a tio n  
above 800 cm 2.

The eq u ita b ility  values c h an g ed  in d ifferen t ways by  th e  v a rio u s shapes in  re la tio n  
to  th e  area. T h ere  was no sy s te m atic  re la tio n  to  th e  tran sfo rm a tio n . F o r th e  m ost p a r t,  
th e  e q u ita b ility  o f the  p o p u la tio n  w as overestim ated .

The b e s t estim ate  of th e  d iv e rs ity  o f th e  p o p u latio n  in v es tig a te d  could be m ade 
b y  use of th e  co rrected  S h a n n o n - W e a v e r  function  and th e  subsam ple  of 1600 cm 2 and  
1 : 32 side ra tio .

I. Introduction

The problem s of co rre la tions betw een  the  species an d  th e  n u m b er of 
in d iv id u a ls  ( G a r t h s i d e , 1928; c it. in  W i l l i a m s , 1964), th e  species and  th e  
a b u n d an ce , and  species and a rea  ( W i l l i s , 1922: G l e a s o n , 1922; 1925; all 
th re e  cit. in  A u c l a i r  and G o f f , 1971) have already  been  ra ised  a t th e  s ta r t  
o f in v estig a tio n s of biocenoses. T h ese  inqu iries led to  th e  fo rm a tio n  and  use o f 
th e  concep tion  n am ed  d iversity  a f te r  W i l l i a m s  (1944; c it. in  W i l l i a m s  1964).
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T he pap er d iscusses th e  b ehav iou r o f som e d iv e rs ity  functions on th e  
basis  of exam inations ca rried  ou t u n d er various cond itions o f sam pling in  a 
s a n d y  m eadow  ( F estucetum  vaginatae danubiale).

Before analysing  th e  re su lts , we shall h av e  to  su rv ey  —  even  if  b riefly  —  
th e  problem s re la ted  to  th e  concept of d iv e rs ity  and  its  m easu ring , the  d iver­
s i ty  indices and  fu n c tio n s th a t  have been in  use so fa r, an d  th e  shortcom ings 
o f  d iv e rs ity  ex am in a tio n s.

II. The posing o f the problems

T he te rm  d iv e rs ity  is w idespread  in  lite ra tu re . S evera l au th o rs  have 
d iscussed  i t  in various app roaches. T here are  som e excellen t review s available 
( P i a n k a , 1966; M c I n t o s h , 1967; C a n c e l a  d a  F o n s e c a , 1966, 1969a, 1969b; 
Р е е т , 1974), offering a com prehensive p ic tu re  of th e  su b jec t an d  its lite ra tu re . 
T h is abundance  in  th e  u se  of th e  concep t is, how ever, b u rd e n e d  w ith  grave 
p rob lem s. In  m ost o f th e  cases i t  im plies a confused, u n c ritic a l m ix tu re  of 
concep ts, defin itions, m odels or m ethods o f m easu rem en t (cf. E b e r h a r d t , 1969). 
T h e  concept of d iv e rs ity , in  m ost o f th e  cases, was defined  b y  m eans of th e  
fu n c tio n  w hich was u sed  fo r its  m easu rem en t (cf. Р е е т , 1974). Since th ere  were 
a n u m b e r of various ind ices or functions suggested  for m easu ring  d iversity , 
sev e ra l defin itions h av e  com e in to  ex istence even th o u g h  th e  phenom enon for 
w h ich  th e y  are app lied  is th e  sam e. In  m an y  of th e  cases, th e  use of th e  con­
cep tions ‘d iv ersity ’ an d  ‘h e te ro g en e ity ’ is also confused.

T herefore, a concise defin ition  of th e  concep t is n eeded  above every th ing  
else. A general and  concise defin ition  does ex ist ( J u h á s z — N a g y , 1973), b u t  
i t  has n o t y e t gained  enough  ground in  lite ra tu re . O w ing to  its  significance, 
i t  sha ll be dealt w ith  in  d e ta il below.

M ost of th e  d iv e rs ity  indices and  functions th a t  h av e  been used so far, 
an d  th e ir  app lica tions, b e a r  in  them selves th e  h eritage  of th e  s ta rtin g  problem  
(th e  question  of species an d  n um ber of in d iv idua ls, and  th e  species and  area), 
t h a t  is, th ey  re fer o n ly  to  th e  species-ind iv iduals d iv e rs ity . This is only a 
special case of th e  co n cep t o f d iversity ; b y  m eans of th e  general defin ition  
(cf. J u h á s z — N a g y  1973), th e  phenom enon can be ex am in ed  in  a m uch w ider 
sphere .

The ex tensive ‘d iv e rs ity ’ of th e  d iv e rs ity  indices an d  functions w hich 
are  in  use results — in  ad d itio n  to  the  s ta te  th a t  th e  n o tio n  is uncleared  — in 
th e  fa c t th a t  th e re  is no un iform  system  o f m odels w hich w ould  m ake possible 
e ith e r  a uniform  a p p ro ach  of the  problem  of th e  various synbiological ob jects, 
o r an  exam ina tion  o f its  re la tionsh ip  w ith  o th e r synb io logical basic phenom ­
ena  ( J u h á s z —N a g y , 1972, 1973). C onsequen tly , th e re  a re  on ly  a few papers 
discussing th e  ex a m in a tio n  of d iv ersity  an d  o th e r synbio logical basic phen o m ­
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en a  (for ex a m p le , s im ilar ity , p referen ce, etc .) (D é v a i , H o rváth , and J u h á s z - 
N ag y  1972, 1973).

F u r th e r  researches are needed  w ith  reg a rd  to  th e  questions of d iv e rs ity  
an d  succession an d /o r d eg radation , an d  to  th a t  o f th e  relationshij) b e tw een  
d iv e rs ity  and  s ta b ility . In  the  case o f th e  la t te r ,  a special d ifficu lty  is th e  
u n c la rified  s ta te  characteriz ing  th e  concep t o f s ta b ility .

T here  is on ly  one article tr e a tin g  th e  ex am in a tio n  of d iv ersity  b y  m eans 
of space processes (D é v a i , H orváth  an d  J u h á s z -N a g y , 1971). T he b eh av io u r 
o f d iv e rs ity  as a fu n c tio n  of d iffe ren t cond itions of sam pling  has also b een  
discussed only  on a very  sm all scale.

The lis t o f  shortcom ings is b y  no m eans com plete , b u t th e  q u estions 
w hich w ere m en tio n ed  are p ro b ab ly  th e  m ost essen tia l ones am ong the  n u m e r­
ous problem s aw aitin g  an analysis.

III. The concept of diversity and its measuring

D iv ersity , like s im ilarity , preference, e tc . is one of th e  synbiological basic p h en o m en a  
( D é v a i , H o r v á t h  an d  J u h á s z -N a g y , 1971). T he in te rp re ta tio n  of synbiological basic p h en o m ­
ena is n o t in  th e  scope of th e  p resen t s tu d y , since i t  can  be fo und  in  th e  papers of th e  a u th o rs  
m en tio n ed  above.

W h a t is d iv e rs ity ?  The sim plest w ay  of in te rp re tin g  i t  is to  use an  in tu itiv e  exam ple  
( J u h á s z -N a g y , 1973). L e t us tak e  a fic tive  c o m m u n ity , w here:

X  is th e  se t o f ind iv iduals , X  =  {x lv x 2, . . . #/, . . .  x n} and  
Y  is th e  se t o f species, Y  =  {y,, y 2, . . . y^, . . . y s}

fu r th e r

V  Xf =  IV, an d  y^ =  S  
/=1 k=1

w here N  is th e  to ta l  n u m b er of ind iv iduals , and  
S  is th e  to ta l  n u m b er of species,
L e t n l be th e  n u m b er of ind iv iduals be long ing  to  species y , ,  n 2 t h a t  of species y 2, . . . 

ns t h a t  of species y s. Sets n l4 n 2, . . . ns are re a l, d is jo in t su b se ts  o f X :

s s
U щ  =  X  and  П n j — Ф ■> and  also 

7=1  J 7 =1  1

V  П: =  N  
7 = 1

th a t  is, each  of th e  in d iv id u a ls  belongs only to  one species. D iv e rs ity  in  th is  co m m u n ity  is th e  
g re a tes t if  each  of th e  in d iv id u a ls  belongs to  a se p a ra te  species, t h a t  is, as m an y  species ex is t 
as th e re  are in d iv id u a ls . D iv ersity  is the  sm allest —z ero — if each  of th e  in d iv iduals belongs 
to  th e  sam e species, t h a t  is, th e re  occurs one species only.

In  o th er w ords, d iv e rs ity  is abso lu te ly  m ax im u m  in  th e  case of

(a) S  =  N , if  S  >  1 and  N  >  1

an d  i t  is abso lu te ly  m in im u m  —zero— in  th e  case of

(b) S  =  1 , if  N  >  1 .

O bviously , d iv e rs ity  can  also be d ifferen t in  th e  case o f a g iven  S, (1 S  <  N )  d ep en d ­
ing on th e  d is tr ib u tio n  of th e  ind iv iduals am o n g  th e  species, th a t  is, on th e  re la tio n sh ip
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of th e  se p a ra te  n f s to  each  o th e r. This re la tio n sh ip  is called  e q u itab ility . E v id en tly , for a fix ed  
S  (1 ^  S  <, N ) ,  d iv e rs ity  is th e  g reatest if  th e  d is tr ib u tio n  of th e  ind iv iduals is equal:

(c) n x =  n 2 . . . =  ns .

D iv e rsity  is th e  sm allest if, w ith  th e  ex ce p tio n  of one species, one in d iv id u a l belongs 
to  each  of th e  o th er species an d  all the re m a in in g  o th e r ind iv iduals belong to  one species:

(d) n l =  N  — S —f- 1 , a n d  ríj =  1 , ( j  — 2, 3, . . . s)

T hese tw o  cases a re  th e  tw o  absolute ex tre m e  va lues of eq u ita b ility  (in  case (c) th e  abso ­
lu te  m ax im al, in  case (d) th e  absolu te m inim al). T hese are, a t  th e  sam e tim e, th e  tw o local 
e x trem e  va lues of d iv e rs ity  (for a given S, (1 <2 S  V). w hich  app ear be tw een  (a) a n d  (b). 
I t  is to  be  n o ted  th a t  in  case (a) th e  actual, th e  loca l m in im um  an d  m ax im um  values o f d iversity  
are eq u al, an d  in  th a t  o f (b) these values a re  all zero.

T h is exam ple  is on ly  a special case o f d iv e rs ity , th e  so-called species-ind iv idual d iv er­
sity . I t  is easy  to  in fer t h a t  th e  concept can  be  generalized . By keeping th e  se t o f co n d itions (se t 
o p e ra tio n s , ex trem e  v a lu es) an d  by using th e  te rm  re p ré se n tan t in  p lace of in d iv id u a l an d  
ca teg o ry  in  p lace of species, we ob tain  th e  g en era l in te rp re ta tio n  of th e  concep t o f d iv ersity . 
Fo llow ing  from  th is , S is th e  nu m b er of categories, N  is th a t  o f th e  rep ré sen tan ts . T he set o f 
th e  re p ré se n ta n ts  ( X )  is th e  collection, th e  d iv e rs ity  o f w hich  undergoes e x am in a tio n  ( J u h á SZ- 
N a g y , 1973).

I t  follows from  th e  general in te rp re ta tio n  th a t  d iv e rs ity  is n o t on ly  one 
o f  th e  basic  p h en o m en a  of synbiological sy stem s, b u t  th a t  i t  can  be ex ten d ed  
to  all such  system s w here  p a rtitio n  can  be carried  ou t (cf. th e  se t opera tions) 
an d  freq u en cy  d is tr ib u tio n  can be se t u p . T hen  th e  basic question  refers to  
th e  n a tu re  of th e  em pirica l d ivers ity  in  re la tio n  to  th e  th eo re tica lly  possible 
m ax im a l d iv ers ity .

O bviously , a sy stem  can s im u ltan eo u sly  have various s tru c tu re s . F o r 
ex am p le , synb io logical system s h av e  top o g rap h ic , physiognom ic, flo ristic- 
fa u n is tic , tro p h ic , e tc . s truc tu res. T hese ex is t s im ultaneously , side b y  side. 
O ne o f th e  vario u s s tru c tu re s  is th e  freq u en cy  s tru c tu re  w hich rep resen ts  th e  
n u m b e r of categories an d  th e  d is tr ib u tio n  o f th e  rep ré sen tan ts  in th e  categories. 
D iv e rs ity  as a basic  phenom enon re flec ts  th is  s tru c tu re .

D iv ers ity , —  w hich  can be estab lish ed  and  w hich reflec ts th e  freq u en cy  
s tru c tu re  o f a g iven  system  — is a re su lt o f several effects. In  m ost o f th e  cases 
i t  is n o t easy  to  d is jo in t and d e te rm in e  these  effects. T herefore, th e  sim ple 
co rre la tio n  b e tw een  th e  d iversity  an d  o th e r  v ariab les (e.g. ab u n d an ce , p ro d u c tiv ­
i ty ,  efficiency, s ta b ili ty , several p h y sica l and  chem ical p a ram e te rs , etc .) m u s t 
be tre a te d  in  a v e ry  critical w ay, a n d  i t  m u st n o t be assum ed a sim ple causa l 
re la tio n .

S ynbio logical d iv ersity  is in  a v e ry  close re la tionsh ip  w ith  th e  occupancy  
p rob lem s of s ta tis t ic a l  m echanics a n d  w ith  th e  problem s of n iche seg regation  
(M a r g a l e f , 1957; D é v a i , H o r v á t h  a n d  J u h á s z - N a g y , 1971).

F or m easu ring  d iv ers ity , a fu n c tio n  sh o u ld  be found  w hich sa tisfies th e  follow ing c o n ­
d itio n s—follow ing also from  the  concept of d iv ers ity .

1. I ts  ab so lu te  m ax im um  should  be  in  th e  case N  =  S , (S  >  1 a n d  N  >  1), i ts  
abso lu te  m in im u m  in S — 1, ( N  >  1).
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2. I f  1 ^  S  iV, th e n  for a g iven  S i t  shou ld  assum e its  m ax im u m  value if  nj =  -g -  ;

w hile its  m in im um  value  w hen n l =  N  — S  1, and  n 2 =  n 3 — . . . =  ns =  1.
3. T he includ ing  of a ca tegory  co n ta in in g  a zero re p ré se n tan t should  n o t change its  

v a lue , th a t  is, i t  should  be ad d itive:

D(nltn2,n3, . . .n a) =  D(nitn2>n3, . . .n s,0)

4. I t  should  be a s tr ic tly  m ono ton ie  fu n c tio n , th a t  is, on a d d itio n  of a ca tegory  c o n ta in ­
ing  how ever a sm all b u t  n o t zero -v a lu ed  re p ré se n tan t, i ts  v a lu e  should  increase.

D(nltn2in3, . . .n 8) <  D(nl.n2,n3, . . .n s,nll+l)

Several fu n c tio n s can  sa tisfy  these  con d itio n s, The d iv ers ity  v a lu es ca lcu la ted  on  th e  
basis o f d iffe ren t fu n c tio n s re ac t d iffe ren tly  to  th e  changes in  th e  n u m b er o f categories or 
in  th e  evenness o f th e  d is tr ib u tio n  (cf. Р е е т , 1974). T h is p rob lem  — along w ith  th a t  o f th e  u n ify ­
ing  of th e  concept — raises th e  necessity  o f u n ify in g  th e  fu n c tio n  u sed  fo r m easu rem en t. 
O n th e  basis o f ex am in atio n s so fa r, th e  use o f fu n c tio n s derived from  in fo rm a tio n  th eo ry  
seem s th e  m o st su itab le , p rim arily , because i t  can  be a d ju s ted  to  th e  o th e r  basic p h enom ena. 
( J u h á s z - N a g y , 1972; P i e l o u , 1972; C o l w e l l - F u t u y m a , 1971; H a e d r i c h , 1975).

IV. A sho rt survey o f th e  various indices j 
and  functions used for m easu ring  diversity  and equ itab ility

I V . 1. D iversity  indices and fu n ctio n s

W hile com piling  our su rvey , we took th e  ex am ples exclusively from  th e  field  o f species- 
in d iv id u a l d iv ers ity , H ow ever, th e  conclusions d ra w n  from  th e  exam ples are sim ilarly  v a lid  
in  re la tio n  to  th e  generalized  d iv ers ity  concept.

I V . 1.1 The number o f species as a d iversity index

Several o f th e  a u th o rs  use th e  concep t of d iv e rs ity  as a  synonym  o f th e  species n u m b er 
{ W h i t t a k e r  1965; M c N a u g h t o n , 1967, 1968; S i n g h  — M i s r a , 1969; H u r d  e t a l., 1971; 
H a r g e r , 1972; B a r b o u r - B r o w n , 1974, e tc .) T h is is n o t co rrec t and  it  is m islead ing ; i t  is m ore 
a p p ro p ria te  in  such  cases — nam ely  w hen i t  is on ly  th e  num ber of species considered  — to  
use  th e  te rm  species richness.

I V . 1.2. D om inance-diversity curves

In  1965, W h i t t a k e r  suggested  th e  use o f cu rv es w hich  he nam ed th e  d o m in an ce-d iv er­
s ity  curve for th e  e x am in a tio n  of th e  s tru c tu re  o f c o m m u n ity . These cu rves a re  in  fa c t lo g a rith ­
m ic im p o rtan ce  — species sequence curves, w here  th e  species are ran k ed  accord ing  to  d ecreas­
in g  "im portance’ on th e  x  ax is; th e  concrete  eq u iv a len t o f ‘im p o rtan ce’ can  be several k inds o f 
v a riab le , for exam ple, b iom ass, p ro d u c tiv ity , th e  n u m b er o f ind iv iduals , e tc . H e considers n e t 
a n n u a l p rim ary  p ro d u c tio n  as th e  m o st su itab le  one. S im ilarly  R e i n e r s  e t al. (1971) gave 
u n d e r th e  nam e d o m in ance-d iversity  curve, a curve re fe rrin g  to  fo liar cover a n d  species sequence.

These cu rves offer m ore in fo rm atio n  on th e  co llection  exam ined , b u t  th e y  still do n o t 
co rresp o n d  to  th e  concep t o f d iv ers ity  (cf. I I I ) .  T he use  o f th e  te rm  d iv e rs ity  is in co rrec t an d  
m islead ing  also here. A lthough  th e ir  shape m ay  re n d e r inferences as to  th e  n u m b er o f species 
a n d  to  th e  d is tr ib u tio n  of th e  v ariab le  exam ined  am o n g  th e  species, th e ir  use  is cum bersom e, 
especially  in  co m p ara tiv e  stud ies. T he curves are  n am ely  to  be d raw n  w ith  re sp ec t to  each  
o f th e  collections and  th e n  com pared  w ith  one a n o th e r. T h is needs, if  we w a n t to  choose th e  
co rre c t w ay, a m a th e m a tic a l-s ta tis tic a l analysis, w hich  involves a  c ircu ito u s p rocedure .
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I V . 1.3. D iversity  indices based on the total num ber o f  species and in d iv idua ls

T hese indices a re  b a sed  o n  th e  v arious ra tio s  b e tw een  th e  n u m b er o f species and ind iv id u a ls . 
M any k in d s  o f such  ind ices can  be  c rea ted ; in  th e  l i te ra tu re  m o stly  th e  follow ing seven occur:

5
d j  =  —  M o n k , 1966 ( c i t .  in  A u c l a i r — G o f f , 1971)

g
d  =  --------—  G l e a s o n , 1922 ( c i t .  in  A u c l a i r — G o f f , 1971)

lo g  IV

S
log T

G l e a s o n , 1922 (cit. in  A u c l a i r — G o f f , 1971;

T  is th e  to ta l  a rea  from  w here  
S o rig in a tes .

S -  1
In

M a r g a l e f , 1957

<4 =
log 5
log N

M e n h i n i c k , 1964

d . =
S

Ÿ N
M e n h i n i c k , 1964

S S 2
d1 =  ——  =  —  W i l l i s , 1922 ( c i t .  in  A u c l a i r  — G o f f , 1971)

~S

T hese ra tio s  a re  n o t d iv e rs ity  indices (cf. I l l ) ,  and  th e y  hav e  several d isa d v an tag e s . 
A bove all, in fin ite ly  m an y  d iffe ren t S  and  N  c an  give th e  sam e v a lu e , since a  ra tio  n u m b er 
can  be p ro d u ced  from  in fin ite ly  m any  p a irs  o f nu m b ers . B esides, th e y  do n o t tell us a n y th in g  
a b o u t th e  d is tr ib u tio n  of th e  in d iv id u a ls am ong  th e  species.

I V . 1.4. D iversity  indices based on species abundance curves

I f  we illu s tra te  th e  n u m b er of species as a  fu n c tio n  of th e  n u m b er o f in d iv id u a ls  b e lo n g ­
ing to  one species, we o b ta in  a discrete freq u en cy  d is trib u tio n . T he shape of th e  d is tr ib u tio n  
will depend  on th e  n u m b er o f  species and  on  th e  in d iv id u a ls  rep re sen tin g  one species. T o th e  
d iagram s o b ta in e d  in  th is  w ay , various know n p ro b a b ility  d is tr ib u tio n s  can be f i tte d . In  th e  
la te r  phases o f analy sis , th e  n u m b er of species and  th e  d is tr ib u tio n  of in d iv iduals can  be  c h a ra c ­
terized  b y  m eans of th e  corresponding  p a ram e te rs  o f  f i tte d  p ro b a b ility  d istrib u tio n .

T he f irs t  d is tr ib u tio n  recognized to  be w e ll-fitted  to  c e r ta in  sam pling d a ta  w as th e  
logarithm ic  d is tr ib u tio n . F i s h e r , Co r b e t t  a n d  W i l l ia m s  described  it  in  deta il in th e ir  p a p e r 
published  in  1943 (c it. in  W i l l ia m s , 1964). F o r m easu rin g  d iv e rs ity , th ey  used one of th e  c h a r­
ac teris tic  p a ram e te rs  o f d is tr ib u tio n , nam ely  a ; th e  va lue  can  be expressed from  th e  to ta l  
nu m b er o f species and  ind iv iduals:

S =  — a  ln  (1 — X )

N =  a  X  (1 — X )

T he v a lu e  a  is h igh  if  th e  d iversity  o f th e  collection  exam ined  is g reat, and  i t  is sm all 
if  d iv ers ity  is low.

B eside th e  lo g arith m ic  d is trib u tio n , o th e r  th eo re tica l p ro b a b ility  d is trib u tio n s  can  also 
be f i tte d  to  th e  d a ta  o f observation . F o r c e r ta in  d a ta , P r e s t o n  (1948, cit. in  P i e l o u , 1969) 
found  lo g norm al d is tr ib u tio n , while B r i a n  (1953) found  th e  n eg ativ e  b inom ial d is tr ib u tio n  th e  
m ost ap p ro p ria te  fo r f i tt in g . All d is trib u tio n s h av e  th e ir  c h a rac te ris tic  p a ram ete rs  allow ing th e  
p ro d u c tio n  of th e  fu n c tio n . T hey  can be u sed  as indices of d iv ers ity .
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These indices also have several d isad v an tag es:
— th e  c h a rac te ris tic  p a ram ete rs  o b ta in ed  fro m  th e  d ifferent d is tr ib u tio n s  c a n n o t b e  

com pared  d irec tly  even in  th e  case of S  a n d  N  being  of the  sam e m ag n itu d e ;
— th e y  c an n o t be applied  un iform ly  enough . N one of th em  can  be considered  as su ita b le  

in  a h igh p e rcen tag e  of th e  cases;
— th e  Г  ( P e a r s o n  I I I .) - ty p e  functions a re  flex ib le  enough for erro rs to  be  easily c o m m itte d  

a t  fittin g , n o t choosing th e  r ig h t fu n c tio n . B u t even in th e  case o f a  su itab le  fu n c tio n , 
a large  n u m b er o f species and  in d iv id u a ls  is necessary for f i tt in g . T h ey  can n o t be  used  
re liab ly  in  th e  case of sm all-sized co llections;

— in  m any  of th e  cases, calcu la tion  is le n g th y ; as in case of several d is tr ib u tio n s , th e  d a ta  
w ill have  to  be transfo rm ed . F o r an  a c c u ra te  f i tt in g , th e  s ta tis tic a l analysis is a re q u ire ­
m en t;

— fin ally , th e  g re a te s t d isadvan tage  is t h a t  th e y  can n o t be app lied  in  th e  case w hen  th e  
species ab u n d an ce  curve observed c an n o t be  approx im ated  b y  a n y  of th e  th e o re tic a l 
d is trib u tio n s.

I V . 1.5. Yule-type d iversity  index

T he frequency  d is tr ib u tio n  of d iife ren t n o u n s in  sam ples ta k e n  from  th e  w orks o f  
d iv ers  a u th o rs  w as ex am ined  by  Y u l e  in his w o rk  p u b lished  in  1944 (c it. in  W i l l ia m s , 1964). 
T h e  c h arac te ris tic  v a lu e  suggested  b y  him  w as m o d ified  by  W i l l ia m s , an d  n am ed  as th e  Y u l e - 
ty p e  d iv ers ity  index.

D y  =  1
2 7  " i(" i  — i)/=1

N~

I t s  v a lu e  is g re a t if  th e  d iv ers ity  is high , and  i t  is sm all if  d iversity  is low .

I V . 1.6. The S im pson-type fu n c tio n

S i m p s o n  d e s c r ib e d  i n  1949 t h e  f u n c t i o n  w h ic h  w a s  n a m e d  b y  h i m  a s  t h e  m e a s u r e  o f  
c o n c e n t r a t i o n :

2 7  n ,(rai — 0} _  ________
N { N  -  1)

T h e  v a lu e  A is th e  recip roca l of d iv ersity , i.e. i t  is g re a t  if  th e  d iversity  is low  an d  vice v e rsa . 
T h e  fu n c tio n  used  for th e  m easuring  of d iv e rs ity  is  ob ta in ed  from  th e  follow ing e q u a tio n :

s
27 n f n i  —  1)

П =  1 — 1-1__________
s N ( N  -  1)

T he value  of D s v a rie s  betw een  zero an d  one. I f  each  of th e  in d iv id u a ls  belongs to  one  
species, th e n  i t  is zero, an d  if  each of th e  in d iv id u a ls  belongs to  a separa te  species, th e n  i t  is one.

I V . 1.7. The G ini-type fu n c tio n

F o r t h e  m e a s u r i n g  o f  t h e  h e t e r o g e n e i ty  o f  a  g iv e n  c o l le c t io n ,  Gin i  s u g g e s te d  i n  1912 
t h e  f u n c t i o n  n a m e d  t h e  m u t a b i l i t y  in d e x  (“ u n  in d i c e  d i  m u t a b i l i t à ” ) ( c i t .  i n  L e t i , 1965), a s

Dq =  1 -  2 7  P i
Í -  1
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The p ro b ab ilities  o f occu rren ce  appearing  in  th e  fu n c tio n  (p ,) c an  be  estim ated  fro m  th e  
re la tiv e  frequencies:

Pi = N Dr, 1 -  2
i - i

2Щ
N 2

T he value of Dg  c h an g e s  betw een zero (S =  1, N  >  1) and  1 - (S  =  iV, S >  1, JV >  1).

I V . 1.8. The Hurlbert-type probability  o f interspecific  encounter

I t  is  e s s e n t ia l ly  b a s e d  o n  t h e  s a m e  c o n s i d e r a t i o n  a s  t h e  S lM P S O N -ty p e  m e a s u r e  o f  c o n ­
c e n t r a t i o n ,  w i t h  t h e  o n ly  d i f f e r e n c e  t h a t  t h e  t w o  in d i v i d u a l s  c h o s e n  r a n d o m ,  b e lo n g  n o t  t o  
t h e  s a m e  b u t  to  d i f f e r e n t  s p e c ie s  (c f. S im p s o n , 1949 a n d  H u b l b e r t  1971):

P IE
2  n ^ N  -  Щ)
j= 1____________

N ( N  -  1)

C oncerning its  v a lu e s , th e  same s ta te m en ts  ho ld  as for D$.

I V . 1.9. The M cIn to sh -typ e  d iversity function

T he d iv ers ity  fu n c tio n  suggested b y  M c I n t o s h  (1967) is b a se d  on linear a lgeb ra, o n  a 
basis en tire ly  d iffe ren t f ro m  those  suggested earlie r:

D m — '
iV — H r *

1 = 1
N — Ÿ N

I t s  value  changes b e tw ee n  zero  (S  =  1, N  >  1) a n d  one (S  =  ÍV, S  >  1, N  >  1).

I V . 1.10. D iversity  fu n c tio n s  based on the in form ation  theory

L ately  fu n c tio n s d e r iv e d  from  in fo rm a tio n  th e o ry  have  b een  used  m ost w idely a n d  th e ir  
lite ra tu re  is also th e  la rg e s t.  Two kinds o f fu n c tio n  ex ist, one fo r f in ite  and one for in f in ite  
collections, th a t  is, fo r d isc re te  and  for co n tin u o u s d is trib u tio n s. B r i l l o u i n ’s form ula p r o v id e s  
th e  q u a n tity  o f in fo rm a tio n  or d iversity  for f in ite  collections as:

log , m  N  п л ! пЛ  . .

w h e re  К  is  a  c o n s t a n t  d e p e n d i n g  o n  th e  b a s i s  o f  t h e  lo g a r i t h m i c  f u n c t io n .  
S h a n n o n - W e a v e r ’s f o r m u l a  is  g iv e n  fo r  i n f i n i t e  c o l le c t io n :

H '  =  — 2  Pi i°g  Pi
1 =  1

In  t h e  l a t t e r ,  t h e  p r o b a b i l i t i e s  o f  o c c u re n c e  ( p z) c a n  b e  e s t i m a t e d ,  a c c o r d in g  to  w h a t  h a s  b e e n  
s a id  a b o v e  fo r  t h e  G i N i - t y p e  f u n c t io n s  (c f. IV . 1.7), f r o m  t h e  r e l a t i v e  f r e q u e n c ie s  ( L l o y d  e t  a l . ,  
1968; PiE L O U , 1966a).

B etw een th e  u sag e  o f th e  two kinds o f  fu n c tio n  there  is a n  essen tia l difference o f in te r ­
p re ta tio n  in  synbio log ica l p ractices. A d e ta iled  d esc rip tio n  and  e x p la n a tio n  of th is can  b e  fo u n d  
in  P i e l o u ’s p ap ers  (1 966a , 1966b, 1969).
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I V . 2. E q u itab ility  indices

In  th e  c o n c e p t o f diversity  th e re  a re  tw o  in d ep en d en t variab les, nam ely  th e  n u m b er 
o f  species and  th e  d is tr ib u tio n  of th e  in d iv id u a ls  am ong th e  species. T he re su lt is t h a t  th e  d iv e r­
s i ty  value  of a  co m m u n ity  of m any  species b u t  o f a v e ry  un ev en  d is tr ib u tio n  of in d iv id u a ls  
c an  be  in  ag reem en t w ith  th a t  of a c o m m u n ity  w ith  a sm all n u m b er of species b u t  o f an  even  
d is tr ib u tio n  of in d iv id u a ls . T herefore, d iv e rs ity  m u st be d is jo in ted  to  its  co m p o n en ts . T he 
e x am in a tio n  of th e  va lues of d iv ers ity , o f  th e  n u m b er of species an d  of e q u ita b ility  to g e th e r 
p ro v id es m uch  m o re  in fo rm ation  th a n  t h a t  o f th e  va lue  of d iv ers ity  alone. T here is no prob lem  
w ith  th e  n u m b er o f  species. For th e  c a lcu la tio n  of th e  d iv ers ity , we have  seen a few  of th e  
possib ilities. F o r th e  calculation of e q u ita b il i ty  th e re  are also several m ethods described  in 
th e  l ite ra tu re . I t  is to  be noted th a t  in  th e  case of IV .1.1, IV .1.2 and  IV .1.3, e q u ta b ili ty  c an n o t 
be  in te rp re te d  a n d  therefo re  no p o ss ib ility  ex is ts  for its  e stab lish m en t in  values.

I V . 2.1. The fo rm u la s  used  most f req u e n tly  are  as follows (H u rlber t , 1971):

V ' =
D

D i.  max
D Dl-min 

max -^/.min

w h ere  H/.mjn an d  Z)/.max are the  local m in im u m  and  m ax im u m  values of d iv e rs ity  (cf. I l l ) ,  
D  is th e  a c tu a l  value of d iv ers ity . V 9 is id en tica l w ith  P ielou’s form ulae J  a n d  J 9 (for 
B rillo uin’s a n d  Shannon-W e a v e r ’s fo rm ulae: P ielou , 1966b, 1969).

I V . 2.2. Margalef (1957) and Patten  (1962) used  th e  redundancy  concept app lied  in in fo rm ­
a tio n  theory :

R  = Dj- max -P 
^ l -max ' D [.min

T h e  following c o rre la tio n  exists be tw een  re d u n d a n c y  an d  th e  va lue  of V  : R  =  1 — V.

IV.2.3. In the equ itab ility  index suggested  by Lloyd and Ghelardi (1964), the distribution  
nam ed as the MAcARTHUR-type broken stick  model (MacArthur , 1957) is used as

e
S

where S is the observed number of species. S ’ is the number of species calculated from  the  
MAcARTHUR-type distribution at the actu a l value of diversity. According to th is form ula, 
the distribution is  the most even if  it  is  in  agreem ent w ith  that o f the model. In reality , a 
distribution more ev en  than this has already been observed (K richer , 1972; H a jd ú , personal 
com m unication). B esides, in calculating the value of e, the value of S’ is often a fractional 
num ber whose interpretation is doubtful.

IV .2.4. The equ itab ility  index cited b y  S held o n  (1969) is form ally similar:

w here  S is th e  o b se rv ed  species n u m b er. S* is th e  n u m b er of species corresponding to  th e  even  
d is tr ib u tio n  p ro v id in g  th e  same v a lu e  o f d iv e rs ity  a t  th e  sam e m ag n itu d e  of N .

S*  =  <P

w h ere  D  is th e  o b se rv ed  diversity  v a lu e , V  is th e  basis o f th e  n a tu ra l logarithm .
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IV .2 .5 .  F a g e r  (1972) su g g ests tw o  possibilities fo r m easu rin g  eq u itab ility . One of th em  (S D ) 
is th e  standard deviation  o f th e  nu m b er of in d iv id u a ls  (n,).

SD
S JV nj — N 2

i - l
- S ( S - l )  J

In  th e  o th e r  function , te rm e d  b y  him  th e  “ nu m b er o f  m o v es”  (N M ), th e re  are tw o v ariab les, 
v iz. th e  num ber of in d iv id u a ls  (re,) and  th e  ran k s  be long ing  to  th e  n u m bers o f in d iv id u a ls  
( R j ) .  T h e  largest n u m b er o f  in d iv id u a ls  receives ra n k  n u m b er 1.

N M  =
m s  + 1 )

2 i - l

F o r a b e tte r  in te rp re ta tio n , he  suggests also a scaling, in  th e  sam e m anner as in case of re d u n ­
d a n cy  (cf. IV.2.2).

I V . 2 .6 . H i l l  (1973) suggests th e  usage of the ratios between the various d iversity fu n c tio n s  (th e  
fu n c tio n s  of S i m p s o n  a n d  S h a n n o n - W e a v e r ) and the number o f species. These, how ever, 
c a n n o t in  all cases be in te rp re te d  sim ply (cf. Р е е т , 1974). T he cause of th is  is h idden  in  th e  
d u a l n a tu re  of the  d iv e rs ity  fu n c tio n s (cf. IV. 2). Since th is  d u a lity  does ex is t in  each of th e  
fu n c tio n s  form ing th e  ra tio s , no  d irec t corre lation  is o b ta in e d  w ith  th e  n a tu re  o f th e  d is tr i­
b u tio n .

I t  is to  be noted  t h a t  in  th e  case of S =  1 (cf. (b) in I I I ) ,  e q u itab ility  c an n o t be in te r ­
p re te d  — there  exists no d iv e rs ity  — and in  th e  case o f  S  =  N  (cf. (a) in  I I I )  e q u ita b ility  
c a n n o t be  com puted  for th e  scaled indices (e.g. F , R , scaled  S D  and  N M ).

I n  th e  course o f o u r su rv e y , no detailed  desc rip tio n  of th e  various indices an d  fu n c tio n  
cou ld  be  given, owing to  la c k  of space. I t  was also on ly  in  re la tio n  to  th e  m ost essen tia l cases 
t h a t  we m ade our c ritica l re m a rk s . A deta iled  d iscussion  or a m ore e laborate  range  of c ritica l 
re m a rk s  are  to be found  in  th e  a rtic les of th e  a u th o rs  c ited , or in  th e  review s and  sum m ariz ing  
p a p ers  (for exam ple, L l o y d  a n d  G h e l a r d i , 1964; M e n h i n i c k , 1964; D i c k m a n , 1968; S h e l d o n  
1969; E b e r h a r d t , 1969; F a c e r , 1972; H i l l , 1973; D e B e n e d i c t i s , 1973; A l l a n , 1975; 
H a m i l t o n , 1975; D e J o n g , 1975, Р е е т , 1975).

V. The aim of the present paper

In  the k now ledge o f  th e shortcom ings d escribed  ab ove, th e aim  o f  th e  
p resen t stu d y  was to  ex a m in e sp ec ies-in d iv id u a l d iversity  under d ifferent 
co n d itio n s of sam p lin g  in  b otan ica l ob jects. F urth er, th e com parison  and  
a n a ly ses o f six  d iv er s ity  fu n ction s, v iz . o f  th e  SiMPSON-type, th e  G iN i-typ e , 
th e  P IE ,  the M clNTOSH-type, th e corrected , [w ith  th e to ta l num ber o f  species  
o f th e  popu lation , (cf. P ie l o u  1966b)], and th e  uncorrected  S h a n n o n -W e a v e r  
fu n ctio n s , and th e e q u ita b ility  values b elon g in g  to  th em , resp ectiv e ly , as w ell 
as th e  choosing o f  th e  m o st su itab le one on th e  basis o f  sam pling.

VI. Material and m ethod

T he exam inations w ere c a rried  ou t in a sandy  g rasslan d  (Festucetum vaginatae danubiale), 
one of th e  characteris tic  co m m u n itie s  of th e  calciferous san d y  soil in  th e  a rea  be tw een  th e  
D an u b e  an d  Tisza riv ers , n e a r  V ácrá tó t, in  Ju ly  1975. T h e  size of th e  basic  sam pling  area  
w as 4.8 X 10 m. In  th is  a rea  10 species occured, re p re se n ted  by  8493 ind iv id u a ls . F o r a  p a r t  
of th e  T h ym u s  species, e x a c t id en tif ic a tio n  could n o t be  done — owing to  in fectedness — th e re ­
fo re , designed as Th ym u s  sp ., th e y  were trea te d  as be longing  to  th e  sam e species. In  p a tc h ­
fo rm in g  species (Festuca vagina ta , Festuca wagneri, F u m a n a  procum bens, and  Th ym u s  sp .),
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one patch was taken as one individual. The distribution of the individuals as to species was as 
follows: Festuca vaginata  2520, Festuca wagneri 101, M edicago m in im a  1699, Carex stenophylla  
1518, T h ym us sp. 1506, F um ana procum bens 1084, Centaurea arenaria  24, Cynodon dactylon  23, 
Plantago indica  17, and Onosma arenaria  1 individual. The cover of the sampling area was 
about 65%; the two Festuca species represented 25%, the T h y m u s  sp. 25%, F u m a n a  procum ­
bens 10%, while the other species together also 10%. An accurate map on a scale of 1 : 10 
was drawn of the basic sampling area, and all further elaborations were made on its basis, 
using a slightly modified version of the so called ‘Photocomputational Method’ (Szőcs, 1977).

During the investigations two conditions of sampling were applied:
1. Increasing the area of the subsamples (within identical shapes) by powers of two, 

from 100 cm2 (100, 200, 400, 800, 1600, and 3200 cm2).
2. The transformation of the shape of the subsample by the elongation of the square 

into an increasingly narrower rectangle (but of identical areal size), by increasing the longer 
sides again by powers of two (side ratios; 1 : 1, 1 : 2, 1 : 4, 1 : 8, 1 : 16, and 1 : 32).

The various subsamples were placed on the map randomly, with the aid of a Hewlett- 
Packard 9820A-type computer, in a repetition of 30 each. A total of 1260 subsamples were 
analysed. The individuals representing the various species were counted in all subsamples — 
even those which grew on the edge of the subsample, and even if a larger part of them fell 
outside the subsample (patch-forming species).

The following uniform designations and symbols are used: S, N ,  T  for the total number 
of species, of individuals, and the area of the subsample; D q , D 5 , P I E , H "  and H £0rr*
for the diversity values calculated on the basis of the Gini, Simpson, H urlbert, McIntosh, 
Shannon-Weaver functions (not corrected and corrected). EG, Ey, E p IE, Ем , Е и „, Е н 0̂гг. 
are equitability values belonging to the relevant functions. А, В, C, D , E , and F  represent the 
various shapes of the subsamples (A is the square with side proportion 1 : 1; В is a rectangle 
w ith 1 : 2, C with 1 : 4. D with 1 : 8, E with 1 : 16 and F with 1 : 32 side proportions). The 
dash above the various symbols represents the mean of the 30 repetitions performed within 
identical subsamples. The mean values are at the same time the estimates of the values of 
the population (4.8 X 10 m basic sampling area).

The functions which served as a basis for the calculations were partly taken from the 
original articles of the authors (Simpson, 1949; McIntosh, 1967; Hurlbert, 1971); D G was 
taken from Leti (1965); H "  and H 'J0rr from Pielou (1966b); the equitability from Hurlbert 
(1971, the formula denoted by V ). The calculations of satatistical analysis were performed 
after S v á b  (1973).

VII. Results and discussion

V I L I .  Com parison o f  the various functions

D espite  th e  a p p a re n t differences in  defin itions and  fo rm ulas, th e  S i m p s o n - 

ty p e  fu n c tio n  an d  th e  P I E  are iden tica l:

= 1 _ n i ( n i - 1) . Z  n i ( N  -  re,) _ p l E

N { N  ~  1) N ( N  — l )

N 2 _ N  —  V  „ ?  +  у щ  __ N  V  щ  -  V ref

N ( N  -  1)
since £  ni — N  ;

N ( N  - 1)
N 2 - 2 ' ref __ N 2 - V ref 
N ( N  -  1) = ~ N ( N  - 1)

W hen defin ing  th e  P I E ,  H u r l b e r t  based  his calcu lations on th e  n u m b er 
o f links in  th e  food w eb. E ach  o f th e  links rep resen ts  th e  tro p h ic  connec tion  
of tw o species and  a t  th e  sam e tim e  a p rey -p red a to r connection  as w ell. A cco rd ­
ing to  h im , in  com m unities w here th e  P I E  value is h igh , th e  “ sensory  a b ili ty ”
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of th e  p re d a to rs  is m ore developed  th a n  in  com m unities w here  th e  P I E  
values are sm alle r. Thus th e  P I E  can  be in te rp re te d  synb io log ically  m uch 
b e tte r  th a n  th e  S im pso n  fun c tio n .

This s ta te m e n t, in  such a g en era liza tio n , is too  sim ple a n d  in  fac t n o t 
tru e . In  th e  ca lcu la tion  of th e  P I E ,  all th e  p a irs  consisting  o f d iffe ren t species 
do ap p ear. In  th e  food w eb, how ever, th e  n u m b e r of such p a irs  is alw ays 
sm aller, fo r th e  encoun ter of th e  tw o  d iffe ren t species belonging  to  iden tica l 
tro p h ic  level does no t m ean th e  co n su m p tio n  o f one of th em . In  o th e r  w ords, 
P I E  a lw ays overestim ates th e  p ro b a b ility  o f th e  encounters rep re sen tin g  th e  
tro p h ic  connections, and  i t  does th is  to  d iffe ren t ex ten ts  d ep en d in g  on th e  
n u m b e r o f species w hich com pose th e  v a rio u s  troph ic  levels. A ccordingly , 
th e re  is no reason to  p refer P I E  in s tead  o f  D s .

N
D rT he following co rre la tion  ex ists be tw een  D a and  D s : D s

T he difference betw een th e  tw o  func tions g radually  decreases w ith  th e  in ­
crease o f N .

T he values of H "  and  H 'c'orr also ap p ro x im ate  each  o th e r w ith  th e  
increase  of N ,  w ith in  a g iven  collection  (P ie l o u , 1966a, 1966b).

T he eq u itab ility  v a lu es  ca lcu la ted  on the  basis o f D s  an d  P I E  are  in  
ag reem en t owing to  th e  id e n ti ty  o f th e  tw o  functions.

T he values of E s  an d  E n d iffer from  one a n o th e r  in  th e  case of v e ry  
sm all num bers of in d iv id u a ls ; th is  d ifference decreases qu ick ly  w ith  th e  in ­
crease of N . The ro u n d in g  of th e  re su lts  to  th ree  decim als in  th e  case o f N  
occuring  during th e  processing  of d a ta  d id  no t p roduce  a n y  difference. T h e re ­
fore E s could be used  in  p lace of th e  tw o  values th ro u g h o u t th e  calcu lations.

T he e q u itab ility  va lu es  of H "  an d  H'éorr do n o t d iffe r from  each a n o th e r.
In  the  last ana ly sis , th ree  e q u ita b ility  values w ere produced  for th e  six

fu n c tions, viz. E s fo r func tions D s , D a, and P IE ;  E .  
H "  and  H"corr.

fo r D M; an d  E H„ for

V I I .2. The values calculated fo r  the basic sam pling  area

W hen an a ly s in g  th e  re su lts , we considered as p o p u la tio n  th e  se t of in d i­
v iduals occuring in  th e  w hole 4.8 X 10 m a rea , th e  d iv ersity  of w hich was 
estim a ted  by  m ean s of th e  v a rio u s  subsam ples. T be values o f th e  pop u la tio n  
re la ted  to  th e  d ivers v ariab les  u n d e r ex am in a tio n  to o k  th e  follow ing p a tte rn : 
S  — 10 (w hen ca lcu la tin g  th e  value  of I i"orr we used  th is  value in  th e  correc­
tion  m em ber); N  =  8493; D a =  0.792; D s =  0 .792; D M =  0.550; H "  =  1.658; 
I I corr — 1.659; E g  =  0.880; E M =  0.795, and  E H. =  0.719. These values also 
illu stra te  w h a t has been said  above w ith  re g a rd  to  the  a p p ro x im a tio n  of 
th e  re lev an t fu n c tio n s to  one an o th er (cf. V I I .1).
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V I I .3. Changes in  the fu n c tio n  o f  the area

T here  ex isted  a linear re la tio n  b e tw een  N  and T  w ith  re sp ec t to  each 
o f th e  subsam ples (Table 1). T he co rre la tio n  coefficients an d  th e  lin ear regres­
sion  coeffic ien ts are given in  T ab le  5. T he v e ry  h igh  co rre la tio n  coefficients a t 
th e  sam e tim e  in d ica te  th a t  we w ere r ig h t w hen  in  th e  case o f th e  p a tch - 
fo rm in g  species we considered one p a tc h  as one ind iv idual.

A lo g arithm ic  re la tio n  was found  betw een  th e  area an d  S , D a and  H ". 
W hen  increasing  th e  area, S  did no t f la t te n  in  th e  case of an y  o f  th e  subsam ple 
shap es (see T able  1; Fig. 1). In  th e  case o f th e  D a curves a f la tte n in g  could 
be o b served ; in  th e  case of shape A a f te r  1600 cm 2; in  shapes B, C, D and  F  
a f te r  800 cm 2, while in  shape E a fte r  400 cm 2 (T able 2, Fig. 2). T h e  curve of H "  
f la t te n e d  a fte r  1600 cm 2 in th e  case o f each  shape (Table 3, F ig . 3). T he correla­
tio n  an d  lin ea r regression coefficient values betw een  th e  v a riab le s  m entioned  
an d  th e  lo g arith m  of th e  area are  g iven in  T ab le  7.

A hyperbo lic  re la tio n  was found  b e tw een  H ”on and T . F la tte n in g  of 
th e  curves ensued  in  each of th e  shapes a f te r  1600 cm 2 (Table 3; Fig. 4). The 
co rre la tio n  and  linear regression coeffic ien t values betw een  th e  reciprocal 
o f th e  a rea  an d  Щ огг are given in  T ab le  9.

T he values of D s and  D M d id  n o t show  a system atic  re la tio n  w ith  th e  
in crease  in  th e  area (Table 2).

T he th re e  e q u ita b ility  va lues w ere v e ry  n ea r to  each o th e r  an d  behaved  
s im ila rly  as a function  of th e  increase  in  th e  area , w ith in  th e  v a rio u s shapes

Table 1

The value o f  S  and N  as a fu n c tio n  o f  the shape and size o f  the subsam ple

Area
(cm2)

Shape
100 200 400 800 1600 3200

A 2.233
3.567

3.067
4.833

3.567
7.733

4.433
15.300

5.200
32.433

5.600
60.933

в 2.533
3.500

3.167
5.267

3.633
8.600

4.600
17.330

5.267
32.567

5.800
62.833

c 2.367
3.667

3.167
6.300

3.767
1 1 .2 0 0

4.433
17.533

5.167
33.933

5.600
58.233

D 2.600
3.800

3.300
6.933

3.967
1 1 .0 0 0

4.800
19.467

4.900
35.767

5.733
65.200

E 2.867
4.833

3.667
8 .1 0 0

4.233
13.333

4.733
2 2 .0 0 0

5.467
41.667

5.600
71.267

F 3.367
6.233

4.167
9.300

4.667
14.600

5.033
26.700

5.633
40.500

5.600
73.667

(U p p e r va lues belonging to  a  g iven  sh ap e  a n d  a rea  rep resen t S , th e  low er ones N }
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Table 2

The values o f  D q, D 5 a n d  D M as a fu n c tio n  o f  the shape and  size o f  the subsample

Area
(cm2)

Shape
100 200 400 800 1600 3200

A 0.396 0.570 0.614 0.652 0.732 0.754
0.543 0.721 0.737 0.703 0.757 0.767
0.498 0.657 0.646 0.569 0.591 0.580

в 0.457 0.560 0.631 0.686 0.727 0.750
0.663 0.698 0.746 0.733 0.751 0.763
0.631 0.636 0.648 0.594 0.585 0.576

c 0.484 0.557 0.641 0.693 0.736 0.742
0.838 0.668 0.729 0.738 0.760 0.756
0.636 0.592 0.613 0.596 0.592 0.569

D 0.502 0.613 0.683 0.722 0.716 0.748
0.712 0.728 0.772 0.764 0.739 0.760
0.666 0.638 0.661 0.620 0.570 0.572

E 0.554 0.643 0.701 0.712 0.735 0.761
0.724 0.744 0.776 0.748 0.754 0.772
0.650 0.642 0.656 0.597 0.579 0.583

F 0.630 0.699 0.711 0.735 0.747 0.758
0.783 0.794 0.775 0.765 0.767 0.769
0.701 0.689 0.650 0.608 0.596 0.578

(U pper values a re  D q , m iddle va lues £>g, lower va lues belonging to  th e  g iven
sh a p e  an d  area)

Table 3

The value o f  H  and  JT^orr as 11 fu n c tio n  the shape and size o f  the subsamples

Area
(cm*)

Shape
100 200 400 800 1600 3200

A 0.649
2.435

0.984
2.284

1.106
1.951

1.246
1.578

1.442
1.593

1.516
1.593

в 0.765
2.313

0.989
2.274

1.129
1.790

1.323
1.610

1.436
1.584

1.515
1.591

c 0.765
2.133

0.978
2.049

1.157
1.685

1.315
1.594

1.454
1.594

1.498
1.578

D 0.823
2.256

1.067
1.801

1.245
1.745

1.417
1.647

1.391
1.530

1.529
1.602

E 0.930
2.216

1.153
1.736

1.308
1.736

1.380
1.597

1.465
1.579

1.529
1.595

F 1.094
1.936

1.305
1.825

1.383
1.758

1.441
1.621

1.518
1.635

1.519
1.583

(U pper va lues a re  H " , low er values H ^ou„ belonging to  th e  g iven shape an d  a rea )
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sampling area [cm2)

F ig . 1. S  p lo tte d  ag a in st sam pling  area (x  ax is) a n d  e longation  (x  axis, th e re  is th e  ra tio  o f th e  
longer an d  sh o rte r sides o f th e  sam pling u n it)

sampling a rea  (cm2)

F ig . 2. D q p lo tte d  aga in st sam pling  a rea  (x  ax is) a n d  e longation  [x axis, sca led  in  th e  sam e
m anner, as in  fig. 1 )
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Table 4

The value o f  E$, and  E H„  as a fu n c tio n  o f  the shape a n d  size o f  the subsam ples

Area
... (cm2)

Shape
100 200 400 800 1600 3200

A 0.474 0.738 0.665 0.682 0.869 0.902
0.469 0.729 0.645 0.649 0.826 0.859
0.464 0.719 0.636 0.632 0.815 0.851

в 0.386 0.638 0.727 0.772 0.859 0.889
0.377 0.628 0.705 0.738 0.814 0.840
0.367 0.618 0.693 0.730 0.800 0.828

c 0.513 0.775 0.807 0.821 0.883 0.884
0.511 0.757 0.778 0.789 0.841 0.835
0.509 0.740 0.777 0.878 0.835 0.835

D 0.567 0.775 0.797 0.857 0.868 0.889
0.564 0.761 0.776 0.821 0.827 0.843
0.562 0.754 0.758 0.809 0.822 0.847

E 0.819 0.693 0.849 0.851 0.870 0.917
0.808 0.673 0.829 0.813 0.822 0.879
0.804 0.658 0.813 0.810 0.808 0.866

F 0.666 0.763 0.816 0.886 0.880 0.911
0.652 0.742 0.787 0.850 0.836 0.871
0.643 0.721 0.792 0.836 0.830 0.857

(U pper va lues are  £ s , m iddle values £ M, an d  lower v a lu es E H„ belonging to  th e  g iven  
shape  an d  area)

sampling area [cm2]

Fig. 3. H "  p lo tte d  a g a in s t sam pling  a rea  (s axis) an d  e longation  (x  ax is , scaled in  th e  sam e m a n ­
ner, as in  Fig. 1)
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F ig . 4 . H "C0IT. p lotted  against sampling area (x  axis) and elongation (z axis, scaled in th e  sam e
m anner, as th e  x  ax is in  F ig . 1)

Table 5

The correlation and linear regression coefficient values 
between N  ( y  variable) and area ( x  variable) o f  the various subsamples

Shape r
T
N

a b

A 0 .9 9 9 +  +  + 1.022 0.019++ +
в 1.000+ +  + 1.554 0.019+ + +
c 0 .9 9 7 +  +  + 3.399 0.018+ + +
D 0 .9 9 9 +  +  + 3.048 0.020+ +  +

E 0.998+ +  + 4.404 0.021 +  +  +

F 0 .9 9 7 +  +  + 6.012 0.021 +  +  +

Level of sign ificance: + + + =  0.1%

Table 6

The values o f  correlation and linear regression coefficients between IS 
(y  variable) and  elongation (x  variable) fo r  the various area sizes ( In  elongation , 

th e  p ro p o rtio n  b e tw een  th e  longer an d  th e  sh o rte r sizes w ere considered as v a ria b le )

Area
(cm2) r

Side proportion
N

a b

100 0.993+ + + 3.315 0.091+ + +
200 0.948+ + 5.363 0.136+ +
400 0.897+ 8.983 0.200+
800 0.984+ + + 16.232 0.337+ + +

1600 0.858+ 33.085 0.291 +
3200 0.901 + 60.559 0.457+

Levels of sign ificance: + =  5% , + +  =  1 % , + + + =  0 .1%
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Table 7

The values o f  the correlation and tinear regression coefficients between S, D q, H " ( y  variables) 
o f  the area ( x  variable) fo r  the various shapes o f  subsamples

and the logarithm

log г
Shape s Da H "

r a b r a b r a 6

A 0 .9 9 6 +  +  + - 2 . 2 8 0 2 .2 8 7 +  +  + 0 .9 5 3 + + 0 .0 1 6 0 .2 1 9 +  + 0 .9 8 0 +  +  + - 0 . 3 7 1 0 .5 5 5 +  +  -'-
В 0 .9 9 6 +  +  + - 1 . 9 9 9 2 .2 4 0 +  +  + 0 .9 7 3 +  + 0 .1 0 7 0 .1 9 2 +  + 0 .9 8 8 +  +  + - 0 . 1 8 8 0 .5 0 2 +  +  +c 0 .9 9 8 +  +  + - 1 . 8 8 1 2 .1 6 7 +  +  + 0 .9 7 0 +  + 0 .1 5 1 0 .1 7 8 +  + 0 .9 8 4 +  +  + - 0 . 1 7 7 0 .4 9 8 +  +  +
D 0 .9 8 9 +  +  + - 1 . 3 4 8 2 .0 2 1  +  +  + 0 .9 1 7 + 0 .2 5 2 0 .1 5 0 + 0 .9 5 6 +  + 0 .0 2 4 0 .4 4 4 + +
E 0 .9 8 8 + + + —  0 .6 8 4 1 .8 5 7 +  +  + 0 .9 4 1  +  + 0 .3 3 9 0 .1 2 5  +  + 0 .9 6 8 +  + 0 .2 4 7 0 .3 8 0 +  +
F 0 .9 7 1  +  + 0 .5 8 3 1 .5 1 2  +  + 0 .9 3 1  +  + 0 .5 0 2 0 .0 7 7 +  + 0 .9 3 7 +  + 0 .6 3 9 0 .2 6 8 +  +

Levels o f significance: + =  5% , + + =  1% , + + + =  0.1%

Table 8

The values o f  correlation and linear regression coefficients between E$, and E H„ ( y  variables) and the
logarithm o f  the area (x  variable) fo r  the various shapes o f  subsamples

log T
Shape — _

Es Ем EH"
r “ b Г a b r a b

Y 0.878+ 0.055 0.242+ 0.840+ 0.110 0.213+ 0.840 0.106 0.211+в 0.938+ + -0 .1 3 0 0.306+ + 0.922+ + -0 .0 7 6 0.276+ + 0.921 + + -0 .0 8 2 0.274+ +с 0.850+ 0.208 0.208+ 0.822+ 0.260 0.179+ 0.808 0.236 0.191
D 0.878+ 0.283 0.185+ 0.846+ 0.337 0.155+ 0.872+ 0.320 0.159+
E 0.720 0.566 0.097 0.613 0.597 0.075 0.577 0.595 0.072
F 0.946+ + 0.390 0.156+ + 0.938+ + 0.413 0.137+ + 0.935+ + 0.403 0.137+ +

Levels of significance: + =  5%, ++ =  1%
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T ab le  9

The values o f  correlation and linear regression coefficients  
between H COrr (У variable)  and the reciprocal o f  the area ( x  variable) 

fo r  the various shapes o f  subsamples

Shape

1
Y

H'corr.

° ь

A 0.932+ + 1.591 96.005+ +
в 0.917+ 1.581 85.142+

c 0.937+ + 1.557 64.059+ +
D 0.979+ + + 1.538 68.765+ +  +

E 0.966+ + 1.536 63.215+ +
F 0.955 + + 1.610 35.452+ +

L evels of significance: + =  5 % , ++ =  1 % , + + + =  0.1%

T ab le  10

Percentage deviation between the values o f  the population  
and the fu n c tio n  values observed at the beginning o f  the fla tte n in g  phase

Shape H" -^corr. Do Es Е л , EH,

A - 13.03 - 3 .9 8 -  7.70 - 1 .2 5 3.90 13.35

в 13.39 - 4 .5 2 13.38 - 2 .3 8 2.38 11.26

c -  12.30 - 3 .9 2 -  12.50 - 6 .7 1 - 0 .7 5 22 .11

n —  16.10 - 7 .7 7 -  8.83 —2.61 3.27 12.52

E - 1 1 .6 4 - 4 .8 2 —  11.49 - 3 .5 2 3.90 13.07
F -  8.44 - 1 .4 5 -  7.19 0 .6 8 6.91 16.27

(N egative  va lues rep resen t u n d e res tim a tio n s  o f th e  values of p o p u la tio n , positive  
v a lu es are  o v erestim ations)

(T able  4). A logarithm ic  re la tio n  could  be d e tec ted  in shapes В an d  F ; in th e  
case o f C, D and  A the  re la tion  was lo g a rith m ic  in n a tu re  b u t  w ith  a worse 
co rre la tio n  th a n  in  th e  case of th e  p reced in g  ones, In  sh ap e  E , no sim ple 
fu n c tio n  re la tio n  could be d e tec ted . T he coefficients are g iven  in  Table 8.

V I I .  4. Changes in  the fu n c tio n  o f  elongation

W ith in  an  id en tica l size of th e  a rea , N  changed  linearly  also b y  elonga­
tio n , in  each of th e  area sizes, b u t  to  a m uch  sm aller e x te n t th a n  in th e  case 
o f  a rea  change (cf. Tables 1 and  6).
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The values o f S , D a an d  H" inc reased  w ith in  an  a re a  size b y  th e  elonga­
tio n , b u t  th e  increase  in  th e  g rad u a lly  increasing  a reas  w as of a g rad u a lly  
sm alle r e x te n t. T he cu rves were increasin g ly  f la tte n in g . S  a fte r 800 cm 2, D a 
an d  H ” a f te r  1600 cm 2 becam e in d ep en d en t of th e  elongation , w ith  som e 
f lu c tu a tio n  th e y  p ro d u ced  a h o rizon ta l (Tables 1 an d  2, F igs 2 and  3).

T he value o f -Щ'огг behaved  sim ilarly , w ith  th e  difference, how ever, 
t h a t  i t  show ed a decrease in stead  o f an  increase b y  th e  elongation, an d  i t  
becam e in d ep en d en t a f te r  800 cm2 (T able 3, Fig. 4). D s , D M and  th e  th re e  
eq u itah ilitie s  d id  n o t  show  a sy stem atic  change b y  th e  elongation; i t  cou ld  
n o tw ith s ta n d in g  be s ta te d  th a t  th e  ran g e  of th e  v a lu es  decreased w ith  th e  
g rad u a lly  increasing  a reas (Tables 2 an d  4).

In  th e  case o f th e  functions show ing a sy s te m a tic  re la tion  w ith  th e  
increase in  a rea  (D a , H "  an d  H'éorr fo r each  of th e  sh ap es , and E s E a E H. 
fo r shapes A, В, C, D and  F) th e  d iv e rs ity  and  e q u ita b ility  values o f th e  
p o p u la tio n  can he estim a ted  from  th e  beginning  of th e  f la tte n in g  phase. T h e  
percen tag e  difference be tw een  th e  va lu es  m easured  in  th is  area size an d  th o se  
o f th e  pop u la tio n  is g iven  in  T ab le  10.

Sum m ing u p  th e  re su lts  of th e  exam in a tio n s, i t  can  be s ta te d  t h a t  th e  
b e s t es tim atio n  w as a t ta in e d  b y  th e  app lica tion  of H é'orr in  the  case o f th e  
subsam ple  1600 cm 2 in  a rea  and  1 :3 2  in  side p ro p o rtio n .T h e  sm allest percen tag e  
dev ia tio n  betw een  th e  observed  and  th e  ac tu a l values in  th e  case of H" an d  D a 
w as produced  also in  th is  subsam ple , a lthough  th e  difference was g re a te r  
th a n  th a t  in  Щ оп. E a c h  of th e  observed  d iv e rs ity  va lues u n d e re s tim a te d  
th e  value of th e  p o p u la tio n .

A m ong th e  eq u itah ilitie s , E s  w ith  th e  excep tion  o f  one shape F  u n d e r­
es tim a ted , E M w ith  th e  excep tion  of one shape C o v eres tim a ted , and  E H. for 
all shapes o v e re s tim a ted  th e  e q u ita b ility  value of th e  popu la tion .

A C K N O W L E D G E M E N T S

I should  like to  express m y th an k s  to  D r P . J u h á s z - N a g y  a n d  D r I. P r é c s é n y i , for 
h a v in g  d irec ted  m y a tte n tio n  to  th is p rob lem  an d  who also p ro v id ed  assitance in th e  e la b o ra ­
tio n  of th is pap er, fu r th e r ,  to  D r B. Z ó l y o m i , academ ician , d ire c to r  o f th e  B otan ical R esearch , 
In s t i tu te  of th e  H u n g a ria n  A cadem y of Sciences, for m ak ing  i t  possib le for m e to  c a rry  o u t 
p a r t  o f th e  in v es tig a tio n s  an d  also for th e  use o f  th e  co m puter o f th e  In s titu te .

R E F E R E N C E S

A l l a n , J .  D. (1975): C om ponents of d iv ers ity . Oecologia 18, 359 — 367.
A u c l a i r , A. N. —G o f f , F . G. (1971): D iv e rs ity  re la tions o f  u p la n d  forests in th e  W este rn  

G reat L akes a rea . A m er. N at. 105, 499 — 528.
B a r b o u r , C. D. — B r o w n , J . H . (1974): F ish  species d iv e rs ity  in  lakes. Am er. N a t. 108, 

4 7 3 -4 8 9 .
B a z z a z , F. A. (1975): P la n t  species d iv e rs ity  in  old-field  successional ecosystem s in  S o u th e rn  

Illinois. E cology 56, 485 — 488.
B r i a n , M. V. (1953): Species frequencies in  ra n d o m  sam ples f ro m  a n im a l populations. J .  A nim . 

Ecol. 22, 5 7 - 6 4 .

Acta Botanica Academiae Scientiarum Hungaricae 22, 1976



C O M P A R A T I V E  A N A L Y S IS  O F  S O M E  D I V E R S I T Y  F U N C T IO N S 4 3 5

Ca n c e l a  d a  F o n s e c a , J .  P . (1966): T héorie  de l ’in fo rm a tio n  e t  d iv ers ité  spécifique. Bull. 
Mus. H ist. N a t. P a r is  38, 961 — 968.

Ca n c e l a  d a  F o n s e c a ,  J .  P . (1969a): L ’o u til s ta tis tiq u e  en biologie d u  sol V . — Indices de 
d iversité  spécifique. R ev . Ecol. B iol. Sol. 6 , 1 — 30.

Ca n c e l a  d a  F o n s e c a ,  J .  P . (1969b): L ’o u til s ta tis tiq u e  en  biologie du  sol Y I. — Théorie de 
l’in fo rm ation  e t  d iv e rs ité  spécifique. R ev . Ecol. B iol. Sol. 6, 533 — 555.

C o l w e l l , R. K .—F u t u y m a ,  D. J .  (1971): O n th e  m easu rem en t o f n iche b re a d th  an d  overlap . 
Ecology 52, 567 — 576.

D e B e n e d i c t i s , P . A .(1973): O n th e  co rre la tio n  be tw een  c e rta in  d iv ers ity  indices. Am er. N a t. 
107, 2 9 5 -3 0 2 .

DeJong, T. M. (1975): A comparison of three diversity indices based on their components of 
richness and evenness. Oikos 26, 222 — 228.

D é v a i , I . —H o r v á t h , К . —J u h á s z -N a g y , P . (1971): Some prob lem s o f m odel-bu ild ing  in  
synbiology. P a r t  1. S p a tia l d iv ers ity  process o f th e  b in a ry  ty p e  in  a sim ple s itu a tio n . 
A nn. U niv. Sei. B u d a p . Sect. B iol. 13, 19 — 32.

D i c k m a n , M. (1968): Som e indices of d iv ers ity . E cology 49, 1191 —1193.
E b e r h a r d t , L. L. (1969): Som e aspects o f species d iv e is ity  m odels. E cology 50, 503 — 505.
F a g e r , E . W. (1972): D iv e rs ity : a sam pling  s tu d y . A m er. N a t. 106, 293 — 310.
H a e d r i c h , R. L. (1975): D iv e rs ity  an d  overlap  as m easures o f en v iro n m en ta l q u a lity . W ater. 

R es. 9, 9 4 5 -9 5 2 .
H a m il t o n , M. A. (1975): In d ex es of d iv e rs ity  a n d  red u n d an cy . J .  W a te r Poll. C entr. Fed . 47, 

6 3 0 -6 3 2 .
H a r g e r , R. (1972): R e la tiv e  consum er species d iv ers ity  w ith  re sp ec t to  p ro d u cer d iv ers ity  

a n d  n e t p ro d u c tiv ity . Science 176, 544 — 545.
H i l l , M. O. (1973): D iv e rs ity  an d  eveness: a  un ify in g  n o ta tio n  a n d  its  consequences. E cology 

54, 427—432.
H u r d , L. E .—M e l l i n g e r , M. У ,—W o l f , L. L .—M cN a u g h t o n , S. J .  (1971): S ta b ility  an d  

d iv ers ity  a t  th re e  tro p h ic  levels in  te rre s tr ia l  successional ecosystem s. Science 173, 
1 1 3 4 -1 1 3 6 .

H u r l b e r t , S. H . (1971): T he nonconcept o f species d iv ers ity : a  c ritiq u e  an d  a lte rn a tiv e  
p a ram ete rs. E co logy  52, 577 — 586.

J u h á s z - N a g y , P. (1972): E lem i preferenciális fo ly am ato k  in form ációelm életi m odellezése 
szü n bo tan ikai o b jek tu m o k o n  (In fo rm a tio n  th eo re tica l m odelling  of e lem en ta ry  p re f­
erence processes in  sy n b o tan ica l o b jec ts). C andidate  th es is , MS.) K a n d id á tu s i értekezés, 
k éz ira t, B u d ap es t, 1 —252 pp.

J u h á s z - N a g y , P . (1973): A  n ö v ényzet sze rk ezetv izsg ála ta : ú j m odellek : elem i beskálázás a  
florális d iverz itás sz e rin t (The s tru c tu re  o f  v eg eta tio n : new  m odels, P a r t  2. E le m en ta ry  
scaling and  flo ra l d iv ers ity ). B ot. K öziem . 60, 35 —41.

K r i c h e r , J .  C. (1972): B ird  species d iv ers ity : th e  effect o f species-richness a n d  eq u ita b ility  
on  th e  d iversity  in d ex . Ecology 53, 278 — 282.

L e t i , G. (1965): Sull’en tro p ia , su  u n  indice del Gini e su a ltre  m isure  dell’e te ro g en e ità  di un  
colletivo. M etrón 24, 332 — 378.

L l o y d , M. — G h e l a r d i , R . J .  (1964): A tab le  for calcu la ting  th e  “ e q u ita b ili ty ”  com ponent 
o f species d iv ers ity . J .  A nim . Ecol. 33, 217 — 225.

L l o y d , M. — Z a r , J .  H . — K a r r , J .  R . (1968): On th e  calcu la tio n  o f in fo rm a tio n -th eo re tica l 
m easures of d iv e rs ity . Am er. Midi. N a t. 79, 257 — 272.

M a c A r t h u r , R . H. (1957): On th e  re la tiv e  ab u n d an ce  of b ird  species. P roc . N a t  Acad. Sei. 
U . S. 43, 293 — 295.

M a r g a l e f , R. (1957): L a  teó ria  de la in form áción  en ecologia. M em . R eal. A cad. Cien. A rtes 
32, 3 7 3 -4 4 9 .

M c I n t o s h , R . P .  (1967): A n  in d ex  of d iv e rs ity  a n d  th e  re la tio n  o f c e rta in  concep ts to  d iv ersity . 
E cology 48, 392 — 404.

M c N a u g h t o n , S. J . (1967): R ela tionsh ips am o n g  fu n c tio n al p ro p e rtie s  o f C alifornian  grassland. 
N a tu re  216, 168 — 169.

M c N a u g h t o n , S. J. (1968): S tru c tu re  a n d  fu n c tio n  in  C alifornian  g rasslands. Ecology 49, 
9 6 2 -9 7 2 .

M e n h i n i c k , E . F . (1964): A  com parison of som e species-ind iv iduals d iv e rs ity  indices applied  
to  sam ples o f fie ld  in sects. E cology 45, 859 — 861.

M o r r i s o n , R. G .—Y a r r a n t o n , G. A. (1973): D iv ersity , richness a n d  evenness du rin g  a p r i­
m ary  sand  dune succession  a t  G rand  B end , O n tario . Can. J .  B o t. 51, 2401 — 2411.

P a t t e n , B. C. (1962): Species d iversity  in  n e t  p h y to p la n k to n  o f R a r ita n  B ay . J .  M ar. R es. 
20, 5 7 - 7 5 .

Р е е т , R . K . (1974): T he m easu rem en t of species d iv ersity . A nn. R ev . Ecol. S y st. 5, 285 — 307.

Acta Botanica Academiae Scientiarum Hungaricae 22, 1976



436 N Ő S E K ,  J .  N .

Р е е т , R . К . (1975): R e la tiv e  d iv ers ity  ind ices. E cology 56, 4 9 6 —498.
P ia n k a , E . R . (1966): L a ti tu d in a l  g ra d ie n ts  in  species d iv e rs ity : a  rev iew  o f concepts. A m er. 

N a t. 100, 3 3 - 4 6 .
P ieloxj, E . C. (1966a): Sh a n n o n ’s fo rm u la  as a m easure  o f species d iv e rs ity : its  use and  

m isuse. Am er. N a t. 100, 463 — 465.
P ie l o u , E . C. (1966b): T h e  m easu rem en ts  o f  d iv ers ity  in d iffe ren t ty p es  o f  biological collec­

tions. J .  T heor. B iol. 13, 131 —144.
P ie l o u , E . C. (1966c): Species d iv e rs ity  a n d  p a tte rn  d iv e rs ity  in  th e  s tu d y  of ecological 

succession. J .  T h eo r. B iol. 10, 370 — 383.
P ie l o u , E . C. (1969): A n  in tro d u c tio n  to  m ath e m a tic a l ecology. W lLEY-Sons, N ew  Y ork.

286 pp.
P ie l o u , E . C. (1972): N iche  w id th  an d  n iche overlap : a m e th o d  for m easu rin g  th em . E cology 

53, 6 8 7 -6 9 2 .
R e in e r s , W . A. —W o r ley , I .  A. —Law ren c e , D . B. (1971): P la n t  species d iv e rs ity  in  a chrono- 

sequence a t  G lacier B a y , A laska, E co logy  52, 55 — 69.
Sh e l d o n , A. L. (1969): E q u ita b il i ty  ind ices: dependence on  th e  species co u n t. E cology 50, 

4 6 6 -4 6 7 .
Sim pso n , E . H . (1949): M easu rem en t o f d iv e rs ity . N a tu re  163, 6 8 8 .
Sin g h , J .  S .—MisyA, R . (1969): D iv ersity , dom inance, s ta b ility  a n d  n e t p ro d u c tio n  in  th e  g rass­

la n d  a t V aranasi, In d ia . Can. J .  B o t. 47, 4 2 5 —427.
Sv á b , J .  (1973): B io m etria i m ódszerek  a k u ta tá sb a n . 2. K iad ás , M ezőgazdasági K iadó , B u d a ­

pest. 517 pp . (B io m e tric  m ethods in  resea rch ) 2nd ed. A g ricu ltu ra l P ublishers.
Szôcs, Z. (1977): Ú j típ u sú , szám ító g ép -o rien tá lt m ódszerek a vegetáció  szerkezetének  elem zé­

sére (New ty p es o f co m p u te r-o rien ted  m eth o d s for analysing  th e  s tru c tu re  o f vegeta tion . 
C andidate  thesis, MS.) K a n d id á tu s i értekezés, k éz ira t, V ácrá tó t.

T ram er , E . J. (1969): B ird  species d iv e rs ity : com ponents o f Sha n no n ’s fo rm ula . E cology 50, 
9 2 7 -9 2 9 .

W hitta k er , R. H . (1965): D om inance a n d  d iv e rs ity  in lan d  p la n t  com m unities. Science 147, 
2 5 0 -2 6 0 .

W illiam s, C. B. (1964): P a t te rn s  in  th e  b a lan ce  of n a tu re  and  re la te d  prob lem s in  q u a n tita tiv e  
ecology. A cad. P ress  L o n d o n —N ew  Y o rk , 324 pp.

Acta Botanica Academiae Scientiarum Hungaricae 22, 1976



Acta Botanica Academiae Scientiarum Hungaricae, Tomus 22 (3 — 4), pp. 437—448 (1976)

RHODOBRYUM ONTARIENSE (KINDB.) KINDB.
IN CENTRAL EUROPE
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The distribution of Rhodobryum ontariense  (Kindb.) Kindb. is discussed in Central 
Europe and in the Carpathian Basin, based on the herbarium material of the Hungarian 
Natural History Museum. R . ontariense from 9 countries is newly reported, all within the 
broad-leaved deciduous forest zones, from calcareous soils.

Z. I w a t s u k i  an d  T . K o p o n e n  (1972), have reestab lish ed  th e  v e ry  good 
d is tin c tio n  betw een  R . roseum  and  R . ontariense, in th e ir  com prehensive p a p e r  
on th e  te m p e ra te  species re la ted  to  R . roseum. E x am in in g  th e  m a te r ia l o f  
severa l g rea t h e rb a ria , th e y  have show n  th e  d is trib u tio n  o f b o th  species a n d  
estab lished  th a t  m ost o f th e  m a te r ia l co llected  in  N o rth  A m erica (ex cep tin g  
a few records from  th e  pacific coast) be long  to  R . ontariense. B o th  species are  
w idespread  in  A sia, b u t  R . ontariense seem s m ore th erm oph ilous and  d is tr ib u te d  
a t  low er a ltitu d es  an d  la titu d es , th a n  R . roseum. On th e  basis of th e ir  s tu d ie s  
in  E u ro p e , R . roseum  is w idespread a n d  R . ontariense ap p ears  to  be ra re  a n d  
d is ju n c t, recognized only  from  v e ry  few  localities in  th e  C aucasus, th e  P y re ­
neans, an d  in  S o u th e rn  S can d in av ia  (Ö land). T hey  suggest (page 16) t h a t  
m ore E u ro p ean  “ Rhodobryum roseum'’’’ m a te ria l should be s tu d ied  to  o b ta in  
a fu ll p ic tu re  of th e  d is trib u tio n  o f R . ontariense.

In  O ctober, 1976, T. P ó cs , accom pan ied  by  his s tu d e n ts  and  b y  M rs. 
Deisi R ey’e s  M o n to y  a  from  Cuba, led  a s tu d y  tr ip  in th e  B ü k k  M ts., n o r th e rn  
H u n g a ry , w here he found , on th e  sh a d y  lim estone rocks of a b ro ad -leav ed  
deciduous forest (M ercuria li-T ilie tum ) a t  th e  SE foot of M t. O dorvár (300 m  
a ltitu d e ), pa tches o f a Rhodobryum  w h ich  rem inded him  o f th e  d esc rip tio n  
of R . ontariense as g iven by  I w a t s u k i  an d  K o p o n e n . A m ore carefu l s tu d y  
p roved  th a t  th e  specim en represen ts v e ry  ty p ica lly  th e  above species.

E ncouraged  b y  th is  d iscovery , th e  au tho rs s tu d ie d  th e  R hodobryum  
roseum  m a te ria l, co u n ting  m ore th a n  300 specim ens, in  th e  B o tan ica l D e p a r t­
m en t of th e  H u n g a rian  N a tu ra l H is to ry  M useum  (B P ), th e  H a u s s k n e c i i t  
H erb a riu m , J e n a  ( J E ) , and  th e  re la tiv e ly  sm all m a te ria l o f th e  E ger College 
H erb a riu m  (E G R ). T he s tu d y  re su lte d  in  th e  in te restin g  experience t h a t  t r u e  
R . roseum  is qu ite  ra re  in  the  C a rp a th ia n  B asin , especially  in H u n g ary , b e ing
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re s tr ic te d  to  sp ruce  fo rests , bogs, a lder fringes and m o n tan e  N ardus  sw ard  
on acidic soil. On th e  o th e r han d , R . ontariense  is w idespread , especially on 
lim estone  and  do lo m ite  in  th e  b road -leaved  deciduous fo rests  of th e  H u n g arian  
U p lan d , b u t occurs also  on th e  calcareous san d  dunes o f th e  low lands. I t  
ap p ears  to  be com m on also in  th e  b ro ad -leav ed  fo rest zones o f th e  neighbouring  
co u n tries , in C zechoslovakia , in  Soviet C a rp a th o -U k ra in e , a n d  i t  occurs even

F ig . 1. Specim ens of Rhodobryum  roseum  (A —C) a n d  of Rhodobryum ontariense (D —Г) from  
th e  C arpath ian  B asin . A : N E -H u n g a rian  H ig h lan d s , S á to r M ts 118862. B: S W -H ungary , 
N agykanizsa-Sorm ás 118804. C: W -H ungary , K á m , 118802. D: Y ugoslav ia, D elib la t, F la m u n d a  
63699. E: N E -H u n g a ria n  H igh lands , T ornai K a rsz t  118863. F : S W -H u n g arian  H ighlands,

B akony M ts. 118835
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Fig. 2. L eaves of Rhodobryum roseum  (A — C) an d  of Rhodobryum ontariense (D  — F). A: W este rn  
H u n g a ry , Szőce, 58513. B: W estern  H u n g a ry : K á m , 118802. C: Slovakia, V elka F a tra ,  118785. 
D : S W -H u n g arian  H ighlands, Gerecse M ts. E : W es te rn  H ungary , Sopron , 118798. F : B a la to n

H ighland , M t. Szt. G yörgy, 7801

in  Y ugoslavia, I ta ly , S w itzerland , A u str ia , S outhern  G erm an y , E a s te rn  
F ran ce , an d  in  Belgium .

In  th e  rev ision  o f th e  E u ro p ean  Rhodobryum  m ate ria l we used  all c h a ra c ­
te rs  en u m era ted  in  th e  paper of I w a t s u k i  an d  K opo n en  (1972: 4 —12). W e 
fo u n d  i t  in v a ria b ly  easy  to  d is tin g u ish  th e  tw o species b y  th e  co m b in a tio n  
o f  th e  cha rac te rs . In  a v e ry  few cases, one o r an to h er ch a ra c te r  w as n o t ty p ica l, 
b u t  even in  these  cases th e  o th e r  ch a ra c te rs  gave a co rrec t id en tifica tio n . 
(See th e  F igures 1—4).

T he ch arac ters  of R . ontariense a re : th e  num ber of com al leaves m u ch  
m ore th a n  20, th e ir  shape o b ova te , cuneifo rm , w ith  strong ly  rev o lu te  m arg ins, 
th e ir  costa  p e rc u rre n t to  ex cu rren t (especially  those of th e  p e rich ae tia l leaves), 
an d  th e  costa  a t  low er p o rtio n  co n ta in s  a large stereid  b a n d  ju s t  below  th e  
d o rsa l ep iderm  n o t sep ara ted  from  i t  b y  an o th e r cell lay er. T he lea f apex , 
w hen  m oist, is u sua lly  w idely a c u te , w ith  an  angle of 9 0 —120°. T he leaves, 
w hen  d ry , are sh ru n k en  and  often  tw is te d  and  th u s  tu rn  u p w ard .

On th e  o th e r h an d , R . roseum  has u su a lly  less th a n  20 com al leaves, 
th e y  are sp a th id a te  an d  m ore n a rro w ed  a t  th e ir  base, w ith  w eak ly  rev o lu ted  
m arg in , th e ir  costa  no t reaching  th e  apex , excep t in th e  p e rich ae tia l leaves. 
T he costa  a t  low er p o rtion  contains a sm all, m ore cen tra lly  s itu a te d  ste re id  b an d  
se p a ra te d  from  th e  dorsal ep iderm is b y  a t  least one lay e r o f  cells. T he lea f
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F ig . 3. T ransversa l sec tions o f Rhodobryum roseum  (A —D ) and  of Rhodobryum onlariense  
(E  — I) leaves and  costae . A a n d  D: N E -H u n g a rian  H ig h lan d s , S á to r M ts. 118862. В: S lovak ia , 
V elka F a tra ,  118785. C: W es te rn  H u n g ary , K ám , 118802. E  and  H : N E -H u n g a rian  H ig h lan d s , 
B ükk-M ts. 118845. F: N E -H u n g a ria n  H ighlands, T o rn a i-K a rsz t, 118863. G: Foothills of B ükk- 

Mts. n ear M iskolc — D iósgyőr, 8707. I: T o rn a i-K a rsz t, K akaca , 118855

ap ex , w hen m oist, is a c u te , w ith  an angle o f 65— 100°. T he leaves, w hen d ry , 
are  less sh ru n k en , m ore  sp read .

As far as th e  d is tr ib u tio n  of th e  tw o  species in  C en tra l E urope is concern ­
ed, Rhodobryum roseum, com m on in th e  n o rth e rn  coniferous and  m ixed fo rests, 
ap p ears , w hen going so u th w ard s , to  be m ore an d  m ore ra re , res tric ted  to  re lic t 
hygrophilous h a b ita ts  in  th e  w arm  te m p e ra te , deciduous broad-leaved  fo rest
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F ig . 4. T ran sv ersa l sections o f Rhodobryum roseum  (A —B) and  Rhodobryum ontariense (C —F ) 
le a f  borders. A: N E -H u n g a ria n  H ighlands, S á to r M ts. 118862. В: Slovakia, Y elka F a tra ,  118785. 
C: N E -H u n g a ria n  H ig h lan d s , T o rn a i-K arsz t, R a k ac a , 118855. D: F o o th ills  o f B iikk-M ts. 

7807. E : N E -H u n g a ria n  H ighlands, B iikk-M ts. 118845. F: B ükk-M ts. 118854

zone. On th e  o th e r h a n d , Rhodobryum ontariense  seems w idespread  in  th e  sam e 
zone, occuring especially  on shady  or h a lf-sh ad y  lim estone or on o th e r basic  
rocks in  b ro ad -leav ed  forests.

In  th e  A lps an d  in  th e  C a rp a th ian s  th e  sam e zonation  can  be observed  
accord ing  to  a ltitu d e s , coinciding w ell w ith  th e  sam e observ a tio n  m ade b y  
I w a t s u k i  and K o p o n e n  in J a p a n . R . ontariense, to g e th e r w ith  th e  fo rm er 
d a ta  is know n a lre a d y  from  12 E u ro p e a n  coun tries  and  shou ld  be expec ted
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Fig. 5. D is tr ib u tio n  of Rhodobryum  roseum  (H ed w .) L im pr. in  th e  C a rp a th ian  B asin  (loca lities 
in  th e  A lps and in  th e  B a lc an  are  n o t in d ica ted )

from  m ore (see F igu re  7). F or ex am p le , P etrov  in  his B u lgarian  m oss flo ra  
illu s tra te s  a R hodobryum , w hich is m ost p ro b a b ly  R . ontariense (1975:301 ,  F ig . 1). 
I t  shou ld  be com m on in  o ther places o f  Y ugoslav ia  to o , an d  should be fo u n d  
in  th e  lim estone  m o u n ta in s  of S o u th e rn  P o land , a lth o u g h  in  K u c ’s w ork  
(1964 : 130) is no reference to  its  occurrence  on lim estone in  th e  C racow ian  
J u r a  M ts. I t  is to  be expec ted  also from  th e  Swiss J u ra ,  as in  th e  ne ighbouring  
m o u n ta in s , w here i t  is know n.

In  th e  follow ings, we give th e  d is tr ib u tio n  of b o th  Rhodobryum  species 
in  th e  C a rp a th ia n  B asin  and  th e  d is tr ib u tio n  of R . ontariense in  C entral E u ro p e , 
based  on o u r rev ision  o f th e  m a te ria l o f B P , J E  and  E G R  (see th e  m aps o f th e  
figs. 5— 7). In  m ost cases, w hen n o t o therw ise  s ta te d , th e  specim ens are d e p o s it­
ed in  th e  H e rb a riu m  o f th e  H u n g arian  N a tu ra l H is to ry  M useum  (B P), an d  th e  
n u m b er given is th e  in v e n ta ry  n u m b e r o f th e  specim ens. W e w ould like to  
express o u r g ra ti tu d e  to  Mr. L. Va j d a , c u ra to r  o f th e  Bryophytes  in  th e  H u n g a r­
ian  N a tu ra l H is to ry  M useum , for th e  loan  of th e  rich  Rhodobryum  m a te ria l, 
and  to w ard s  D r. K . Me y e r , c u ra to r  o f th e  H a u ssk n e c h t  H erb a riu m , w ho 
gave us o p p o r tu n ity  to  s tu d y  th e ir  R ho d o bry u m  m ate ria ls  in J e n a . T he 
en u m era tio n  follows th e  regional n u m b ers  of O r bá n— D e b r e c z y : M oos- 
area lgeograph ische  S tu d ien  aus dem  G ebiet der K a rp a th e n  und  K a rp a th e n ­
becken (1973).

In  a su m m a ry  o f th e  d is tr ib u tio n  an d  ecology o f th e  Rhodobryum  species 
in  th e  C a rp a th ia n  B asin , it  can be s ta te d , th a t  th e  tru e  Rhodobryum  roseum  
is ac id iph ilous-neu troph ilous, liv ing  in  spruce and  elder forests, n ear sp rin g s,
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F ig . 6. D is tr ib u tio n  of Rhodobryum ontariense  (K in d b .)  K indb . in th e  C a rp a th ian  B asin  
(localities in th e  Alps a n d  in  th e  B a lcan  are no t ind ica ted )

F ig. 7. T he E u ro p ea n  d is trib u tio n  of R hodobryum  ontariense (K indb .) K in d b . 1: L ocalities 
p u b lish ed  b y  Iw a tsu k i an d  K oponen (1972). 2: new  localities. 3: b o u n d a ry  of th e  b ro ad-leaved , 
deciduous fo res t zones, including fo res t steppes. T he d a ta  o b ta ined  fro m  H aussknecht

H erb ariu m  (J E )  are n o t  included.
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in  bogs and  in N ard u s  sw ards. I ts  low erm ost occurrence in  th e  elder fringes 
o f N agykan izsa  an d  U zsa  and  in th e  G ödöllő H ills an d  on th e  acidic san d  
dunes o f th e  N yírség  in  th e  N E p a r t  o f  th e  H u n g a rian  L ow lands are p ara lle l 
w ith  th e  occurrence o f  severa l boreal e lem ents of a relic ch a rac te r in  th e  
H u n g a ria n  flora (e.g. D ryopteris cristata, C icuta virosa, Com arum  palustre, e tc .).

On th e  o th e r h a n d , Rhodobryum ontariense  is m ore therm o- and  basip h i- 
lous. I t  is w idespread  a n d  com m on in th e  H u n g a rian  H igh lands and also occurs 
a t low er a ltitu d es in  th e  C arpath ians in  S lovakia , U SSR  and  in R om an ia , 
m o stly  on lim estone, som etim es on b a sa ltic , andesitic  or on dolom itic rocks 
in  m esophilous b ro ad -leav ed  forests, as Orno-Quercetum, Corno-Quercetum, Fago- 
O rnetum , M ercuria li-T ilie tum , T ilio -F ra x in e tu m , Seslerio- Fagetum, P hyllitid i-  
Aceretum , and  som etim es on free, y e t sh ad ed  rock  faces. In  th e  low land areas, 
i t  occurs on calcareous san d  in th e  san d -s tep p e  fo rests (Junipero-P opuletum , 
Convallario-Quercetum). I n  o ther p a rts  o f C en tra l E u ro p e , as in  B ohem ia, A us­
tr ia , S ou thern  G erm an y , F rance an d  in  B elgium , R . ontariense is re s tr ic te d  
to  shaded  lim estone ro ck s in  b road-leaved  forests.

R hodobryum  ro seu m  (H edw .) L im pr.

H ungary

X X X I. É szaki-K özéphegység : Gödöllői-Dombvidék : M áriabesnyő , 200 m , 1925, coll. B o r o s , 
118835; Isaszeg, 1910, coll. Sz u k á k , 7786; B á b á t p ro p e  Gödöllő, 1952, coll. S i r o k i , 
118843; L it.: S z e p e s f a l v i  1942 : 1.
B ü k k a lja : S za rv ask ő , 2 5 0  m ,  1 9 5 0 ,  c o l l .  B o r o s , 1 1 8 8 4 4 .
Sátor M ts.:  K e m en c e -p a tak  prope K ish u ta , 200 m , 1953, coll. B o r o s , 118862; L it.: 
B o r o s —V a j d a  1955 : 158.

X X X I I I .  B ü kk  M ts .:  N ag y m ező  prope S z ilv á sv á rad  e t R é p á sh u ta , 200 m , 7 — 770 m , 1951, 
c o ll .  B o r o s , 118840, 118842, V a j d a  E G R .

X X X IV . D unántúli-K özéphegység: Bakony M ts .:  S éd p a tak  prope  P áp asa lam on , 1955, coll. 
C s a p o d y , 39094; v a ll. riv i Lepence p ro p e  U zsa, 200 m , 1953, coll. B o r o s , 118820; 
p ro p e  U zsap u sz ta , 200 m , 1949, coll. B o r o s , 118817. V a j d a  E G R .
Balatonfelvidék: inter Aszófő et Balatonszőllős, 1956, coll. F e l f ö l d y , 118815. 
K eszthely M ts .:  mt. Bányafő prope Rezi, 250 m, 1952, coll. B oros, 118814.

X X X V . N agy-A lfö ld  : N y ír sé g :  G utpusz ta  p ro p e  N y írm árto n fa lv a , 150 m , 1924, coll. B o r o s , 
118791; in silva B agom éri-erdő  prope B ag am ér, 130 m , 1927, coll. B o r o s ; l it . :  B o r o s  
1924 : 80.

X X X V I. A lpokalja : Őrség— Vasi-hegyhát: p ro p e  Zsida, 250 m , 1930, coll. B o r o s , 118801; 
sub  pag. Szőce, 210 m , 1954, coll. P ó cs  e t  G e l e n c s é r  58513, E G R ; prope S zakonyfalu  
1959, coll. V a j d a , 63290; prope K ám , 1958, coll. V a j d a , 118802; L it.: L a t z e l  1941: 
239.

X X X V II . Zalai-Dombság : in te r  N agykanizsa  e t  S orm ás, 150 m , 1953, c o ll. K á r o l y i , 118804, 
E G R .

Czechoslovakia

I. K iskárpátok  — M aié K a rp a ty :  Pozsony (B ra tis la v a ), coll. B á u m l e r , 7 8 2 5 ,  7 8 2 7 .  L it.: 
B á u m l e r  1 8 8 4 :  9 6 .

IV . Tatra M ts. — T a try : B elanské Tatry^ coll. H a z s l i n s z k y , 7 8 2 0 ;  Vysoké T atry: T a tra n s k a  
Lom nicá, 8 0 0  —  Í 0 0 0  m ,  1 9 6 3 ,  coll. B o r o s , 1 1 8 7 8 7 .

V II. Tatra  M ts. -  T a try  : Velká Tatra: m t. K u tn ik o v  kopec p ro p e  L ubochna , 6 — 700 m , 1965, 
c o ll. B o r o s , 118785;
M alá  Taira: B e lsk y  po tok , 8 0 0  m ,  1 9 3 4 ,  coll. P i l o u s , 1 1 8 7 8 4 .  P i l o u s : B ry o th eca  
C echoslovenica N o. 9 ;  L it.: S m a r d a -V a n e k  1 9 5 5  : 2 6 .

IX . Slovakia Centr.: P o b s in á ,  880 m, 1953, S m a r d a , 118783; C ryp t. Cechosl. E xs. N o. 347.
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R o m a n ia

X V II. H a rg h ita  M t s . :  Büdösfürdő prope Csikszentimre, 1200 m, 1970, coll. B oros, 118781, 
E G R ., V a j d a , E G R .

X V III .  H á r o m s z é k i-m e d e n c e : Rétyi-Nyir prope Réty, 1941, coll. B oros, 118779.

Rliodobryum  o n ta r ie n se  (K in d b .) K indb .

H ungary

X X X I. É szaki-K özéphegység: Börzsöny M is .:  Zebegény, 1951, coll. V a j d a , 7817; L it .:  
B o r o s —V a j d a  1952 : 62; m t. N aszá ly  p rope  V ác, 1970, coll. V a j d a  75631; B ü k k a lja :  
D iósgyőr, coll. H a z s l in s z k y , 7807; L it.:  H a z s l i n s z k y  1885 : 183. Szarvaskő , 1950, 
coll. V a j d a , E G R .
Sátor M ts .:  N a g y p a ta k  prope Gönc, 1952, V a j d a , 7813; E G R . m t. M agoska p ro p e  
M ogyoróska, 1951, coll. V a j d a , 7816, E G R . L it.: V a j d a  1969 : 183.

X X X II .  Tornai-K arszt : p rope Jósvafő , 250 m , 1952, coll. B o r o s , 118865; m t .  M ezna p ro p e  
Jó sv afő , 300 m , 1952, coll. B o r o s , 118867; riv i Kecső prope Jósvafő , 300 m , 1936, 
coll. B o r o s , 118863; m t.  N agyoldal p rope  Jó sv afő , 500 m , 1948, coll. B o r o s , 118861; 
m t .  K irá ly h eg y  p ro p e  R akaca, 2 — 250 m , 1957, coll. B o r o s , 118855.

X X X I I I .  B ü k k  M ts .:  Szárazvölgy prope Ó m assa , 500 m , 1950, coll. B o r o s  1952, 118847; 
Felsősebes-völgy prope  Óm assa, 550 — 650 m , coll. B o r o s , 118854; L eány-vö lgy  p ro p e  
N agyvisnyó , 6  — 700 m , 1950, coll. B o r o s , 118852; m t. V öröskő prope Ó m assa, 1951, 
coll. V a j d a , 7804; m t. B orovnyik  p ro p e  R é p ásh u ta , 600 m , 1957, coll. B o r o s , 118857; 
m t. B o ro sty án k ő  a d  Pazsag prope R é p á sh u ta , 530 m , 1957, B o r o s , 118859; m t. Ö rdög­
o ldal prope M ály inka , 850 m , coll. B o r o s , 118845; N agym ező prope R ép ásh u ta , 770 m , 
1951, coll. B o r o s , 118842; K ism ező p ro p e  J á v o rk ú t ,  740 m , 1952, coll. B o r o s , 118846; 
coll. V a j d a  7808; N agym ező prope J á v o rk ú t ,  770 m , 1952, coll. B o r o s , 118849; m t. 
O d o rv ár su p ra  C serépfalu, 300 m , 16, O ct. 1976, P ó c s , E G R .

X X X IV . D unántúli-K özéphegység : P ilis -B u d a i M ts .:  M t. K á lv á r ia  prope P e sth id eg k ú t, 1943, 
coll. V a j d a , E G R ; m t. Zam ár p ro p e  E sz tergom , 200 m , 1952, coll. B o r o s , V a j d a , 
118836, E G R ; m t. Csúcs prope C sobánka, 300 m , 1946, coll. B o r o s , 118837, 1943, coll. 
V a j d a , E G R ; m t. K ecskehegy prope  B udakeszi, 200 m , 1941, coll. Z ó l y o m i , 118838; 
m t. Csillebérc p ro p e  B udaörs, 250 m , 1944, coll. V a j d a , E G R ; B ü k k ö sp a tak  p ro p e  
S zen tendre , 1908, coll. Sz u r á k , 7789; L it.:  Szepesfalvi 1942 : 1; m t. K iskevély  p ro p e  
C sobánka, 1968, coll. V a j d a , 73825; m t. Sashegy p ro p e  B u d ap est, 1936, coll. V a j d a , 
E G R .
Gerecse M ts .:  m t. G orba-hegy prope T a rd e s , 300 m , 1941, coll. B o r o s , 118846 m t. 
Csúcsos-hegy p ro p e  B ánhida, 3 — 350 m , 1938, coll. B o r o s , 118847; m t. Sárosi-kő p ro p e  
B a jn a , 320 m , 1948, coll. B o r o s , 118849, V a jd a , E G R ; m t. Peskő prope T a rján , 400 m ,
1948, coll. B o r o s , 118850, V a j d a , E G R ; m t. Ö regnyu las prope B a jn a , 2 — 250 m ,
1949, coll. B o r o s , 118851; m t. N agysom ló prope D unaszen tm ik lós, 350 — 420 m , 1937, 
coll. B o r o s , 118833; m t. Öregkő p ro p e  B a jó t, 3 — 375 m , 1936, coll. B o r o s , 118834. 
Vértes M ts .:  m t. R eál prope P u sz ta k áp o ln a , 3 — 400 m , 1936, coll. B o r o s , 118840; 
m t. Lóállás p ro p e  C sákvár, 2 — 300 m , 1937, coll. B o r o s , 118837; K őlikvölgy su p ra  
C sákvár, 300 m , 1947, coll. B o r o s , 118844; B alogvölgy su p ra  Csákvár, 250 m , 1947, 
coll. B o r o s , 118839; m t. V árhegy p ro p e  Csókakő, 350 — 400 m , 1948, coll. B o r o s , 
118842, V a j d a , E G R ; K öves-völgy p ro p e  C sákberény, 400 m , 1937, coll. B o r o s , 118843; 
P a p -ir tá s  p ro p e  C sákberény, 400 m , 1936, coll. B o r o s , 118843; C sákberény 1936, 
coll. V a j d a , E G R ; G alya-szurdok, 200 m , 1965, coll. B o r o s , 118828, coll. V a j d a , 71003. 
Velencei M ts .:  v a ll. H u rk a  prope Sukoró , 200 m , 1938, coll. B o r o s , 118826.
B akony  M ts .:  m t. B aglyashegy p ro p e  ín o ta ,  2 — 300 m , 1954, coll. B o r o s , 118829; 
v a ll. Gerence p ro p e  B akonybél, 350 m , 1954, coll. B o r o s , 118830; m t. K isb ü k k te tő  
p ro p e  M árkó, 400 m , 1967, coll. B o r o s , 118835; m t. K őrishegy  prope B a k o n y b é l, 
350 — 400 m , 1937, coll. B o r o s , 118832; m t. B aglyashegy  prope  Csór, 1954, coll. V a j d a , 
26909; m t. M ecsek prope Szentgál, 400 m , 1940, coll. B o r o s , 118833; vall. Ö rd ö g áro k  
p ro p e  B akonyosz lop , 3 — 400 m , 1938, coll. B o r o s , 118834; m t. K erteskő  prope B a k o n y ­
bél, 350 m , 1937, coll. B o r o s , 118831; H ársasv ö lg y  p ro p e  T apo lca , 1959, coll. V a j d a , 
62552; T apo lcafő , 1953, coll. T a l l ó s , 118836; m t. B aloghegy prope B ánd , 1965, coll. 
V a j d a , 71004.
Balatonfelvidék: m t. Szarkád i-te tő  p ro p e  T ih an y , 1 7 0  m , 1 9 5 7 ,  coll. B o r o s , 1 1 8 8 2 3 ;  
m t. T am áshegy  p ro p e  B ala tonfüred , 2  — 3 0 0  m , 1 9 2 6 ,  coll. B o r o s , 1 1 8 8 2 4 ;  m t. A lsó, 
S za rk ád  prope T ih a n y , 1 9 5 6 , coll. F e l f ö l d y , 1 1 8 8 0 9 ;  v all. M alom völgy prope Felsőőre
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200 m , 1957, coll. B o r o s , 118822; m t. C serhegy prope  T ihany , 1957, coll. F e l f ö l d y , 
118825; A szófői-völgy prope Aszófő, 1949, F e l f ö l d y , 118811, 1955, coll. V a j d a , 
42488; m t. Ó v á r p ro p e  T ihany , 1951, coll. Z s o l t , 118813; p rope A kaii, 1953, coll. 
V a j d a , 26274.
Tapolcai szigethegyek : Szen tgyörgyhegy  ad  T ap o lca , 1927, coll. S z u k á k , 7801; L it.: 
L a t z e l  1933 : 169; m t. Csobánc prope  G yu lakeszi, 300 m , 1954, coll. B o r o s , 118819; 
m t. Csobánc p ro p e  D íszei, 3 — 370 m , 1959, coll. B o r o s , 118823; L it.: B o r o s —V a j d a  
1955 : 158; m t. A lsó tá tik a  p rope Z a laszán tó , 300 m , 1955, coll. B o r o s , 118806; m t. 
T á tik a  prope Z a laszán tó , 250 — 300 m , 1956, coll. B o r o s , 118807, V a j d a , 56907. 
K eszthelyi M ts .:  p ro p e  G yenesidás, 200 m , 1950, coll. B o r o s , 118816; m t. C sókakő prope 
C serszegtom aj, 250 m , 1963, coll. B o r o s , 118808.

X X X V . N agy-A lfö ld : D u n a v id ék :  ins. Csepel p ro p e  Soroksár, 100 m , 1919, coll. B o r o s , 
118792; L it.: B o r o s  1924 : 80.
D u n a -T is z a -k ö z e :  Á so tth a lo m , 1955, coll. B o d r o g k ö z y , 118788, 118790; C sévharaszt, 
1976, coll. S i m o n , in  H erb . S im o n .
N yírség :  B á to rlig e t p ro p e  N y írb á to r, 150 m , 1922, coll. B o r o s , 118793; L it.:  B o r o s  
1924 : 80; N ag y erd ő  p ro p e  N y írb a k ta , 1933, coll. M á t h é , 118794; p ro p e  B üdszen t- 
m ih á ly , 1939, I g m á n d y , 118795; L it.:  B o r o s  1932 : 36, Soó 1942 : 50.

X X X V I. A lp o ka lja : Soproni M ts .:  S zárhalm i-erdő  p ro p e  Sopron, 1953, coll. V a j d a , 25492; 
V a n c s u r a  118797, E G R .
Kőszegi M ts .:  K őszeg, 440 m , 1932, c o ll .  V i s n y a , 118797.

X X X V II .  Zalai-D om bság: Csácsbozsok, 1948, coll. V i s n y a , 118799.
X X X V II I .  V illányi M ts .:  m t. H arsán y i-h eg y  p ro p e  N ag y h arsán y , 2 — 400 m, 1925, coll. 

B o r o s , 118803; L it .:  L a t z e l  1934 : 179.

Czechoslovakia
K arlste in , au f F e lsb löcken  am  W aldw ege n a ch  Set. Iv an , 400 m , 1898, coli. B a u e r , 
82612, 118769; B a u e r : B ry o theca  B ohem ica  No. 38.

V I. Inovec-Tribec M ts .:  Skalice , 1861. coli. H o l u b y , 82613, 7829.
X . Slovenské R udohorie: B a k ab á n y a  (P u k an ec), 1897, c o li.  K u p c o k . 7831.
X I I .  Slanské  pohorie: E p e r j e s  ( P r e s o v ) ,  c o ll.  H a z s l i n s z k y ; L it.: H a z s l i n s z k y  1855 : 771,

1857 : 7.
X X XII. Juhoslovenské K ra s :  vall. Vinkely prope Barka (Borka), 700 m, 1941, coll. Boros, 

118853.

Soviet U nion
X I I I .  S zin yá k  M ts .:  C sernekhegy ad M unkács (M ukacevo), 150 m , 1926, coll. M a r g i t t a i , 

7824.

R o m a n ia

X V I. Tibles M ts.:  f lu v ii L ápos in fra  E rdőszállás (Selni^a), 300 m , 1943, coll. B o r o s , 118777; 
L it.:  B o r o s  1943 : 144.

X V II I .  Perçani M ts .:  r iv i  V arg y as prope H o m o ró d a lm ás (H om orod-A lm as), 6 — 700 m , 1942, 
coll. B o r o s , 118778; L it.:  B o r o s  1942 : 145.

X X I I I .  Sureani M ts .:  Crivadia, 1972. coll. Orbán, 90113.
X X I X . M etaliferi M ts .:  D év a, 1895, P é t e r f i , 7834; L it.:  P é t e r f i  1896: 11.
X X X . Erdélyi M edencék: T o rd a  (T urda), 1916, coll. P é t e r f i , 118780; H osszúaszó (L an g e n th a l, 

H ususau), 1867, coll. B a r t h , 42279; B a r t h : B ry o th . tran ss . No. 20.

Yugoslavia

X X X V . Deliblato, 1901, coll. B e r n á t s k y , 63699; L it .:  P a v l e t ic  1955 : 318. C roatia  (M odrus- 
F ium e), in  silv is v a llis  V inodol ad  lac. Velo P o lje  su p ra  p o rtu m  N ovi, solo calc., 50 m , 
1926, coll. K ü m m e r l e , 7838.

I ta ly

V arese, A rcisati, 400 m , coll. Co r t i , 82615, V a ren n a  (Lago di Como), coll. L. S g a n n a - 
g o t t a  3. I I I .  47, J E ;  P rov . P av ia , T orre  d ’Is la , coll. F . A. A r t a r i a  1932, J E .

Sw itzerland

V ernayaz , coll. B e r t r a m , 1873, J E .

Acta Botanica Academiae Scientiarum Hungaricae 22, 1976



R H O D O B R Y U M  O N T A R I E N S E  ( K I N D B .)  K I N D B .  I N  C E N T R A L  E U R O P E 447

A ustria

L eoben , G össgraben, 1870, coll. B r e i d l e r , 118756, Niederösterreich: S ch luch t bei . . . 
G öttw eig , 250 m , k a lk h a ltig e  B oden, coli. B a u m g a r t n e r  20. X . 1892, JE .

Germany

A llg ä u , H in te rs te in , a u f  einem  S te in  . . 840 m , 1889, ex  H b . L i m p r i c h t , 42297,
42298, 42281; M em m ingen: Schlossberg in  G rönenbach , 705 m , 1880, coll. H o l l e r , 
ex  H b . L i m p r i c h t , 42283; E b ingen  a. D ., 1916, coli. E g g l e r , 11875;
Braunschw eig, M ünzberg , coli. B e r t r a m , 118743; B aden-B aden:  H ohentw iel bei S ingen, 
1898, coli. H e r z o g , ex. H b. L i m p r i c h t  as fo. rupicola, 42292; Oberbaden, b e im  Salem , 
coll. L a c k  (? ), e x  H b . L i m p r i c h t , 42290; E ifel, R ipsdorf, in  N ischen sch a ttig e r K a lk ­
fe lsen  am  L a m p ertsb a c h , 460 m , coli. A n d r e s , P . W i r t g e n : H e rb a r  p lan t, c rit. select, 
h y b rid . F lorae  R h en an ae  No. 226, 42286; Sch lossgarten  a n  R heinsberg , coli, v o n  
L o e w e n s t e i n , A ug. 1855, J E ;  E ib en sch lu ch t bei E d d ig eh au sen , coli. Q u e l l e , 7. 2. 
1903, J E ;  A n K alk felsen  des Iste in e rk lo tzes , ca 300 m , coli. T h . H e r z o g , D ez. 1898. 
J E ;  Oberbayern : K alkfelsb löcken am  U fer des K önigsees, ca  610 m, coli. T h . H e r z o g , 
30. A ug. 1919, J E ;  a n d  o th er localities.

France

A lsace, s.l.sp. com . P h . Schim per, ex  H b . L i m p r i c h t , 42272; F o n ta in e  p rès G renoble  
(Isère), rochers calcaires dans les bois, coll. P e l l e t , Société D auphinoise N o. 2695, 
7850.

B elgium

N a m u r, p rès de H a n  sur Lesse, rochers calcaires om bragés, 1886, coll. V a n d e n b r o e c k  
e t D e n s , 7848.
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OBSERVATION OF ONE POLLEN GRAIN 
BY SEM, ТЕМ, AND LIGHT MICROSCOPY

B y

J .  R .  R o w l e y  a n d  M .  J á r a i - K o m l ó d i

IN STITU TE OF BOTANY, U N IV ERSITY  OF STOCKHOLM, STOCKHOLM, SW ED EN  
AND D EPARTM ENT OF PLANT TAXONOMY AND ECOLOGY, EÖTVÖS LORÁND U NIV ERSITY ,

BU D A PEST, HUNGARY

(R eceived A u g u s t 10, 1976)

P lastic  em bedded  cells a n d  tissu es p re p a re d  for tran sm iss io n  e lectron  m icroscopy  
(ТЕМ ) are com m only  and fav o rab ly  u sed  fo r l ig h t m icroscopy (LM ) b u t  seldom  “ d ire c tly ”  
for scanning  e lectron  m icroscopy (SE M ), a lth o u g h  th e  a d v an tag e  of h av in g  co m p arab le  
specim ens for l ig h t and  tran sm iss io n  e lec tro n  m icroscopy is ev id en t. F ra c tu re d  chips 
or sections o f p las tic  em bedded cells, w h ich  m ay  be th e  sam e as th o se  used  fo r LM  an d  
serial w ith  th in  sections for Т ЕМ , are  fa v o rab le  fo r SEM  follow ing rem o v a l o f th e  e m b ed ­
d ing  p lastic . T he m eth o d  used  w as developed  b y  M a y o r , H a m p t o n  an d  R o s a r io  
(J . Cell. B iol. 9 : 909 — 910, 1961) to  expose em b ed d ed  tissues to  aqueous m eta ch ro m atic  
dyes by  rem o v a l o f epoxy-resin fo rm u la tio n s  in co rp o ra tin g  dodecenyl succinic an h y d rid e  
as a  ha rd en er. O ur em phasis was u p o n  re h y d ra tio n  of th e  p ro to p la s t in  pollen  fro m  h e r­
b a riu m  specim ens, to  expand  germ in al ap e rtu re s , an d  to  op tim ally  re ta in  so luble  com ­
p o n en ts  such  as t ry p h in e  and th e  p o ly sacch arid e  an d  p ro te in  exine surface  coating . A  d e­
m o n stra tio n  o f th e  exine surface c o a tin g  in  SEM  m icrographs w as a  p rim e o b jec tiv e  
since th e  specific com position  of cell su rface  coatings in  o th e r cell system s fo recast, 
i ts  u n p reced en ted  p o ten tia l for tax o n o m y  a n d  stu d ies o f genetical an d  ecological con­
tro l  over pollen  g ra in  form , and  SEM  (especially  X -ra y  m icroanalysis) is lik e ly  to  be 
im p o r ta n t for ch arac te riza tio n  of su rface  co atin g s follow ing ap p ro p ria te  lab e lin g  or 
en zy m atic  d igestion . W hile th e  m eth o d s  we use  fo r LM, ТЕМ , an d  SEM  o b se rv a tio n  
o f p o rtio n s o f th e  sam e pollen g ra in  can  be  used  follow ing any  surface  c leaning or e x tra c ­
tio n  procedures, p reserv a tio n  of th e  ex ine surface  coating  offers a special a d v a n ta g e  in  
fac ilita tin g  SEM  observations o f p o llen  g ra in s and  spores w ith o u t recourse to  e v ap o r­
a te d  or sp u tte re d  m eta ls . T his occurs because of th e  fa r g rea te r b in d in g  c a p a c ity  o f 
co a t com ponen ts fo r m etals th a n  th e  ex ine itself.

Introduction

Pollen of L in a c e a e  can be traced from the upper Senonian ( G e r m e r a a d  

et. al., 1968; M u l l e r , 1970) and has a long history of cultivation. One o f us 
(M. J.-K .) has selected the genus L i n u m  for in tensive study both with regard to  
pollen from sedim ents and the 200 or so ex tan t species. Species that presently  
grow in H ungary w ill he exam ined from various soil and other ecologically  
divergent localities to determine w hether ecological conditions alter pollen  
form in ways which can be detected b y  light m icroscopy (LM), scanning electron  
m icroscopy (SEM ), and transm ission electron microscopy (ТЕМ). In  order 
th a t observations w ith  these instrum ents he comparable it  is judged necessary  
not only for m ethods of preparation to  be identical but, also, in so far as possi­
ble, th at the same pollen grains be used for LM, SEM, and ТЕМ observations 
of critical features.
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T here are several m e th o d s  w hich allow, w ith  va rio u s levels of facility , for m u ltip le  
m odes of o bservation  on  p o rtio n s  of th e  sam e cells o f a tissue  sam ple  (e.g., W i c k h a m  an d  
W o r t h e r n , 1973: B a u m a n  a n d  M e n d e l l  1974; H u m p h r e y s , W o d z i k i , and P a u l i n  1973). 
T h ey  involve cu ttin g  th in  sec tions from  sections p rev io u sly  used for LM by  re a tta c h in g  th e  
th ic k  section  to  a p la s tic  b lo ck , frac tu rin g  p la s tic  em bed d ed  specim ens for SEM  before  or 
a f te r  c u ttin g  sections o f  th e  m a te ria l  for LM an d  Т Е М , or em bedding  SEM  exam ined specim ens 
in  p las tic  for ТЕМ  use. H u m p h r e y s  e t al. (1973) h av e  used  th e ir  frac to g rap h ic  m eth o d  to  
s tu d y  xylem  d iffe re n tia tio n  in  P in u s  ( W o d z i c k i  a n d  H u m p h r e y s , 1973; W o d z i c k i  and  
B r o w n , 1973), n o tab ly  w ith  reg ard  to  th e  in te r io r  o rg an iza tio n  of p ro to p la sts . W ith  pollen  
g ra ins em bedded in  p la s tic  w e fin d  th a t  w hile f ra c tu r in g  freq u en tly  b isects th e  g rains, th e  
surface  of th e  exine in c lu d in g  ap ertu res  m ay  also be  exposed. W hile i t  is d ifficu lt to  o b ta in  
sec tions for LM and  Т Е М  fro m  th e  sam e pollen  g ra in s t h a t  are also frac tu red  for SEM , p re p ­
a ra tio n  of SEM specim ens b y  th e  frac to g rap h ic  m e th o d  is dependab le , excep tionally  easy , 
an d  en tire ly  free o f so lv en ts .

T he m ethod  we h a v e  u sed  involves re m o v a l o f th e  em bedding  p las tic  from  sections 
p rev io u sly  exam ined b y  LM or from  th ick  sections o r a f rac tu red  chip serial w ith  p rev io u sly  
c u t sections for LM an d  Т Е М .

M ethods

M aterials and  m e th o d s  u n re la ted  to  rem o v a l o f th e  em bedding  p lastic  are considered  
in  th e  resu lts  and  d iscussion  section  or included  in  th e  illu s tra tio n  descrip tions.

E p o x y  resin  fo rm u la tio n s  using  dodecenyl succin ic  a n h y d rid e  as a h a rd en e r can  be 
d issolved in a m ix tu re  o f sod ium , benzene and m e th y l alcohol (M a y o r , H a m p t o n , and  R o s a ­
r i o  1961). The p re p a ra tio n  o f sodium  m ethox ide  is described  by  M a j o r  e t al. (1961) and  P e a s e  
(1962: p. 262). M etallic  so d iu m  (2.5 gm) is c u t in to  2 — 5 m m  cubes an d  d ropped  piece by  piece 
in to  m eth y l alcohol (25 m l) in  a flask  in a chem ical hood. T he sodium  should  be ad d ed  qu ick ly  
because a tem p e ra tu re  a b o v e  50°C is necessary fo r th e  reac tio n . The orig inal level of th e  m eth y l 
a lcohol should  be m ark e d  so th a t  th e  alcohol t h a t  ev ap o ra te s  m ay  be replaced. W h en  th e  
sod ium  is dissolved a n d  e v a p o ra te d  alcohol rep laced , benzene (25 m l) is added. I f  th e re  is 
a p h ase  b o u ndary , th e n  a d d  m eth y l alcohol u n til  th e  m ix tu re  is clear. T his stock  so lv en t 
m ix tu re  can be s to red  in d efin ite ly .

E p o x y  resins a re  d isso lved  rap id ly  and  even  larg e  pollen  gra ins will be free of th e  p las tic  
w ith in  30 sec to several m in u te s . The reac tio n  is s to p p e d  by  flooding th e  specim en w ith  a 1 : 1 
m ix tu re  of m e th y l a lcoho l a n d  benzene. M a y o r  e t al. w ashed  w ith  tw o changes of ace tone  
follow ed by d istilled  w a te r  w here  th e  ob jective  w as to  im prove  th e  re su lts  w ith  aqueous s ta in  
such  as to lu id ine  b lue . In  th e  p rep ara tio n  o f specim ens for SEM  rinsing  w ith  w a te r m ay  be 
d isad v an tag eo u s w ith  re g a rd  to  surface ten s io n  an d  c o n ta m in a tio n , an d  we w ashed e ith e r w ith  
ace to n e  or m ethy l a lcohol.

Sections or f ra c tu re d  ch ips of p lastic  c o n ta in in g  th e  pollen  are a tta ch e d  to  SEM  specim en 
p in s  w ith  conductive  c em en t. Since only a drop of so d iu m  m eth o x id e  is requ ired , i t  is co n v en ien t 
to  follow  the  reac tio n  w ith  a  stereoscopic m icroscope a n d  stop  its  p rogress w ith  flu id  held  in 
a P a s t e u r  p ip e tte . I f  th e  specim en  consists o f th in  sections or th e  pollen grains a re  sm all, 
i t  is desirable to  d ilu te  th e  s tock  m ix tu re  w ith  equal p a r ts  of m e th y l alcohol an d  benzene. 
F o r  reac tions of longer d u ra tio n  th a n  a m in u te , th e  a d d itio n  of fresh  sodium  m eth o x id e  so lu­
tio n  m ay  help to  p re v e n t  fo rm a tio n  of a p re c ip ita te  o v er th e  specim en. T here  is a g re a t deal 
o f bu b b lin g  du ring  th e  d isso lu tio n  process and  as th e  reac tio n  iss to p p e d , a lthough , a fte r  w ash ­
ing , th e  exposed pollen  g ra in s  are clean in ap p ea ran ce  and  pollen g ra in  size is u n a lte red .

Results and  discussion

O bservers d esirin g  pollenm orphological in fo rm atio n  from  a co m b in a­
tio n  of LM, Т Е М , a n d  SEM  are com m only  d ep en d en t upon  pollen grains p re ­
p a red  by  d ifferen t tech n iq u es . As a re su lt i t  is d ifficu lt or im possible to  be 
assu red  th a t  th e  p re p a ra tio n s  are co m p arab le , especially  w ith  respect to  sh rink -
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F igs 1A  and  I B .  LM P ho to m icro g rap h s of ca. 1 /пт  epon-ara ld ite  sections o f L . tenu ifo lium  
po llen  g ra in  s ta in ed  w ith  0.05%  to lu id ine  b lue  in  b enzoate  buffer (p H  4.5). T he g e rm inal 
a p e rtu re s  a t  th e  to p  an d  le ft in  th e  figu res are  serial w ith  m icrographs in  figu res 2 and  3.

Scale line: ca. 10 fim
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age and  expansion . T h e  pollen grain  ex ine is b o th  p lastic  an d  elastic (B a n e r j e e , 
R o w l e y , and  A lle sio  1965; and  Ma t so n  1976) so th a t  specim en p re p a ra tio n  
m ay  effect size and  sh ap e  of exine pe rfo ra tio n s, th e  w id th  o f m uri, re la tio n sh ip  
o f a p e rtu ra l p a r ts , an d  o th e r  fine de ta ils  o f exine s tru c tu re  and  scu lp tu re  as 
w ell as overall pollen  size, w hich in  its e lf  m ay  or m ay  n o t be considered  of 
g rea t significance. As a re su lt, sub tle  v a ria tio n s  in  m orpho logy  m ay h av e  to  
be regarded  w ith  re se rv a tio n  or ignored . W hereas th e  m inor a lte ra tio n s  in  
pollen  m orphology  cou ld  have considerab le  im p o rtan ce  if  th e y  are c h a ra c te r ­
istic  of a ta x o n  (F ig . 6). P ositive  evidence for exine v a r ia tio n  w ith in  a gen o ty p e  
has w ide ap p lica tio n  in  areas such as ev o lu tio n  o f th e  ex ine, concerning, e.g ., 
w h e th e r th e  p h en o ty p e  m ay  be affec ted  b y  its  ow n hap lo id  genetic c o n te n t 
(“ hap lo id  effect” , cf. B e a t ty  1975), o r th e  ev a lu a tio n  o f possible e n v iro n ­
m en ta l effects ( H e b d a  and  L ott 1973).

I t  is com m on p ra c tic e  to  cu t 1 (inl or th ic k e r  sections fo r LM before or a fte r cu ttin g  
th in  sections fo rT E M . R e la tiv e ly  th in  sections u sed  fo r phase  or in te rferen ce  c o n tra s t (N om arsk i) 
m icroscopy  can  red u ce  th e  need  for ТЕМ  o b se rv a tio n s and  sections as th ic k  as th e  d iam e te r 
o f th e  pollen gra ins, w h ich  m a y  be sa tis fac to rily  cu t w ith  a razo r b lade  b y  han d , are v a lu ab le  
in  co n ju n c tio n  w ith  w hole po llen  p rep ara tio n s  since th e y  will include exposed sections o f th e  
exine and  m ay  be ex ac tly  com parab le  w ith  Т Е М  o b servations. S ections o f in te rm ed ia te  th ic k ­
ness th a t  w ill include ex ten siv e  areas of exine surface  can  su p p la n t m an y  rou tine  SEM  o b se rv ­
ations. T r a v e r s e  (1974: p. 228) has considered th e  u t i l i ty  of in te rferen ce  co n tra st m icroscopy  
in  th e  la t te r  reg ard  w ith  re sp ec t to  re la tiv e  cost a n d  in fo rm atio n .

Fig. 2. ТЕМ  m icro g rap h  1 — 5 m  polew ard  from  th e  u p p e rm o st a p e r tu re  in  Fig. 1. T he o th e r  
end  of th is  a p e rtu re  is show n  in  Fig. 4. Several sm all exinous processes (arrow  heads) are  seen 
n ea r th e  a p ertu re  m arg in , th o se  a t th e  r ig h t are  re flexed  over th e  a p ertu re  m argin . Sec tion  
s ta in ed  w ith  1%  p h o sp h o tu n s tic  acid in 10%  chrom ic acid (PT A  chrom ). Scale line: ca. 1 (im
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F ig. 3. ТЕМ  m icrograph  serial w ith  th e  a p e itu re  a t  th e  left sides o f Figs 1A an d  IB . The 
th ic k e n ed  in tine  (1) of th e  ap ertu ra l region is sta in ed  by  the  osm ium  te to x id e -ru th en iu m  red- 
th io ca rb o h y d raz id e  (T C H )-osm ium  p o s t-re h y d ra tio n  tre a tm e n t an d  th e  c o n d u c tiv ity  conferred  
b y  these  m etals is considered  responsible for th e  d a rk  appearance of a p e rtu re s  in SEM im m ages 
(cf. F igs 4 and 5). Section  s ta in ing  w ith  PT A  chrom  fu rth e r d a rk en s th e  a p e rtu ra l in tin e  and 
s ta in s  th e  exine surface co atin g  (sho rt arrow ), f ib rilla r netw ork  in th e  b acu la r  arcade (B), and  
acid ic  polysaccharide  in  cy top lasm ic vesicles (long arrow ). S ta rch  g ra ins are da rk en ed  by 
period ic  acid ox idation  follow ed by TCH an d  silver p ro te in a te  b u t  n o t by  PT A  chrom  sta in ing .

Scale line: ca. 1 ^m

T he sim plest and  in  several respec ts th e  b e s t w ay to m oun t and  exam ine  p las tic  em bedded  
sec tions for LM is to  h e a t th e  m icroscope slide su ffic ien tly  (60 —80°C) to  sligh tly  m elt a n d  th u s  
seal th e  sections to  th e  glass. E x cep t for v e ry  th ic k  sections th e  sections are tran sfe rre d  from  
th e  k n ife  reservoir to  a d rop  of w a ter on th e  slide by  m eans of a  w a te r  film  held by  a  w ire 
loop (ca. 5 mm in d iam ete r). As th e  sections are exam ined w ith  oil im m ersion  ob jec tives (we 
used  50 X and 100 X o b jec tives), placing th e  oil d irec tly  on th e  p las tic  sections o b v ia ted  th e  
d iff icu lty  caused by  v a ry in g  section  th ick n ess (from  less th a n  1 to  30 — 4 0 //m ) w hen  a 
cover glass is used. Im m ersio n  oil m ay  be rem o v ed  from  th e  sections b y  d raw ing  lens p ap er 
over th e  slide follow ing ap p lica tio n  of benzene. T hick  sections can  be d e tach ed  from  th e  slide 
w ith  a razo r blade and  tran s fe rre d  to  a c o a tin g  of adhesive on an  SEM  specim en p in . T he sec­
tio n s  o u g h t to  be re leased  from  th e  glass su rface  u n d e r a sm all p las tic  p ouch  cu t from  th e  
co rn er o f a p lastic  bag, as H u m p h r e y s  e t al. ( 1 9 7 3 )  recom m end to  p re v e n t loss o f chips f rac tu red  
from  em bedded  m ate ria l. A dissection needle coa ted  w ith  a viscous liq u id  fac ilita te s  tran s fe r  
o f sec tions or chips. D odecenyl succinic a n h y d rid e  is favourab le  as i t  w ill n o t in te rfere  w ith  
d isso lu tio n  of th e  epoxy  em bedding  resin.

E x am in atio n  of p las tic  sections w ith  LM and  subsequen t rem o v a l an d  o r ien ta tio n  of 
sec tions for SEM m ay  be a ided  by  sta in ing . A ny of the  baéic dyes u sed  by  p a lyno log ists to  
s ta in  th e  pollen exine or m an y  of th e  b o ta n ic a l sta in in g  p rocedures described  by  F e d e r  and  
O ’B r i e n  (1968) m ay be ap p lied  to  p las tic  em bed d ed  sections w hich  h av e  been  affixed  to  slides 
b y  h e a t. M a y o r  e t al. (1961) used  sodium  m eth o x id e  to  rem ove epoxy  resin  from  sections in  
o rd e r to  tak e  adv an tag e  of m etach ro m asia , u sin g  basic dyes such as to lu id in e  blue. T hey rep o rted  
t h a t  th ic k  sections w ith  re sin  rem oved  s ta in e d  b rillian tly  and rev ea led  exce llen t cellu lar d e ta il 
w ith  th e  lig h t m icroscope.

O ur L in u m  pollen w as ob ta in ed  from  h e rb ariu m  specim ens. A n th e rs  from  m a tu re  
flow ers w ere w e tted  in  a m ix tu re  of 1%  ta n n ic  acid and  1% g lu ta ra ld eh y d e  (TAG) in 0.1 M
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F ig . 4. SEM m icrograph  of pollen g ra in  from  w hich  sections w ere m ade  for th e  p ho tom icro ­
g ra p h s  in  Fig. 1 and Т Е М  m icrographs in Figs 2 and  3. T he ap ertu re  “ A ”  is p a r t  of th e  u p p e r­
m o st ap ertu re  in Figs 1A an d  IB . The sodium  m eth o x id e  so lven t genera lly  rem oved  th e  epoxy 
re s in  em beddan t from  th e  ex ine surface and  profiles of exine processes are sim ilar in  SEM  
(b e tw een  arrow heads) a n d  Т Е М  m icrographs. T he m ate ria l m ark ed  w ith  a “ T ” is a n th e r 
d eb ris  from  the  h e rb a r iu m  m ate ria l used as a source of pollen. T he b ridges betw een exine 
processes (short arrow s) are  considered  to consist of exine surface m a te ria l or try p h in e  (Figs. 7 
a n d  8). D ark  regions (long  arrow s) on th e  exine surface, w here surface  charg ing  is low, are 
considered  to be due to  th ick en ed  exine surface co atin g  (cf. r ig h t side o f Fig. 8). Scale line:

ca. 10 //m

p h o sp h a te  buffer (pH  7 .3 , room  tem p .) as described by F u t a e s a k u , M i z u h i r a , and  N a k a m u r a  
(1972) and R o d e w a l d  a n d  K a r n o v s k y  (1974). T he a n th e rs  w ere th e n  c u t in to  several pieces, 
p lac ed  in a vial of T A G  so lu tio n , shaken  v igorously , and  th e  pollen  se p a ra ted  from m ost of 
th e  a n th e r  debris, u sing  a screen . The residue co n ta in in g  th e  pollen  w as cen trifuged  and  th e  
re su ltin g  pellet of po llen  e n cap su la ted  in  a cold ag ar tu b e  p rev iously  fo rm ed  by  im m ersing  
th e  t ip  of a P a s t e u r  p ip e tte  in to  h o t 2%  agar. T he agar v ial w as sealed  w ith  a w arm  in s tru ­
m e n t and the agar e n ca p su la te d  pollen w as re tu rn e d  to  a TA G  so lu tio n  for 24hrs. T he agar 
cap su le  was lifted o u t o f T A G , d ra in ed  an d  p laced  in  0.1 M g lu ta ra ld e h y d e  in  0.1 M sodium  
cacody la te-H C l b u ffer (p H  7, 315 m illiosm oles, room  tem p .). T he ra tio n a le  for the  las t step  
w as (firs t)  to rem ove excess tan n ic  acid  w ith o u t re so rtin g  to  a w a te r  rinse  an d  (second) to  reduce 
th e  osm olality  to 310 — 320 m illiosm oles, em pirically  d e te rm in ed  to  a p p ro x im ate  th e  osm ola­
l i ty  o f th e  pollen p ro to p la s t .  T he pollen w as left in th is  m ix tu re  for 2 — 12hrs or u n til expansion  
of th e  pollen was o b se rv ed  to  be sa tis fac to ry . Should  the  pollen  becom e overexpanded  or 
re m a in  p a rtly  collapsed, th e  osm olality  could be increased  or decreased  b y  a ltering  th e  con­
c e n tra tio n  of the  b u ffer o r g lu ta ra ld eh y d e ; th e  h is to g ram s in  M a s e r , P o w e l l , and P h i l p o t t  
(1967) m ay  be used if  an  osm om eter is u n av ailab le . T he agar capsu le  co n ta in in g  th e  pollen 
w as th e n  dropped in to  a so lu tion  of 0.1%  osm ium  te tro x id e  in  g lass-d istilled  w ater (pH  6) 
w ith o u t  washing ou t th e  g lu ta ra ld eh y d e .

S taining w ith  osm iu m  was th e  f irs t  step  in  b in d in g  h eav y  m eta ls  to  th e  exine surface 
c o a tin g  and osm iophilic com p o n en ts  w ith in  th e  in tin e  and  cy top lasm  to  p rov ide  a conductive  
m a te r ia l  to  p rev en t an  u n e v en  bu ildup  of e lectrons w hen  th e  po llen  w as la te r  exposed to  a 
scan n in g  electron b eam . H a n k e r , D e b , W a s s e r k r u g , and  S e l i g m a n , W a s s e r k r u g  and  
H a n d e r  (1966) show ed t h a t  cations ad d ed  to  tissue  by  s ta in  p rocedures or cations n a tiv e  to
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tissues can  be am plified  th ro u g h  th e  use of ligands. T hey  d e m o n s tra te d  th a t  one end  of m u lti­
v a le n t ligands, such  as th io ca rb o h y d raz id e  (T C H ), w as b o u n d  to  a m eta l in  th e  tis su e  w hile 
th e  o th er end(s) re m a in e d  free to  b ind  to ad d itio n a l m eta l ions. E x ten siv e  use is m ad e  of th e  
p rincip le  in  T h i e r y ’s (1967) m odification  of th e  PA S reac tio n  w here  TC H  is em ployed  to  b ind  
to  a ldehydes freed  b y  period ic  acid o x id a tio n  a n d  silver p ro te in a te . th e n  bound to  T C H  to  
prov ide  th e  c o n tra s t  necessary  for ТЕМ  o b serv a tio n . L ig a n d -m ed ia ted  osm ium  b in d in g  has 
been  em ployed b y  K e l l e y , D e k k e r , an d  B l u e m i n k  (1973) to  g ive  a m etal c o a tin g  to  soft 
biological tissu es a n d  th ese  gave ad eq u a te  co n d u c tiv ity  to  e n tire ly  c ircum ven t e v a p o ra te d  
m e ta l-c a rb o n  co a tin g  of SEM  specim ens a t  acce le ra tio n  v o ltag es u p  to  25 kV.

As we em ployed  th e  ligand  m ethod , th e  po llen  in  agar was l if te d  ou t of the  g lu ta ra ld e h y d e  
so lu tion  an d  d ra in e d  before  being placed in  a so lu tio n  of 0 .1%  0 S 0 4 in  g lass-d istilled  w a te r  
(pH  6, 20°C) or 0 .1%  0 s 0 4 plus 0.1%  ru th en iu m  red  for ca. 2hrs. T he pollen grains w ere th e n  
rin sed  in  3 changes o f 10%  acetic  acid for a to ta l  of ca. 15 m in , tran sferred  to  0 .1%  TC H  
dissolved in  10%  ace tic  acid , an d  w ashed for 15 m in  in  3 changes o f 10%  acetic acid  to  rem ove 
u n b o u n d  T C H . A fte r  w ash ing  in 3 changes o f w a te r , th e  ag ar-en cap su la ted  pellet o f p o llen  was 
p laced  in  2 m l o f 0 .1%  O s0 4 fo r 2hrs th en  2 m l o f 70%  acetone w as ad ded  to  beg in  th e  d eh y ­
d ra tio n . T h ere a fte r, a t  10 m in  in te rvals , th e  po llen  was tra n s fe rre d  th ro u g h  an  ace to n e  series 
w hich included  5 changes o f  100%  acetone. E m b ed d in g  was in  Mollenhauer’s (1964) m ix tu re  
No. 1 consisting  of ep o n  a n d  a ra ld ite  w ith  p o ly m eriza tio n  in  an  oven  a t  80°C.

The p h o to m ic ro g rap h  in F igure 1 an d  e lectron  m icrographs in  F igu res 
2— 3 are serial sec tions from  th e  L in u m  tenu ifo lium  pollen grain show n in 
th e  SEM m icrog raph  in  F igure 4. The sections and  SEM  m icrographs in  F igu res

Fig. 5. SEM  m ic ro g rap h  of six pollen grains an d  a n th e r  cell rem a in s p ro tru d in g  from  a  p a r tia lly  
dissolved e p o n -a ra ld ite  section . Two of th e  g ra ins (C and D) becam e free of th e  em b ed d in g  
p lastic  and  ro ta te d . T he ap ertu re  m em brane  on g ra in  “ A”  is fleck ed  w ith  exinous processes 
(arrow ). W hereas th e re  a re  only a few sm all processes (arrow ) o n  th e  apertu re  of g ra in  t4B ’* 
an d  essen tia lly  none  on  th e  apertu res  o f g ra in  “ C” . T here  is g a th e red -u p  m ate ria l (arrow s) 
a t  th e  a p p e rtu re  m arg in  of g ra in  “ C”  (also a p p a re n t on grains “ A ”  a n d  44B ” ) w hich is co n sid ered  

to  be th e  re flex ed  a p ertu ra l m em brane. M agnification  scale  line: ca. 10 ^ m
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F ig . 6. Som e exine processes o f L . tenu ifo lium  pollen  are  stra ig h t-s id ed , w hile  o thers are con­
c av e . T h e  p roportion  of these  tw o  ty p es  in  th e  g ra in  p re p a re d  for LM, Т Е М , an d  SEM  (F igs 
1 — 4 a n d  5) is th ree  — four concave  to  one w ith  s tra ig h t  sides. The area  a n d  sh ap e  of th e  d is ta l 
su rfa c e  o f exine processes in  t h a t  g ra in  is m arked ly  v a ria b le . Processes h a v in g  four p ro tru d in g  
k n o b s  (see Fig. 4) are sq u arish  w hile  those  w ith  th re e  o r tw o  knobs are t r ia n g u la r  and  e llip tic  
re sp e c tiv e ly  and have p rogressively  reduced  surface  a reas. V ariation  in  size of processes is 
a lso a p p a re n t  in  g ra in  “ B ”  of F ig . 5 while processes a p p ea r fairly  u n ifo rm  in  size in  g ra in s 
“ A ”  a n d  “ C” of Fig. 5. T hese a re  exam ples o f d is tin c tio n s , like the  fleck in g  on th e  ap ertu re  
o f  g a in s  “ A ”  of Fig. 5, th a t  are am en ab le  to  c ritica l a ssessm en t th rough  ex am in a tio n  of selected  

in d iv id u a l po llen  grains by  LM , Т Е М , and SEM.

5 — 10 are from  th e  sam e p la s tic  block as th e  g ra in  in  F igures 1— 4. In  F igures 
4 — 5 a n d  9 —10 th e  ep o n -a ra ld ite  was p a r tia lly  dissolved in  sod iu m  m ethox ide  
(1 m in  fo r the  section used  in  Fig. 5 and  2 m in fo r Figs 4 and  9 and  th e  f ra c tu r ­
ed  ch ip  in Fig. 10 a t s to ck  so lu tion  co n cen tra tio n ).

T h e  verrucoid  ex inous processes w hich a p p ea r to  be m ononm rph ic  w ith  
th e  l ig h t m icroscope are  fo u n d  to  be v a riab le  in  tw o respects in  a t  least som e 
g ra in s  from  th e  single p la n t  used  for our s tu d y . These v ariab les  are described  
a n d  illu s tra te d  in Figs 4 a n d  6. The hex ag o n al a rran g em en t o f  exine processes
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causes ap e rtu re  m arg ins to  lie s lig h tly  irre g u la r  (Fig. 4) b u t  exine processes 
are  n o t ev iden t on th e  ap e rtu re  m em b ran e  in  th e  sectioned g ra ins. SEM o b se r­
v a tio n s , how ever, show  apertu res w ith  a n d  w ith o u t sm all processes on th e  a p e r­
tu re  m em brane (F ig . 5).

Fig. 7. U nch arac te rized  substances on th e  su rface  of pollen  grains, com m only  called try p h in e  
a n d  believed to  o rig ina te  from  ta p e ta l  cells, o ccu r in  our m ate ria l b o th  ex te rn a l to  th e  ex ine 
su rface  coating  (sh o rt arrow s) and be tw een  t h a t  co a tin g  and th e  ex ine (cf. Fig. 8). T ry p h in e  
(T) loca ted  ex te rn a l to  th e  exine surface c o a tin g  m a y  bridge (B, see also F ig . 4) exine processes. 
T he u n d u la tio n s  (long arrow ) w hich are ty p ic a l  o f th e  p rox im al surface  of th e  exine fo rm  a 
re ticu lu m  (cf. Fig. 10). T he sm all exine processes (arrow  heads) a t  th e  ap ertu re  m arg in  a re  
considered  to  have been  loca ted  over the  a p e r tu re  m em brane  (cf. Fig. 5) p rio r to ’d e h y d ra tio n  

or su b seq u en t processing. S ta in : P T A  chrom . Scale line: ca. 1 f i m

F ig . 8. The exine surface  co atin g  in  th e  g ra ins e x am in ed  is th ickened  in  reg ions w here t ry p h in e  
(T) occurs be tw een  th e  exine (E) and  exine su rface  coating  (arrow s). In  SEM  m icrographs, 
reg ions where th e  exine surface coating  is e x te n s iv e ly  th ick en ed  are  recognized  b y  a g lo b u la r 
te x tu re  (cf. Fig. 9) an d  a  localized red u ctio n  in  su rface  charging (cf. F igs 4 an d  9) due, to  m e ta l 
b o u n d  to  th e  surface co a tin g  during  p o s t- re h y d ra tio n  sta in ing . A t th e  le ft m arg in  an  a rro w  
h e a d  m arks a  loop of exine coating  m ate ria l f ro m  w hich  try p h in e  h as  b een  ex trac ted . T h e  
d is ta l  p a r t  of th a t  loop b ridges two exine p ro cesses (cf. Fig. 4). S ta in : P T A  chrom . Scale line :

c a .  1 f i n l

Acta Botanica Academiae Scientiarum Hungaricae 22, 1976



458 R O W L E Y , J .  R . - J Á R A I - K O M L Ó D I ,  M .

Fig. 9. The surface a rea  de lim ited  b y  arrow  h ead s is considered to  be exine surface c o a tin g  
p ro b ab ly  u n d e rla in  b y  try p h in e  as in  Fig. 8. T he ta n n ic  acid and  g lu te ra ld eh y d e  f ix a tiv e  u sed  
fo r  re h y d ra tio n  of th e  po llen  gra ins is favorab le  for p re serv a tio n  of th e  po lysaccharide  a n d  p ro ­
te in  co n ta in ing  exine su rface  coating  and  all ex ine  surfaces in  ou r illu s tra tio n s  (ex cep t th e  
fra c tu re d  surface in  F ig . 10) include th e  ex ine su rface  coating . In  g enera l, th is  coating  is th in  
an d  a tta ch e d  to  th e  ex ine  a n d  does n o t g rea tly  in te rfere  w ith  m orpholog ical obsevation . T h e  
cap a c ity  o f exine surface  c o a t com ponents fo r b in d in g  m eta ls can  be  used to  a d v an tag e  in  

th e  con tro l o f specim en  surface  charg ing  d u rin g  SEM  o b serv atio n . Scale line: ca. 10 f i m

The SEM  im ages o f ap ertu res  w hich  are  devoid o f exinous flecking on th e  
a p e rtu ra l floor show  th a t  th ere  are folds o f  m ateria l a t  one or b o th  sides o f  
ap e rtu res  (Fig. 5). T h e y  look as th o u g h  th e  exinous covering  of th e  a p e r tu re  
floo r had p a r te d  and  th e n  had  been g a th e re d  up a d ja c e n t to  th e  m arg in . O u r 
a tte n tio n  was th u s  g u id ed  to  m a te ria l a t  th e  ap e rtu re  m arg in  in  ТЕМ  m ic ro ­
g rap h s in  w hich ex inous processes w ere m issing from  ap e rtu re s . In  m ost sec­
tio n s of ap e rtu res  we fo u n d  th a t  th e re  w ere several to  m an y  sm all ex inous 
processes e ith er a d ja c e n t to  th e  ap e rtu re  m arg in  (Figs. 2 a n d  7) or reflexed o v e r 
th e  m argin  (F ig. 2).

W hile we h a d  considered sm all processes covering  th e  a p e r tu ra l 
f loo r to  be ch a ra c te ris tic  o f some species, i t  becam e a p p a re n t th a t  th e  occurence 
o f  th ese  processes on th e  floor of ap e rtu re s  was likely  to  be a general p h e n o m ­
enon  in  th e  genus L in u m .  P ersistence o f th e  a p e rtu ra l m em brane m ay  p e r ­
hap s v a ry  w ith  species, a lthough  m a tu ra tio n  of th e  sam ple  and  su b seq u en t 
h an d lin g  m u st be considered  in  any  descrip tio n  of ap e rtu re s  in  pollen of L in u m .  
In  E r d t m a n ’s (1952) descrip tions of po llen  grains of L in u m  only th e  colpi o f  
one species (L . perenne) are  in d ica ted  as covered  b y  v errucose  m em branes a n d  
th ese  show ed th e  sam e p a t te rn  as in  th e  m eso- and  apocolp ia .

A tte n tio n  is g iven  to  th e  exine su rface  coating  because of th e  p o te n tia l
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o f these  coatings in pollen m o rp h o lo g y -tax o n o m y  and  o th e r  app lica tio n s 
d em and ing  specific id en tifica tions an d  ch arac te riza tio n s. W ork  w ith  ex ine  
surface coatings has been lim ited  to  po sitiv e  s ta in ing  fo r p ro te in  and  acid ic  
po lysaccharides an d  binding of ca tio n ic  dyes (e.g., R o w l e y  1971, P e tt it t  
a n d  J e r m y  1974) and  the  id e n tif ic a tio n  o f sialic acid as a com ponen t o f th e  
exine co a ting  of spores of th e  fe rn  B otrych ium  lunaria  ( P ettitt  and J e r m y  
1974). F rom  th is  evidence it  can  be  concluded  th a t  ex ine surface co a tings 
are com posed of m ucopolysaccharides or g lycopro tein . T he d a ta  now  av a ilab le , 
how ever, fo r p la n t cell p lasm a m em brane-g lycocalyces are  s till few an d  in ­
su ffic ien t and  th e  conclusions th a t  can  be d raw n  are th ere fo re  b ound  to  fac ts  
w hich were estab lished  for th e  cell coa ts  of an im al cells. I t  is likely  th a t  th e  
m ucopo lysaccharide  or g lycopro tein  com position  of exine surface coatings is 
h igh ly  specific.

R e ten tio n  o f th e  exine surface co a tin g  is ad v an tag eo u s for SEM  o b se r­
v a tio n , even th o u g h  no a tte n tio n  is d irec ted  to w ard  th e ir  p resum ed  specific

F ig. 10. A frac tu re  has exposed th e  m iddle  p o rtio n  of th e  com plex b a cu la r  (B) zone o f th e  
exine, th e  d is ta l surface  of the  fo o tlay er (F ) rev ea lin g  th e  origins o f nu m ero u s bacules (co m p are  
w ith  sec tion  in  F ig. 8), th e  d istal surface  of th e  in tin e  (I), th e  surface  of th e  c y to p la sm  (C), 
an d  p a r t  o f th e  cy top lasm  (P). T he in te r lac ed  ridges on th e  d is ta l surface  of th e  in tin e  (I) 

re flec t th e  p a t te rn  o f the  ex in e -in tin e  c o n ta c t (cf. F igs 7 an d  8). Scale line: ca. 10 /a n .
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com position . T he b in d in g  cap ac ity  o f th e se  po lysaccharide—pro te in  coatings 
fa r  exceeds th a t  of th e  ex ine itself, as can  be  ap p rec ia ted  in  F igs 2 —3 an d  6 —8. 
W ith  ap p ro p ria te  s ta in in g  th e  exine su rface  coating  can he used to  p rov ide  
a co n duc ting  surface t h a t  will e lim inate  th e  need for th e  ad d itio n  of m eta ls  
o r allow  for fav o rab le  re su lts  using e v a p o ra te d  carbon , w hich  is re la tiv e ly  
tra n s p a re n t to  e lec trons.

The acidic p o lysaccharide  and  p ro te in -co n ta in in g  ex ine surface co a tin g  
in  germ inal ap e rtu re s  o f  Oxalis rosa po llen  is [R o w l e y  an d  S k varla  (1976)] 
in  in tim a te  c o n ta c t w ith  th e  endexine, a n d  R o w l e y  an d  D ah l  (in press) 
d e te rm in ed  th a t  th e re  is co n tin u ity  b e tw een  th e  exine surface coating  an d  
en d ex in e -in te rb ed d ed  in tin e  in pollen o f A rtem isia  vulgaris. T hus, i t  is n o t 
u n reasonab le  to  suggest th a t  th e  g re a tly  th ick en ed  ex ine surface coating  we 
f in d  to  occur over th e  ex ine in  regions r ic h  in  try p h in e , as in  Fig. 8, becam e 
th ick en ed  in response to  th e  presence of try p h in e  su b stan ces, or th a t  th e  ex ine 
su rface  coating  of L . tenu ifo liu m  pollen be p ro v isiona lly  considered  as an  a b so rp ­
tiv e  com ponen t of th e  p ro to p la s t su rface .

T he accep tab ility  o f  pollen grains o b ta in e d  from  h e rb a riu m  specim ens 
fo r cytological or h istochem ica l stud ies is w o rth y  o f assessm ent during  th e  
p re sen t period of in creasin g  cost for tra v e l, d im in ish ing  funds to  m a in ta in  
b o tan ica l gardens an d  o th e r  live collections, an d  an  e s tim a te d  20,000 species 
o f flow ering p lan ts  a t  r isk  of ex tin c tio n  (My e r s  1976). Po llen  grains are  in  
g enera l p rog ram m ed  to  be  d eh y d ra ted  an d  m ain ten an ce  o f fresh  grains u n d e r 
h ig h  vacuum  or in  d ry  so lven ts such as ace to n e  prolongs po llen  grain  v iab ility . 
W ith  th e  sam e a tte n tio n  to  the  com position  and  o sm ola lity  of reh y d ra tio n  
th a t  w ould  be given liv in g  tissues p re p a re d  for h istochem ical de tec tion  of 
ca rb o h y d ra tes , p ro te in , o r lip ids, we fin d  t h a t  th e  resu lts  o f s ta in in g  procedures 
(e.g ., PTA  in acetone fo r p ro te in , PT A  in  chrom ic acid fo r acidic po lyan ions 
an d  osm ium  te tro x id e  fo r u n sa tu ra te d  lip ids) arc com parab le  w ith  those  
perfo rm ed  on pollen  g ra in s fixed  from  th e  liv ing cond ition .
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Continuing the quantitative morphological analysis of anise, the authoress in­
vestigated and found of the present work points of measurement whose data allowed 
the calculation of space occupied or “filled” by the various individuals at a given stage 
of growth and in its turn its phenophases as well. She has termed this space as current 
space demand (CSD), for its very linkage to the stages of ontogenesis. In the popu­
lation examined there has occured a variability with respect to the degree of develop­
ment and space demand. The maximum CSD could best be measured in the more devel­
oped (jPj) and in the poorly developed (p2) samples at identical developmental stages 
and phenophases. A considerable difference, however, occured between p l and p  
with respect to both the absolute values of CSD and the architecture. The diversity 
values of CSD/individual is case of are very near to each other, contrary to p 2, 
where in the last time this value is very low.

The NEDLER-type equifinality (c f .  O ’s v á t h  1961) between pp and /),, did not ensue 
even by the ripening of the seed.

A worsening of the environmental conditions (too high temperature and light 
intensity) was more harmful to p 2 than to p,.

According to the calculations, one of the causes of variability occuring with 
regard to the degree of development and the CSD may be the significant weight dif­
ference between the fruits produced by the inflorescence of the side umbel and by the 
main umbel. At germination, at the beterotrophic nourishment stage, the individuals 
having a lower fruit weight and originating from the side umbels start with disadvantages 
which in the intraspecific competition affects physiologically (cf. K u r o i w a  1960) 
the development and consequently the CSD. They are also measurable.

Introduction

In  the  f irs t one of th e  p reced ing  papers we exam ined  p e r in te rn o d e  th e  
“ e ffec t”  of th e  period ica l sow ing o f anise on th e  g row th  p a ram e te rs , th a t  is, 
on th e  re la tive  g ro w th  ra te  (R G R ), on th e  lea f area ra tio  (L A R ) and  on th e  
n e t  assim ilation  ra te  (N A R) ( S z u j k ó - L a c z a  —  Szőcs —  H o r n o k  1975). In  
th e  second s tu d y  we described  th e  a rc h ite c tu re  ( S z u j k ó - L a c z a  —  Szőcs 1975).

In  the  th ird  p a r t  o f th e  series o f stud ies, th e  q u a n tita tiv e  analysis of th e  
p la n t  has been d e a lt w ith  from  still a n o th e r aspect.

In  1974, on th e  p lo ts sow n w ith  anise on th e  sam e d a te , rem arkab le  
d ifferences w ere n o ticed  concern ing  th e  g row th  and  li ttle  ones w ith  respect 
to  th e  developm ent o f th e  p la n ts ; th ese  m an ifested  th em selves also in  th e ir  
a rch itec tu re .
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In  order to  be ab le  to  describe th e  phenom enon , sim ple m easurem ents 
w ere m ade a t th e  m easu rin g  po in ts  and , on th e  basis of th e  d a ta  o b ta ined , 
th e  de te rm in a tio n  w ith  an  ap p ro x im a te  accu racy  of th e  c u rre n t space dem and  
(he re in a fter CSD), n ecessary  fo r th e  degree of g row th  o f th e  p la n t and  for its 
a rch itec tu re  in th e  g iven  p o in t of tim e , was a tte m p te d .

F u rth e r , an answ er was so u g h t for th e  question  concern ing  th e  cause(s), 
o f p la n t origin, w hich  affect th e  v a r ia b ility  in  th e  space d em an d  of th e  in d iv id u ­
als in  the  p o p u la tion , sow n a t th e  sam e tim e  and  in  th e  sam e p lo t.

Intraspecific competition has for long been an exciting question as regards the natural 
and monospecific populations and the individuals of the cultivated species (cf. K u r o i w a  
I960). For measuring the intraspecific competition of plants usually the dry-matter-produc­
tion differences were used. K u r o i w a  (l.c.) found significant differences in the respiration meas­
ured indirectly and also in the growth parameters and day-time photosynthesis of dominant, 
transitorial and suppressed individuals of sunflower plots. According to her, the cause of the 
difference is to be found in the light-conditions within the stand. At the same time she states, 
on the basis of the dry seed weight and the dry weight of 10-day-old seedlings, that initially 
the height and weight of the plant are determined by the dry weight of the seeds. B r i g g s  — 
K i d d  — W e s t  (1920) also tested the seed weight differences in H e l ia n th u s  a n n u u s  L. when search­
ing for the causes of deviations occuring within the population.

The anise sam ples ( p l an d  p 2) exam ined  a t S oroksár in  1974 show ed d if­
ferences w ith  resp ec t to  also o th e r ch arac teris tics  in d ica tin g  g row th . A ccording 
to  a personal com m u n ica tio n  by  L. H o r n o k , th e  d ifferences arose a lready  
in  germ ination , an d  in  th e  ap p ea ran ce  of th e  seedlings a t  d ifferen t tim es.

The a rc h ite c tu ra l e lem ents o f th e  anise —  leaves, side shoots, etc . —- 
develop  successively p roceed ing  from  below  upw ards, in  an  acropetalous order 
(cf. th e  exom orphic descrip tio n  in  S z u j k ó - L a c z a , 1976; an d  th e  q u a n tita tiv e  
analysis of the  a rc h ite c tu re  in  S z u j k ó - L a c z a  —  Szőcs, 1. c.). Follow ing th is , 
th e ir  life tim e is d iffe ren t. T herefo re  th e ir  position  w ith in  th e  s ta n d  is also 
d iffe ren t and accord ing  to  th e ir  localiza tion , te m p e ra tu re - , ligh t-, C 0 3 etc. 
su p p ly , differences m a y  arise am ong  th e  in d iv id u a l a rc h ite c tu ra l elem ents. 
T h e  um bels of th e  side shoots reach  th e  stage of opening  o f th e  petals also 
a t  d ifferen t tim es. Successively , a f te r  th e  flow ering of th e  m ain  um bel, th e re  
follow s the  low erm ost developed  side shoot w hich grows fa r th e s t from  th e  
m ain  um bel, th e n  th e  p h enom enon  can be observed  g rad u a lly  appearing  on 
increasing ly  h igher-ly ing  side shoots. U n til th e  double fertiliza tio n  ensures 
in  th e  em bryo sac o f th e  ovules, th e  m ain  um bel p resu m ab ly  inh ib its  physio ­
log ically  the  full dev e lo p m en t of th e  inflorescence ly ing  below  it. T he inh ib ition  
is relieved first on th e  sideshoo t ly ing  fa r th e s t from  th e  m ain  um bel. A sim ilar 
re g u la tio n  exists in  th e  re la tio n  o f th e  side shoots, too . A ccordingly , th e  life­
tim e  of th e  sch izocarps developed on id en tica l p lan ts  is also different. O ur 
p o in t of d ep artu re  fo r th e  fu r th e r  in v estiga tions w as th is  phenom enon of 
flo rescence reg u la tio n  an d  its  ev id en t consequences. I t  was supposed th a t  
th e  seedlings m igh t be d iffe ren t also w ith  respect to  th e  in itia l fru it w eight. 
T h is does no t p rec lude  differences am ong ind iv iduals w ith  m a tu re  fru its . The
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q u a n tita tiv e  d ifferences of th e  endosperm , i.e. th e  f ru i t  w eight differences, 
m ay  he th e  p rim ary  cause in  th e  ensuring  v a ria b ility . T herefo re , it  was e x a m in ­
ed w h e th e r a s ig n ifican t difference can be d e tec ted  b e tw een  th e  d ifferences 
am ong in d iv id u a l f ru i t  w eights of th e  m ain  an d  tho se  o f  th e  side shoots o f th e  
sam e p lan ts.

Material and method

T he in v estig a tio n s w ere carried  o u t on “ B u d ak alász i e lit”  f ru i t  sow n in th e  S oro k sár 
field  of th e  G roup of M edicinal P la n t G row ing, D e p a rtm e n t o f H o rtic u ltu re , U n iv e rsity  o f 
A gricu ltu re. The sow ing to o k  place on m ean -b o u n d , san d y  abode soil, in  p lo ts  of 16 m 2 b asic  
a rea  a t  20 cm row  d istan ce  a n d  a t  0.5 —1.0 cm sto ck  d istan ce , in  th re e  fold rep e titio n . F o r  th e  
p re lim in ary  s tu d y , sam ples w ere selected from  th e  p lo ts  sow n on 26 M arch , 1973: 5 specim ens 
were selected on 19 Ju ly ,  1973; th en  n e x t y ea r m easu rem en ts  w ere carried  ou t a t  variouss 
phenophases, on th e  p la n ts  sow n on 21 M arch, 1974. F o r th e  v a rio u s tim es of m easu rem en t 
see T able  1.

In  1974, b o th  fu lly  a n d  poorly developed specim ens were av a ilab le , therefore, on  th e  
basis of random  sam pling , 16 specim ens w ere se lected  from  each of th e  sam ples, viz. from  th e  
developed (h e re in afte r р г) a n d  from  th e  less developed  (h e re in afte r p 2) sam ples, and  th e  fo l­
lowing m easu rem en ts w ere tak en :

The d istance  b e tw een  th e  apices of th e  b ase  leaves ly ing  opposite  each o th er, th e  
d istance betw een  th e  th ird  base  leaf an d  th e  m ain  axes w ere m easu red  and  th e  m ean  of th e  
m ean  of th e  tw o va lues w as tak en . A fter th e  d ry in g  off of th e  base  leaves, th e  d iam eter o f th e  
f irs t  in te rnode  of th e  m ain  ax is was only m easu red . Follow ing th is , th e  d istance betw een  th e  
tw o m ost developed side shoo ts to  be fo u n d  on opposite  sides o f each  o th e r was m easu red . 
T he sam e was re p ea te d  b y  m easuring  th e  d istan ce  be tw een  th e  n e x t p a ir  o f side um bels, an d  
th e  m ean  of th e  tw o re su lts  w as tak en . T his m ean  v a lu e  w as th e n  th e  basis fo r th e  calcu la tions. 
T h en  th e  h e igh t of th e  spec im en  m  was reco rded  (F ig . 1). In  sam ple  р г, u p  to  p h en ophase
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32.2* — that is, when the base leaves and foliage leaves are intact, the secondary inflorescence 
axes in the umbel of the side shoot are elongated, the umbellets on them are glomerulous, the 
margin of the petals is light green, the side- shoots are shorter and not yet reaching the height 
of the main umbel.

The value of m  represents the height level from the soil to the surface of the main umbel, 
while later that of the side-umbels, since the latter overgrow the main umbel.

The height level in sample p 2 was, owing to the under-development of the side-umbels, 
in every case identical with the height of the main umbel. All of the measurements were carried 
out with an accuracy of a mm order. On the basis of the data, the space occupied by the indi­
viduals can be regarded as a truncate cone. Its volume, that is, the space occupied or filled by 
the plant, was calculated by means of the equation

v =  -I 'm  л  ( K 2 +  R r  +  r2) =  ~  m  n  (D2 +  D d  +  d -)

where V  =  volume, m  =  height, D  =  2 r  =  mean of distance between two side-shoots, remov­
ed farthest from each other, d  =  mean of distance between leaves of the base leaf rose and 
the main axis and the third leaf, while later it is the diameter of the main axis. This space 
demand, necessary within the population at a given time and for individuals of nearly identical 
developmental stage, was most conveniently called current space demand (CSD), or cur­
rent space filling (CSF).

The volume of the 16 truncate cones was calculated per sample and per specimen separate­
ly, then the mean of the result was taken and related to one individual, and the data were 
classified. The diversity of C S D  was calculated according to S h a n n o n  — W i e n e r  (1963) and 
equitability after L l o y d  — G h e l a r d i  (1964).

In order to answer the second question, 5 specimens of average developmental stage 
were collected from sample p, on 30 July, 1974. Then, in the order of the insertion of the side 
umbels, 30 schizocarps were collected apically from each of the external umbellets of the side 
umbels and also of the main umbel. The fresh weight each of the 30 schizocarps was determined 
separately on the analytical balance, and the data so obtained underwent variance analyses 
of random arrangement ( S v á b  1967).

Results and discussion

A . The current space demand

T able 1 shows th e  changes in  th e  m easured  ch a ra c te rs  d u ring  a g iven 
p e rio d ; th e  values of m , D , and  d b eh av e  like tw o v a riab le  fu n c tions. In  th is  
case , th e  value expressing  th e  exam ined  g ro w th  ch a rac te ris tic  can  be re p re se n t­
ed  on th e  y  axis as a d ep en d en t v a riab le , w hile t expressing  th e  g ro w th  period  
can  be rep resen ted  as an  in d ep en d en t v a ria b le  on th e  x  axis.

The d a ta  an d  th e  F igures (F ig . 2) show  equally  w ell th e  differences b e ­
tw e e n  p x an d  p 2. I t  is com m on for p x a n d p 2, th a t  w hile th e  values o f m  a n d  D  
be long  to  th e  rising  perio d  of th e  cu rve  up  to  th e  tim e  of th e  th ird  m easu rem en t, 
th e  values of d  d rop  a lread y  a t  th e  tim e  o f th e  second m easu rem en t, in  com ­
p ariso n  w ith  th e  f irs t  one.

In  com paring  th e  frequency  v a lu es , show n in  T ab les 2 an d  3, w ith  th e  
m ean  values (Table 1) i t  can he s ta te d  t h a t  th e  in d iv id u a l frequency  values

* The code of the stages and phenophases of the ontogenesis is interpreted on the 
basis S z u j k ó - L a c z a — F e k e t e  (1973) and S z u j k ó - L a c z a  (1976).
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Table 1

M e a n  v a lu e s  o f  m, D , d , i n  m m

Sampling time Life time P i Pi

Day Month in days m, Di <h m 2 » . d2

21 6 89 433.3 244.4 153.1 227.2 81.8 93.8
01 7 99 490.4 299.2 99.1 349.1 95.4 87.4
16 7 115* 530.9 300.7 9.2 381.1 134.4 5.8**
26 7 125 508.9 298.8 7.6 354.2 98.8 4.2

* Because of the constant, strong wind, the third measurement could take place 
only after 16 days.

* * The value refers only to the first internode, since the base leaves have already 
dried off.

mm
4 0 0 -

8 9  9 9  115 125

time of life in days

F ig .  2 . Changes in m, D  and d  values in the successive measurement times
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o f p 1 are  th e  h ighest a ro u n d  th e  m ean  value . In  th e  case o f p 2, th e  in d iv id u a l 
fre q u e n c y  values cou ld  a lm o st excusively  be re leg a ted  to  Classes I  and  I I  
a t  th e  tim e  of th e  f i r s t  a n d  th e  fo u r th  m easurem ents.

A ccording to  J u h á s z - N a g y  (1973) th e  d iv ersity  can  be used  in  a general 
m ean in g . In  th e  p re se n t case i t  has been  in v estig a ted  th e  “ rep re sen ts”  on th e  
cub ic  values freq u en cy  (n.) in  th e  categories (s) see in  T ab le  2 and  3, w here 
th e  N  — 16. I t  is a tim e -d y n a m ic  ap p ro x im a tio n  of th e  d ev e lo p m en t and  change 
o f  th e  ind iv iduals o f p l an d  p 2.

Table 2

F r e q u e n c y  d is t r ib u t io n  o f  th e  v o lu m e  v a lu e s  i n  th e  ca se  o f  

( i t s  c la s s  in te r v a ls )

Class I II III IV V VI Date 1974

dm3 1—5 6—10 11—15 16—20 21—25 26— Month Day

l 2 9 l 3 0 6 21

0 3 2 6 3 2 7 01

2 1 7 5 l 0 7 16
1 5 3 6

Table 3

l 0 7 26

F r e q u e n c y  d i s t r ib u t io n  o f  th e  v o lu m e  v a lu e s  i n  th e  case  o f  p 2

Class I II III IV V Date 1974

dm8 0.1—0.99 1—1.99 2—2.99 3—3.99 4— Month Day

5 8 l 2 0 6 21

2 3 6 3 2 7 01
4 6 3 1 2 7 16
9 7 0 0 0 7 26

Table 4

C h a n g e  o f  th e  C S D  d iv e r s i t y  a n d  e q u i ta b i l i ty  v a lu e s  i n  p l a n d  p 2

Date P l P i

Month Day Div. Equitab. Div. Equitab.

6 21 1.2771 0.7128 1.1443 0.7110

7 01 1.5160 0.8460 1.5160 0.9410

7 16 1.3335 0.7442 1.4627 0.9088

7 26 1.3940 0.7780 0.6850 0.4256
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Table 5

M e a n  C S D  o f  p t  i n d i v id u a ls  b y  p h e n o p h a s e s  ( n  =  1 6 )

Date, 1974
Phenophase CSD in dm3 Diff.

Month Day

6 21 21.4.2-23.2; 31.2; 34.2° 13.72
7 01 21.4.2-23.2; 32.3.4; 35.1-35.3.2; 41.2 17.35 3.63
7 16 22.4-23.2; 33.1.3; 36.1.1-36.1.2; 42.1 13.65 -3.70*
7 26 23.2; 33.2.1; 36.1.2-36.1.3; 43.1 12.85 -0 .8 0

Table 6

M e a n  C S D  o f  p 2 in d i v id u a ls  b y  p h e n o p h a s e s  ( n  =  1 6 )

Date, 1974
Phenophase CSD in dm3 Diff.

Month Day

6 21 21.2.4-23.1; 31.1.1 1.55
7 01 21.2.4-23.2; 31.3.1; 34.2; 41.1 2.45 0.90
7 16 22.4-23.2; 32.3.7; (35.3.4); 42.1 2.24* -0.21**
7 26 22.6-23.2; 33.1.1.2; (36.1.1); 42.2 0.98 -1 .2 6

* The calculated partial value for the second decade 2.31
** The difference in the calculated partial value for the second decade 0.13

The codes of the phenophases: 21.4.2 — 23.1 =  base leaves and stem leaves are developed;
31.2 =  The outer and the secondary inflorescence axes are elongated, their umbellets together

with the avules are glomerulous, the margin of the petals is light green;
32.3.4 =  The anthers have already broken down from the flowers, the petals are dirty white, 

the disc is high, convex, light-green. The length of the style and the stigma is 1.5 mm; 
both stigmata have risen above the petals; the bicarpellum is 1.5 mm long and 1.5 —1.7 
mm wide;

33.1.3 =  The fruit has reached its full length: 3.5 mm long and 3 mm wide.
The fruit is ripening 33.2.1 =  its colour in the furrows is brownish, on the ribs yellowish, 
the whole is of a greyish-brown hue, the two carpels separate from each other when 
slightly pressed;

34.2 =  the side umbel corresponds to state 31.2 of the main umbel;
35.1 — 35.2 =  In the inflorescence of the side umbel, the petals are spreading out, the stamens

are extended upwards, the style is as high as the petals;
36.1.1 =  Most of the petals have dropped from the flowers of the side umbels, the styles

— if still visible — are of a watery colour, or are drying off, the length of the bicar­
pellum is 2.5 — 3 mm, its width 2 mm;

36.1.3 =  On the side umbels the fruits are developed, but still greenish grey;
41.2 =  The first base leaf has dried off;
42.1 =  The three base leaves have dried off;
43.1 =  The four stem leaves have dried off.

T he m ax im um  d iv e rs ity  an d  e q u ita b ili ty  values are n o ted  b o th  in  p x 
an d  p 2 also in  bloom ing tim e of 1st J u ly  (T able 1) b u t in  in  case p f  p 2 th e  
f ir s t  an d  th ird  values are also v e ry  n ea r to  each  o th e r and  m ax im u m . C o n tra ry
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to  p  2, w hich  shows v e ry  low values because  th e  rep re sen ta tiv es  are d iv ided  
only  in to  tw o categories (th e  f irs t an d  second), pq rem ains n ear th e  sam e level 
o f th e  la s t  m easure tim e .

O n th e  basis o f a com parison  b e tw een  th e  values o f Tables 5 an d  6 it  
can  be s ta te d  th a t  th e  in d iv idua ls of sam ples p x a n d p 2, sow n a t  id en tica l tim es , 
are a t  d ifferen t p h enophases during  th e  w hole period  of grow th. The m ore 
developed  specim ens possessed full foliage a lread y  a t  th e  in itia l phase o f th e  
ex p e rim en ta l period , th e  peta ls neared  b lossom ing on th e  m ain  um bel. O n th e  
specim ens of sam ples p 2 th e  m ain um bel has ju s t  ap p ea red  on th e  apex  o f th e  
m ain  ax is, while th e  u p p erm o st stem  leaves, to g e th e r  w ith  th e  in te rn o d es, 
w ere s till grow ing. T h e  differences a p p e a r  b eyond  th e  dev ia tions in  p h en o p h as­
es, in  th e  s trong  (p ,)  or poor developm ent ( p 2) of th e  side-shoots, and in  m ost 
cases, even  in  th e  lack  o f th e  side-shoots w ith  reg a rd  to  p 2 (see th e  pheno- 
m etric  signs and th e ir  code in  p a ren th esis  in  T able 5). T he side-shoots o f th e  
in d iv id u a ls  in p j  overg row  th e  m ain um b el, an d  also th e  fru its  develop on th em . 
On th e  ind iv iduals o f p v  th e  side-shoots d ry  off ea rly , o r if  th e y  persist, th e y  
fin ish  th e ir  g row th  on th e  level of th e  m ain  um bel, th e y  are  sho rt, th e ir  e x p a n ­
sion is sm all, th e ir  n u m b e r tw o a t m o st. A ccording to  these  observations, in  
P im p in e lla  an isum  th e  q u a lity  of th e  side-shoots de te rm ines th e  CSD to  a g rea t 
e x te n t.

A com m on ch a rac te ris tic  of b o th  sam ples is th a t  th e re  is a m ax im u m  
v alue  in  th e ir  CSD (T ables 5 and 6), w hich  occurs w hen  th e  base leaves still 
—  a t  leas t p a r tly  —  ex is t, th e  m ain  u m b e l is a t b lossom ing and  a t th e  sam e 
tim e  th e  side um bels are  a lready  considerab ly  developed. A t th e  tim e  o f th e  
CSD m axim um , th e  p la n t  possesses its  la rg es t surface o f assim ilation  an d , as 
a re su lt of tra n sp ira tio n  and  re sp ira tio n  as well (cf. S z u j k ó - L a c z a — Szőcs— 
H o r n o k , l.c ) . This fa c t involves an  increase  in  th e  dem ands w hich th e  p la n t 
raises in  re la tion  to  its  env ironm en t, in  accordance w ith  its  daily  endogenous 
rh y th m  and  speed, c e r ta in  elem ents o f th e  en v iro n m en t are bu ilt in  b y  th e  
p la n t.

T he decrease a f te r  th e  m ax im um  o f th e  CSD is a consequence o f th e  
d iso rgan iza tion  of th e  base leaves, an d  of th e ir  ev en tu a l d ry ing  off. T he 
ch lo ro tic  phenom enon  o f the  leaves s ta r ts  a lready  before th e  com plete d ry in g  
off, th e re fo re  th e y  are inac tive  as reg ard s  assim ilation .

W ith  th e  d ry in g  o ff of the  base leaves, th e  tru n c a te  cone shape expresses 
th e  CSD changes s tro n g ly , since th e  v a lu e  of d rep resen ts  th e  w id th  of th e  f irs t 
in te rn o d e  only.

A t th e  n e x t m easu rem en t th is  v a lu e  still increased  a little , owing to  th e  
th ick en in g  of th e  in te rn o d e , th en  th is  w as followed by  a d ry ing  off process 
w hich  influenced  th e  w id th  of th e  f irs t  in te rn o d e  as well (cf. T able 1). In  sam ple  
p v  a f te r  th e  m ax im u m , th e  CSD decreased  g rad u a lly , while in  p 2, d u rin g  th e  
la s t 10 days th a t  h a d  passed betw een  th e  th ird  an d  fo u rth  m easu rem en ts,
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i t  decreased a b ru p tly . This m ay  p a r t ly  be in  connection  w ith  th e  circum stance  
th a t  during  these  10 days th e  daily  m ean  and  m ax im um  te m p e ra tu re  values 
w ere also high.

N e d l er  and  his co-w orkers (cf. O ’svath  1964) w ere th e  f irs t  to  s tu d y  th e  
n o n -ad d itiv e  reversib le  an d  irreversib le  effects in  g ro w th  u n d e r  v a ry in g  con­
d itions. I t  seems th a t  b y  m easuring  th e  CSD p a ra m e te rs  a t  th e  tim e  of th e  
fo u r th  m easu rem en t, an  irreversib le  en v iro n m en ta l effect com plex , negative ly  
in fluencing  th e  tre n d  and  ra te  o f g row th  in th e  p la n t, becam e enum erable . 
As a resu lt of th is  effect, th e  cq u if in a lity  w hich was s till ex p ec tab le  earlier 
d id  no t ensue on th e  ind iv iduals o f p 2. A ccording to  N e d l e r , in  such cases 
u n d e r  too rough effects — obstacles —  regeneration  is im possib le , th e  s ta te  
o f irreversib ility  arises (cf. O’svath  l.c .).*T o  sum  up : T he in d iv id u a ls  of P im - 
p in e lla  anisum  possess a cu rren t space d em an d  linked  w ith  th e ir  developm etal 
s tages and phenophases, th is  is m easu rab le  and  undergoes changes depending 
p a r tly  on th e  s ta te  o f deve lopm en t o f th e  p lan t and  p a r t ly  on th e  ex ternal 
conditions.

The CSD m ax im u m  is reached  b y  p 1 a t th e  p henophases ch arac terizab le  
b y  th e  decim al n u m b ers  21 .4 .2—23.2; 32.3.4; 35.1— 35.3.2; 41.2; while in 
th e  case of p 2 by  21.2.4 — 23.2; 31.3.1; 34.2; 41.1. T he m ax im u m  is preceded 
b y  th e  g radual decay  o f ce rta in  base leaves w hich are  th e  o ldest and  a t  th e  
sam e tim e the  n ea re s t to  th e  surface o f th e  ground.

The m axim um  space dem and m ay  be d ifferent ev en  in p lo ts  o f  id en tical 
so w in g  tim e, and th e  difference m a y  becam e stab ilized  also b y  th e  circum ­
sta n ce  th a t th e ex tern a l con d itions p reclude eq u ifin a ly  to  en su e. A ccord ing to  
T ab les 4 and 5, in  an ise sam ples p r and p 2 grown u nd er ch an g in g  con d itions, 
th e  NEDLER-type eq u ifin a lity  did n o t en su e in th e  ch aracteristics exam ined , 
w h ich  is a ttr ib u tab le  to  th e  c ircu m stan ce th a t in th e jdants o f  d ifferen t pheno­
p hases u nfavourable effects (p resu m ab ly  th e too h igh  tem p era tu re and its  
in d irect effects) in flu en ced  arch itectu ra l e lem en ts ex ta n t  in  variou s p h ysio log i­
ca l sta tes . This exp la in s w h y  th e  d am age to  p 2 in d iv id u a ls w as stron ger th an  th a t  
incurred  b y  p j ones.

R em ark : On th e  basis o f th e  re su lts , th e  p re lim in ary  e s tim a tio n  of th e  
CSD in cu ltures is recom m endab le  also fo r th e  selection  of th e  phenophase  
to  y ield  m ax im um  p ro d u c tio n  or m ax im u m  p ro d u c tiv ity . B y  ta k in g  th e  CSD 
in to  consideration  in  th is  w ay, th e  rea liza tio n  of th e  n e a rly  com plete  p o ten tia l 
o f th e  species is ex p ec tab le  if  also th e  in itia l and  e x te rn a l cond itions are 
fav o u rab le .

* Mention should be made here of the errors affecting the results. Here belong the errors 
occuring in sampling, in categorizing the individuals into р г and p 2; the possible injuries to 
the individuals measured during the experimental period, and also the small-scale inaccuracies 
of the measurements. Besides, it should be taken in consideration that, following from the archi­
tecture of the plant, the space thus calculated is not densely filled in by the specimens, because 
the side shoots of the neighbouring individuals may invade those of the others.
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В . F ru it weight exam inations

A ccording to  th e  re su lt of th e  analysis o f v a rian ce , th e  w eigh t o f th e  
f ru i t  developed on th e  m a in  um bel differs from  th e  f ru it w eights of th e  side 
sho o ts  orig inating  from  nodes 5, 6, 7 an d  8. (The side um bels o rig ina ting  from

T a b le  7

T h e  f r u i t  w e igh t v a r ia b i l i ty  o f  P im p in e l la  a n i s u m  L . ,  on  th e  b a s is  o f  3 0  f r e s h  f r u i t  w e ig h ts  o f  each  
o f  th e  m a i n  u m b e ls  a n d  s id e  u m b e ls  o f  5  i n d i v id u a l s

T reatm ent 
node of the 

shoot
Node

Repetition

1 2 3 4 5 ж

l Main umbel .2450 .3152 .2953 .2857 .2853 .2850
2 5 .2299 .2306 .2149 .1239 .2219 .2040
3 6 .1551 .1831 .2250 .1569 .2747 .1970
4 7 .2651 .1356 .1956 .1628 .2513 .2020
5 8 .2157 .2655 .1954 .1628 .2060 .2090
6 9 .2351 .2500 .2655 .2147 .2629 .2460

T ab le  8

A n a ly s i s  o f  v a r ia n c e  o f  th e  re su lts

Factor SQ FG MQ F =  .0035

Treatment-node of the shoot .0303 5 .0061
Error-remainder .0401 24 .0017

Total .0704 29

T ab le  9

M e a n  v a lu e s  o f  th e  f r u i t  w e ig h ts  ( i n  d ia g o n a l) ,  th e ir  d i f fe r e n c e s  ( i n  th e  r ig h t u p p e r  m a t r i x ) ,
a n d  th e  s ig n i f ic a n c e  levels

T reatm ent 1 2 3 4 5 6

l .285 .081 .088 .083 .076 .039
2 * * .204 .007 .002 .005 .042
3 ** .197 .005 .012 .049
4 * * .202 .007 .044
5 ** .209 .037
6 .246

** P ^  1%
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nodes 3 an d  4 w ere n o t in ta c t in ev e ry  specim en, th e re fo re  th ey  were o m itte d  
from  th e  analysis.)

H ow ever, th e  average  w eight o f th e  fru its  developed  on the  side u m bels, 
in d ep en d en tly  of th e ir  node num ber, do n o t sig n ifican tly  differ from  one a n o th e r  
The w eigh t values o f th e  fru its in  th e  side um bels o rig ina ting  a t node 9 are  
fa irly  n e a r  to  one a n o th e r. R egard ing  th e ir  lo caliza tion , these  side um bels are  
n ea rest to  th e  m ain  u m b e l (in certa in  specim ens th e y  orig in  a t  a com m on node).

A ccord ing  to  o u r anatom ical observ a tio n s, m ost o f  th e  fru its w hich d ev e l­
oped on th e  f irs t-o rd e r  side shoots co n ta in in g  th e  em b ry o  and  the  en d o sp erm  
sto ring  th e  seco n d ary  n u tr ie n t m a te ria ls . I t  is p ro b ab le  th a t  th e  d ifference 
betw een  th e  m ain  u m b e l and th e  side um bels derives from  the  q u a n t i ty  of 
th e ir  endosperm .

On th e  basis o f th e  results i t  is p resum ab le  th a t  th e  difference be tw een  
p 1 and  p 2 m ig h t be re la te d  already  a t  th e  period  o f  germ ination  also to  th e  
fru it w eig h t d ifferences o rig inating  from  th e  a rc h ite c tu re  o f la s t year specim ens 
w ith  m a tu re  fru its .T h is , in  tu rn , involves t h a t  th e re  are  q u a n tita tiv e  d ifferences 
in th e  u tilizab le  reserve  n u tr ie n t m a te ria ls  a t th e  s tag e  of germ ination  an d  
th a t  o f th e  h e te ro tro p h ic  n u tritio n .

To th is  in itia l s itu a tio n , th e  consequences o f fu r th e r  u n fav o u rab le  
ex te rn a l cond itions m a y  accrue (see th e  dev e lo p m en ta l deviations am ong  
th e  in d iv id u a ls), as a resu lt of w hich th e  d ifferences becom e “ stab iliz ed ” . 
T herefo re, K u r o iw a ’s s ta te m e n t (1. c.) is ju s tifiab le , i t  is, how ever, to  be co m ­
ple ted  in  t h a t  th e  in tra sp ec ific  com petition  am ong th e  developing or developed  
in d iv idua ls is itse lf  a lre a d y  a consequence. On th e  o th e r  h an d , am ong fa v o u r­
able e x te rn a l cond itions eq u ifina lity  m ay  ensue, in w hich  case the  in tra sp ec ific  
com p etitio n  w ith in  th e  p o p u la tio n  does n o t cause h e te ro g en e ity  to  a rem ark ab le  
( th a t is s ig n ifican t) e x te n t. (In  n a tu ra l s tan d s  th e  d is tan ce  betw een th e  seeds 
ly ing  on th e  g round  is d iffe ren t; th ere  th e  excessive p ro x im ity  am ong th e  seed ­
lings m ay  increase co m p e titio n  to  ac tu a l selection.)

The resu lts  of B riggs— K i d d — W e st  (1. c.), of K uro iw a  (1. c.), an d  m y 
own re su lts , u n d erlin e  (from  the  p o in t o f  view  of b reed ing) the  im p o rtan ce  
of th e  re serv e  n u tr ie n t  q u a n tity  accu m u la ted  in  th e  endosperm  and  o f th e  
seed (fru it) selection  accord ing  to  w eigh t.

W ith  re sp ec t to  th e  anise it  can  be s ta te d  f in a lly , th a t  the  v a r ia b ili ty  
of th e  in d iv id u a ls  sow n a t  iden tica l tim es  — in d ica ted  in  CSD, and  th e  d if­
ferences d e te c ta b le  se p a ra te ly  in  o ther ch a rac te ris tic s  m easu red  co n cu rren tly  —  
m igh t be re la te d  w ith  th e  in itia l f ru it w eigh t d ifferences as well. A nd th is  
la t te r  depends on th e  localization  of th e  fru its .
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RECENSIONES

A. L ő v e  and D. L ő v e : Cytotaxonomical Atlas of the Arctic Flora, Vaduz, C r a m e r  Verlag, 1975, 
598 pp.

I reviewed the ‘Cytotaxonomical Atlas of Slovenia’ by the L o v e s  in Acta Bot. Acad. 
Sc. Hung. 21: 452 — 453 (where 122 is a printing error for 1242 pp.). The structure and aim of 
the new book is similar, therefore, I refer to the former review. The area included in the Atlas 
is many times greater: Iceland, the Arctic Ocean coast of Europe, Arctic Northern-Asia and 
North America, Greenland. The flora is however much poorer, thus the work also discusses 
only fewer species. These, on the other hand, are endemic partly in our country as well (many 
monocotyledons), therefore the data are interesting also for us. The taxonomical and nomen­
clative elaboration is the most up to date, the only thing is that the authors go too far, now 
even more, in the breaking down of the genera. The P s e u d o r c h is  is correctly L e u c o r c h is  all the 
same, because it is nom. illegit. The lay-out of the book is perfect.

R. Soó

C z e r e p a n o w , S. K. Additamenta et corrigenda ad “Floram URSS” (tömi I —XXX). — Lenin­
grad 1973, 668 pp.

The large Soviet Flora work was closed with Volume 30 in 1964; in the same year a 
register volume was published (for review cf. Bot. Köziem. 52, pp. 179 —180).

The volume on Soviet Flora discusses 17520 species, however, by using a rather narrow 
species conception; the so-called KoMAROV-type species in a Western interpretation qualify 
partly as subspecies or microspecies. C z e r e p a n o w ’s introduction, which is given in Russian 
and English, furnishes the information that on the basis of the newer researches 1080 species 
have been placed in a category of lower systematic value, while 1290 ‘species’ have been placed 
into synonyms, and about 520 species have been placed back. Thus, at the closing of his 
work, the author estimates the species number of the plants of higher order of the Soviet Union 
as 21,000. The name of more than 1030 species has been changed, while the name of 7180 
taxa has been corrected. It can already be seen by means of these few numerical data how 
important this work is not only with regard to the Soviet flora but also as far as its Hungarian 
implications are concerned.

The discussion of the taxa (going down to subspecies) is arranged according to the 
alphabetical order of the families; the valid new names are emphasized by bold type-faces; 
but very many new combinations and synonyms are also included. In the case of the taxa 
which are discussed often, the complete synonyms are compiled and an ample literature is 
also provided. According to the enumeration of the main sources on pp. 20 — 23, from the 
Hungarian literature the handbooks of Acta Bot. Acad. Scient. Hung, (up to 1970 as in in gener­
al the periodicals) of Soó —J á v o r k a  (1951); and of Soó (1964 — 70) were used, and also Soó’s 
series entitled Species et combinationes novae (1 — 8), but as it turns out of the text, other 
Hungarian papers were also taken into consideration, and their inferences were overwhelmingly 
accepted. In the Supplement even such a questionable name is accepted as the L i l i u m  m a r ta g o n  
L. subsp. s o o ia n u m  P r i s z t e r  1967. Our ash, which was mistakenly united with with F r a x i n u s  
o x y c a r p a  in the Flora Europaea, is now correctly named as F .  a n g u s t i fo l ia  subsp. p a n n o n ic a  
Soó et Simon. We cannot go into further details, and on the other hand we cannot complain
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about that the data of the Carpathian Ukraine, hidden in the Hungarian and Czechoslovakian 
literature, are partly missing, while from my R a n u n c u l u s  a u r ic o m u s  agamospecies (Soó 1965 — 
1965) even such as originate from other places are included. The elaboration of the genus 
R h in a n t h u s  in the Flora of the SSSR is corrected also on the basis of my paper from 1970.

I must admit, it satisfies me that the author —like the authors of the new Flora Evro- 
peiskoi tchasti USSR (of which so far Yol. / ,  404 pp., P te r id o p h y ta , G y m n o s p e r m a e , P o a le s , 
1974; and Vol. I I , X -f- 236 pp., O r c h id a le s , J u n c a le s , C y p e r a le s  1976 have been published; 
editor-in-chief A. F e d o r o v ) -  is in opposition to the trend, represented today especially by 
B o b r o v , which sticks to the KoMAROV-type species conception. K o m a r o v  and his school 
accepted only the monotype species as an indivisible, homogeneous taxon (this definition is 
proper only with reference to the genetical biotype). As a consequence, the authors of the Flora 
of the USSR did not include the infraspecific taxa, several subspecies, ecotypes, and they even 
discussed hardly different forms as species. In this field, especially the authors of the Ukrainian 
flora went too far; no wonder that in the Flora Europaea, and also in my Synopsis a consider­
able part of these “species” is classified as a synonym (as against B o b r o v  cf. the analyses 
of S k o r t o z o v , 1972). The aforementioned new European Soviet Flora represents the modern 
taxonomical conception in this field. (In that, S m o l y a n i n o v a  discusses the O rch id a cea e  entirely 
on the basis of my paper of 1969, surveying the orchideáé of the Soviet Union; Ann. Univ. 
Budapest, Sect. Biol. 1 1 , pp. 53 — 74, 1969).

The flaw of the work is that occasionally taxa which belong to the same genus can be 
found classified to another genus and vice versa.

It is a pleasure for us to acknowledge that our Soviet colleagues satisfactorily take the 
works of Hungarian authors into consideration and at the same time we point out how important 
the above works are for us.

R. Soó

T Ü X E N , R. et collab. Bibliographia Phytosociologica Syntaxonomica. Lief. 19 — 28. Verlag 
J .  C r a m e r  (Lehre, z.Z. Vaduz)

In dieser Zeitschrift habe ich einmal ganz kurz (Acta Bot. Acad. Scient. Hung. 17 : 464), 
einmal ausführlicher (20 : 207 — 211) 1974 die große Unternehmung von T Ü X E N , die syntaxo- 
nomische Bibliographie, in englisher Sprache, besprochen. Wesentlich gilt alles, was ich früher 
schrieb, auch heute. Vernachlässigung der Literatur Osteuropas, viele Fehler in Einteilung der 
einzelnen Assoziationen in die verschiedene Klassen, ungenaue Zitate (dafür habe ich nur 
aus 5 Lieferungen eine lange Reihe aufgeführt, 1. c. 209—210) sind leider auch in den neueren 
Teilen zu finden. Dagegen ist aber das ganze Werk wirklich monumental und unentbehrlich. 
Für Ungarn und seine Nachbarländer sind unter den neuen Lieferungen besonders jene von 
großer Bedeutung, die gewisse Klassen und Gesellschaften der Ruderalpflanzen (A r te m is ie te a , 
O n o p o r d e te a , P la n ta g in e e te a ), die Gebüsche ( R h a m n o - P r u n e te a  zu weit gefasst, die Karstbusch­
wälder: O r n o -C o tin e ta lia  gehören bestimmt nicht dazu), die Weichholzauen (S a l ic e te a ) und 
die Moorwälder (A ln e te a ) behandeln. Oft wurden manche, von ungarischen Autoren beschrie­
benen Einheiten fremden Verfassern zuerkannt, (z. B. G ly c y r r h iz e tu m  e c h in a ta e l) . Vollständiger 
Unsinn ist es, einen Teil unserer Sumpf- ( » A g r o s t io n  a lb a e«) und Salzwiesen (»J u n c i o n  g e r a r d i i , 
B e c k m a n n i o n «) in die nitrophilen Ruderalgesellschaften der P la n ta g in e te a  einzureihen. T Ü x e n  
hat vollständig Recht, wenn er (als Erwiderung der Kritiken) im Vorwort der 25. Lieferung 
schreibt: Demnoch glauben wir, daß das Ganze eine nützliche Grundlage für alle Bearbeiter 
der angeführten Gesellschaften bildet.

Die neueren Lieferungen (1973 —1976): 19. I s o e to - N a n o ju n c e te a , 20. N a r d o -C a l lu n e te a , 
21. A r te m is ie te a  v u lg a r is , 22. O n o p o rd e tea  a c a n th i i , 23. R h a m n o - P r u n e te a , 24. T r i fo l io -G e r a n ie te a ,  
25. S a lic e te a  p u r p u r e a e , 26. A ln e te a  g lu t in o s a e , 27. P o ly g o n o -P o e te a  a n n u a e , 28. P la n ta g in e te a  
m io r i s ,  A g ro p y r e te a .

R. Soó

J á v o r k a , S., Cs a p o d y , V.: Iconographia florae partis austro-orientalis Európáé centralis 
(Iconography of the flora from the South-eastern part of Central Europe); 40 coloured plates 
and 576 pages with 4090 drawings. Akadémiai Kiadó, Budapest 1975, $85.—

Akadémiai Kiadó has rendered botany a service of paramount importance when — ful­
filling a demand of many decades — it re-issued the magnificent work entitled Iconographia 
Florae Hungaricae by S. J á v o r k a  and V. C s a p o d y . The original volume was published in 
leaflets, between 1929 and 1934, as a joint publication of the Hungarian Natural Science Society
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and the “Studium” Publishing Согр. — The original edition can be considered as the illustrated 
volume of Sándor J á v o r k a ’s work of the Hungarian Flora (Flora Hungarica, 1924—1925). 
While the Iconographia was being published, Sándor J á v o r k a  (1883 — 1961) was section head, 
later the director, of the Botanical Department of the Hungarian National Museum. The 
large number of drawings and paintings are the work of Vera C s a p o d y , second to none in 
this artistic and botanical achievement, and she produced the drawn-to-life pictures under 
J á v o r k a ’s guidance. (Carefully selected exemplars deposited in the very rich herbarium of 
the Botanical Department of the Hungarian Natural History Museum were used as models 
for the drawings and paintings.) Most of the drawings depict plants in their natural size; re­
duction of the colour paintings is 2/3.

It was incumbent on the two co-workers of the new edition, dr Rezső Soó, academician, 
and dr Szaniszló P r i s z t e r , botany garden director, to carry out on the one hand the necessary 
alterations in nomenclature — arising during the more than four decades which elapsed since 
the first edition — and to provide taxonomical supplementations (this part was R. Soó’s 
contribution, who also wrote the foreword), and on the other hand to compile a glossary for 
the English-speaking reader, to arrange the indexes, and to give an explicative summary 
(this part was Sz. P r i s z t e r ’s contribution, also the editor of the new edition). All these are 
given on 73 pages at the beginning of the book. In connection with the taxonomical and nomen- 
clatural corrections, the invalid and the incorrect names (species and infraspecific taxa) 
are collected in a long list (24 pages), under the currently valid names. Since in the original 
Iconographia, which had at that time been issued for four and a half years, several new combi­
nations were published, the detection of the date of publication with respect to the various 
leaflets was most important; the collation of these bibliographical data was also Sz. P r i s z t e r ’s 
work. The voluminous trilingual (Hungarian-Latin-English) dictionary of the technical terms 
and the list of geographical names are of great practical use in the introductory part, which 
closes with a survey of the plant families and their index.

The illustrations of the new edition were taken from Vera C s a p o d y ’s original water­
colours and washdrawings (which survived World War II, and which were used in the first 
edition). On the plates of drawings, in comparison with the original, only small technical 
corrections have been carried out.

Although in the last three decades there were published several floral works containing 
plant illustrations from the neighbouring regions, no other atlases with a claim to completion 
with regard to the Pannonian, Illyric and Croatian-Mediterranean flora are avaibale even today 
than the Iconographia by J á v o r k a  and Cs a p o d y . This volume is therefore an important source 
work for both home and foreign botanists. Its practicability has been greatly increased by the 
modernization accomplished with respect to taxonomy and nomenclature.

Thanks are due to the Akadémiai Kiadó for this noble enterprise. The reputation of 
the Akadémiai Nyomda will be raised by both the technically and aesthetically perfect layout 
of this master work.

G. F e k e t e

S z a b ó , T. E. A.: Szerkezetek és rendszerek a növényvilágban (Structures and systems in the 
world of plants). “Kriterion” Könyvkiadó, Bucharest 1975, 203 pp. (5.25 lei)

This volume of pocket-book form, with 17 very illustrative drawings, 10 plates of various 
tables and with several surveys presenting certain interconnections, has been published as 
the recent issue of the series entitled “Korunk Könyvek” (Books of our Age), launched in 
Bucharest in 1972. The editors of the series, Adám D a n k a n it s , Gusztáv M o l n á r , T. E. Attila 
S z a b ó , and Tibor T ö r ő , started their work with the aim of achieving, book by book the promo­
tion of a continual deepening of the intercourse between man and science, the approach and 
understanding of new phenomena, notions and recognitions which arise at an ever-increasing 
tempo. In a like manner, they should facilitate the comprehension of the basically important 
interconnections; in addition the books should give evidence on the tasks confronting the views 
of the man of future, as well as on “the biological, social and economic conditions of the 
intellectual and physical development of man, and they should deal with the furnishing of 
information and of culture, and with the communal, moral and professional responsibility of 
scientific research.”

In the explanatory note on the backcover of the booklet, the author states that “it 
emphasizes the claim of establishing a unified botanical attitude which preserves the values 
of the past but also looks towards the future; in order to present the inter relationship between 
man and plant — which in certain cases have assumed vital importance in a strict sense of the 
word — the drawing of a parallel between traditional and new attitudes of systematization
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has been used as framework.” This indeed is apparent from the whole treatment of the subject. 
However, something else must also be emphasized which is not revealed even by the title 
of the book, but stressed in the introduction and given application in the following chapters 
in several places namely wherever it is possible “to make perceptible” the unity of structure 
and operation spanning over the organizational phases. In addition to the endeavour of reach­
ing a modern attitude and throwing light on the interconnections, the value of the work is 
undoubtedly increased by the fact that not only are there several theoretical examples but 
also practical data originating from recent years, which shedlight to a satisfactory extent on 
the interrelationships between man and plant and at the same time not only comply with the 
demand of the wider interest and curiosity of the reader hut also increases them.

The book is composed of an Introduction and of six chapters; within the chapters 
there are sections and sub-sections with decimal numbers of first and second orders. Each 
chapter is introduced with a motto taken over from various noted scholars.

Chapter 1 hears the title of M a n  a n d  P la n t  and after a historical retrospect and a chrono­
logical table supplementing it (embracing the period from the 5th millenary b.o.e. to 1969) 
there are treated, in a separate sub-section, the interrelations, regularities and developmental 
trends preavailing in the biosphere, and the researches into these as well as the practical 
applications of the research data.

Chapter 2, entitled S tr u c tu r e  a n d  O p e r a t io n , treats in a completely new conception: 
the so-called system-centred approach — independently of the idea and category classification 
of the classical, static systematization of formal character — the question of dynamic system­
atization, structure and operation, emphasis being given to the realization of metabolism, in­
formation supply and energy turnover. Within the sub-section entitled “The system of the 
cell” the hook deals with the molecular systems of the cell, and on an electron-microscopic 
level with the system of cell organs, while, on the other hand, within the sub-section “Cell 
systems, tissues, organs” , with the formation, form maintenance, nutrient uptake, assimilation 
and dissimilation as well as with secondary plant substances. The following sub-section has 
practical implications (for example, our natural springs, organic matter production of the phyto­
sphere, cultivated plants, controlled agricultural organic matter production).

Chapter 3, “ P r e s e r v a t io n  a n d  D e v e lo p m e n t” , consists of two sub-sections. One of them 
discusses information carriers (nucleic acids, genes, chromosomes) and information flow 
(changes in information, macro- and microevolution). The other sub-section discusses the 
practical aspects of the former, as the questions of cultivation gene-stock, gene-reserves and 
gene-bank.

Chapter 4 analyses the subject of “C l a s s i f i c a t i o n ' , mentioning the importance of per­
spectives in the method of electronic data processing. It also touches upon the historical changes 
and development in aims and methods, the successive solutions, the traditional species con­
cept, the expanding of the species concept, the modern interpretation of the plant individual, 
and finally on the role of systematization satisfying practical demands.

Chapter 5 discusses “ T h e  In te r r e la t io n s  o f  S p e c ie s ” and refers to the contact (for example 
parasitic) and transbiotic interrelations, to the allelopatic effects, and finally to the interrela­
tion-system manifesting itself increasingly more forcefully in the biosphere. In the remainder of 
the sub-sections we can read about interesting and original analyses, in the species, in the plant 
association, plant community and environment. The classification of plant associations, 
production, succession and practical aspects.

Chapter 6, “ O n  th e  a n a ly s is  o f  th e  s y s t e m ” , provides information in very clear wording 
on historical aspects, on the interpretation of the system theory, on the methods of system 
analysis, on the changes in status occuring in the system, on data processing, on the introduc­
tion of computer techniques, on its possibilities of their advantegous application, on program­
ming and finally on the practical implications. This well-constructed chapter, emphasizing 
essentials, convinces us — to quote the words of the author — that the main trend of develop­
ment in system analysis is indicated by the methods developed by the use of computers, 
methods which necessitate beyond the learning of a new method also the acquisition of a new 
way of thinking.

The chapters here reviewed are well supplemented with some appendix-like compila­
tions, as, for example, the index of names, of Latin plant names, of Hungarian plant names, 
the subject index, the list of figures and of tables, and of the 26 textbooks and special books 
published during the last 8 years, and finally, the easily surveyable table of contents.

We can recommend this up-to-date work, containing stimulating analyses, rich in 
theoretical and practical information, and of an attitude indicating development, to every 
botanist and to every other specialist interested in the subject, to young and old teachers 
of botany, and to university students.

S. S á r k á n y
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L ó r in  W . R o b e r t s : Cytodifferentiation in plants xylogenesis as a model system. Cambridge 
University Press, Cambridge —London — New York —Melbourne. 1976, 160 pp.

The author of this study presents a rewiev of the results achieved in tissue cultures, one 
of the most exciting fields of experimental biology today. Almost independently of the starting 
material, the most remarkable in plant tissue cultures is the formation of the xylem elements. 
The sub-title indicates this.

The study is not concerned with the systematically ordered investigations between 
tissue cultures (e.g. the biologically more or less determining systems) or species, but with 
the effects of the various hormones inducing growth and cytodifferentiation, or, for example, 
the effects and results of chemicals inhibiting the activities of these hormones, with the con­
nection between nutrients and environmental factors and so on.

Auxin, cytokinin, gibberellins, ethylene, adenesin 3 \5 ’-cyclic monophosphate are plant 
hormones applied most frequently as agents to induce growth and differentiation in the culture. 
The study reviews in detail the results obtained so far in either separate or collective or 
sequential application of these hormones. The author also contributed to this chapter as a 
research worker, with her own investigations.

One of the most interesting chapters treats the question of the various states of cell 
cycle, by dividing them into four stages — (i) before DNA synthesis, (ii) during DNA synthesis, 
(iii) before mythosis, (iv) during mythosis — and pays, among others, special attention to 
endopolyploidy.

According to the author, only relatively few experiments can be evaluated, owing 
to technical and interpretative difficulties from the viewpoint of the effects of environment 
on tissue cultures. Nevertheless, the existing results point out the regulating role, to diverse 
extents of the effects of water, water-pressure, temperature minimum and maximum, 0 2, 
C02, light, ozone, as well as that of electromagnetic and mechanical effects on the differentia­
tion of the several tissue elements or indeed on that of whole organs.

In Chapter 10, an epilogue according to the author, a summary of results unconnected 
with (or not only with) the differentiation of transporting elements is given.

The author gives the synthesis of his own opinion or of current problems in the form 
of questions or meditations occuring in the various chapters, thereby indicating, as it were, 
the experimental trends required.

The 600 items of literature considered by the author provide a picture up to 1974 of 
the most important results of the field in the English languages. As a result of the large number 
of the literary data, local repetitions occur and to a smaller extent also problems of construc­
tion arise in this book.

The material of drawings and photographs as well as the typographical lay-out are of 
high grade.

The book may be recommended for use in the fields of research and teaching.

J .  S z u j k ó - L a c z a

I. M. S z a b ó : Microbial communities in a forest-rendzina ecosystem, The pattern of microbial 
communities. Budapest, Akadémiai Kiadó 1974.

This still young branch of microbiology, soil microbiology, in Hungary, is represented 
by about eight hundred scientific works. In spite of the small number of soil microbiologists, the 
past eight decades have been an age when the “Soil microbiological school of Sopron” founded 
by D. F e h é r  had an international lead in this field. One of the members of this school is the 
author of this book.

The results and of course the conclusions of twelve years of research carried out and 
supervised by the author with the help of his coworkers Mrs M. S z a b ó  and I. B u t i  and other 
specialists of zoology, biochemistry, pedology, computer science are contained in this compre­
hensive book of 415 pages.

The original research data are discussed in the light of the international literature: 
560 references are quoted of which 10% were published by Hungarian scientists including the 
thirty-seven papers published by the author with his coworkers.

The results are demonstrated and well-illustrated with 58 tables and 91 excellent figures. 
There are seven chapters and the appendix: List of authentic cultures is included in the 
taxonomic investigations (about three hundred strains: actinomycètes and bacteria).

Chapter 1 .:  T h e  fo r e s t - r e n d z in a  e c o s y s te m . G en era l d e s c r ip t io n , 2 . M ic r o m o r p h o lo g ic a l  
a n d  m icro eco lo g ica l in v e s t ig a t io n  o f  th e  h u m u s  A )  h o r iz o n , 3. H y d r o th e r m ic  c o n d itio n s  a n d  m ic r o -
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b ia l  g r o w th , 4 . C o m p o s i t io n  a n d  p r o p e r t ie s  o f  th e  a c t in o m y c è te  f l o r a ,  5. T h e  ro le  o f  the  la r v a e  
o f  S t .  M a r k s  f l y  i n  s o i l  f o r m a t i o n  a n d  th e ir  i n f lu e n c e  o n  s o i l  m ic r o o r g a n is m s , 6 . S tu d ie s  o n  th e  
r h i z o p la n e  m ic r o flo r a  o f  b la c k  lo c u s t (R o b in ia  p s e u d o a c a c ia ) se e d lin g s , 7. T h e  p a t te r n  o f  m ic r o b ia l  
c o m m u n i t i e s .

This monograph may be characterized generally as a modern microbiological-ecological 
work with special new conceptions, the problems emerging are discussed precisely and from 
many aspects (as the titles of the chapters themselves indicate).

The detailed and multilateral investigations aimed at discovering the fundamental 
pattern of community organization is supported by a high-level taxonomic analysis, especially 
on the actinomycètes. The methods used are suitable for approaching those questions which 
the author aimed, to answer. The language and style are good, the text is concentrated but 
clearly understandable for those readers also who are less familiar with the English language.

Undoubtedly, it would have been better to collect this vast information synchronously, 
however, for this not only a team would have been needed hut a huge institute to work on it.

With respect to Hungarian soil microbiological research: this book certainly provides 
information for a better knowledge and understanding of the “natural” terrestrial ecosystems, 
on the life of the forest soils and soils at all. Moreover, with the general concludions it promotes 
the development of microecology. In addition, the achievements of one of the sections of the 
present soil microbiological research in Hungary are summarized.

It is hoped that this work will have the same success among scientists all over the world 
as that of the Master: (D. F e h é r : Untersuchungen über die Mikrobiologie des Waldbodens. 
Berlin, Springer Verlag, 1933) in its age.

This book could be recommended for soil microbiologists, microbiologists, specialists 
in taxonomy (actinomycètes), specialists primarily in the terrestrial ecosystems, but in any 
field of ecology, pedologists but also to those working in different fields of biology (e.g. botanists 
and zoologists) forestry and agricultural sciences both in research and teaching.

The Publishing House of the Academy of Sciences: Akadémiai Kiadó deserves special 
praise for this beautiful presentation.

M. K e c s k é s

R . K S. W o o d  and A . G r a n i t i  (editors): Specificity in Plant Diseases. Plenum Press, New York 
and London. 1976, 354 pp.

This book is volume 10 in the Series A: Life Sciences of the NATO Advanced Study 
Institute Series, and contains the papers presented on the interactions that determine the 
specificity characteristic of diseases of higher plants caused by fungi and bacteria. Virus 
diseases were not treated in this Symposium, which was held in Alghero (Sardinia), Italy, 
May 4 — 17, 1975. In addition to the plant pathological papers, R. C. H u g h e s  presented a 
lecture on animal membranes as recognition sites and H. F. L i n s k e n s  on specific interactions 
between higher plants. He also discussed the analogy between incompatibility and immunology 
and has shown analogies between the infection processes in plant diseases and the incompati­
bility reaction in the fertilization of higher plants.

This excellent volume contains presentations by world-renowned specialists in their 
fields with critical reviews and provocative conceptions. After each presentation a number 
of contributions are given but only in titles. A synopsis of contributions and discussions is 
given after each presentation by the chairman and discussion leader of the session.

Following the opening address by A. C i c c a r o n e , the phenomenon of specificity in 
plant disease was discussed by P. W. B r i a n  (Cambridge). H e a t h  investigated the stages 
during rust infection at which specificity may be determined. O u c h i  pointed out that host 
cells conditioned by pathogenic races or species are subsequently unable to recognize the 
incompatible or non-pathogenic mildews as foreign entities and permit successful infection. 
A. G r a n i t i  discussed tissue and organ specificity in plant diseases, emphasizing the lack of 
knowledge in this field.

J o h n s o n  lectured on the genetics of host—parasite interaction and the summary on the 
discussion was given by E l l i n g b o e . Peter D a y  discussed the gene functions in host—parasite 
systems from the point of view of the induced susceptibility hypothesis and the discussion 
comments and contributions were summarized by P e r s o n . Following the lecture by H u g h e s  
on animal cell surface membranes as recognition sites, four were concerned with the existence 
of recognition sites for infectious plants pathogens. A l b e r s h e i m ’s report on cell surfaces and 
the biochemistry of varietal specific pathogenesis was essentially the same as has been published 
in Ann. Rev. Plant Physiol. 26, 31 -52. 1975. His hypothesis on the inducers (elicitors) of 
phytoalexins stimulated much discussion. S c h e f f e r  stated in his summary that there were
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doubts that this hypothesis would lead to an understanding of host specificity in plant patho­
gens. In two papers C a l l o w  discussed the possible role of lectins in recognition and defence 
in plants. Evidently, more data are necessary to evaluate the role of both “elicitors” and lectins 
in specific host-parasite interactions. R u d o l p h  on the interaction between plants and bacteria 
pointed out that it has not been demonstrated with certainty whether a few dead plant cells 
are the cause of the resistant reaction or a secondary response. The paper of B u s h n e l l  on reacti­
ons of cytoplasm and organelles elaborated on the recent knowledge on papillae formations and on 
the role of haustoria in disease resistance. D a l y  was thought provoking with his induced 
susceptibility hypothesis as exemplified with rust disease. According to this, hormonal changes 
are causative factors in determining host-parasite specificity. He speculated on resistance 
that develops if a metabolic switch is not turned on, and suggested that hormones may trigger 
each switch in susceptible plants. Incompatibility may not involve an active, positive process 
or mechanism controlling the pathogen. There are situations where parasites simply do not 
have the proper environment for development. He attacked the hypotheses on the role of 
activation of protein biosynthesis, formation of antifungal compounds (toalexins) and 
hypersensitivity in disease resistance. T a n i ’s paper was of special interest. He concluded 
that senescence rather than juvenescence promotes rust uredospore formation in oat leaves. 
R o h r in g e r  on the involvement of nucleic acids in host-parasite specificity, considered that 
the compounds that determine the resistant reaction (in fact, the hypersensitive reaction 
with tissue necrosis) in wheat to stem rust is presumably RNA. This hypothesis was seriously 
debated by the session. D e v a y  summarized the data available on the protein specificity in 
plant disease development. The possible role of agglutinins (lectins), and common antigens 
(protein sharing) was stressed. W h e e l e r  summarized the new advances on phytotoxins 
and criticized the results from S t r o b e l ’s laboratory on the specificity of H . sa c ch a ri toxin. 
D a l y ’s comment was also critical but A l b e r s h e i m  and S t a p l e s  spoke in support of S t r o b e l ’s 
work that the toxin acts by binding to the protein in membranes of the susceptible host. 
It was unanimously accepted that, if S t r o b e l ’s evidence is confirmed, it will provide for 
the first time at the molecular level, a specific mechanism for virulence in the pathogen and 
a specific mechanism for susceptibility in the host.

The preformed resistance factors were discussed by S c h ö n b e c k  and four papers provided 
new information on the role of saponins, sterols and glucosidase enzymes. Kuc’s report on 
phytoalexins was amplified by several papers. His result on induced protection of cucumber 
leaves by prior inoculation with C. la g e n a r iu m  attracted much comment. This protection is 
systemic in nature and is not related to phytoalexin production. A lecture on the induction 
of host hypersensitive response was given by S i j p e s t e i j n , while on hypersensitive reaction 
caused by bacteria by S e q u e i r a . He stressed the protection (suppression) of the hypersensitive 
reaction, calling attention to the wound hormone hypothesis of R y a n . Wounding releases a 
hormone that induces the accumulation of proteinase inhibitors. Proteinases of pathogens 
would be inhibited which means that an immune response develops in the plant as a conse­
quence of injury.

The volume is concluded with a summary by W o o d  on “Specificity, an assessment”.
Professors W o o d  and G r a n i t i  did an excellent work in editing this book in the present 

form, which gives a balanced mixture of results, ideas, criticisms, speculations, provocative 
comments and occasionally perhaps even idiosyncrasy. This volume is highly recommended 
to all plant scientists in addition to plant pathologists.

Z. K i r á l y
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NOTICE: FIFTH SYMPOSIUM ON LIVING AND FOSSIL 
DIATOMS. ANTWERP. BELGIUM. SEPTEMBER 
4 8,1978

T his is th e  f irs t an n o u n cem en t fo r th e  Sym posium  on L iv ing  an d  F ossil 
D ia to m s to  be held  on September 4—8, 1978  a t  th e  Société R o y a le  de Zoologie 
D ’A n v e rs  in  A n tw erp , B elgium . S c ien tis ts  w orking on th e  ecology, b io s tra ­
t ig ra p h y  an d  tax o n o m y  o f L iv ing  an d  F ossil D iatom s a re  in v ite d  to  a t te n d  
th e  sy m posium  and  to  p re sen t p ap e rs  or d em o n stra te  th e ir  w ork. M arch 1. 
1978 dead lin e  for a b s tra c ts , J u n e  1, 1978 pub lica tio n  o f 2nd  C ircu lar to  
th o se  re sp o n d in g  to  th is  C ircu lar. F o r p re lim in ary  re g is tra tio n  and  su b m is­
sion o f t itle s  of c o n tr ib u te d  p ap ers  m ail to  D r. John A . B arron , U .S . Geol­
ogical Survey, 345 M iddlefie ld  R oad, M enlo  P ark, C alifornia  94025. U .S .A .
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РЕЗЮМЕ

ВЛИЯНИЕ ГЕРБИЦИДОВ НА ЧАСТОТУ СОРНЯКОВ В КУЛЬТУРНЫХ 
КОНСОЦИАЦИЯХ LUPINUS

Ф . Б О Р Б Е Й ,  И . Б О Р Б Е Й ,  Е . Э Л Е К , М . К Е Ч К Е Ш

Авторы исследовали влияние 108 контактных и системных препаратов гербицида, 
относящихся в 24 химические группы, на распространение сорняков в культурных кон- 
социациях в конце лета а также на число особей, фитомассу сорняков, на число особей 
L u p i n u s  a lb u s  и L u p i n u s  lu te u s  и на их биологическую продукцию (количество 
семян), главное место разведения люпинов в Венгрии Ниршег, на слабо кислых лесных 
почвах. Опыты проводились на небольших участках в 1971, 1972 и в 1973 году. На основа­
нии ранее полученных данных опрыскивание гербицидами происходило в дозе 3,5 кг/гек- 
тар. Влияние гербицидов на понижение фитомассы сорняков и повышение продукции 
видов люпина исследовали при помощи перечисленных параметров, а также отдельно оце­
нивали каждый из 108 препаратов. На опытном участке частоту доминантных видов сорня­
ков, в случае S e ta r ia  g la u c a  главным образом подавляли препараты, в которых находи­
лись производные карбомида, триазина, урацила а также комбинации гербицидов. S e ta r ia  
g la n c a  была резистентна, вернее толерантна к 74% гербицидов. В отличии от этого 
C h e n o p o d iu m  a lb u m  был сензитивен к 64% гербицидов. По анализу количества сорняков в 
конце лета больше одной трети изученных гербицидов [42] показали влияние на снижение 
числа особей, более 50%. Значительное число гербицидов снижало вес сорняков. Это 
означает, что вместе с измерением числа сорняков необходимо измерять их вес. На осно­
вании количества особей культурных растений и их продукции (вес семян) авторы опре­
делили, что из двух видов, которые принадлежат к одному и тому же семейству C h e n o p o d iu m  
a lb u m  был более чувствительным к гербицидам. Сравнивая некоторые химические 
группы с комбинациями, состоящими из двух гербицидов, оказалось, что они не оказывали 
более активного действия, но надо заметить, что из 108 препаратов только 16 были ком­
бинационными.

В то же время, оценивая по отдельности препараты, оказалось, что среди комбина­
ций и гербицидов, содержащих один действующий агент, с точки зрения уничтожения 
сорняков более перспективным кажется Linuron 50 для обоих видов L u p i n u s  а для L .  
a lh " s  Camparol 1803.

НОВЫЕ РАСТЕНИЯ НА КУБЕ V.
А . Б О Р Х И Д И , О. М Ю Н И З

Данная статья является продолжением серии статей New Plants in Cuba I —IY b 
которых содержится описание 44 новых таксонов, а также ревизии некоторых полиморф­
ных, вернее критических видов. Новые таксоны следующие: O rc h id a c e a e :  E p id e n d r u m ;  
P ip e r a c e a e :  P ip e r  (1 вид); P o ly g o n a c e a e : C occo loba  (1 вид, 1 разновидность); M im o s a c e a e : 
P ith e c e l lo b iu m  (1 подвид); C a e s a lp in ia c e a e : C a s s ia  (2 вида), C a e s a lp in ia  (1 подвид); F a b a -  
c e a e :  B r y a  (1 вид); E r y th r o x y la c e a e : E r y th r o x y lo n  (4 вида); R u ta c e a e :  R a v e n ia  (l вид); 
E u p h o r b ia c e a e : A c id o c r o lo n  (1 вид), M o a c r o to n  (1 разновидность), B o n a n ia  (2  вида); B u x -  
a c e a e :  B u x u s  (2 вида); A q u ifo l ia c e a e : I l e x  (1 вид); C e la s tra c e a e : C r o s s o p e ta lu m  (1 вид); 
S a p in d a c e a e : T h o u in ia  (2 вида); R h a m n a c e a e : R h a m n id iu m  (1 вид), K a r w i n s k i a  (1 вид); 
C lu s ia c e a e :  R h e e d ia  (2 вида, 1 разновидность); F la c o u r tia c e a e  : S a m y d a  (2 вида); T h y m e -  
le a c e a e :  D a p h n o s is  (1 разновидность); S y m p lo c a c e a e : S y m p lo c o s  (1 вид); B o r r a g in a c e a e : 
C o r d ia  (2 вида); V e rb e n a c e a e :  C a llic a r p a  (2  вида), V ite x  (3  вида); S o la n a c e a e :  C e s tr u m  (1 вид, 
1 разновидность); G e s n e r ia c e a e : G e s n e r ia  ( 2  вида). Была приготовлена таксономическая 
ревизия Следующих видов: Coccoloba c o r ia c e a , P ith e c e llo b iu m  a s p le n i fo l iu m ,  C a e s a lp in ia  
b a h a m e n s is ,  R h e e d ia  f r u t i c o s a  s. 1. и R h e e d ia  r u s c i fo l ia  а также КЛЮЧ ДЛЯ Определения 
кубинских ВИДОВ R h e e d ia .



ПРИМЕНЕНИЕ АНАЛИЗА NICHE ДЛЯ НЕКОТОРЫХ ВИДОВ 
ПЕСЧАННОСТЕПНЫХ АССОЦИАЦИЙ I.

Сравнение различных индексов 

Г. Ф Э КЭ ТЭ , И . П Р Е Ч Е Н Ь И , Э. М О Л Ь Н А Р , Э. М Е Л К О

В серии статей авторы дают анализ реляции — n ic h e  для доминантнообундантных 
видов песчанно-степных ассоциаций. В первой статье, измеряя в димензии n ic h e  (влаж­
ность почвы, максимальная глубина корневой массы, в дальнейшем: глубина корней), 
определили параметры ширины- n ic h e :  на основе формулы S h a n n o n  в ы ч и с л и л и  равно­
мерность (H i ) ,  индекс Co l w e l l  — F u t u y m a  (1971) на основании формулы S h a n n o n  (С i ;  w ) , 
два индекса P ie l o u  (1972) на общую (А.,/6) и весовую ширину (и,/Л,6), индекс L e v in s  
(1968) B j.  Индекс o v e r la p :  H o r n  (1966) R ft!; W h i t t a k e r — F a i r b a n k s  (1958), L e v in s  
(1968) afti, или компетиционный коэффициент, расстояние по эуклиду ( O r l o c i  1967), 
и в конце значение D . Методом C o l w e l l — F u t u y m a  трансформировали расчеты других 
индексов калькулированными весами и основными данными.

В обоих димензиях L e v i n s  В , лучше всего оценивались другие индексы (судя ПО' 
оценке рангкорреляции). На различную природу индексов указывает то, что во многих 
случаях соответствие показывают не различные весовые индексы, как например весовой 
индекс не с весовой формулой. Весовой индекс P i e l o u  как и ожидалось был чувстви­
телен к релативной частоте вида, а индекс C o l w e l l — F u t u y m a  был чувствителен 
к релативной частоте вида, и индекс C o l w e l l — F u t u y m a  был чувствителен к кате­
гориям. Индекс H o r n  R hi во многих случаях давал большие значения, чем индекс 
(.)„•. В случае влажности почвы общее значение у F e s tu c a  v a g in a ta  было самое высокое, а у 
F u m a n a  p r o c u m b e n s  —  низкое. В случае глубины корня у T h y m u s  общее значение o v e r la p  
было самое высокое, а у F u m a n a  самое низкое. По комбинированным категориям ширина 
n ic h e ,  подсчитанная из c o m m u n i t y  m a t r i x ,  похожа на ситуацию глубины корней при с о т  
m u n i t y  и s p e c ie s  e f fe c t .

НОВЫЙ ВОДНЫЙ ГИФОМИЦЕТ ВЕНГРИИ 
CLAVATOSPORA FLAGELLATA SP. NOVA

Я . Г Е Н Ц Е Л Ь

Вид C la va to sp o ra  f l a g e l l a t a  sp. n o v a  был описан по погруженным в воду ГНИЮЩИМ 
листьям. Описывается и иллюстрируется развитие вида на природном субстрате, его 
сезонная фреквенция а также распространение гриба.

О ТОЛСТОИГОЛЧАТЫХ ВИДАХ РОДА MICRACTINIUM

Т. Х О Р Т О Б А Д Ь И

В Будапештской части Дуная в 1971 — 1973 годах наблюдали виды M ic r a c t in iu m  
с необычайно толстыми иголками. В 1973 году автор уже опубликовал данные о зеленой 
водоросли M ic r a c t in iu m  c r a s s is e tu m  H o r to b .  Новейшие наблюдения дополняют эти 
данные. Диаметр клеток 5,5—9; у полостных, твердых с плотными стенками иголок длина 
равнялась 24,7—60, а ширина у основания 1,7—2,8. Второй вид, похожий по своему строе- 
ни, M ic r a c t in iu m  s tr ig o n ie n s e  H o r to b .  Этот вид отличается от первого единственной тол­
стой стенкой клетки, широкой иголкой, а также наличием двух коротких тонкостенных 
иголок. Диаметр клетки 5—5,5; размеры длинных иголок 30—33, а более коротких 16—19. 
В основании ширина у первых 1,6—1,8, аувторых 0,3—0,4. Это объединяет в себе свойства 
видов М . p u s i l l u m  F r e s e n  и М .  c r a s s is e tu m  H o r to b .  В клетках третьего вида M ic r a c t in iu m  
co n o co cco id e s  образовалась только одна толстостенная иголка с широким основанием. 
Диаметр клетки 6—7. Длина иголки 47—51, а в основании ширина равна 2,5—3. Клетки 
некоторых видов не располагаются в одной плоскости, они скучены, иголки направлены в 
разные стороны.



ИЗМЕНЕНИЯ ЭНЗИМА ПЕРОКСИДАЗЫ И ЕГО ГИДРОКСИЛЬНОЙ СПОСОБНОСТИ
В ПРОРОСТКАХ ФАСОЛИ ПОД ВЛИЯНИЕМ АКТИНОМИЦИНА Д И 

ХЛОРАМФЕНИКОЛА

М . Х О Р В А Т , И . Н Е М Ч О К

За последнее время изучение механизма действия пероксидазы а также ее роли в 
гидроксильных процессах выступило на первое место. Стало актуальным исследовать в 
процессе синтеза белков на различных этапах химические соединения, пригодные для 
полного подавления а также и для формирования пероксидазы и ее гидроксильной спо­
собности.

Из опытов можно определить, что использованные авторами подавляющие вещества 
(актиномицин Д и хлорамфеникол) можно использовать для торможения активности 
пероксидазы и ее гидроксильной способности.

ФОРМЫ РОСТА ПОЧВЕННЫХ ВОДОРОСЛЕЙ В ВЕНГЕРСКИХ ЛЕСНЫХ И 
СТЕПНЫХ ЭКОСИСТЕМАХ, ПРИНИМАЯ ВО ВНИМАНИЕ ФИЗИЧЕСКИЕ 

СВОЙСТВА ТИПОВ ПОЧВЫ

Ж . п .  К О М А Р О М И

На основании изучения большого количества образцов почв автор определила, что 
венгерские лесные почвы похожи на другие среднеевропейские леса типа C h lo r o p h y ta ,  
а степные — на почвы типа C y a n o p h y ta . В настоящей статье автор пытается привести 
в порядок формы роста почвенных водорослей на основании концепции R a u n k i a e h , 
принимая во внимание физические свойства типа почд. Автор определила 6 форм роста, 
которые можно зачислить в следующие группы: d is p e r s a l  (1), s tr a to s u s  (2), M ic r o c o le u s  (3,1), 
r a m o s u s  (3,2), N o s to c  или «s t ic k in g » (4), а также g lu t in o s u s  или D ia to m a  (5). Для рыхлых 
лесных почв характерна d is p e r s a l , а для плотных почв форма s tr a to su s , для степных 
экосистем подзольные, солончаковые корковые формы (3.1 и 3.2). Форма роста g lu t in o s u s  
чаще всего наблюдается в постоянно влажных местах. Синузимы почвенных водорослей 
в лесных и степных экосистемах можно хорошо характеризовать формами роста.

ИССЛЕДОВАНИЕ ФОТОСИНТЕЗА VAUCHERIA DICHOTOMA AGH И 
БЕНТОНИЧЕСКОЙ ЭФФЕКТИВНОСТИ ХЛОРОФИЛЛА В ОЗЕРЕ ВЕЛЕНЦЕИ

Д . Л А К А Т О Ш

При обьяснении состояния эвтрофизации вод наряду с опознаванием концентрации 
хлорофилла ориентировочные параметры облегчают и помогают уточнить роль планктон­
ных и бентических растений в водной экосистеме.

Для открытия свойств бентического хлорофилла были проведены фотосинтети- 
ческие исследования с основной бентонической растительностью озера Веленцеи.

В процессе работы среди методов измерения фотосинтеза авторы применяли метод 
d a r k  a n d  l ig h t bo ttle  C измерением 0 2.

На основании опытов, проведенных летом 1973 года, были определены параметры 
продуктивности дёрна, V a u c h e r ia  d ic h o to m a .

Р0, =  1,76 mg О, Dm g -1 h “ 1 
Pc =  0.56 mg C Dm g-1 h -1

Ежедневная оценка продукции =  3,29 g C m -2 d-1
Для ассимиляции бентического хлорофилла авторы получили оценку 0,24, фактор актив­
ности был равен 0,01.

Можно определить, что для бентонической эвтрофизации характерно определенное 
количество биомассы растительности, находящейся в постоянных условиях, и в связи с 
этим большое количество хлорофилла, а также низкая продуктивность, низкое число ас­
симиляции и фактор низкой фотосинтетической активности.



ЗАГРЯЗНЕНИЕ ВОЗДУХА В ДУБОВОЙ ЭКОСИСТЕМЕ И СОДЕРЖАНИЕ 3,4- 
БЕНЗПИРЕНА В НАХОДЯЩИХСЯ НА ЭТОЙ ПЛОЩАДИ РАСТИТЕЛЬНЫХ И

ПОЧВЕННЫХ ОБРАЗЦАХ
Ф . М Е Д В Е

В статье находятся данные исследования загрязнения воздуха в одной из экосистем, 
на протяжении 3-х лет. Автор измерял количество осажденной пыли, летящей пыли, серы, 
сернистого газа, окиси азота а также исследовал содержание природного 3,4-бензпирена в 
растительных и почвенных образцах. Результаты можно считать данными природного 
фона.

НУМЕРИКО-ТАКСОНОМИЧЕСКИЕ ИЗУЧЕНИЯ IRIS Р UMILA L. ПРИ ПОМОЩИ
АНАЛИЗА CLUSTER

Э. М Е Л К О

Автор в первую очередь сообщает об аггломеративном анализе c lu s te r  по Орлоци, 
затем применяет его для географической или таксономической группировки I r i s  
p u m i l a  L. и в  конце оценивает результаты.

Исследуемый материал состоит из гербарных растений, собранных из 35 мест 
(+  1 украинское) Карпатского бассейна. Основу опытов составляет измерение 14 абсо­
лютных размеров, проведенных на листьях и трубке венчика, вернее 12 отношений, кото­
рые образовались из абсолютных размеров.

Применяя аггломеративный анализ c lu s te r  по Орлоци, автор провела 4 анализа. 
Результаты показывают, что хотя в случае каждого анализа автор получила хорошо 
ограниченные c lu s te r , некоторые c lu s te r  не гомогенны ни по географическим условиям, 
(место нахождения, основная среда, уровень моря), ни по традиционным внутри­
видовым таксономическим группировкам. На основе размеров вегетативных частей, вернее 
на основе полученных соотношений, I r i s  p u m i l a  L. на изученных местах (Карпатский 
бассейн), как в географическом, так и в таксономическом аспекте нельзя подразделить 
на гомогенные группы. Опыты показывают, что анализ c lu s te r  можно применять в 
систематике. С помощью этого анализа на основе характерных признаков возможно груп­
пировать виды, вернее можно указать на то, что c lu s te r , которые считали до сих пор едины­
ми, в действительности едины ли.

СРАВНИТЕЛЬНЫЕ ИЗУЧЕНИЯ НЕСКОЛЬКИХ ФУНКЦИЙ РАЗНООБРАЗИЯ НА 
ПЕСЧАНЫХ ДЁРНАХ ПРИ ВЗЯТИИ РАЗЛИЧНЫХ ОБРАЗЦОВ

Я . Н О С Е К

Автор в виде вступления сообщает о пробелах в проводившихся до сих пор опытах, 
и на основе разнообразия теории множества дает определение понятия (Юхас—Надь, 
1973) измерения. Автор делает обзор описанных в литературе индексов и функций разно­
образия и эквитабильности.

Опыты проводились на песчано-степном дёрне (F e s tu c e tu m  v a g in a ta e  d a n u b ia le )  Венг­
рии на границе Вацратота. Были исследованы 6 функций разнообразия (S i m p s o n , G i n i , 
P I E  M c I n t o s h , корригированная основной множественностью числа видов функция 
S h a n n o n - W e a v e r ) а также функция эквитабильности (D  — D l min ) D lmax — D l min )

В опытах имелись два условия взятия образцов:
а) Умножение площади взятия образцов по двум степеням с 100 см2 до 3 200 см2.
б) Изменение формы образца. Растяжение квадрата в форму кирпича. Ни функции 

S i m p s o n — M c I n t o s h  и  PIE, ни увеличение площади и изменение формы не показали систе­
матической связи. С увеличением места функции G i n i  и  S h a n n o n  логарифмически измени­
лись. При каждой величине площади недооценивалась величина основной множест­
венности и разнообразия.

С изменением формы до 1600 см2 оба показали все более сниженную связь. Функция 
S h a n n o n - W e a v e r , корригированная множественностью числа видов, по гиперболическому 
соотношению изменилась с изменением площади. До 400 см2 переоценивалось разнообра­
зие основного множества, ас  1600 см2 оно недооценивалось. Изменение формы до 800 см2 
показало пониженную связь.



Величины эквитабильности изменялись с увеличением плошади у различных форм 
не по одинаковым типам. Изменение формы не показало систематическую связь. В боль­
шинстве случаев была переоценена величина множественной эквитабильности.

Наилучшую оценку разнообразия множественности автор определил на площади 
1600 см2, имеющей форму узкого кирпича (отношение сторон 1 : 32) при помощи корригиро­
ванной функции S h a n n o n - W e a v e r .

RHODOBRYUM ONTARIENSE (KINDB.) KINDB. В СРЕДНЕЙ ЕВРОПЕ

Ш. О Р Б А Н , Т. П О Ч

Авторы указали на распространение вида R h o d o b r y u m  o n ta r ie n s e  (Kindb.) Kindb. в 
восьми странах средней Европы. Каждый из них находится в зоне лиственного леса, а 
также в степной лесовой зоне. Вид R .  r o s e u m  на этой территории распространен все более 
и более редко, a R .  o n ta r ie n s e  более часто встречается на известковых почвах, в особен­
ности в Карпатском бассейне.

ЭЛЕКТРОННОМИКРОСКОПИЧЕСКОЕ ИССЛЕДОВАНИЕ ОДНИХ И ТЕХ ЖЕ 
ПЫЛЬЦЕВЫХ ЗЕРЕН ПРИ ПОМОЩИ СЭМ, ТЭМ и СМ

И. Р О У Л Е Й , М. Я РА И -К О М Л О Д И

Авторы исследовали субмикроскопическое строение видев L i n u m  при помощи 
светового микроскопа (СМ), электронного микроскопа сканнинг (СЭМ) и трансмиссионного 
электронного микроскопа (ТЭМ).

Для сравнения полученных данных необходимо обрабатывать материал одним и 
тем же способом, т. е. те же самые пыльцевые зерна возможно исследовать выше назван­
ными микроскопами. В палинологии до сих пор это методически было невозможно. Для 
того чтобы собрать вместе различные подготовительные методы, нужно было выработать 
новый метод.

В этой статье авторы дают отчет об этом методе и о полученных результатах.

АКТУАЛЬНАЯ ПОТРЕБНОСТЬ В ПЛОЩАДИ И ЕЁ ВАРИАБИЛЬНОСТЬ В 
ПРОЦЕССЕ РАЗВИТИЯ ВИДА PIMPINELLA ANISUM L.

Ю . СУ Й КО -ЛА ЦА

Автор в этой статье продолжает квантитативный морфологический анализ аниса, 
отыскивает и измеряет такие точки, на основании которых можно высчитать плошадь, заня­
тую одной особью в данной стадии развития и внутри фенофазы. Поскольку эта площадь 
связана со стадией онтогенеза, она получила название актуальной потребности в плошади 
(АПП). В исследованной популяции была замечена вариабильность в уровне развития и 
потребности в территории. Максимум АПП можно было измерять в более развитом (р,) и 
слабо развитом (]>.,) образце в одной и той же стадии развития и фенофазе, однако в абсолют­
ной оценке, а также в архитектуре была значительная разница между р, и р 2.

Эквифинитивность Недлера (Ошват 1964) между р, и  р„ не наступила даже во время 
полного созревания семян.

Ухудшение окружающих условий (высокая темература и большая интенсивность 
света) оказало более вредное влияние на р2, чем на р , .

По расчетам оказалось, что одной из причин развития и вариабильности АПП явля­
ется сигнификантное различие в весе между семенами, которые развились из побочного 
соцветия и из главного стебля. Во время прорастания, в стадии гетеротрофного питания, 
особи с небольшим весом семян, происходящие с побочных зонтиков, развиваются с таким 
ущербом, который проявляется в внутривидовой компетиции в развитии а также на уровне 
АПП, и это возможно измерять (Куроива 1960).
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	1976 / 1-2. szám�����������������������
	BIZOT, M. - DURY, M. N. - PÓCS TAMÁS: East African Bryophytes, II.: Collections made by L. Ryvarden in Malawi, SE Africa�������������������������������������������������������������������������������������������������������������������������������
	DÉVAY MÁRTA - PÁLDY E. - KOVÁCS I.: Thermolabile and thermostable interphases in the vernalization of winter wheat (Triticum aestivum var. Bánkúti 1201)���������������������������������������������������������������������������������������������������������������������������������������������������������������
	DÉZSI LÁSZLÓ - SIMON TIBOR: Investigation of the K-, Ca-, P-, N-, and amino acid content of the epiphytic Hypnum cupressiforme�������������������������������������������������������������������������������������������������������������������������������������
	MÉSZÁROSNÉ DRASKOVITS RÓZSA - FEKETE GÁBOR: Chlorophyll concentration and its ecological significance in some species in beechwoods������������������������������������������������������������������������������������������������������������������������������������������
	ENDRÉDI LAJOS - HORVÁTH IMRE: Organic matter production and photosynthetic energy utilization of a plant association in loess grassland����������������������������������������������������������������������������������������������������������������������������������������������
	GÖNCZÖL JÁNOS: Ecological observations on the aquatic Hyphomycetes of Hungary. II.: Observations on biotopes of aquatic Hyphomycetes in SW Hungary���������������������������������������������������������������������������������������������������������������������������������������������������������
	JUHÁSZ-NAGY PÁL: Spatial dependence of plant populations. Part I.: Equivalence analysis. (An outline for a new model)����������������������������������������������������������������������������������������������������������������������������
	KÁRÁSZ IMRE: Shrub layer phytomass investigations in the Quercus petraea-Qu. cerris ecosystem of the Síkfőkút research area����������������������������������������������������������������������������������������������������������������������������������
	KOVÁCS MARGIT: Die Bedeutung der Balaton-Uferzone für den Umweltschutz am See������������������������������������������������������������������������������������
	KOVÁTS DEZSŐ: Phleum studies I. Data on the taxonomy and morphology of Phleum bertolonii Dc. and Phleum pratense L.��������������������������������������������������������������������������������������������������������������������������
	MÉSZÁROS Z.: The Melocactus species of Cuba��������������������������������������������������
	PÉTERFI ISTVÁN - NAGY-TÓTH FERENC - BARNA A.: Some results of the researches of Cluj concerning the nutrition of algae�����������������������������������������������������������������������������������������������������������������������������
	PÓCS TAMÁS: Bioclimatic studies in the Uluguru Montains (Tanzania, East Africa) II. Correlations between orography, climate and vegetation�������������������������������������������������������������������������������������������������������������������������������������������������
	PRÉCSÉNYI ISTVÁN - CZIMBER GYULA - CSALA G. - SZŐCS ZOLTÁN - MOLNÁR EDIT - MELKÓ ERIKA: Studies on the growth analysis of maize hybrids (OSSK-218 and DKXL-342)����������������������������������������������������������������������������������������������������������������������������������������������������������������������
	PRISZTER SZANISZLÓ: Über einige Pflanzen des Westlichen Tienschan. II.�����������������������������������������������������������������������������
	TERPÓ ANDRÁS: The carpological examination of wild-growing vine species of Hungary. I.���������������������������������������������������������������������������������������������
	WASSER, S. P. - GARIBOVA, L. V. - MOKEEVA, V. L.: Morphometry of spores and substantiation of a new system in the genus Agaricus Fr. emend Karst.��������������������������������������������������������������������������������������������������������������������������������������������������������
	RECENSIONES������������������
	PRÉCSÉNYI ISTVÁN: Ecological studies in Japanese grasslands with special reference to the IBP area. Productivity of terrestrial communities. JIBP Synthesis. Vol. 13. Edited by M. Numata. Univ. of Tokyo Press, 1975.�����������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
	LÁNG EDIT: Resursi biosferi (Itogi sovjetskih issledovannij po Mezhdunarodnoj Biologicheskoj Programme) Bil 1, 1975. 286 st. Izdatelstvo Nauka, Leningrad. (Resources of the biosphere. Synthesis of the soviet studies for the International Biological Progra����������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
	LÁNG EDIT: V. F. Shamurin, V. D. Alexandrova, B. A. Tikhomirov: Primary production of tundra communities���������������������������������������������������������������������������������������������������������������
	LÁNG EDIT: P. L. Gorchakovsky, N. J. Andreyashkina: Studies on primary production of communities at the station "Harp" (forest-tundra)���������������������������������������������������������������������������������������������������������������������������������������������
	LÁNG EDIT: G. B. Gortinsky, A. A. Molchanov, M. A. Abrashko, A. D. Vakurov, I. I. Gusev, I. V. Zaboeva, Yu. N. Neshataev, V. V. Smirnov, A. I. Utkin: Productivity of forests in the European part of the USSR���������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
	LÁNG EDIT: L. K. Pozdnyakov: Productivity of forests in Siberia����������������������������������������������������������������������
	LÁNG EDIT: N. I. Bazilevich (ed.): Productivity of steppe, meadow and swamp biogeocoenoses of the forest steppe����������������������������������������������������������������������������������������������������������������������
	LÁNG EDIT: N. P. Guricheva, O. M. Demina, G. J. kozlova, L. I. Nomokonov, K. D. Stepanova: Productivity of meadow communities������������������������������������������������������������������������������������������������������������������������������������
	LÁNG EDIT: L. E. Rodin (ed.): Productivity of desert communities�����������������������������������������������������������������������
	LÁNG EDIT: K. A. Malinovsky (ed.): Productivity of mountains communities in the USSR�������������������������������������������������������������������������������������������
	LÁNG EDIT: L. N. Dobrinsky: Optimum density and optimum structure of animal populations����������������������������������������������������������������������������������������������
	LÁNG EDIT: M. S. Ghilarov, Yu. I. Chernov: Soil invertebrates in communities of the temperate zone���������������������������������������������������������������������������������������������������������
	LÁNG EDIT: T. V. Aristovskaya: Numbers, biomass and productivity of soil bacteria����������������������������������������������������������������������������������������
	LÁNG EDIT: E. N. Mishustin, T. A. Kalininskaya, N. M. Shemakhanova: Assimilation of molecular nitrogen by free-living and symbiotic microorganisms���������������������������������������������������������������������������������������������������������������������������������������������������������
	BOHUS GÁBOR: Darimont, F.: Recherches mycosociologiques dans les forets de Haute Belgique I-II. Institut Royal des Sciences Naturelles de Belgique. Mémoire No.170. 1973. pp.220, with coloured map, 34 colour plates and 30 tables������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
	PRISZTER SZANISZLÓ: C. L. Hitchcock - A. Cronquist: Flora of the Pacific Northwest. An illustrated Manual. Univ. Washington Press, Seatle-London, 1973. XIX, 730 pp.���������������������������������������������������������������������������������������������������������������������������������������������������������������������������
	ORBÁN SÁNDOR: S. Petrov: Opredelitel na mihovete v Blgarija. (Key to identification of bryophytes in Bulgaria). 1975. 536 pp., 124 plates. Izd. Akad. Nauk, Sofia������������������������������������������������������������������������������������������������������������������������������������������������������������������������
	ORBÁN SÁNDOR: D. K. Zerov, L. J. Partika: Mohopodibni Ukrainskih Karpat. (The mosses of the Ukrainian Carpathians). 1975. 230 pp., 13 maps. Naukova Dumka, Kiev����������������������������������������������������������������������������������������������������������������������������������������������������������������������
	HORTOBÁGYI TIBOR: Z. I. Asaul: Identification book of the Euglenophyta algae of the Ukrainian Soviet Socialistic Republic. Kiev, 1975. 408 p.����������������������������������������������������������������������������������������������������������������������������������������������������
	HORTOBÁGYI TIBOR: Pankow, H.: Algenflora der Ostsee. II.: Plankton (493 p., 880 figures, 26 tables with 175 photos. Jena, VEB Gustav Fischer, 1976. Cloth.)������������������������������������������������������������������������������������������������������������������������������������������������������������������
	MARÓTI MIHÁLY: Thomas, E. and Davey, M. R.: From single cells to plants. Wykeham Publications Ltd., London and Winchester. 1975. pp. 172, 73 illustrations�����������������������������������������������������������������������������������������������������������������������������������������������������������������
	FRENYÓ VILMOS: Wiessner, W.: Bioenergetik bei Pflanzen. (Bausteine der modern Physiologie). Jena, VEB Gustav Fischer, 1975.����������������������������������������������������������������������������������������������������������������������������������
	NAGYNÉ RAKOVÁN JÚLIA: Hope, A. B. and Walker, N. A.: The Physiology of Giant Algal Cells. Cambridge University Press, London-New York, 1975. (201 + XIII pages, 51 figures, 15 tables and 7 plates)����������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������


	1976 / 3-4. szám�����������������������
	BORBÉLY F. - BORBÉLY I. - ELEK E. - KECSKÉS MIHÁLY: Mass of weeds and the frequency of weed species affected by herbicides in a lupin culture-consociation�����������������������������������������������������������������������������������������������������������������������������������������������������������������
	BORHIDI ATTILA - MUNIZ, ONANEY: Plantas nuevas en Cuba V.����������������������������������������������������������������
	FEKETE GÁBOR - PRÉCSÉNYI ISTVÁN - MOLNÁR EDIT - MELKÓ ERIKA: Niche studies on some plant species of a grassland community. I.: Comparison of various measurements������������������������������������������������������������������������������������������������������������������������������������������������������������������������
	GÖNCZÖL JÁNOS: Clavatospora flagellata sp. nov. an aquatic Hyphomycete from Hungary������������������������������������������������������������������������������������������
	HORTOBÁGYI TIBOR: On the thick-spined species of Micractinium��������������������������������������������������������������������
	HORVÁTH M. MÁRIA - NEMCSÓK JÁNOS: Changes in the peroxidase enzyme and its ability to hydroxylate under the effect of actinomycin D and chloramphenicol in seedling bean plants��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
	P. KOMÁROMY ZSUZSA: Soil algal growth types as edaphic adaptation in Hungarian forest and grass steppe ecosystems������������������������������������������������������������������������������������������������������������������������
	LAKATOS GYULA: On the photosynthesis and chlorophyll efficiency in benthonic communities dominated by Vaucheria dichotoma Agh. in lake Velence (Hungary)���������������������������������������������������������������������������������������������������������������������������������������������������������������
	MEDVE F.: Air pollution of the ecosystem area on an oakwood  and the natural 3,4 benzo-pyrene content of the soil and plant samples in the ecosystem�����������������������������������������������������������������������������������������������������������������������������������������������������������
	MELKÓ ERIKA: Numerical taxonomic studies on Iris pumila L. by cluster analysis�������������������������������������������������������������������������������������
	NOSEK JÁNOS: Comparative analysis of some diversity functions under different conditions of sampling in sandy meadow���������������������������������������������������������������������������������������������������������������������������
	ORBÁN SÁNDOR - PÓCS TAMÁS: Rhodobryum ontariense (Kindb.) Kindb. in Central Europe�����������������������������������������������������������������������������������������
	ROWLEY, J. R. - JÁRAINÉ KOMLÓDI MAGDA: Observation of one pollen grain by SEM, TEM, and light microscopy���������������������������������������������������������������������������������������������������������������
	SZUJKÓNÉ LACZA JÚLIA: The current space demand and its variability during development of Pimpinella anisum L.��������������������������������������������������������������������������������������������������������������������
	RECENSIONES������������������
	SOÓ REZSŐ: A. Löve and D. Löve. Cytotaxonomical Atlas of the Arctic Flora. Vaduz, Cramer Verlag, 1975. 598 pp.���������������������������������������������������������������������������������������������������������������������
	SOÓ REZSŐ: Czerepanow, S. K.: Additamenta et corrigenda ad "Floram URSS" (tomi I-XXX). Leningrad, 1973. 668 pp.����������������������������������������������������������������������������������������������������������������������
	SOÓ REZSŐ: Tüxen, R. et collab.: Bibliographia Phytosociologica Syntaxonomica. Lief. 19-28. Verlag J. Cramer (Lehre, z. Z. Vaduz)����������������������������������������������������������������������������������������������������������������������������������������
	FEKETE GÁBOR: Jávorka S., Csapody V.: Iconographia florae partis austro-orientalis Europae centralis. 40 coloured plates and 576 pages with 4090 drawings. Akadémiai Kiadó, Budapest, 1975.��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
	SÁRKÁNY SÁNDOR: Szabó T. E. A.: Szerkezetek és rendszerek a növényvilágban. Kriterion Könyvkiadó, Bukarest, 1975. 203 pp.��������������������������������������������������������������������������������������������������������������������������������
	SZUJKÓNÉ LACZA JÚLIA: Lorin W. Roberts: Cytodifferentiation in plants xylogenesis as a modell system. Cambridge University Press, Cambridge-London-Melbourne, 1976. 160 pp.����������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
	KECSKÉS MIHÁLY: I. M. Szabó: Microbial communities in a forest-rendzina ecosystem. The pattern of microbial communities. Budapest, Akadémiai Kiadó, 1974.����������������������������������������������������������������������������������������������������������������������������������������������������������������
	KIRÁLY ZOLTÁN: R. K. S. Wood and A. Graniti (editors): Specificity in Plant Diseases. Plenum Press, New York and London, 1976. 354 pp.���������������������������������������������������������������������������������������������������������������������������������������������
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