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ULTRAVIOLET FLUORESCENCE MICROSCOPY 
OF STARCH GRAINS IN SHOOT TIPS 

OF UNTREATED AND MORPHACTIN-TREATED 
APPLE TREES

B y

T. B u b á n 1 and 0 .  Z e l l e r 2
1 RESEA RCH  STATION OF RESEARCH IN STITU TE FO R  H O R T IC U L TU R E, Ü JFEH ÉR T Ó , HUNGARY 

2 BOTANICAL IN STITU TE, U N IV ER SITY  STU TTG A RT-H OH EN H EIM , F E D E R A L  REPU BLIC OF G E R M A N Y

(Received March 18, 1974)

The presence o f starch grains w as proven in the cells o f the subapical, e lon gat
ing tissue of the growing shoot tips o f apple trees and in the basal part of the youn gest 
lea f primordia n ex t to the apex.

The distribution of the starch grains in the cells o f  tissues of the shoot tip  does 
not show any correlation with the vertica l or horizontal orientation of the shoots, 
nor w ith  the effect o f morphactin treatm ent elim inating the geotropic sen sitiv ity .

The specificity  o f the Alcian B lue  8G X  — periodic acid — Schiff reagent 
(A B -P A S) used for the test for starch is greatly enhanced by the application of u ltra 
v io let fluorescence microscopy.

Introduction

S hoots of apple tre e s  react v e ry  sen sitiv e ly  to  ex p erim en ta lly  in d u ced  
changes in  th e ir  o rie n ta tio n . Forcing th e  v e rtic a lly  grow ing shoots in to  a 
h o rizo n ta l position  changes grow th ra te  and  degree o f ram ifica tio n  and  flow er 
bud  fo rm a tio n . G ra v ity , of course, has a well know n  d irec t effect on ap ica l 
dom inance  and  on flo w er fo rm ation , s im ila rily  to  o th e r  f ru it  trees an d  w o o d y  
p la n ts  (see review  b y  J a n k i e w i c z , 1971).

S p ray in g  w ith  g ro w th  regu la to rs of th e  m o rp h a c tin  ty p e  in  a co n 
c e n tra tio n  of 100 p p m  or higher leads to  p a r t ia l  loss o f d irection  in  sh o o t 
g row th  ( B u b á n  e t ah , 1969a). Loss of g eo tro p ic  se n s itiv ity  of p lan t organs w as 
rep o rted  b y  K h an  (1967) and  also h y  K r e l l e  an d  L i b b e r t  (1968).

O u r p re sen t w o rk  in vestiga ted  th e  ex istence  if  an y , of re la tio n sh ip  
betw een  th e  geo trop ica l sensitiv ity  o f grow ing  shoo ts an d  the  p resence of 
s ta rch  g ra in s, or th e ir  possible role as s ta to l i th s , in  th e  tissue  of the  sh o o t tip s  
of M a lu s domestica.

Material and method

The m aterial (Jonathan  variety on M 4 rootstock) was obtained from an apple orchard 
of the In stitu te  of Pom ology at the University o f  H ohenheim . Tips from shoots growing in 
three different orientations were used:

1. shoots growing vertically  upwards (V),
2. shoots originally growing vertically b u t tied down horizontally (VH),
3. shoots growing horizontally (H).
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The VH tw igs were tied horizontally at the tim e of the treatm ent (4. 7. 1972). H alf  
of th e  shoots (experim ental shoots VM, VHM , HM) were treated with m orphactin ( =  chloro- 
flurenol, 30 ppm). The tw o young leaves next to the growing point were dipped for a few  
seconds into the m orphactin solution. The treated  young leaves had approxim ately ha lf of 
the surface area of fu lly  developed leaves. S ix shoots were treated identically  and constitu ted  
one experim ent.

Three days after the treatm ent, the shoot tips (2 cm long) were cut and brought into  
the laboratory. During transport, preparation and fixa tion , the cuttings were kept in their 
original position (vertical or horizontal). E thanol : form alin : picric acid 6 : 1 : 1.3 w as used  
for fixation . The 10 to 12 micron thick sections prepared after embedding in paraplast were 
sta ined  w ith Alcian B lue 8G X  — periodic acid —  Schiff reagent (A B -PA S), according to  
M o w r y  (1963). The sections were first stained w ith  a special Alcian Blue solution (1% Alcian  
B lue 8G X  in 3% glacial acetic acid, for 2 hours) before being oxidized w ith  periodic acid. 
T he Schiff reagent w as prepared according to the standard technique of Gra u m a n n  (1953), 
but w ith  trichloro acetic  acid (B loch  and Go d m a n , 1955). For the preparation of the sui- 
furous acid, N a2S .,0 5 was substitu ted  by N a H S 0 3 (cf. M o w ry , l.c.). Poststa in ing w ith Harris- 
haem atoxylin  and picric acid background sta in ing w as om itted.

For the UV fluorescence observations, th e  filter  combinations described by D ib o ll  
(1967) were used. The m icrophotographs for the UV  fluorescence observations were m ade 
w ith  K odak High Speed Ektachrom e film  and for v isible light with K odachrom e II T ype A.

The shoot tips used for the sections were about 3 to 4 mm long. Thus it  was possible 
to exam ine the apex, the youngest leaf prim ordia, as well as the subapical zone. The m icro
scopic observations were m ade under visible light or UV.

Results

On the  th ird  d a y  a fte r  th e  t r e a tm e n t ,  th e  tip s  of th e  co n tro l shoo ts 
w h ich  were tied  h o rizo n ta lly  (VH) cu rv ed  s lig h tly  upw ards. T he e x p e rim e n ta l 
sh o o ts  tied  dow n (VHM ) gave no u n ifo rm  re ac tio n : One tip  cu rv ed  s lig h tly  
u p w a rd , a second one v e rtica lly  u p w a rd , an d  th e  re st rem ain ed  in  th e  h o ri
z o n ta l o rien ta tio n . These resu lts  are in  ag reem en t w ith  th e  o b se rv a tio n s  o f 
B u b á n  e t al. (1969a) m en tio n ed  above, in d ic a tin g  th a t  th e re  ex is ts  no d e fin ite  
d ire c tio n  for sh o o t t ip  grow th . The tip s  a re  still capable of grow ing  b y  e lo n 
g a tio n , b u t lo st th e ir  sen s itiv ity  fo r g ra v ity .

B y th e  co m b in ed  use o f visible lig h t an d  UV m icroscopy, m ore d e ta iled  
in fo rm a tio n  on th e  cell co n ten t w as o b ta in e d . E x am in a tio n  w ith  v isib le  lig h t 
p ro v id es  d a ta  a b o u t the n a tu re  of th e  po lysaccharids b y  th e  R i t t e r  an d  
O l s o n  princip le (M o w r y , 1963). T he tw o  kn o w n  types of po ly sacch arid es  could  
be  iden tified  in  th e  subap ica l p ith  cells o f  app le  shoot tip s  (F ig . 1.). N e u tra l 
c a rb o h y d ra te s  rich  in vicinal h y d ro x y l g roups were p re se n t in  th e  s ta rc h  
g ra in s , as in d ic a te d  by  th e ir  red  color. C om plex ca rb o h y d ra tes  w ith  ac id  
g roups were s ta in e d  b lue and  fo u n d  in  th e  ind iv idual layers o f th e  cell w all 
w here  also n e u tra l  c a rb o h y d ra tes  can b e  lo ca ted .

The sec tions p ro v id ed  a su itab le  m a te ria l for a good su rv e y  in  v isib le  
l ig h t, since th e  sec tions of th e  cell e lem en ts  were d is tin c tly  s ta in ed  an d  w ere 
c lea rly  id en tified . H ow ever, th e  co lo ra tion  w as no t abso lu te ly  specific  because  
all o th e r  cell s tru c tu re s  co n ta in in g  c a rb o h y d ra te s  were also s ta in e d  (cf. D i b o l l , 
1967). This d ifficu lty  was overcom e b y  fluorescence m icroscopy. T he d is tr i
b u tio n  and lo ca lisa tio n  of the  s ta rc h  g ra in s  in  the  cells o f th e  d iffe ren t tissu es
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Fig. 1. Bright field m icroscopy. Approxim ately 550 : 1

Fig. 2. Blue-violet m icroscopy. Approxim ately 800 : 1

F igs. 1. and 2. Section of AB-periodic acid-Scliiff-colored
with starch grains

cells o f the subapical pithtissue
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w ere clearly  recogn ized  u n d e r u ltra v io le t lig h t (Fig. 2). T he s ta rc h  grains an d  
also  th e  cell w all fluoresced  red  w hile th e  cy top lasm  an d  nucleoli ap p eared  
yellow . The la t te r  seem s to  be th e  p r im a ry  fluorescence since th e  yellow  f lu o 
rescence ap p eared  also in  th e  u n s ta in e d  m a te ria l. A ccording to  D i b o l l , f lu o 
rescence does n o t change w h e th e r or n o tR N A is  e x tra c te d  from  th e  cells b y  
trich lo ro ace tic  ac id  ( D i b o l l , 1967, p . 102).

The h ig h est freq u en cy  of s ta rc h  g ra in s  w as found in  cells of th e  su bap ica l 
p i th  tissue , inc lud ing  th e  p e rip h era l p a r t  n e x t  to  the  p ro cam b iu m . Tn a sm alle r 
q u a n ti ty ,  s ta rc h  g ra in s  were alw ays fo u n d  in  cells o f th e  o u te r  p a r t  of th e  p ro 
cam b iu m  w here th e  s ta rc h  sh e a th  w ould  develop . Cells a t  th e  basis of y oung  lea f 
p rim o rd ia  co n ta in ed  less s ta rch . S ta rc h  g ra in s were com plete ly  ab sen t in  th e  
cells o f th e  ap ex  m eris tem  and  in  th e  ap ica l p a r t  o f young le a f  p rim ord ia .

The freq u en cy  an d  d is tr ib u tio n  o f  th e  s ta rch  grains in  th e  cells o f th e  
d iffe ren t tissues d id  n o t  v a ry  w ith  th e  tre a tm e n ts  applied  an d  w as th e  sam e as 
in  th e  contro l sh o o ts . In  some in s ta n c e s  th e  s ta rch  grains w ere assem bled  in  
th e  cells o f th e  t r e a te d  shoots (VM, H M , V H M ). H ow ever, no  su ffic ien t o b 
se rv a tio n s  w ere m ad e  to  allow  a g en e ra liza tio n  of th is  fin d ing .

Since th e  d is tr ib u tio n  of th e  s ta rc h  gra ins in th e  cells o f th e  shoot ap ex  
d id  n o t change su b se q u e n t to  th e  fo rc ing  o f th e  shoot in a d iffe ren t o rie n ta tio n , 
i t  appears th a t  th e  s ta rc h  does n o t a c t as a s ta to lith  in  th ese  tissues. I t  is 
c lea rly  seen in  F ig . 2 th a t  s ta rc h  g ra in s are  tig h tly  em b ed d ed  in th e  c y to 
p la sm  and  th a t  th e ir  d is tr ib u tio n  is d e te rm in ed  b y  th e  loca tio n  of c y to 
p lasm . This suggests  th a t  th e  c u rv a tu re  response of th e  su b ap ica l shoo t zone 
re su ltin g  from  th e  cell e longation  a t  th e  low er side of th e  shoo t is in d e p e n d 
e n t  from  the  lo ca tio n  of th e  s ta rc h  g ra in s in  these cells.c?

D iscussion

D islocation  o f s ta rc h  grains cau sed  b y  g rav ity  w as f irs t  observed  b y  
N a e g e l i  (1858). T he te rm  “ s ta to li th  s ta rc h ”  was in tro d u ced  b y  H a b e r l a n d t  
(1900) and  N ë m e c  (1901). This s ta rc h  is lo ca ted  in cells a t  th e  p e rcep tio n  site  
o f  th e  g ra v ita tio n a l s tim u lu s, such as th e  ro o t cap, th e  tip  o f th e  coleoptile , an d  
th e  s ta rc h  sh e a th  o f  stem s. Some c o rre la tio n  m ay  exist b e tw een  th e  loca liza tion  
o f  s ta to lith  s ta rc h  a n d  Golgi vesicles in  th e  cell (S i e v e r s , 1967). A geotropic  
ro o ts  do n o t c o n ta in  s ta to li th  s ta rc h  an d  i t  is no t h y d ro ly zed  in  s ta rv in g  
p la n ts  (G u t t e n b e r g , 1963). This stresses a special role of p la n ts  s ta rch  g ra in s. 
H ow ever, th e  fru itb o d ie s  of g eo tro p ica lly  sensitive fungi co n ta in  no s ta rc h , 
a n d  th is  o b se rv a tio n  often  ra ised  a rg u m e n t against th e  s ta to l i th  fu n c tio n  of 
th e  s ta rch  g ra ins. F u rth e rm o re , th e  fu n c tio n  o f calcium  o x a la te  c ry s ta ls  in  
T ritic u m  ( P r a n k h e r d , 1920) or o f m ito ch o n d ria  as s ta to li th s  (cf. W i l k i n s , 
1966) are occasionally  discussed.
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ULTRAVIOLET FLUORESCENCE MICROSCOPY OF STARCH GRAINS 5

I t  is n o t req u ired  here to  refer to  p ap ers  on th e  geo trop ica l b eh av io u r of 
roo ts, reg a rd in g  s ta to li th s  ( P il e t  e t ah, 1971; 1971a; S i e v e r s  and  V o l k m a n n , 
1972; G o l d s m it h  an d  R a y , 1973), geoelectric  th e o ry  ( H a g e r , 1971 and  rev iew  
by  W i l k i n s , 1966) a n d  o th e r fac to rs ( P i l e t  an d  N o u g a r e d e , 1970, Ca n d e  e t 
al. 1973). N ev erth e less , ive can  site m erely  few  p u b lica tio n s  on th e  geotrop ica l 
sen s itiv ity  o f th e  shoo ts of w oody p la n ts . B o r k o w s k a  e t  al. (1967), w ork ing  
w ith  P opu lus  and  M a lu s  (cv. W ealthy ), p ro v ed  th a t  th e  effect o f the  g ra v ita 
tio n a l e x c ita tio n  (e.g. b y  keeping  trees in  a h o rizo n ta l p o s itio n  during a lim ited  
tim e p e riod ), given d u rin g  dorm ancy , can  be observed  d u rin g  the  w hole fo l
low ing v eg e ta tiv e  p erio d . The ram ifica tio n  schem e of th e  p la n t  and  the  p a t te rn  
of g row th  are  such  as if  th e  p la n t h ad  rem a in ed  in  th e  ho rizon ta l p o sition  
during  th e  to ta l  v eg e ta tiv e  period. I t  w as show n th a t  g ro w th  in h ib ito rs an d  
g row th  reg u la to rs  are tran slo ca ted  du ring  th e  in d u c tiv e  period  betw een th e  
up p er an d  low er sides o f  th e  shoot in  th e  c o rtex . The su b se q u e n t events occu r 
in  severa l s tep s  ( J a n k i e w i c z , 1971). The in d u c tiv e  perio d  d u rin g  the  d o rm a n t 
stage m ay  be su rp ris in g ly  sh o rt (one to  tw o  w eeks) in  som e cases of th e  t r e a t 
m ents of B o r k o w s k a . T he phenom enon  of th e  “ geo trop ic  m em o ry ” of th e  p la n t  
is d ifficu lt to  ex p la in . P ro b a b ly  the  t re a tm e n t o f B o r k o w s k a  (1966) induces an 
irreversib le  re a rra n g e m e n t during  d o rm an cy  in  th e  loca liza tio n  of th e  en d o g 
enous g ro w th  reg u la to rs . H ow ever, it  is k n o w n  th a t  p o la r  auxin  tra n s p o r t  
also ta k e s  p lace  in  th e  d o rm a n t s ta te . A ccord ing  to  P i a n i a z e k  and  Sa n i e w s k i  
(1968) th e  dep le tio n  of s ta rc h  and  th e  sp ro u tin g  o f buds are  in itia te d  b y  en d o g 
enous cy to k in in s . T he aux ins, p roduced  b y  th e  grow ing leaves, s tim u la te  th e  
b reakdow n  o f s ta rc h  a n d  th e  re su lting  sugar is u sed  fo r th e  in itia l shoot g row th  
and fo r th e  cam bia l g ro w th . M orphactins have  th e  c a p a c ity  to  d istu rb  th is  
system  of endogenous g ro w th  regu la to rs. T re a tm e n t in  th e  range of 100 p p m  
or m ore cause a d e lay  o f b u d  opening in sp ring  ( B u b á n  e t  ah , 1969b). On th e  
o ther h an d , i t  is re m a rk a b le  th a t  th e  changes in  s ta rc h  c o n te n t in th e  sp u rs  
can n o t he reg a rd ed  as a d irec t cause of flow er in itia tio n  h u t  on ly  as an excellen t 
in d ica to r of th e  specific m etabo lic  processes (G r o c h o w s k a , 1973).

B a r l o w  (1973) o bserved  on S t. Ju lien  p lu m  th a t  th e  cu rv a tu re  re a c tio n  
of shoots is s lig h tly  re d u ced  a fte r rem oval o f leaves and  la rg e ly  dim inished b y  
rem oval of th e  shoo t t ip .  T he cu rv a tu re  is a lm o st en tire ly  h in d ered  b y  th e  tw o  
tre a tm e n ts  ap p lied  s im u ltaneously . H ow ever, w hen  th e  s tu m p  of the  shoo t is 
supplied  w ith  sy n th e tic  au x in , and g ibberellin  w as given on th e  petiole s tu m p , 
th e  d isposition  for cu rv in g  recovers. In  th e  case of apple ro o ts to ck  M 7 th e  
rem oval o f  leaves an d  sh o o t tips had  less effect.

E x p e rim e n ta l re su lts  concerning the  geo trop ic  c u rv a tu re  response of th e  
h igher p la n ts  are com plex  and  p a r tly  co n tra d ic to ry . O ur sim ple ex p erim en t 
m ay  re p re se n t a sm all c o n tr ib u tio n  to  th is  p ro b lem . The p o sitio n  of th e  s ta rc h  
grains w ith in  th e  cells o f th e  subap ical shoo t zone w as fo u n d  to  be u n re la ted  to  
the  d irec tion  o f g ro w th  o f th e  shoot tip . This does n o t p rec lu d e  th e  th eo re tica l
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p o ss ib ility  th a t  in th e  cells o f p la n ts  o rgans w ith  a low cy to p lasm ic  v isco sity  or 
w ith  heav ier s ta rc h  gra ins th e  s ta to l i th  th e o ry  m ay he v a lid . The questio n  
w h e th e r  th e  s ta rc h  accu m u la tio n  is cau sed  by  a m e tab o lic  d is tu rb an ce  
( T r e i c h e l , 1971) re su ltin g  from  a too  s tro n g  m o rp h ac tin  co n c e n tra tio n  of th e  
t r e a tm e n t  was ou tside  th e  scope of th is  w ork . The range o f m o rp h ac tin  con
c e n tra tio n s  used  in  th e se  ex p erim en ts  w as low  and su ffic ien t only  to  increase 
th e  flow er bud  fo rm atio n  of apple or peach  ( B u b á n , 1972; B u b á n  e t al., 1972).

T he Schiff re a g e n t, know n since 1924, was f irs t used  b y  H o t c h k is s  
(1948) as a te s t  for po lysaccharide. T he periodic acid S ch iff s ta in in g  (PA S) 
deve loped  by  H o t c h k i s s  becam e th e  tr a d itio n a l te s t for p o lysaccharides . The 
v e rs a t i l i ty  of th is  te s t  is h igh, because th e  Schiff re a g e n t can  be p re p a re d  
w ith  ab o u t fo rty  d iffe ren t basic  dyes (cf. R u t h m a n n , 1966), y ie ld ing  ab so lu te  
sp ec ific ity  for m an y  te s ts . D iffe ren ta tio n  betw een  various p o lysaccharides was 
m ad e  possible b y  th e  m odifica tion  o f M o w r y  (1963) who in tro d u ced  a specific 
g rad e  of A lcian blue (A lcian Blue 8G X ). T he specificity  o f th is  s ta in  is (also 
acco rd in g  to  our experiences) g re a tly  increased  by  th e  use of u ltra v io le t 
fluorescence  m icroscopy in tro d u ced  b y  D ib o l l  (1967). O th e r and  in  some 
in s ta n c e s  easier te s ts  for s ta rc h  (S e i d e m a n n , 1966; Cz a j a , 1969) w ere n o t 
ex am in ed  in  th is  s tu d y .
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LIGHT INTENSITY STUDIES IN BEECHWOODS 
OF DIFFERENT AGES

By

R. M. D r a s k o v it s

D EPA R T M E N T OF PLANT TAXONOMY AND ECOLOGY OF T H E  EÖTVÖS L. U N IV E R S IT Y , BU D A PEST

(R eceived February 8, 1975)

Synchronous photoelectrical light m easurem ents (light in tensity  m easurem ents) 
were m ade w ith the lux-m eter, in 32 repetitions and according to sunheight categories, 
in three age-groups of beechwoods, at the herbaceous layer and on a nearby clearing. 
The purpose of the work was to dem onstrate the light variabilities affecting the species 
liv ing in the undergrowth in the three age-groups of diverse stand structures. The 
differences in the state of ligh t in tensity  are the sm allest in the period of developed  
foliage in the stands of different ages. In the transitional vegetative  period (the process 
of leaf-growing) the differences in light in tensity  are higher. In the leafless sta te , the  
trunk-branch structure in the young and old stands lead to the form ation o f sim ilar 
ligh t conditions in spring, while the foliage structure lead to sim ilar light conditions  
in the middle-age and old-age stands.

D efic iency  in  ligh t m ay  te m p o ra r ily , arise especially  in  p la n t a sso c ia 
tions in  w ich  th e  sho rtage  of w a te r  or th e  h igh  te m p e ra tu re  does n o t a p p e a r  
as an  ob stac le  in  th e  fo rm a tio n  o f developed  su p ra te rra n ea n , m an y -lay e red  
v e g e ta tio n  levels, w hereas th e  im p o rta n c e  of lig h t as an  ecological fa c to r  in 
creases. T he lig h t c lim ate  of p la n t a ssoc ia tions is h a rd ly  exam ined  and  know n.

T he ex am in a tio n s  of p roduction -eco log ica l aspects o f p la n t s ta n d s , th e  
w orks of Sa e k i , M o n s i  an d  Sa e k i , e tc ., w h ich  led to  th e  e lab o ra tio n  o f v a 
rious lig h t d is tr ib u tio n  m odels, an d  fu r th e r  to  th a t  of a ssoc ia tion  p h o to sy n 
thesis m odels ( F e k e t e , 1972; lig h t as reg u la tin g  fac to r) should  be d is tin g u ish ed  
from  ana ly ses  d irec ted  to w ard s th e  lig h t to le ra tio n  of th e  in d iv id u a l sp e 
cies of associa tions (ligh t as lim itin g  fac to r).

Z e l l n i k e r  (1969), in  h e r su m m ariz in g  w ork, review s th e  g re a t n u m b er 
of lig h t m easu rem en ts  m ade in  n a tu ra l  p la n t  associations. A l e k s e e v  (1963 a) 
po in ts  o u t t h a t  th e ir  ev a lu a tio n  an d  fu r th e r  use is h a rd ly  possib le, ow ing to  
m an y  re g re tta b le  conditions (d iffering  m eth o d s and  in s tru m e n ts , n o t s a t is 
fac to rily  d e ta iled , accu ra te  an d  co n sis ten t descrip tions of m easu rem en ts , e tc .) . 
In  all th is  th e  fac t m ay p ro b ab ly  p lay  a p a r t  th a t  ligh t and ra d ia tio n  m e a su re 
m en ts are  v e ry  com plicated  b o th  from  p rac tica l-m e th o d ica l an d  th e o re tic a l 
v iew po in ts . R ad ia tio n  a rriv ing  a t  th e  su rface  o f th e  e a r th  is a co m p lica ted  
com bined  sy stem  consisting  o f severa l co m p o n en ts , w hich b reak s  dow n in to  
fu r th e r  subcom ponen ts in  th e  p la n t  associa tions as a consequence o f a b 
so rp tio n , re flec tio n  and  dispersion . The w ork  of G e i g e r  (1961), dealing  w ith  
th e  m icroc lim ate , also analyses th is , w hile th e  ex am in a tio n s o f A n d e r s o n
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(1964a, b , 1966) are  d ire c te d  tow ards th e  d iffe ren t k in d s o f  ra d ia tio n ; T o o m i n g , 
R o ss  and  th e ir  co -w orkers s tu d y  th e  m eteoro log ica l, p h ysica l and  m a th e 
m atica l side of th e  q u e s tio n , th e ir  school re p re se n ts  a s ig n ifican t th eo re tica l line. 
T he m ethod ica l h a n d b o o k  of Se s t á k , Ca t s k y  an d  J a r v is  (1971) p rov ides a 
su rv ey  of world l i te ra tu re  on the  u n its  u sed  in  lig h t and  ra d ia tio n  ex am in a tio n s , 
a com pilation  of th e ir  te rm ino logy  an d  a su rv e y  o f th e  in s tru m e n ts  w hich  are 
on the m ark e t.

The w orks o f H o r v á t h  and K o l t a i  (1960) deal w ith  th e  ex am in a tio n s  
in to  ligh t as a physio logic-ecological fa c to r  an d  p o in t o u t th e  p ra c tic a l d if
ficu lties of research . F e k e t e  (1972) an a ly ses  th e  p h o to sy n th es is-re la ted , p ro 
du c tio n  im p lica tions o f  ligh t ecological ex am in a tio n s , rep resen tin g  i t  w ith  
am ple lite ra tu re .

The ligh t-eco log ica l conditions o f n a tu ra l  foliage wood s tan d s  an d  
m ain ly  of beeches a re  d ea lt w ith  in  th e  w ork  of Sa l i s b u r y , L a u s c h e r  an d  
S c h w a b l , N ä g e l i , T r a n q u i l l i n i  (1960), A n d e r s o n  (1964a, b; 1966), T r a p p  
(1938), E b e r  (1971; 1972), A l e k s e e v  (1963b), G o r y s i n a  (1969; 1974), e tc .

Hom e ligh t re sea rch es have been  co n d u c ted  for y ears  in th e  oakw ood at 
th e  K o ssu th  L a jos U n iv e rs ity  of Sciences, D ebrecen  (N a g y , 1972).

One of th e  fu n d a m e n ta l d ifficu lties in  ra d ia tio n  m easu rem en ts o f n a tu ra l 
p la n t s tands is th e  m osaic-like, sp o tte d  ligh t-d iffu sion  (sun ligh t an d  shade) 
over th e  floor, of th e  n o t  en tire ly  closed s ta n d s  ( E v a n s , 1956; Z e l l n i k e r , 1969). 
U nder clear co n d itio n s (for the  im p o rtan ce  o f th e  ac tua l w ea th e r cond itions see 
A n d e r s o n , 1964a, b  a n d  A l e k s e e v  1963a) a p a r t  of th e  d irec t sun ligh t a rriv es  
th ro u g h  th e  d ia p h ra g m s of the  foliage in to  th e  floo r o f th e  forest, an d  d is
tr ib u tin g  u n ev en ly  th e re  form s sh a rp ly  o u tlin ed  spo ts o f d ifferen t lig h t com 
positions and lig h t in ten sitie s . T heir m e asu rem en t an d  fu r th e r  e v a lu a tio n  has 
n o t y e t been  so lved .

Study target

Living c re a tu re s  follow, w ith  th e  rh y th m  of th e ir  life ph en o m en a , th e  
rh y th m ic  changes occu rring  in th e ir  e n v iro n m e n t. One of the  form s o f m a n i
festa tio n  of a d ju s tm e n t b y  p lan t a ssoc ia tions to  th e  seasonal changes of th e  
clim ate  is th e  o ccu rren ce  of aspects. T h is is especially  expressed  in beechw oods. 
In  th e  ev o lv em en t o f  th e  geophyton  p la n t  life fo rm , th e  seasonal changes in 
lig h t conditions a re  n o t  ind ifferen t. T he lig h t decrease in sum m er found b y  us 
on th e  floor of th e  fo re s t (ligh t-value o f one or tw o m ag n itu d es sm aller th a n  
those on th e  lea fless, spring floor o f th e  forest) is one of th e  ecologically  
lim iting  fac to rs o f  th e  species.

M an w ith  h is conscious a c tiv ity  in  fo re s t cu ltiv a tio n  (the closed, m ono- 
cu ltu ra l grow ing o f  beeches, p a rtia l c u ttin g , c lear c u ttin g ) m odifies th e  n a tu ra l  
course of te m p o ra l dynam ic  of th e  fo re s t, th a t  is, th e  g rad u a l rep ro d u c tio n ,
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an d  c rea tes an  artific ia l “ rh y th m ” , a life cycle (ro ta tio n  period) of long d u ra tio n . 
In  th e  course o f th is  ac tiv ity , s ig n ifican t changes tak e  place in th e  lig h t con
d itio n s. The species of th e  underw ood  e ith e r  a d a p t them selves to  th e  changes 
b y  th e ir  ecological to lerance , or p erish . The tra c in g  of changes occu rring  in  th e  
lig h t c lim ate  of a beechw ood d u rin g  a w hole ro ta tio n  period (some 140 years) 
is n o t possible in  a lifetim e. T herefo re , in  th e  course of th e  d ev e lopm en t o f th e  
fo re s t, we chose th ree  beechw ood s ta n d s  of d iffe ren t ages for th e  rep ro d u c tio n  
of th e  lig h t effects on th e  u n d erg ro w th .

O ur in v estig a tio n s a tte m p te d  to  acqu ire  in fo rm ation , on th e  one h an d , 
on th e  lig h t effect th a t  exerts  in fluence  u p o n  th e  herbaceous lay e r in  beech- 
w oods, on th e  q u a n ti ty  of ligh t e n d u re d  b y  th e  p la n ts  during  th e  sp ring  (d u ring  
th e ir  rep ro d u c tiv e  life cycle) an d  on th e  changes of ligh t conditions d u rin g  th e  
la te r  phases o f th e  veg e ta tiv e  period . On th e  o th e r han d , we ex am in ed  th e  
changes in ligh t effects on the  u n d e rg ro w th  occurring  w ith  th e  changes in  th e  
age of th e  beech  fo rest; fu rth e r, we ex am in ed  a t  w h a t tim e (in w hich v e g e ta tio n  
period) th e  w oods of th e  in d iv id u a l age period  excel according to  lig h t in te n s ity  
(“ lig h e s t”  an d  “ d a rk e s t” s tan d s), a t  w h a t tim e  th e  lig h t in ten s ity  d ifferences, 
fo llow ing from  th e  differences in  th e  age o f th e  woods (resu lting  also in  th e  
d ifferences of s ta n d  s tru c tu res) are  th e  m o st expressed .

Material ami method

A ccording to  our aims o u tlin ed  above, lig h t m easurem ents w ere m ade 
in  1974, d u rin g  th e  whole v e g e ta tio n  period  of th ree  ad jacen t beechw oods of 
d iffe ren t ages an d  s ta n d  s tru c tu re s  (the  f irs t  one young , th e  second o f m iddle 
age, th e  th ird  o ld ; see Figs 1 3 ) .  T he m easu rem en ts  were carried  o u t in  th e  
u n d e rg ro w th , a t  th e  g rasslayer (a t  a h e ig h t o f 50 cm ). F o r e s tim a tin g  th e  
q u a n t i ty  of lig h t a rriv ing  a t th e  to p  o f th e  fo rest, we m ade m easu rem en ts , 
p a ra lle l w ith  tho se  in th e  fo rest, on a n e a rb y  300 X 600 m  clearing, also a t  a 
h e ig h t o f 50 cm , beg inn ing  w ith  th e  end  of A pril.

On th e  basis of previous co n sid e ra tio n s, we m arked  th e  sam pling  a rea  in  
th e  M ts. Pilis, in  th e  range of th e  V öröskő a t  th e  village of T ah i; ( la titu d e  
47°46 ', 350 m  a.s.l.). Owing to  th e  cold and  h u m id  m icroclim ate , th e re  grow s 
here  an  ex ten siv e  ex trazo n a l beechw ood o f a n o rth e rn , v a lley  b o tto m  c h a ra c te r ; 
acco rd ing ly , we m ade tran ssec ts  of id en tica l expositions in  the  in d iv idua l s tan d s  
(1, 2, 3). D urin g  th e  sam pling, we to o k  to  th e  e x te n t  of ou r possib ilities, c e r ta in  
basic  re q u ire m e n ts  in to  co n sidera tion , as fo r exam ple th e  sa tis fac to rily  large 
n u m b e r of m easu ring  po in ts , and  th e  id en tica l canopy  s tru c tu re  of th e  v a rious 
fo rest s tan d s . One 64 m long tra n s se c t consisted  of 32 pieces of 2 X 2 m sq u ares . 
L ig h t w as m easu red  in  th e  m iddle of th e  sq u are , a t  th e  sam e p o in t, a t  ev e ry  
h a lf  m in u te  (32 read in g s during  16 m in u te s  p e r  s tan d ).
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12 M. DRASKOVITS, R.

T he m easuring  in s tru m e n ts  used  w ere: a J U  16 selenic-celled p h o to 
e lec tric  lu x -m eter in  th e  th ree  fo rest s tan d s , w hile in  th e  clearing a P U  150 lux- 
m e te r. The in s tru m e n ts  w ere ca lib ra ted  an d  no co rrec tion  was necessary  du ring  
th e  y e a r. In  the  c lea rin g  th e  receiv ing  su rface o f th e  in s tru m e n t was shaded . 
T h u s in  th e  clearing  we ob ta in ed  I 0 to ta l  diffuse lig h t in te n s ity  values, an d  in

th e  fo rest I ab so lu te  and  —  • 100 re la tiv e  “ fo rest diffuse”  lig h t in te n s ity
lo

v alu es . T herefore we m easu red  on th e  floo r o f th e  fo rest th e  lig h t d iffused  b y  
th e  fo re s t (I) and  co m p ared  it w ith  th e  diffuse lig h t m easured  in  th e  clearing  
( I0) (A n d e r s o n  1966).

In  the  ligh t c lim a te  of forest p la n t s ta n d s  diffuse lig h t, its  q u a n ti ty , d is
tr ib u tio n  and changes in  space and tim e  is of decisive im p o rtan ce . The fac t th a t  
d iffuse ligh t com es to  th e  fo re fron t ag a in s t th e  d irec t ligh t is illu s tra te d  b y  th e  
fo llow ing d a ta :

Fig. 1. T he youn g experim ental beechw ood stand (Photo: T. Simon)
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LIGHT INTENSITY IN BEECHWOODS 13

20° 50° sunheight

cloudy (diffuse) 500 lux 6500 lux

clear (direct +  diffuse) 230 lux 4800 lux

U n d er c lea r conditions, on th e  fo res t floor th e  d irec t sun-flecks w ere 
avo ided  in a g reem en t w ith  E v a n s ’ m eth o d  (1956). F o r, according to  ou r 
m easu rem en ts , in  clear w eather in  th e  spring , a t 30° sunhe igh t, th e  lig h t 
in te n s ity  d ifferences betw een  sunflecks an d  p a r ty  shaded  or shaded  p a r ts  on 
th e  w ood floor are  5 8-fold. We reco rd ed  th e  w e a th e r condition  a t  e v e ry  
m easu rem en t, a n d  also estim ated  th e  c lo u d y  s ta te . T he ch a rac te r, d is tr ib u tio n  
and  q u a n ti ty  o f lig h t on clear, cloudless, o r overcast, even ly  or th in ly , o r m ore 
th ic k ly  clouded  d a y s  are so d ifferen t an d  in com parab le  th a t  we alw ays e v a lu 
a ted  on ly  sim ilar d a ta  ob ta ined  d u rin g  w e a th e r cond itions corresponding  to  one

F ig . 2. The m iddle aged experim ental beechwood stand (Photo: T. Simon)
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14 M. DRASKOVITS, R.

a n o th e r . M easurem ents ta k e n  in  w ind ly  w e a th e r , or on days o f c loud -d rifts , 
w ere le f t ou t of fu r th e r  ev a lu a tio n s (A n d e r s o n , 1966).

In  th e  wood s ta n d s  and  in  th e  c learings, one m easu rem en t belonged to  
e v e ry  10° su n h e ig h t; th e  four w orkers, u sin g  sto p p ers , carried  on th e  record ing  
a t id en tica l, tim e  m o m en ts  synchronous.

In  spring, a t  th e  tim e  of ex fo lia tion , th e  m easurem ents w ere ta k e n  every  
10 d ay s , while la te r  on  ev e ry  m o n th . T he d a ily  d a ta  processing of some 800 
1000 values was m ad e  b y  m achines O D R A . R andom ly  a rran g ed  va rian ce  
an a ly sis  (Sv á b , 1973) w as used to  check  th e  efficiency of th e  th re e  tre a tm e n ts  
(s ta n d s  1, 2, and  3).

T he phenological conditions of th e  w ood canopy an d  th e  u n d erg ro w th  
w ere u n d e r o b se rv a tio n  during  th e  w hole v e g e ta tio n  period, b u t  these  ex am i
n a tio n s , as well as th o se  d irec ted  to w ard s  th e  ligh t-ecophysiological a d a p ta tio n  
of th e  species in th e  u n d erg ro w th , will be th e  su b jec t of a n o th e r paper.

F ig. 3. The old m atured experim ental beechw ood stand (Photo: T. Simon)
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LIGHT INTENSITY IN BEECHWOODS 15

T he beechw ood s tan d s  of th e  sam p lin g  area  m ay be classified as un m ix ed , 
sh ru b less , sem id ry  and  fresh  beechw ood ty p e s  (Ma j e r , 1968). T he th ree  s tan d s , 
w ith  a herbaceous u n d erg ro w th  a t  th e  g rasslayer, rep re sen t th re e  d ifferen t 
s tag es  in  th e  g row th  of th e  wood. T he to ta l  coverage of th e  g rasslayer species 
is o f a 20 %  m ax im u m , an d  th e  ground  is covered  w ith  th ick  l i t te r . The w hole 
reg io n  is u n d e r reg u la r fo rest cu ltu re .

1. Y o u n g ish  s tan d , ab o u t 20 y e a r o ld  fo rest. The canopy  is a lread y  sa tis 
fied , an d  i t  w as p a rtia l cu t in  1974. The foliage coverage is 10/10, th e  
g enera l tru n k  d istance  2 m, th e  av erag e  d iam eter 5 cm a t  chest h e ig h t, 
th e  genera l h e igh t 8 m . A speru la  odorata, Carex p ilosa , an d  M elica un i flo ra  
are  ch a rac te ris tic  of th e  g rasslay e r; th e re  is no spring asp ec t.

2. M iddle-aged s ta n d , 40 — 50 y e a r  old forest. Foliage coverage 8/10, 
gen era l tru n k  d istance  6 —8 m , g enera l d iam eter 16 cm  a t chest h e ig h t, 
gen era l h e ig h t 25 m . The g rass lay e r is poor, w ith  a sp ring  aspec t o f 
D entaria  bulbifera , follow ed b y  A sp eru la  odorata, V iola alba, and  Carex 
p ilosa .

3. O ld, m a tu re d  s ta n d , o lder th a n  120 y ea rs . Foliage coverage 9/10, general 
t r u n k  d istance  12 m , general d ia m e te r  44 cm a t ch est h e ig h t, general 
h e ig h t above 30 m . Boles s ta n d in g  a p a rt, w ith  an  ex ten siv e  la te ra l 
b ra n c h y  canopy. G rasslayer rich , b e s t am ong th e  th re e  s tan d s . A n e x 
p ressed  D entaria bulbifera  a sp ec t is followed by  Carex p ilosa , M elica  
u n iflo ra , A speru la  odorata, L a m iu m  galeobdolon, e tc . T here  are a g rea t 
n u m b e r of beech seedlings.
T he tim e  of ex fo lia tion  sh ifts in  tim e  w ith  the  age o f th e  fo rest. T he 

y o u n g e r s ta n d  b uds, an d  produces i t  foliage earlier th a n  th e  o lder ones. I t  is 
c h a ra c te r is tic  o f all th ree  s tan d s  th a t  th e  ecotypes of beech  b u d d in g  ea rlie r 
and  la te r  occur to g e th e r.

Results anti discussion

O ur m easu rem en ts  w ere m ade b e tw een  3 April and  20 N o v em b er, 1974, 
d u rin g  th e  w hole v eg e ta tiv e  period . D u rin g  th is  tim e, th e  d u ra tio n  o f day s 
changed  b e tw een  9 and  16 hours, w hile  th e  daily  m ax im u m  of su n h e ig h t 
changed  b e tw een  20° and  60° (in a 10° b reakdow n).

T he lig h t conditions on th e  flo o r o f th e  th ree  beechw ood s tan d s  (1, 2, 3) 
an d  th o se  on clearing (4) are su m m arized  in Table 1. The figu res g iven in  th e  
cells o f th e  T able are th e  average c >f lig h t in ten s ity  values o rig in a tin g  from  32 
m easu rem en ts  re la te d  to  lig h t a rriv in g  a t  th e  floor of th e  fo re s t I ,  an d  in  th e  
c learing  o f th e  fo rest, I 0. These lig h t con d itio n s occur on th e  floor o f th e  fo rest, 
an d  from  th e m  inferences can be d raw n  on  th e  ligh t ecological cond itions o f th e  
u n d e rg ro w th .
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Table 1

Light in tensity  means related to one sam pling  square ( I ) ,  according to sunheight categories and the daily m eans (102 lu x )
(a) age-groups: (1) young , (2) m iddle-age, (3) old s ta n d , (4) clearing  (b) su n h e ig h t 

Sym bols of th e  w eath e r s itu a tio n : о clear, cloudless sk y ; 0 clear, sky  w ith  c lo u d -d rift; □  o v ercast, th in  c louds; 0  o v ercast, th ic k  clouds

b 10° 20° 30° 40° 50° 60° 50° 40° 30° 20° 10° Average

IY. 3. a O О о О О О О

1. 24.08 54.90 100.53 111.53 79.33 53.21 42.56 66.59

2. 25.32 82.50 74.12 92.53 87.80 51.78 27.18 63.03

3. 34.68 76.96 101.90 106.30 67.66 30.75 18.53 62.40

IV. 12. 0 0 0 0 0 0 0 0 0

1. 7.35 20.18 18.90 38.37 22.50 16.27 11.43 23.18 15.93 19.34
2. 11.84 30.62 42.68 43.84 33.12 17.81 24.50 21.25 9.32 26.11

3. 10.81 20.57 24.62 27.15 20.23 9.68 15.81 12.56 9.51 16.77

IV. 23. О О О □ □ □ О О

1. 5.95 8.07 13.51 18.80 19.82 19.51 13.62 8.44 13.46
2. 12.13 24.26 33.96 28.33 31.94 23.64 18.93 11.24 23.05

3. 10.78 18.64 17.96 14.04 15.28 9.88 6.99 5.10 12.33

4. 51.12 64.93 92.25 147.37 208.43 128.81 117.31 100.75 114.81

V. 15. О О О О о 0 0 0 0

1. 2.64 3.86 4.06 3.74 5.74 5.12 5.49 3.45 3.03 4.12
2. 4.48 5.56 6.07 4.55 4.13 3.08 4.74 3.70 2.55 4.32

3. 5.22 5.71 6.92 4.52 4.41 2.03 4.37 3.11 2.91 4.35

4. 113.62 134.50 161.18 166.13 136.43 129.31 186.12 152.62 115.43 143.92

VI. 20. О О 0 О О 0 0
1. 2.59 3.85 4.49 4.30 4.69 4.00 2.44 3.76

3. 4.23 5.18 4.64 3.68 2.96 2.13 1.24 3.43
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4. 136.40 177.56

V II. 23. □ 0
1. 3.84 2.63

2. 5.36 3.56
3. 6.00 3.80
4. 325.36 241.87

IX . 17. 0 О о

1 . 4.32 5.14 5.97

2. 2.81 2.85 3.03

3. 2.91 2.82 2.59
4. 70.60 103.81 139.62

X I. 20. □

1 . 68.62

2. 58.68

3. 47.87

4. 93.68

163.62

0

7.23
6.98

7.00
184.21

162.28 155.15 164.56 106.84 152.34

0 о □ □ □
4.14 8.50 1.37 4.21 1.13 4.13

3.82 5.38 1.36 3.53 1.05 3.88
3.84 5.81 1.65 2.88 1.23 4.03

257.50 252.90 105.90 104.90 210.37

О О О

5.32 5.55 4.18 5.08

2.71 2.57 1.82 2.63

2.24 1.83 1.36 2.29

127.75 100.75 65.62 101.35

□

60.28 64.45

38.31 48.50

40.15 44.01
115.12 104.40
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18 M. DRASKOVITS, R.

B y  a com parison  b e tw een  lig h t va lues I  and  I 0 ap p ea rin g  in  th e  colum n 
o f average in T able 1, i t  can  be s ta te d  th a t  in  th e  beechw ood of our s tu d y  
m ere ly  50%  of th e  to ta l  lig h t arrives a t  th e  fo rest f loo r (w ith o u t consideration  
to  age groups) in th e  leafless s ta te  20 N ov. T herefore h a lf  of th e  ligh t is a b 
so rb ed  b y  th e  tru n k -b ra n c h  zone. T his is a su rp ris in g ly  low  v alue  if  re la ted  to  
oakw oods; G o r y s in a  (1969) gives 45 90%  for o ak fo rests . In  th e  period  of
ex fo lia tio n  it  is 14%  o f th e  to ta l  lig h t th a t  a rrives a t  th e  beechw ood floor 
(23 A pril); a t th e  tim e  o f th e  full foliage (from  th e  m idd le  o f M ay to  th e  end of 
S ep tem b er), th e  re la tiv e  lig h t co n d ition  on th e  beechw ood  floor is n o t con
s is te n t;  in M ay (15th) an d  S ep tem b er (17th) i t  is eq u a lly  3 % , while in Ju n e  
(20 th ) and Ju ly  (23 th) i t  does n o t reach  th e  2 % -v a lu e . T he q u a n tity  of lig h t 
tra n s m itte d  or ab so rb ed  b y  leaf-su rfaces of th e  sam e size varies w ith  th e  
th ick n ess  of the  leaves.

D istribu tions in  th e  re la tiv e  lig h t conditions of th e  beechw ood floors of

d iffe ren t age, —  • 100, are  as follows:
•*o

1. 2. 3.

Spring, April and May (exfoliation) 10.8 20.2 12.0

Summer, June — September (full 
foliage)
(but the yearly minimum)

3.1
(1.3)

2.3
(1.5)

2.2
(1.6)

Autumn, Novem ber (wholly leafless) 61.9 45.9 42.1

C om pared to  oakw oods (G o r y s i n a , 1969), th e  leafless beechw ood floor is 
ch a rac te rized  n o t o n ly  b y  low  re la tiv e  lig h t cond itions, b u t  also b y  its  n a r 
ro w er e x te n t (40 6 0% ).

As regards th e  y e a rly  course, th e  m ost fu n d a m e n ta l re g u la rity  in  th e  
ra d ia tio n  and lig h t cond itions of deciduous fo rests  is th a t  in th e  veg e ta tiv e  
period  the  ligh t perio d  of ea rly  sp rin g tim e is follow ed b y  th e  shadeperiod  o f 
su m m er ( E g l e , 1937; T r a n q u i l l i n i , 1960). Follow ing th e  m ore deta iled  
d iv ision  b y  G o r y s i n a  (1974), an d  accord ing  to  o u r experiences, th e  lig h t con
d itio n s of the  beechw ood in  th e  v eg e ta tiv e  period  m ay  be grouped  as follow s:

1. Spring su n lig h t phase
II . T ran sitio n a l phase  (the  period  of exfo lia tion)

I I I .  Sum m er p h ase  poor in  lig h t
IV . A u tu m n  rise I.

I. In  sp rin g tim e , an  8 10-fold sum m er illu m in a tio n  arrives a t  th e  
beechw ood floor, w hile on ly  5 8-fold in  oakw ood (G o r y s i n a , 1974).
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Table 2

Variance analysis o f  the absolute light-intensity values, I
(a) date; (b) sunheight. F irst row in one cell: total; second row: treatm ent; third row: error; frist column: SQ; second colum n: FG; third colum n: MQ —  W eather situation  in place of all MQ (see Table 1) Significance levels: * P  <  5% ; ** P  <  1%; *** P  <  0.1%

b
a 10° 20” 30° 40° 50° 60э 50° 40° 30° 20° 10°

IV. 3. 43.6 95 О 286.7 95 О 934.0 95 О 1253.8 89 О 758.0 89 О 181.3 95 О 145.7 95 О
22.7 2 11.4*** 136.4 2 68.2*** 156.9 2 78.5*** 57.8 2 28.9 61.3 2 30.7* 101.3 2 50.6*** 95.0 2 47.5***
20.9 93 0.22 150.3 93 1.61 777.1 93 8.35 1196.1 87 13.74 696.6 87 8.01 80.0 93 0.90 50.7 93 0.54

IV. 12. 570.3 95 0 38.4 95 0 138.8 95 0 103.7 95 0 63.3 95 0 7.5 32 0 37.7 95 0 45.4 95 0 24.0 95 0
353.0 2 167.5*** 22.4 2 11.2*** 98.6 2 49.3*** 46.3 2 23.2*** 30.3 2 15.2*** 4.1 2 2.1*** 28.3 2 14.1*** 20.5 2 10.2*** 9.1 2 4.5***
217.2 93 2.33 15.9 93 0.20 40.2 93 0.43 57.4 93 0.61 33.0 93 0.35 3.4 30 0.11 9.4 93 0.10 24.9 93 0.30 14.9 93 0.20

IV. 23. 2544.9 95 О 142.0 89 О 114.0 89 О 39.9 71 □ 67.7 77 □ 57.4 77 □ 49.4 95 !° 1739.7 95 О
674.7 2 334.7*** 40.6 2 20.3*** 59.6 2 29.8*** 25.4 2 12.7*** 38.6 2 19.3*** 24.4 2 12.2*** 22.9 2 11.5*** 605.4 2 302.7***

1870.2 93 20.10 101.5 87 1.16 54.5 87 0.62 14.5 69 0.21 29.1 75 0.38 33.1 75 0.44 26.5 93 0.28 1134.3 93 12.19

V. 15. 287.0 89 О 271.3 89 О 246.7 59 О 298.1 89 О 215.8 89 О 398.6 89 0 194.8 89 0 108.9 89 0 94.6 89 0
106.0 2 53.0*** 63.3 2 31.7*** 86.3 2 43.1*** 12.7 2 6.4 44.7 2 22.3*** 148.4 2 7.42*** 19.4 2 9.7* 7.4 2 3.7* 3.8 2 1.9
181.0 87 2.08 208.0 87 2.39 160.4 57 2.81 285.4 87 3.28 171.2 87 1.96 250.2 87 2.87 175.3 87 2.01 101.5 87 1.16

1
90.8 87 1.04

V I. 20. 99.8 59 О 82.1 43 О 89.7 57 О 85.0 41 О 192.9 55 О 203.3 63 0 71.0 63
1
0

40.2 1 40.2*** 19.4 1 19.4*** 0.3 1 0.3 4.1 1 4.1 41.1 1 41.1*** 55.9 1 55.9*** 23.2 1 23.2***
59.6 58 1.02 62.8 42 1.49 89.4 56 1.59 80.9 40 2.02 151.8 54 2.81 147.4 62 2.37 47.9 62 0.77

V II. 23. 190.0 65 □ 129.3 89 0 489.4 86 0 199.9 95 0 469.3 68 О 20.4 95 □ 261.5 89 □ 17.2 95 □
54.5 2 27.3*** 23.1 2 11.5*** 1.0 2 0.5 2.0 2 1.0 131.9 2 66.0*** 1.8 2 0.9* 27.1 2 13.5** 0.5 2 0.2

135.4 63 2.14 106.2 87 1.22 488.5 84 5.81 197.8 93 2.12 337.4 66 5.11 18.7 93 0.20 234.4 87 2.69 16.7 93 0.17

IX . 17. 113.7 95 О 202.5 95 О 299.3 95 О 320.2 95 О 331.9 95 О 235.7 95 О
45.0 2 22.5*** 113.5 2 56.7*** 208.7 2 104.3*** 202.1 2 101.0*** 247.5 2 123.8*** 157.8 2 78.9***
68.7 93 0.73 89.1 93 0.95 90.7 93 0.97 118.2 93 1.27 84.4 93 0.90 77.9 93 0.83

X I. 20. 87.3 95 □ 103.6 95 □
67.3 2 33.7*** 95.0 2 47.5***
19.9 93 0.21 8.6 93 0.09

Tahié 3

Variance analysis o f  the relative light intensity values -=— ■ 100. (Sym bols as before in  T able 2)
%

b
а

--------------^ -------------- 20° 30° 40° 5<Г 60э 50° 40° 30° 20°

IV. 23. 99.6 95 О 242.1 89 О 188.9 92 О 42.4 95 □ 24.8 95 □ 48.1 95 □ 30.8 95 О 1314.3 95 О

25.9 2 13.0*** 75.5 2 37.8*** 85.3 2 42.7*** 22.2 2 11.1*** 13.2 2 6.6*** 21.4 2 10.7*** 16.1 2 8.1*** 611.8 2 305.9***

73.7 93 0.79 166.5 87 1.91 103.7 90 1.15 20.2 93 0.21 11.6 93 0.12 26.7 93 0.28 14.7 93 0.15 702.5 93 7.55

V. 15. 227.7 95 О 204.1 95 О 209.5 95 О 156.8 89 О 179.9 95 О 243.5 95 0 51.6 89 0 34.1 89 0 57.1 89 0

80.3 2 40.1*** 36.0 2 18.0*** 38.8 2 19.4*** 1.1 2 0.6 42.5 2 21.3*** 43.1 2 21.6*** 5.4 2 2.7** 1.7 2 0.8* 4.6 2 2.3*

147.4 93 1.58 168.1 93 1.80 170.8 93 1.83 155.7 87 1.78 137.4 93 1.47 200.4 93 2.15 46.2 87 0.53 32.5 87 0.37 52.5 87 0.60

VI. 20. 74.1 63 О 62.5 43 О 67.7 63 0 32.1 41 О 108.1 63 О 60.6 63 0 64.2 63 0

22.5 1 22.5*** 2.1 1 2.1 0.0 1 0.0 1.4 1 1.4 20.1 1 20.1*** 18.5 1 18.5*** 19.7 1 19.7***

51.5 62 0.83 60.4 42 1.43 67.7 62 1.10 30.7 40 0.76 88.0 62 1.41 42.1 62 0.67 44.5 62 0.71

VII. 23. 22.7 65 □ 23.2 95 0 130.2 95 0 29.6 95 0 97.7 95 О 23.1 95 □ 18.5 95 □

5.4 2 2.7*** 3.3 2 1.6*** 0.04 2 0.02 0.2 2 0.1 9.0 2 4.5* 1.6 2 0.8* 0.5 2 0.3

17.2 63 0.27 20.0 93 0.21 130.1 93 1.39 29.4 93 0.31 88.8 93 0.95 21.5 93 0.23 18.0 93 0.19

IX . 17. 201.1 95 О 202.4 95 О 153.4 95 О 205.1 95 О 361.6 95 О 523.2 95 О

68.6 2 34.3*** 106.3 2 53.1*** 109.3 2 54.6*** 126.3 2 63.2*** 252.2 2 126.1*** 337.7 2 168.9***

132.5 93 1.42 96.1 93 1.03 44.1 93 0.47 78.7 93 0.84 109.4 93 1.17 185.5 93 1.99

X I. 20. 250.7 95 □ 79.7 95 □

80.0 2 40.0*** 71.8 2 35.9***

170.7 93 1.83 7.9 93 0.08



Table 4

S ig n ifica n t differences in  the means o f  absolute light in tensities I  in  the three stands ф ** p 10/
(a) date; (b) sunheight; (1) young; (2) m iddle-age; (3) old stand. W ithin one cell the light average on the main diagonal; right-side sem im atrix: their differences; left-side sem im atrix; their significance levels: P  <  5 /0 ; P  <  l / 0 ; P  <  0.1%

503

2 .

60°

2 .

1.06 

3.31 
* * *

0.95 

2.83 
* * *

0.23

1.29
2.02

0.48

1.43

1.40

0.15

4.64

50°

2.

40°

2. 3.

30

2 . 3.

5.74
***

4.30

1.61

4.13

1.33

0.28

4.41

0.62

3.68

1.98
***

5.12 
* * *

4.69
***

8.50
***

1.21
3.19
***

2.04

3.08

3.12

5.38

0.46

1.67

1.52

3.09

1.05

2.03

1.73

2.96

2.69

0.43

5.81

7.93

1.62

1.95

5.49

4.00 
* * *

1.37

5.32 
* * *

* * *

0.85

8.78 
**

0.16

1.78 
* * *

0.41

2.36

0.75

4.74

0.01

1.36 
* *

2.61

2.71

1.17

2.02
6.76

0.66
0.82

0.96

0.97

1.38

0.98

1.12
0.37

4.37

1.87

2.13

0.28

0.29

1.65

3.08

0.47

2.24

5.32

1.14 
* * *

1.36
***

***

3.45

2.44
***

4.21

5.55
***

0.15

5.17 
* * *

1.31

2.45
***

0.53

1.89
***

0.25

3.70

0.68

3.53

2.98 

2.57 
* * *

2.25

2.10
3.07

0.44

0.87

1.58

0.67

1.20
0.69

0.32

0.57

3.13

1.20
1.24

1.33

0.65

2.88

3.68

0.74

1.83

4.25 
* * *

2.31

8.43

20 °

2 .

1.13

4.18
***

6.02
***

1.54

2.71

0.19

2.12
***

2.78

11.21
* * *

0.08

1.05

2.36

1.82
*

2.19

3.83

10°

2.

2.40

0.86

1.85

1.06

0.87

1.25

3.33

6.11
5.10

0.10
0.18

1.23

2.98

0.62

1.20

2.01
0.17

4.01

1.59
***

0.66 0.64

0.93 0.02

—  0.95

S ig n ifica n t differences in the m eans o f  the relative illum inations

Table 5

I
100 in  the three age groups (Sym bols as before in Table 4)
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I I .  T his p h ase  is no t sh arp ly  delim ited  from  th e  preceding  an d  th e  
succeeding ones. T he len g th  and  c h a ra c te r  o f th is  p h ase  is th e  function  o f  th e  
w ea th e r cond itions o f  th e  given y ear; th e  u nevenness o f  th e  la t te r  can  m od ify  
i t  to  a g rea t e x te n t;  in  1974, for exam ple th e  second  h a lf  of M arch an d  A pril 
w ere v e ry  m ild an d  w arm , the  beech  b u d s  b u rs t  one m o n th . I t  is com m on  
know ledge th a t  th e  tw o  ecotypes of F agus silvatica  do n o t produce leaves a t  
th esam e  tim e ; in  th e  ea rly  w arm th  th e  “ ea rly  beech ”  eco ty p e  ind iv iduals cam e 
in to  le a f  ea rly , th e n , in  the  coldness th a t  follow ed, th e  ex fo lia tion  slow ed 
dow n and reached  its  full s ta te  only b y  th e  m iddle o f M ay. T hus the  tra n s itio n a l 
phase was considerab ly  p ro trac ted . This phase  is th e  perio d  of foliage d ev e lo p 
m en t; th e  lig h t co n d itions of the  floor o f th e  th ree  s ta n d s  changed  ex ten s iv e ly  
d u rin g  th is  tim e. As aga in st th e  spring  period , s u b s ta n tia l  re -a rran g em en ts  
to o k  place in  th e  l ig h t conditions (the  lighest, th e  d a rk e s t)  o f th e  in d iv id u a l 
s tan d s . B y th e  en d  o f  th is  phase lig h t cond itions develop w hich becom e 
c o n s ta n t during  th e  sum m er. A ccording to  th e  T ab les, m ost of the  s ig n ifican t 
differences occurred  in  th is  period, f re q u e n tly  in th e  case of all th re e  
s tan d s.

I I I .  The lig h t cond itions of th e  su m m er phase p o o r in  ligh t, lag  b y  one 
o rd e r o f m ag n itu d e  b eh in d  those of th e  sp ring  an d  th e  au tu m n  (Table 1). 
L ig h t conditions on th e  fo rest floor show ed a to le rab le  consistency  (T ables 2 
an d  3); concerning th e  daily  course, th is  period  is o f  th e  m ost hom ogeneous 
lig h t diffusion a t  th e  grasslayer, and  also th e  d ifferences according to  age 
groups are  — re la tiv e ly  — less freq u en t (Tables 4 an d  5). T his is one o f th e  
m ost im p o rta n t re su lts  o f the  ex am in a tio n s, n am e ly , th a t  the  d ifference 
betw een  th e  various age groups is g rea t in  th e  tra n s it io n a l vege ta tive  p e rio d ; 
i t  is g rea te r  th a n  a t  th e  tim e  of the  fu lly  developed  fo liage.

IV . This phase is rep resen ted  b y  th e  la te  a u tu m n  m easu rem en t (w hen , 
owing to  a low su n p o sitio n  only th e  20° a ltitu d e  could  be m easured  b y  o u r 
m ethod). The daily  average  of th e  ligh t in te n s ity  is s im ila r to  th a t  reco rded  in  
ea rly  spring.

W hile Table 2, dealing  w ith  th e  abso lu te  lig h t va lu es  of I  displays th e  
v a ria b ility  concern ing  th e  underg row th  o f  th e  th ree  fo re s t s tan d s, T able 3,

co n stru c ted  on th e  basis  o f —  • 100 re la tiv e  lig h t v a lu es , is ch a rac te ris tic  o f
lo

th e  op tica l fea tu res  o f  th e  forest s tan d s; a t  th e  sam e tim e , i t  expresses th e  
lig h t received b y  th e  u n d erg ro w th  less co n cre te ly  th a n  th e  abso lu te  illu m i
n a tio n . The canopies o f  d iffering s tru c tu re  (“ t r e a tm e n ts ”  1, 2, and 3) do n o t 
econom ize iden tica lly  w ith  th e  sam e q u a n ti ty  of lig h t I 0. T herefore, a com 
parison  betw een  th e ir  abso lu te  and  re la tiv e  values is n o t w holly id en tica l 
e ith e r  (Tables 2 — 3 a n d  4 —5). In  sum m er, d u rin g  noon  tim e hours a n d  
a t g rea t sun ligh t (Ju n e , Ju ly , 4 0 —50 60°) th e  d ifferences betw een  th e  in 
d iv id u a l age groups, d eriv ing  optical s tru c tu re , are sm aller (Table 3., th e y
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20 M. DRASKOVITS, R.

develop  on fewer occasions) th a n  th e  d ifferences in  th e  values of lig h t a c tu a lly  
rece iv ed  on th e  fo rest floor (Table 2). A t th e  sam e tim e , th e  d ifferences e x 
p ressin g  the  differing  o p tica l s tru c tu re  befo re  and  a fte r th e  ex fo lia tin g  period  
are  g rea te r  th a n  those  of th e  ac tu a l lig h t in te n s ity  in the  u n d e rg ro w th  o f th e  
th re e  stands.

C oncerning th e  abso lu te  ligh t in te n s ity  values of I , th e  differences are th e  
m o s t expressed  in  th e  m orn ing  an d  fo renoon  hours, while — u n d e r  th e  effect 
o f  g re a te r  sunheigh ts th e  m eans te n d  to  overlap . The b est exam ple  of th is  
h a p p e n e d  on 20 Ju n e , w hen  a t  60° n o t ev en  th e  young  an d  old s ta n d s  re p re 
se n tin g  the  tw o ex trem e  age groups w ere sign ifican tly  d iffe ren t from  each  
o th e r . M easurem ents a fte r  th e  n o o n tim e hours also te n d  m ore to w ard s a 
decrease  in th e  differences, for as a re su lt o f local con fig u ra tio n s of th e  
te r ra in  th e  sun sinks behind th e  m o u n ta in s  re la tiv e ly  e a rly ; th u s , in  th e  
a fte rn o o n  m easu rem en ts i t  is r a th e r  th e  diffuse rad ia tio n  th a t  com es to  th e  
fo re fro n t, even in clear w ea th e r, w hich  as is well know n - te n d s  to  resolve 
th e  differences in  lig h t in te n s ity . A n ex trem e  exam ple of th is  w as on 23 J u ly , 
a t  20° (afternoon), w hen  no sign ifican t d ifference occurred  in  a n y  o f th e  th ree  
s ta n d s . T herefore, th e  m easu rem en ts belong ing  to  forenoon su n h e ig h ts  of 10, 
20, 30, 40° are m ore in fo rm ativ e . O u r re m a rk  m ade above refers eq u a lly  to  
th e  leafless spring  and  a u tu m n  an d  to  th e  exfo lia ted  su m m er s ta te s . The 
a sy m m e try  of such  curves of th e  d a ily  courses is p a r tly  a re su lt o f th e  local 
co n fig u ra tio n s o f th e  te rra in .

In  th e  fo rm atio n  of the lig h t co n d itio n s according to  seasons we found  
t h a t  in  spring th e  m iddle-age group  w as lig h te r  th a n  th e  o th e r  tw o , while in 
su m m er and a u tu m n  th e  young  s ta n d  p ro v ed  to  be lig h te r (F ig . 4).

April  May J une  July Sept .  Nov

F ig . 4. R elative light intensity conditions on the forest floor of the three stands of different 
age-groups in the vegetation  period. 1: young stand; 2: m iddle-age stand; 3: old stand
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The re la tiv e  ligh t in te n s ity  of th e  u n d erg ro w th  of th e  th ree  age g ro u p s,
I

in  th e  v eg e ta tiv e  period , —  • 100, is show n in Fig. 4. In  sum m er, th e  courses
I q

of th e  curves app roach  one a n o th e r, th a t  th e  differences d e tec tab le  in  sp rin g  
and  a u tu m n  are n o t sign ifican t in  th e  case o f an y  of th e  s ta n d  pairs.

In  sp ring , th e  sm aller s im ila rity  ap p ea red  betw een  th e  young an d  old 
s tan d s , while th e  m ore sign ifican t su m m er correspondence was d e tec ted  
betw een  th e  s tan d s  of m iddle- an d  old-age groups. We have observed th a t  
p rio r to  ex fo lia tion , th e  tru n k s  an d  b ran ch es o f th e  young and  old s tan d s  m ay  
cause sim ilar lig h t conditions as well in a s ta n d  of densely s tan d in g  y o u n g  
trees  w ith  slender tru n k s  and  sparse  canopy  as in  a s ta n d  o f older ones w ith  
th ic k  holes and  w idely  ram ify ing  b ran ch es, an d  th a t  th e  tru n k s  and b ran ch es  
decrease m ore d ra s tica ly  th e  lig h t a rriv in g  a t  th e  floor o f th e  forest th a n  in  
th e  case of a s ta n d  of trees of th e  m iddle-age group w ith  an  in te rm e d ia te  
tru n k -b ra n c h  s tru c tu re . The s ta n d  of m iddle-age group ap p eared  to  be th e  
m ost a b u n d a n t in  ligh t p rio r to  a tta in in g  com plete foliage. C oncerning th e  
re la tio n  betw een  th e  young an d  old w oods, it  m igh t have been  ex p ec ted , in 
v iew  of th e ir  h a b it, th a t  in th e  y o ung  s ta n d  th e  very  densely  spaced tru n k s  
w ould h in d er th e  a rriv a l of ligh t a t  th e  fo rest floor; th e  fac t th a t  th e  floor o f  th e  
y o ung  fo rest is n o t defin ite ly  poor in  ligh t d u rin g  spring and  au tu m n  follow s 
from  th e  young  trees being sh o rt, w ith  th in  b ran ch es and  a sm all canopy.

In  full sum m er foliage on th e  o th e r h a n d , th e  young fo rest, p ro duc ing  a 
v e rtic a lly  less d iscrete foliage com posed of sm aller, th in n e r , and  b r ig h te r  
leaves, can  be charac terized  b y  h igher lig h t va lues a t th e  grass lay er d u rin g  
th e  season. The re la tiv e  ab u n d an ce  o f lig h t d u rin g  in  th e  y oung  s tan d  m ay  
have an  in fluence on th e  su rv ival o f u n d erg ro w th  species w ith  a long v eg e ta tiv e  
period  (species in  general o f th e  h em ic ry p to p h y to n  life form ). O ur fin d in g  
th a t  th e  ra te  of geophytons in  th e  u n d e rg ro w th  of th e  y o ung  fo rest is m uch  
sm aller, and  th a t  th ere  is no defin ite  sp ring  asp ec t, is in  ag reem en t w ith  th o se  
sa id  above.

The re la tiv e ly  g rea te r d ifference in  lig h t in te n s ity  (deriv ing  m ain ly  from  
differences in  tru n k  d istance) be tw een  th e  old and  m iddle-age group s ta n d s  
d u rin g  sp ring tim e can n o t be d e te c te d  in  sum m er, indeed th e  lig h t in te n s ity  
d ifference in  th e  old and  m iddle-age s ta n d  floors is no t even  s ign ifican t in  
50%  of th e  m easu rem en ts. I t  can  in ferred  th e re fo re  th a t  in  th e  leafless s ta te  
th e  tru n k b ra n c h  s tru c tu re  is decisive; in  th e  lea fy  s ta te  th e ir  effect is m uch  
sm aller; concern ing  fo liage-struc tu re , th e  old an d  the  m iddle age s tan d s are  
n ea re r  to  each o th e r, th e  young s ta n d  differs from  th em ; concern ing  tru n k -  
b ran ch  s tru c tu re , th e  old and th e  y o ung  s tan d s  show  sim ilarity .
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Summary

D uring  th e  w hole v eg e ta tio n  perio d  in  1974, lig h t in te n s ity  m easu re 
m en ts  w ere m ade on th e  flo o r of beech s ta n d s  o f th ree  d iffe ren t age-groups, and  
on a n e a rb y  clearing . O u r  resu lts can  he sum m arized  as follows:

1. Beechw oods in  th e  leafy s ta te  decrease  th e  lig h t received  on to p :  in 
su m m er b y  tw o o rd e rs  o f  m agn itude , w hile in  spring and  a u tu m n  b y  one o rd er 
o f  m ag n itu d e .

2. On th e  beechw ood  floor, th e  d ifference  in  lig h t in te n s ity  be tw een  th e  
leafy  an d  leafless s ta te s  is only of one o rd e r  of m ag n itu d e , and  th is  follows 
from  th e  leafless s ta te  b e ing  re la tiv e ly  p o o r in  ligh t.

3. D uring  th e  v e g a ta tiv e  period, in  sp rin g  and a u tu m n  (a t th e  tim e  o f th e  
tw o  incom ple te ly  le a fy  s ta tes), lig h t in te n s i ty  d ifferences betw een  th e  age- 
g roups are c h a ra c te r is tic , while in su m m er, in  th e  leafy  s ta te , th e  d ifferences 
becom e p a rtic a lly  in d is tin c t, in ligh t co n d itio n s on th e  fo rest floor.

In  spring , th e  l ig h t conditions in  th e  young  an d  th e  old s tan d s  are 
s im ila r to  each  o th e r , b o th  woods are “ d a rk ” ; in su m m er and  a u tu m n , th e  
m iddle-age and  o ld -age  s tan d s show  g re a te r  sim ilarity .

4. The c h a ra c te r  o f  th e  tru n k -b ra n c h  s tru c tu re  in  th e  young  an d  th e  old 
s ta n d s  in  spring  lead  to  th e  fo rm ation  o f  sim ilar lig h t cond itions; th e  foliage 
s tru c tu re  causes s im ila r ligh t co n d itio n s in  th e  m iddle-age and  old-age 
s tan d s .

5. U n til th e  le a fy  period, th e  y o u n g  s tan d  is re la tiv e ly  d a rk e r, th e n  
re la tiv e ly  lig h te r; th e  m ore un iform  lig h t conditions are a ssu m ab ly  also 
responsib le , to g e th e r  w ith  o ther d y n am ica l processes, fo r th e  absence o f th e  
g e o p h y to n  asp ec t.

6. D uring  th e  w hole v ege ta tion  p e rio d  th e  daily  courses of lig h t in te n s ity  
are  n o t sy m m etric ; th is  is a ttr ib u ta b le  to  th e  effect o f th e  local con figu ra tions 
o f  te rra in e . T he m o rn in g  and forenoon read in g s (a t su nhe igh ts of 10, 20, 30, 
40°) rep re sen t th e  lig h t in ten sity  d ifferences following from  th e  diverse o p tica l 
s tru c tu re s  of th e  th re e  stands. T hese read in g s are m ore in fo rm ative  in  com 
p ariso n  w ith  th e  n o o n  and  afternoon  read in g s.

ACKNOW LEDGEM ENTS

I express m y than ks to Gábor F e k e t e  for expert advice; to the Visegrád Forestry of 
the State Park F oresty  o f  the Mts. Pilis; to  th e  Computer Techniques D epartm ent of the  
L E U S; and to all fellow  workers at the D epartm en t for their assistance in taking the read
ings and in data-processing.

R E F E R E N C E S

1. Al e k s e e v , V. A. — Алексеев, В. A. (1963 а): К методике измерения освещенности
под пологом леса. Физиол. раст. 10, 197—201.

2. A l e k s e e v , У. А. — Алексеев, В. А. (1963 6). Некотовые вопросы оптических свойств
леса. В: Проблемы экологии и физиологии лесных растений. Ленинград, 47 — 80.

Acta Botanica Academiae Scientiarum Hungaricae 21, 1975



LIGHT INTENSITY IN BEECHWOODS 23

3. An d e r so n , M. C. (1964a): Studies of the woodland light clim ate. I. The photographic
com putation of light conditions. J . Ecol. 52, 27 — 41.

4. A n d e r so n , M. C. (1964b): Studies o f the woodland light clim ate. II . Seasonal variation
in the ligh t clim ate. J. Ecol. 52, 643 — 663.

5. A n d e r so n , M. C. (1966): Some problems of sim ple characterization of the light clim ate
in p lant com m unities. In: Bainbridge, R. — E vans, G. C. —R ackham , O.: L ight as 
an ecological factor. Oxford, 77 — 90.

6. E b e r , W . (1971): The characterization of the woodland ligh t clim ate. Ecol. Stud. 20,
1 4 3 -1 5 2 .

7. E b e r , W. (1972): Über das Lichtklim a von W äldern bei G öttingen und seinen E influss
auf die B odenvegetation . Scripta Geobot. G öttingen, pp. 150.

8. E g l e , K. (1937): Zur K enntnis des L ichtfeldes der Pflanze und der B lattfarbstoffe.
Planta (B erl.) 26, 5 4 6 -5 8 3 .

9. E v an s , G. C. (1956): An area survey m ethod of investigating the distribution of light in ten 
sity in w oodlands, w ith particular reference to sunflecks. J. Ecol. 44, 391—428.

10. F e k e t e , G. (1972): A növénytársulás fiziognóm iai struktúrája, a fén y  és a víz m int produk
cióökológiai tényezők. (The physiognom ical structure of p lan t com m unity, ligh t  
and water as production-ecological factors.) MTA Biol. O szt. K özi. 15, 137 — 158.

11. Ge ig e r , R. (1961): Das K lim a der bodennahen Luftschicht. Braunschweig, pp. 646.
12. Go r y sin a , T. K. — Горышина, T. K. (1969): Ранневесенние эфемероиды лесостепных

дубрав. Ленинград, рр. 232.
13. Go r y sin a , Т. К. — Горышина, Т. К-(1974): Биологическая продуктивность и её фак

торы в лесостепной дубраве. Ленинград, рр. 216.
14. H orváth , I. — K o lta y , А. (1960): Növényállom ányokban történő fénym érések m etodikai

problémáiról. (On m ethodical problems of ligh t m easurem ents m ade in plant stands.) 
Agrártud. E gyet. Közi. 32, 301 — 305.

15. Ma je r , A. (1968): Magyarország erdötársulásai (Az erdőm űveléstan alapjai). (Forest
com m unities o f Hungary. Fundam entals o f the science of forest culture.) Akad. 
Kiad. B udapest, pp. 515.

16. N a g y , L. (1972): Sugárzás és hőm érséklet vizsgálatok az újszentm argitai erdőben. (R a 
diation and tem perature studies in the wood at U jszentm argita.) MTA Biol. Oszt. 
Közi 1 5 ,5 1 —60.

17. Sestá k , Z. — Èa t s k y , J. —J a rv is , P. G. (ed.) (1971): P lant photosynthetic  produc
tion. M anual o f m ethods. H ague, рр. 818.

18. Sváb , J. (1973): Biom etriai módszerek a kutatásban. (B iom etrical m ethods in re
search.) M ezőgazd. Kiad. Budapest, pp. 517.

19. T r a n q u il l in i, W . (1960): Das Lichtklim a wichtiger Pflanzengesellschaften. In: R u h l a n d ,
W. (ed.): H andbuch der Pflanzenphysiologie. Bd. V/2. Springer, Berlin —G öttingen — 
Heidelberg, 304 — 338.

20. T r a pp , E. (1938): Untersuchungen über die V erteilung der H elligkeit in  einem B uchen
bestand. Meteor. Zeitschrift. Biokl. Beibl. 5 , 153 —158.

21. Ze l l n ik e r , J u . L. — Цельникер, Ю. Л. (1969): Радиационный режим род пологом
леса. Москва, рр. 97.

Acta Botanica Academiae Scientiarum Hungaricae 21, 1975





Acta Botanica Academiae Scientiarum Hungaricae , Tomus 21 ( 1 — 2 ) ,  p p .  2 5 —36 (1975)

CHANGES IN THE AREA AND WEIGHT 
OF LIGHT- AND SHADE-ADAPTED LEAVES 

AND SHOOTS OF QUERCUS PETRAEA 
AND QUERCUS CERRIS 

IN A HUNGARIAN OAK FOREST ECOSYSTEM*

B y

P. J A K U C S  a n d  K . V l R Á G H

BOTANICAL IN STITU TE, KOSSUTH L. UNIVERSITY, D EBRECEN

(Received April 2, 1975)

The present paper deals w ith the growths of light- and shade-adapted shoots 
and leaves as expressed in area and dry w eight of the two tree species, Quercus petraea  
and Qu. cerris, both study objects of the Síkfőkút Project. B iweekly or inensually  
collected data during the 1973 vegetation  period were based on optical planim etrical 
and dry weight measurem ents which perm itted to trace the developm ent of leaf and 
shoot production and the loss of m aterial due to caterpillar feeding. Since the number 
of sampled leaves were known, the obtained data could be transposed per hectare.

R esearch  in the  field of ecosystem s has always em phasized  th e  im p o rtan ce  
of com prehensive in v estig a tio n  of green  p la n t p a rts  ac tiv e  in  th e  p h o to sy n 
th e tic  process. A nnual analyses of leaves an d  shoots m ost fre q u e n tly  focus on 
area l an d  w eight m easu rem en ts based  on a su itable n u m b er of sam ples, 
allow ing inferences on th e  developm ent o f  lea f and  shoo t p ro d u c tio n  resp ec
tiv e ly . B u t th e  sam e m easurem ents p o in t to  the  various g row th  p a ra m e te rs  
descrip tiv e  o f th e  grow th of in d iv idua l green p a rts  and  to  th e  in te rre la tio n sh ip  
betw een  th e  p h o to sy n th e tic  a p p a ra tu s  an d  p roduction  ( B l a c k m a n , 1919; 
B r i g g s — K i d d  W e s t , 1920; W a t s o n , 1952; C o o m b e , 1960; J a r v i s , 1963; 
W i l l i a m s , 1964; B l a c k m a n , 1968; К  v e t  O n d ó k  — N e c a s — J a r v i s , 1971 an d  
o thers). In  th is  s tu d y , th e  au th o rs  p u b lish  th e  results o b ta in ed  du ring  th e ir  
research  on leaves and  shoots in th e  c lim ate  zonal Quercetum petraeae-cerris 
fo rest, n ea r E ger, on the  h illy  lan d  b e tw een  th e  G reat H u n g a rian  P la in  and  th e  
N o rth  C en tra l M ountain  R ange of H u n g a ry . The w oodland was assigned to  be 
th e  m odel of in v estiga tion  (S ík főkú t P ro jec t) , a p a rt of th e  research  p rog ram m e 
“ M an an d  B iosphere” (see J a k u c s , 1973; J a k u c s  H o r v á t h  K á r á s z , 1975, 
В . P a p p , 1975, e t al.). M easurem ents of a rea  and  w eight w ere tak en  s im u lta 
neously  on ligh t- and sh ad e -ad ap ted  shoo ts of the  tw o d o m in an t tree  species. 
In v es tig a tio n s  also included th e  tem p o ra l changes in site o f whole leaves and 
of tho se  dam aged  by  ca terp illa rs .

* “ Síkfőkút Project” No. IB
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Sampling

The principles g o v e rn in g  th e  sam pling  p ro ced u re  w as p lan n ed  to  have  
th e  d a ta  rep re sen ta tin g  th e  en tire  forest o f a r a th e r  hom ogeneous appearance . 
T h ree  sam ple trees h a v e  b een  selected from  each  of th e  tw o  species (each tree  
bein g  65 years old, o f s im ila r  h a b it and  of s im ila r location  w ith in  th e  en v iro n 
m e n t, etc.). Sam pling w as m ade on te n  occasions d u rin g  th e  v eg e ta tio n  period . 
T en  shoots were g a th e re d  from  th e  u p p e ro u te r  p a r t  o f th e  crow n (light- 
a d a p te d  shoots) an d  te n  shoo ts from  th e  low erinner p a r t  o f th e  crown (shade- 
a d a p te d  shoots). S ince th e  m a jo rity  of th e  single shoots h a d  5 to  9 leaves, each  
sam pling  yielded 120 sh o o ts , i.e. 800 to  900 leaves.

Material and m ethod

The sam ples w ere g ro u p ed  according to  tre e s  and  lig h t levels. The shoots 
w ere num bered , th e n  th e  leng th  of th e  sh o o t axis and  th e  d iam eter a t  its  
m iddle  m easured, f in a lly  th e  num ber of leaves belonging to  each  shoot co un ted . 
T h e  m ateria l was p re se rv e d  in  the pressed  s ta te .

L e a f area measurem ents

According to  in te rn a tio n a l usage, th e  c h a rac te riza tio n  o f the  assim ilating  
cap ac ity  of the  le a f  is b a se d  n o t on th e  e n tire  le a f  su rface; i t  suffices to  p re se n t 
th e  m easurem ents o f  o n ly  one side (the area) o f th e  leaf. ( C a r l i s l e — B r o w n  

W h i t e , 1966). L ea f a re a  w as m easured b y  elec tric  o p tica l p lan im eter. T he 
device has been desig n ed  for th is  specific p u rp o se  (C z e l l á r  an d  B .  P a p p , 1975). 
M easurem ent p rec is io n  is + 1 % .

M easurem ent o f  the damaged lea f area

B y the  end  o f  sp rin g  and the  beg inn ing  o f sum m er ex tensive  ca te rp illa r  
feed ing  could be o b se rv ed  in the forset (see F ig . 1). C alcu lation  of th e  a b se n t 
a rea  was p a r tly  n e c e ssa ry  to  g uaran tee  v a lid  g row th  analysis and  p a r t ly  to  
e s tim a te  the  a rea  a n d  w eig h t of green assim ila tin g  organs a lread y  n o n ex is ten t.

Calculations w ere  based  on the  co rre la tio n s b e tw een  le a f  leng th  an d  le a f  
a rea , leaf w id th  a n d  le a f  area , length  tim es w id th  an d  a rea  (see e.g. C a r l i s l e —  

B r o w n — W h i t e , 1966; K u b i c e k , 1971). In  th e  case of b o th  whole and dam aged  
leaves area m easu rem en ts  were done p a ra lle l w ith  le a f  w id th  and  lea f len g th  
m easurem ents as w ell. T he whole lea f a rea  o f  dam aged  leaves was co m p u ted  
b y  s tan d ard  lin e a r  reg ression  equations u tiliz ing  th e  m easu red  d a ta  p a irs . 
T he obtained  d a ta  w ere ev a lu a ted  by  th e  C om pu ter C entre  o f th e  K ossu th  L ajos
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Fig. 1. M oderately dam aged leaves on the shoots o f Quercus petraea  (photo: M. Szabó)

U niversity , D ebrecen . W ith  respect to  each ca teg o ry , equ a tio n s expressing  
th e  closest re la tio n s (leng th  tim es w id th  area) w ere app lied  to  calcu late  th e  
whole area of th e  dam aged  leaves. In  some in s tan ces , w ere a p a ram e te r  ow ing 
to  ca te rp illa r feed ing  w as n o t availab le , we ap p lied  th e  eq u a tio n  p e r tin e n t to  
the  m easurab le d a tu m .*

D eterm ination o f the shoot area

B ased on th e  m easured  len g th  and d iam ete r, we ca lcu la ted  the  cy lindrical 
surface area b y  th e  fo rm ula  2 гл -length .

Weight measurements and the determ ination o f  the original weight o f  the damaged
leaves

The m ate ria l w as desiccated  a t 85°C for 48 h rs , th e n  m easured . In  o rd er 
to  be able to  re c o n s tru c t th e  orig inal w eight o f th e  d am ag ed  leaves f irs t th e

* It should be remarked th a t in order to obtain more concise values when com puting  
regression equations close atten tion  had been paid to the degree of developm ent o f the  
individual leaves on the various shoots, w ith reference to the ligh t- and shade-adapted leaves  
of the two tree species. Accordingly, the leaves were grouped, counting from the shoot apex, 
into the groups 1— 3, 4 —6, 7— 9, 10— 18. Preliminary calculations gave significant differences 
between all groups.

Acta Botanica Academiae Scientiarum Hungaricae 21, 1975



2 8 JAKUCS, P .-V IR Á G H , К.

w eigh t of an  area  of 1 cm 2 was figu red . W ith  th e  aid of th is  ca lcu la tio n  the 
w eig h t o f th e  sound  le a f  area  for each  le a f  could be d e te rm in ed  b y  th e  re
gression e q u a tio n  as well as th e  w eigh t o f th e  en tire  set of leaves p ro d u ced  on 
one shoot.

Results and discussion

Seasonal changes in  th e  average le a f  a rea  an d  w eight o f th e  re c o n s tru c te d  
as w ell as of th e  dam aged  leaves for b o th  o ak  species w ith  re sp ec t to  d iffe ren t 
lig h t levels are given on T ab le  1 an d  il lu s tra te d  in  Fig. 2. D a ta  d isp lay in g  areal 
an d  w eight v a ria tio n s  o f m edium  developed  shoots (the m ean  of 30 shoo ts per

Table 1

Seasonal changes in  the m ean value o f  whole reconstructed and damaged le a f areas 
and weights o f  Quercus petraea and  Quercus cerris in  1973

Area in cm2 W eight in g

light shade light shade

whole caterpillar
damaged

whole caterpillar
dam aged

whole caterpillar
damaged

whole caterpillar
damaged

Qu. p .

Apr. 18 2.25 3.13 — 0.0191 0.0202 —
May 4 17.93 16.07 30.50 27.90 0.0877 0.0863 0.1065 0.0964

10 24.72 17.83 27.26 22.41 0.1393 0.0975 0.1234 0.1020
24 26.05 21.62 35.61 32.08 0.1967 0.1630 0.1789 0.1581

June 13 22.70 15.42 29.99 23.67 0.2241 0.1515 0.2061 0.1806

27 20.33 15.06 30.71 26.27 0.2155 0.1573 0.2158 0.1834
July 27 21.24 16.49 28.84 22.26 0.2454 0.1914 0.2324 0.1775
Aug. 23 20.49 16.98 28.96 24.14 0.2207 0.1852 0.2004 0.1662
Sept. 26 19.47 15.43 28.86 22.66 0.2297 0.1838 0.2486 0.1890
Oct. 17 25.72 19.64 26.69 23.67 0.2578 0.1964 0.1743 0.1558

Qu. c.

May 4 2.23 0.58 2.23 0.58 0.0172 0.0043 0.0172 0.0043
10 8.21 7.35 11.23 8.13 0.0586 0.0487 0.0520 0.0379
24 13.64 11.82 17.43 15.87 0.0925 0.0820 0.0931 0.0848

June 13 14.23 13.41 19.23 14.87 0.1298 0.1225 0.1211 0.0937

27 13.33 11.75 16.25 13.33 0.1523 0.1281 0.1042 0.0850
July 27 13.36 10.04 20.04 18.83 0.1684 0.1260 0.1338 0.1254
Aug. 23 13.50 11.37 18.04 14.47 0.1672 0.1411 0.1406 0.1136
Sept. 26 11.85 9.31 18.38 13.89 0.1482 0.1171 0.1417 0.1080
Oct. 17 16.16 13.02 18.89 14.62 0.1559 0.1253 0.1236 0.0974
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tree ) occurring  d u rin g  a g iven period are  show n on T able 2 and  illu s tra te d  in  
Fig. 3. The area of a single shoot rep re sen ts  th e  sum  o f the  ca lcu la ted  area  o f 
th e  shoo t axis an d  o f th e  en tire  set o f re c o n s tru c te d  leaves. The w eigh t of th e  
shoot equals th e  d ry  w eigh t of the  shoot axis an d  th e  d ry  w eight o f th e  sound 
lea f area .

Development o f  the area

T he d a ta  u n am b iguously  ind ica te  th a t  th e  a rea  of the  sh ad e -ad ap ted  
leaves is s ig n ifican tly  la rg e r th a n  th a t  of th e  lig h t-a d a p te d  leaves. T he p rim a ry  
cause is p resu m ab ly  also th e  inh ib itive  ac tio n  of th e  lig h t ex e rted  on th e  
leaves exposed  to  th e  m ore in tense and  d irec t ra d ia tio n  in  th e  u p p e r levels.

Table 2

Seasonal changes in  the mean value o f  reconstructed area 
and weight o f  light- and shade-adapted shoots o f  Quercus petraea  

and Quercus cerris and the percentual extent 
o f  caterpillar induced damage calculated fo r  shoot leaves in  1973

A re ia  cm2 W eight in  g E x ten t of dam age in %

light shade light shade light shade

Qu. petraea
Apr. 18 17.64 21.14 0.1754 0.1539 — —
May 4 110.04 169.96 0.6341 0.6273 11.55 7.71

10 153.61 157.19 0.8994 0.8882 27.11 16.84

24 157.18 222.64 1.2426 1.1941 18.07 9.72

June 13 162.79 160.61 1.7061 1.2781 38.41 19.09

27 160.39 174.90 1.9133 1.2932 19.56 12.85

July 27 164.08 178.49 2.1063 1.5380 22.90 23.03

Aug. 23 145.22 170.05 1.7319 1.2811 17.71 11.07

Sept. 26 141.15 168.74 1.9160 1.4947 21.55 21.47

Oct. 17 157.80 150.45 2.1161 1.0472 21.98 12.37

Qu. cerris

May 4 17.42 17.42 0.1431 0.1431 1.95 1.95

10 51.43 64.68 0.3708 0.3263 5.58 1.93

24 89.52 92.03 0.6093 0.5293 3.76 5.60

June 13 94.33 104.50 0.9257 0.7131 6.34 9.58

27 85.37 89.43 0.9317 0.6279 8.56 14.60

July 27 81.25 104.09 1.0969 0.7552 8 .2 1 5.80

Aug. 23 98.66 91.09 1.3656 0.7712 12.82 11.53

Sept. 26 116.03 118.91 1.7574 1.1184 8.62 1 2 .8 6

Oct. 17 79.31 104.76 0.8417 0.8238 6.69 8.72
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Fig. 2. Seasonal m odification of reconstructed area and weight of light- and shade-adapted leaves o f Quercus petraea (solid line)
and Quercus cerris (dotted line)
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H ow ever, in th e  c ite d  case one m ay  also assum e th a t  n o t o n ly  rad ia tio n  effects 
b u t  the x ero therm ic  c h a ra c te r  o f th e  m ic roenv ironm en t also p lays a role in  th e  
re ta rd e d  deve lopm en t o f le a f  area.

L eaf grow th o f  Quercus petraea  is very  ra p id  d u rin g  th e  sp ring  and b y  th e  
en d  of May b o th  th e  lig h t- an d  sh ad e-ad ap ted  leaves have  a lm o st reached full 
developm ent. A la te r  d ifference o f size betw een  th e  ligh t- an d  sh ade-adap ted  
leaves appears a t  th e  en d  of M ay w hen foliage is co m p le te ly  developed and  its  
s tra tifica tio n s acco rd in g  to  ligh t in ten s ity  levels becom es m ore pronounced . 
L eaves which have  reach ed  th e ir  fu lly  developed  an d  m ax im u m  area b y  th e  
en d  of May experience an  a b ru p t decrease of average  d im ensions in Ju n e , and  
th is  s ta te  scarcely  a lte rs  d u rin g  th e  su b seq u en t v e g e ta tio n  period. This re 
gression is s ign ifican t p r im a rily  in  th e  case of sh a d e -a d a p ted  leaves and could 
be observed only in  th e  case o f Quercus petraea. T he reaso n  obviously  lies in  th e  
fa c t  th a t  the  average  a rea  o f th e  g rea t n u m b er o f fresh  an d  y o ung  leaves, de
veloping  in M ay a n d  J u n e  a f te r  th e  ex tensive  c a te rp illa r  dam age, is ra th e r  
sm all.

From  Ju n e  till a u tu m n  th e  lea f area show ed little  v a r ia tio n  in size; th e ir  
a rea l grow th h ad  b e e n  essen tia lly  com pleted . N everth e less , in  th e  upperm ost 
s tra tu m  a sudden in crease  o f le a f  area  for b o th  species could  be no ticed  in  
O ctober. To id e n tify  th e  p rincip le  underly ing  th is  p h enom enon  fu rth e r  re 
search  is necessary .

Leaf d eve lopm en t in Quercus cerris s ta r te d  ap p ro x im a te ly  tw o weeks 
la te r . M axim um  a rea l v a lues w ere reached  only  b y  th e  m iddle of Ju n e . In  th e  
case of sh ad e-ad ap ted  leaves a regression in  th e  a rea l g ro w th  process has se t 
in  a t  the  end of J u n e  a n d  th e  m ax im um  w as reach ed  in  J u ly , a fac t perhaps 
re la te d  to  the  second lea fin g  follow ing dam ages caused  b y  ca te rp illa rs . The le a f  
a re a  of Qu. cerris is co n sid e rab ly  sm aller th a n  th a t  o f Qu. petraea. a ch a rac 
te r is tic  of this species.

The shoot a rea  has reach ed  its  m ax im um  in th e  m iddle o f M ay and Ju n e , 
respective ly , for b o th  tre e  species. N earing th e  en d  o f th e  veg e ta tio n  period 
a re a l regression b ecam es no ticab le . A t su m m er’s beg inn ing , th e  areal loss of 
sh ad e-ad ap ted  shoo ts assoc ia ted  w ith  c a te rp illa r dam age w as perhaps m ore 
ex ten siv e  th an  in th e  case of leaves.

Changes in  weight

Changes in d ry  w eigh t o f th e  leaves and  shoo ts in  th e  course of tim e  
show ed an en tire ly  d iffe ren t p ic tu re  th a n  a rea l m od ifica tions. D uring th e  
sp rin g  season gain in  w eig h t w as sligh ter, m ore g rad u a l. G enerally  th e  m axim um  
in b o th  light levels w as reach ed  b y  th e  re p re se n ta tiv e s  of th e  tw o different 
species by the end  o f  J u ly  an d  th e  beginning o f  A ugust. D eferm ent of lea f 
developm ent had  co n sid e rab ly  less influence on w eigh t regard less of the species.
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A fte r m ax im um  w eight h ad  been  reach ed , no sign ifican t change occurcd. A t 
th e  end  of th e  v eg e ta tio n  period , in  O ctober, w eight decrease has set in w hich 
can  be exp la ined  b y  th e  tra n s lo ca tio n a l processes of th e  fa ll season. D ecrease 
o f w eigh t was m ost s ign ifican t in  th e  case of th e  sh a d e -a d a p ted  shoots, in 
c o n tra s t  to  even a sligh t g ro w th  of l ig h t-a d a p te d  leaves o f Quercus petraea  
(w here also an  area l increase occurred).

The w eight o f th e  l ig h t-a d a p te d  leaves was alw ays m ore considerable 
th a n  th a t  of th e  sh ad e-ad ap ted  leaves, w ith  th e  exception  o f th e  early  sp ring  
perio d  w hen th e  d en sity  an d  shad in g  effect o f the  canopy  is less p ro m in en t. 
T he collected d a ta  re flec t th e  p a t te rn  t h a t  despite th e ir  sm aller area  th e  
accum ula tion  of organic m a tte r  is m ore in ten se  in the lig h t-a d a p te d  leaves 
a lth o u g h  th e ir  a rea  is sm aller th a n  in th e  sh ad e-ad ap ted  leaves (this can  be 
especially  expressed  in  th e  case o f Qu. cerris). Thus p h o to sy n th e tic  a c tiv ity  
decreases in  th e  low er s tra tu m  o f th e  crow n (according to  D y l is  K a r p o v — 
T z e l l n ik e r , 1966, i t  is occasionally  m erely  one te n th  of t h a t  occurring  in  th e  
lig h t level). T here can be no d o u b t, how ever, th a t  no com plete  and precise 
e x p lan a tio n  can be given w ith o u t reg a rd  to  resp ira tio n  an d  tran slo ca tio n  
“ losses” . The g rea te r average w eigh t o f lig h t-ad ap ted  leaves can be re la ted  
also w ith  th e  m ore advanced  d ev e lo p m en t o f th e  assim ila ting  tissues, o f th e  
pa lisade  p arenchym e layer, an d  th u s  of th e ir  th ickness. O ne m a y  also assum e 
th a t  excess w eight is due to  inclusions, m a in ly  of the  p resence of C a-oxalate 
c ry s ta ls . T his, how ever, is co n trad ic ted  b y  th e  analysis o f th e  m ineral co n ten t 
o f lig h t-a d a p te d  leaves w hich ind ica tes t h a t  m ore Ca is a lw ays d e tec tab le  in  
sh a d e -a d a p ted  leaves (B. P a p p , ined .).

Seasonal changes in  shoo t w eigh t show  a ten d en cy  s im ila r to  th a t  o f 
leaves. B ased  on th e  to ta l  n u m b er of leaves, th e  reco n stru c ted  to ta l  lea f and  
shoo t area, respective ly , and  th e ir  d ry  w eights per h ec ta re  are  sum m arized  
below . (The n u m b er o f leaves has been  supp lied  by  B. P a p p , for S ep tem ber 
1973; th e  au th o rs  have ca lcu la ted  area l an d  w eight d a ta  b a sed  on th e  m ean  
va lu es  ob ta in ed  in  th e  ligh t an d  shade levels also for S ep tem ber).

N um ber/hectare m2/ha kg/ha

leaf 27 897 000 67 427 6 673

Quercus petraea

shoot 4 649 500 72 044 7 929

leaf 5 481 250 8 288 795

Quercus cerris

shoot 783 000 9 198 1 126
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E xten t and effect o f  caterpillar feed ing

B ased  on w hole le a f  area  an d  th e  reco n stru c ted  a rea  o f ca te rp illa r-ea ten  
leaves on th e  shoo ts 30 shoo ts p er lig h t levels we co m p u ted  th e  p ercen tage  of 
d am age for each  sam p lin g  period  an d  fo r b o th  tree  species (see Table 2).

The d a ta  p o in t to  th e  fac t th a t  especially  in th e  case of Qu. petraea  
d am ages caused b y  ca te rp illa rs  w ere considerable (F ig . 4). F u rth e rm o re , 
c a te rp illa r  dam age re a c h e d  its  c lim ax  tw ice during  th e  v eg e ta tio n  period  in  
th e  fo rest ecosystem ; th e  f irs t c lim ax a t  th e  beg inn ing  o f M ay, the  second in  
th e  m iddle of Ju n e . D am age induced  in  th e  spring w as due chiefly to  Tortrix  
viridana  and  to  a lesser e x te n t to  H ybernia  defoliaria. M axim um  dam age in  
J u n e  w as caused b y  th e  ca te rp illa r  o f L ym an tria  d ispar  (V a r g a , perso n a l 
com m unication).

The m ax im um  is alw ays a fu n c tio n  o f w ea th er cond itions as well. The 
ca te rp illa rs  of Tortrix  v iridana  h a tch  a t th e  beginning  o f A pril, b u t dam age on

Fig. 4. E xtent o f caterpillar induced dam age of the light- and shade-adapted leaves o f  
Quercus petraea  (solid line) and Quercus cerris (dotted  line)

Acta Botanica Academiae Scientiarum Hungaricae 21, 1975



LEAF AREA AND WEIGHT OF QUERCUS PETRAEA AND QU. CERRIS 35

a large scale coulcl be observed  on ly  a t  th e  b eg inn ing  of M ay. This sh ift w as 
due to  th e  coolish b u t  d ry  sp ring . F ie ld  su rveys in d ica ted  th a t  th e  ligh t- 
ad ap ted  leaves an d  shoo ts suffered  heav ie r dam age th a n  th e  sh ad e-ad ap ted  
leaves and shoo ts, re sp ec tiv e ly . S h ad e-ad ap ted  leaves and  shoots ex h ib ited  
a dam age peak  a t  th e  end  of J u ly , b u t th e  degree of dam age , as com pared 
w ith  the  firs t tw o m ax im a  m easured  in th e  light level, was n o ta b ly  less. The 
m ost likely  e x p la n a tio n  is th a t  y o u n g  leaves develop ing  d u rin g  th e  second 
leafing  period w ere m ore fav o u red  b y  th e  ca te rp illa rs  th a n  th e  o lder, la rger 
w ell-developed ones. F u rth e rm o re  i t  m ay  be co nnec ted  also w ith  th e  de
s tru c tio n  w rough t b y  th e  g rad a tio n  of C alym nia  trapezina  a ro u n d  th e  end of 
o f Ju ly  and  the  beg in n in g  of A u g ust.

I f  th e  d am ag es, exp ressed  in  p ercen tag e , are com pared  for b o th  oak 
species, it  can be s ta te d  th a t  Quercus cerris suffered  considerab ly  less th a n  
Qu. petraea. The m ain  reason  is p ro b ab ly  th a t  Qu. cerris s ta r ts  to  unfold its  
foliage abou t 2 w eeks la te r , and  th is  b rie f phenological d ifference offers a 
sign ifican t p ro tec tiv e  a d v a n ta g e  for th e  T u rk ey  oak  aga in st Tortrix. H a tch ed  
b y  th is  tim e, th e  c a te rp illa rs  o f th is  species were feed ing  on th e  young leaves 
o f Qu. petraea and  m ig ra te d  to  tree s  of a n o th e r species (e.g. to  Qu. cerris) only  
in  w an t of food.

As a la s t re m a rk , a tte n tio n  m u st be called to  th e  fac t th a t  th e  au th o rs  
have p rac tica lly  no d a ta  a t  h an d  on th e  dam aging  affect, and  th e  e x te n t o f th e  
dam age w hich la rv ae  e x e rt on b uds. F o r it  is ev id en t th a t  th e  f irs t enorm ous 
dam age is caused in  th e  buds b y  th e  m inu te  ca te rp illa rs  em erg ing  from  th e  
eggs. A ccordingly, th e  re a l loss of p o te n tia l assim ila tin g  a rea  is considerab ly  
g rea te r th a n  m easu rem en ts  have in d ica ted . B earing  in  m ind  th a t  num erous 
leaves were co m ple te ly  devoured  b y  th e  ca te rp illa rs  (in som e cases even th e  
m idrib  was left in m u tila te d  cond ition), it is ju s tif ied  to  m a in ta in  th a t  th e  real 
loss for one h ec ta re  is a t  le a s t 10%  g re a te r  th a n  a c tu a lly  m easured .

C alculating th e  loss of assim ila ting  area  an d  w eigh t, respective ly , for 
one hectare  th e  m easu rem en t d a ta  are as follows:

% m2/hectare kg/hectare

Q u . p e t r a e a 30.72 26 421 2 047

Q u . c e r r i s 13.71 1 257 114

In  cognizance o f  th e  re c o n s tru c te d  areal and  w eigh t d a ta  o f th e  to ta l lea f 
n u m b er, the  above v a lu es  were ca lcu la ted  of th e  basis o f th e  respective  dam age 
percen tages (the m eans o f th e  lig h t an d  shade level m ax im a  !).

The given m 2/h a  an d  k g /ha  values and th e  p e rcen tag e  o f m ateria l loss 
( th e  e x te n t of d am age expressed  in  percen tage) w ere p ro b a b ly  10%  higher 
ow ing to  th e  reasons m en tio n ed  above (i.e., 41 and  2 4 % , respective ly ).
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VERÄNDERTE KNOSPENENTWICKLUNG 
AN JOHANNISREEREN (RIRES SP.) REI REFALL 

DURCH DIE JOHANNISREERGALLMILRE 
(CECIDOPHYOPSIS RIBIS WESTW.)

Von

B. K a u s s m a n n  und U . F o ck e

AUS D ER SEKTION BIOLOGIE D ER  U N IV ERSITÄ T ROSTOCK, DDR 

(Eingegangen am 25. August 1974)

The buds of Ribes species for the next year appear already in spring. After the 
vegetative phase (development of tegments and leaf primordia), the shoot apex may 
be transformed into inflorescence. The development of buds infested with Cecido- 
phyopsis ribis Westw. is disturbed, and leaves and inflorescences fail to form. The 
paper describes histogenetic deformations of proto- and subprotoderm and discusses 
the causes of these phenomena.

1. Die normale Ontogenese der Axillaren bei Ribes

1.1. Vegetative Phase

Bei den R ibes-A rten  w erden  die K n o sp en  für das kom m ende J a h r  
bere its  im  F rü h ja h r  angelegt. D er Y egeta tionskcgel dieser A xillaren  is t re la tiv  
k lein  u n d  n u r von  w enigen T eg m en tp rim o rd ien  um geben. N ach  B eendigung 
der e rs ten  E n tw ick lungsphase  is t die fü r  v iele D iko ty lenscheite l c h a ra k te 
ristische  S ch ich tung  d er M eristem kom plexe g u t e rk en n b ar (vergl. Z usam m en
fassung  bei K a u s s m a n n  1963).

P ro to d erm  (P r) und  S u b pro toderm  (sP r) w achsen m it e igenen  In itia len , 
die sich im  S ch e ite lab sch n itt der Sprosssp itze n u r  an tik lina l te ilen . Seitlich  k a n n  
es im  S u b p ro to d erm  zu perik lina len  T eilungen  kom m en, w o durch  die B la t t 
b ildung  e inge le ite t w ird . Die an tik lina le  T e ilu ngsrich tung  fü h r t  zu  einem  au s
g ep räg ten  O berflächenw achstum .

U n te rh a lb  des S ubpro toderm s b e finden  sich im  Spitzenbere ich  die u n 
regelm ässig  an geo rdne ten , +  v ak u o lis ie rten  Zellen des Z en tra lm eris tem s 
(ZM). Sie te ilen  sich allseitig  (V olum enw achstum ) und  führen  basa l lau fend  
D eriv a te  dem  F lan k en - und  R ip p en m eris tem  (FM , RM) zu. Die Zellen des 
F lan k en m eris tem s sind  re la tiv  schm al und  in ten s iv  fä rb b ar. Aus den  A b
köm m lingen  dieses M eristem s gehen die P ro k am b ien strän g e  u n d  die p rim äre  
R inde hervor. D as R ippenm eristem , dessen Zellen vergrössert u n d  v ak uo lisie rt 
e rscheinen , lie fert die Lang- und  K u rz k e tte n  des jungen  M arkes. In ein iger
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E n tfe rn u n g  vom  S p itzen m eris tem  w erden  die B la tta n la g e n  ausgegliedert. D er 
B la ttb ild u n g sp ro zess  b e g in n t m it der S treck u n g  e in iger su b p ro to d erm aler 
Zellen. A nschliessend se tz t eine v e rs tä rk te  T e ilu n g stä tig k e it im F la n k e n 
m eristem  und  im S u b p ro to d erm  ein. D as P ro to d e rm  b e te ilig t sich n u r d u rch  
an tik lin a le  T eilungen  an  diesem  W ach stu m  u n d  ü b e rz ieh t als einfache, s p ä te r  
die E piderm is lie fernde  Zellage die B la tth ö c k e r  (Bl) (vergl. auch K a u s s m a n n  
1941, 1963).

G elegentlich o rd n en  sich die Zellen u n te rh a lb  des S ubpro toderm s in  
L agen  an, so dass d e r V egetationskegcl von  m ehr als zwei Zellagen um geben  
ersch e in t. Das is t b eso n d ers  dann  der F a ll, w enn der A pex  kurz vor d er A u s
g liederung einer n eu en  B la ttan lag e  s ta rk  an  B reite  zugenom m en h a t (M axim al
fläche) oder au ch  b e i E in t r i t t  in die p rä flo ra le  P hase . Diese durch  an tik lin a le  
T eilungen e n ts ta n d e n e n  L agen sind in s tab il.

N achdem  eine A nzahl K n ospenschuppen  geb ild e t w urden, e n ts te h e n  
zw ei n eb en b la ttlo se  L a u b b lä tte r , die eine p lik a tiv e  K nospenlage zeigen. Z u 
w eilen k ann  die L a u b b la ttb ild u n g  in  den  g en era tiv en  K nospen bei Ribes  
rubrum  (vorw iegend  an  w eissfrüchtigen  S orten) ü b ersp ru n g en  w erden . Es 
erscheinen  d an n  n a c h  d en  T egm en tp rim o rd ien  die B ra k te e n , in deren A chseln  
die B lü ten  en tsp rin g en .

An Ribes n ig ru m  w ar diese E n tw ick lu n g  n ich t zu beobach ten . In  A us
nahm efällen  k o m m t es bei schw arzfrüch tigen  S o rten  zu einer gewissen F ro n - 
d o s itä t, da B lü te n tra g b lä t te r  L au b b la ttg rö sse  u n d  -form  erreichen k ö n n en . 
Diese E rsch e in u n g  k a n n  z. B. an T erm in a lk n o sp en  von  L ang trieben  a u f tre te n  
(L e n z  1960).

1.2. B ildung der Infloreszenz

D er Ü b erg an g  zu r rep ro d u k tiv en  P hase , d. h. die B ildung des B lü te n 
stan d es, b eg in n t m it e iner A ufw ölbung bzw . T ran sfo rm atio n  der v eg e ta tiv e n  
Sprossspitze. D u rc h  ein  gefördertes L än g en w ach stu m  v e rjü n g t sich d er A pex , 
u n d  es e n ts te h t e in  “ M eristem pflock” , d er als noch  und ifferenzierte  B lü ten - 
bzw. In flo reszen zan lag e  aufzufassen is t (B r a u n  1957; J e n t s c h  1957; K a u s s - 
m a n n  1963; K l o p f e r  1968; R a u h  u n d  R e z n ik  1951 und  1953 u. a.).

Das O berfläch en w ach stu m  des P ro to d erm s u n d  S ubpro toderm s wird 
be ibeha lten , d e r P lastoch ron fo rm w echsel e n tfä llt. Im  zweiten S c h ritt  der 
p räflo ra len  P h ase , die die florale P h ase  e in le ite t, t r i t t  eine E rs ta rk u n g  des 
Scheitels ein , die m it einem  au sg ep räg ten  p rim ären  D ickenw achstum  v e r
k n ü p ft is t, das sich  h au p tsäch lich  im  M ark k ö rp er absp ielt. Diese Prozesse 
füh ren  zum  sog. R ingw allstad ium . D er Ü bergang  von  der p rä flo ra len  in die 
florale Phase d e u te t  sich durch  die beginnende D ifferenzierung der T ra g b la tt-  
p rim ord ien  u n d  d e r B lü tenhöcker an . D a die B lü ten s tän d e  der J o h a n n is 
beeren b rak teo se  T rau b en  sind (vergl. K a u s s m a n n  1969; T r o ll  1969), e n t 
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steh en  die B lü ten p rim o rd ien  in ak ro p e ta le r R eihenfo lge, w obei d er florale 
K egel u n m itte lb a r  nach  der A usgliederung  eines B lü ten h ö ck ers  re la tiv  flach  
e rsch e in t.

D ie basa len  B lü tenstie le  w eisen kleine V o rb lä tte r  auf, die dem  u n te r 
s tän d ig en  F ru c h tk n o te n  s ta rk  g en ä h e rt erscheinen, jed o ch  n ich t a u f  gleicher 
H öhe s tehen . D a sie versch iedenen  N odien angehören , w ird  der B lü ten s tie l in 
H y p o -, Meso- und  E p ipod ium  geg liedert. Die A usb ild u n g  der V o rb lä tte r  w ird 
in  ak ro p e ta len  R ich tu n g  gehem m t. Bei Ribes rubrum  fehlen sie im  E n d a b 
sc h n itt  der T raube gänzlich.

In  der Scheitelregion der In flo reszenz  wird das M eristem  zur B ildung  der 
d is ta len  B rak teen  und  B lü ten an lag en  w eitgehend au fg eb rau ch t. D as ver
b le ibende S p itzen ru d im en t t r i t t  d a h e r  nach aussen h in  n ich t in  E rsche inung . 
A uch  die dem  Scheitel u n m itte lb a r  b en ach b a rten  L a te ra lb lü te n  kom m en voll 
zu r E n tfa ltu n g . B lü ten ru d im en te , wie sie oft im Scheite lbere ich  als P ro d u k te  
e iner progressiven E n tw ick lu n g sh em m u n g  häufig  sind , fehlen bei den  als 
B eeren o b st k u ltiv ie rte n  Ribes-A rten  (T r o ll  1969).

Selbst bei s ta rk  red u z ie rten  Infloreszenzen  m it p seu d o te rm in a len  B lü ten  
u n d  einer sterilen  B rak tee  haben  w ir es m it offenen T ra u b e n  zu tu n .

B em erkensw ert klein sind die B lü ten b lä tte r , die vom  K elch ü b e rra g t 
w erden . Beide sind m it der becherfö rm igen  B lü ten ach se  verw achsen . Die 
S ta u b b lä tte r  b eh a lten  auch zur Z eit der V ollblüte ih re  e in w ärtsg ek rü m m te  
K nospenlage bei u n d  zeigen sich in  der B lü ten au fsich t d ah e r von ih re r  m o r
phologischen U n terse ite .

Die n ich t sep tie rte  O varhöhle  w ird  von zwei F ru c h tb lä tte rn  m it zwei 
pa rtie llen  P lazen ten , die zahlreiche S am enanlagen tra g e n , gebildet. A u f dem  
u n te rs tä n d ig e n  F ru c h tk n o te n  steh en  zwei +  m ite in an d er verw achsene Griffel. 
In  die b eeren artig e  A usbildung  des P c rik a rp s  w ird au ch  die das O v ar u m 
k le idende A chsenkupu la  einbezogen ( E n g l e r  1964). Die P o s tflo ra tio n  b eg in n t 
m it einem  s ta rk e n  W ach stu m  des O vars. D er K elch sch liesst sich, b le ib t aber 
im  v e rtro c k n e ten  Z u stan d  auch an d er reifen F ru c h t e rh a lten .

Z usam m enfassend  k an n  gesag t w erden, dass es sich bei der G a ttu n g  
Ribes um  In flo reszenz-K urztriebe  h a n d e lt, deren In te rn o d ie n  +  s ta rk  ge
s ta u c h t sind . Die K nospen  w erden gew öhnlich aus zah lre ichen  T egm en ten , ein 
oder zwei L a u b b lä tte rn  und  den schuppenförm igen  H o c h b lä tte rn , in  deren  
A chseln die B lü ten  (ohne G ipfelb lü te) s tehen , gebildet. N ach  der F ru ch tre ife  
fä llt der K u rz trieb  en tw ed er ab, oder e r w ird in sym p o d ia le r W eise von  einer 
A chselknospe des oberen L a u b b la tte s  w eitergeführt ( R a u h  1950).
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2. Die veränderte K nospenentwickliing bei Ribes sp. 
infolge des Gallmilbenbefalls

In  der Zeit von E n d e  A pril bis A nfang J u n i  verlassen  die Jo h an n isb ee r
gallm ilben  die a lten  G allk n o sp en , um  in die geb ilde ten  Ju n g k n o sp e n  einzu
d rin g e n  und  sich im  B ere ich  des V egetationskegels anzusiedeln . E s sind  du rch 
sc h n ittlic h  4 bis 5 T ie re , die den A usgang fü r den  A ufbau  e in er Popu lation  
v o n  e tw a  7000 bis 11 000 G allm ilben d a rs te llen . Die T iere e rn äh ren  sich 
o ffen b a r vom Zellsaft d e r pe rip h eren  M eristem zellen  des A pex  sowie den 
E p iderm iszellen  der T eg m en tp rim o rd ien . D abei gelangen w ahrschein lich  Stoffe 
m it W u ch ss to ffch a rak te r in  die angegriffenen Zellen (L it. bei S c h ä l l e r  1970).

2 .1 . Veränderungen am Protoderm

Die ersten  A nze ichen  einer R eak tio n  d er W irtsp flanze  a u f  den  P a ra s iten 
b e fa ll tre te n  bere its  E n d e  Mai im  B ereich des V egeta tionskegels in  Form  auf
fä llig e r V eränderungen  des P ro to d erm s auf.

Die Zellen h y p e rtro p h ie re n  bzw. verg rössern  sich. D er T urgor dieser 
Zellen  scheint hoch zu  se in , denn  die äussere Z ellw and w ö lb t sich  s ta rk  kon 
v e x  hervor (Abb. 1). A uffa llend  is t die in ten siv e  F ä rb b a rk e it  m it H äm a- 
to x ilin  gegenüber e in em  u n g estö rten  P ro to d e rm . Diese “ R iesenzellen” b e 
s itz en  oft m ehrere Z ellkerne . M itose und  W andb ildungsp rozess können zeit-

Abb. 1. Sprossspitze einer befallenen Knospe von  Ribes nigrum  (12. 6. 68). Das hypertro- 
phierte Protoderm (Pr) is t  deutlich erkennbar. Darunter befinden sich K urzketten — ent
standen durch perikliim le Teilungen des Subprotoderm s (sPr). Die Gruppe der Zentral
meristemzellen (ZM) erscheint zurückgedrängt. В =  B lattanlage, FM =  Flankenmeristem,

RM =  Rippenm eristem
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lieh von  e in an d er g e tre n n t sein. S p ä te r  gebildete Zellw ände steh en  häu fig  
schräg , da  die P o la r itä t der Zellen g e s tö rt ist. In  befallenen K nospen  k a n n  die 
A nzahl der P ro toderm zellen  am  v e g e ta tiv e n  K egel um  50 bis 80%  im  V ergleich 
zu n o rm alen  K egeln zunehm en.

2.2. Veränderungen am Subprotoderm

A typ ische  V eränderungen  im  S u b p ro to d erm  tre te n  n u r an V eg e ta tio n s
kegeln auf, deren  P ro to d erm  b e re its  s ta rk  v e rb ild e t is t. A nfänglich  w erden  
kleinere V erw erfungen  in  der A rc h ite k to n ik  des S u bpro toderm s und  d a ru n te r  
liegender Z ellgruppen  s ich tb a r. A uffällige A nom alien  im  S u b p ro to d erm  ste llen  
K u rz k e tte n  d a r, die du rch  p e rik lin a le  T eilungen in Zellen u n m itte lb a r  ü b e r 
dem  Z en tra lm eris tem  e n ts teh en  (A bb. 1). A uch h ier liegt eine d eu tlich e  
P o la r itä ts tö ru n g  vor, da diese G ruppe  d er Subpro toderm zellen  an d er S p ro ss
spitze norm alerw eise n u r an tik lin a l au fg lied ert und som it zu einem  O b erfläch en 
w achstum  b e iträ g t. Die P o la r itä tsä n d e ru n g  fü h rt n u n  zu einem  V o lu m en 
w achstum  der su b p ro to d erm alen  E lem en te . Die in an tik lin a len  R eihen  an g e 
o rd n e ten  S egm ente d rängen  die G ruppe  der Z en tra lm eristem zellen  n ach  in n en . 
In  den befallenen  K nospen  ä n d e r t  sich  der gesam te E n tw ic k lu n g srh y th m u s . 
D urch  ein  v e rs tä rk te s  p rim äres D ick en w ach stu m  in dem  ju n g en  M arkgew ebe 
(m edulläre  F o rm  nach  T r o l l  u n d  R a u h  1950) w erden die A nsätze der T eg m en t- 
bzw. L a u b b la tta n la g e n  an n äh e rn d  in  eine E bene gehoben (Abb. 3), so dass 
eine S cheite lebene e n ts te h t. F e rn e r w ird  der norm ale A b lau f der p rä flo ra len  
bzw. flo ra len  P hase  u n te rd rü c k t oder e rheb lich  g estö rt. D a die B lü ten an lag en  
in den sich zu G allen u m hildenden  K n o sp en  häufig  v e rlau b en , kann  die A nzah l 
der B la tta n la g e n  v e rm eh rt w erden . In  den befallenen K nospen  en tw ick e ln  
sich keine L a u b b lä tte r , sondern  sch u p p en artig e  G ebilde, die ein v e rs tä rk te s  
W achstum  e rk en n en  lassen, das zu e in e r s ta rk en  F ä lte lu n g  und  b lasigen  A uf
w ölbung der O berfläche fü h rt. H a n d  in  H an d  m it der g estö rten  in n e ren  
K nospenen tw ick lung  geh t eine V e rän d e ru n g  der äusseren  F orm  einher. Die 
K nospe n im m t eine ty p isch  kugelige bis b re itru n d e  G esta lt an (Gail- o d e r 
R undknospe). A uffällig sind  ausserd em  die F a rb v e rän d e ru n g en  d er B la tt-  
p rim ord ien  in befallenen  A xillaren . Schon A nfang Ju n i e rk e n n t m an die von  
G allm ilben besiedelten  K nospen  im  geöffneten  Z u stan d  an  der w eisslichen bzw . 
ch loro tischen  F ä rb u n g  der inneren  S chuppen . An Stelle des norm alen  G rüns 
gesunder B la tta n la g e n  tre te n  im  V erlau f der Cecidiogenese b lassgelb lichgrüne 
bis b räu n lich e  F a rb tö n e  auf.

Aus d er einschlägigen L ite ra tu r  is t b e k a n n t, dass in  Gallen- und  T u m o r
geweben die C h lo rophyllb ildung  g e s tö r t oder u n te rb u n d e n  sein k an n  ( K ü s t e r  
1956). Zu B eginn  der G allenen tw ick lung  (Mai bis Ju li)  w ird  die In n en fläch e  
der jü n g s te n  B la ttp rim o rd ien  zu un regelm ässig  m eristem atischen  E p id e rm is
w ucherungen  angereg t. Ab A ugust e rs tre c k t sich dieses abnorm ale  W ach stu m
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auch  a u f  die A ussenseiten  der B la ttan lag en  (M eristem oide — vergl. K a u s s - 
m a n n  1963). Die en o rm e T eilungsra te  d e r ju n g e n  E pidcrm iszellen  an den 
In n e n - u n d  A ussenseiten  d e r  K nospen sch u p p en  fü h r t  zu erheh lichen  G ew ebe
sp an n u n g en  im M esophyll, so dass in der R egel u n te rh a lb  der subep iderm alen  
L age a u f  w eiten  S treck en  rhexigene H o h lräu m e  geb ilde t w erden , die m it L u ft 
e rfü llt  sind  (Abb. 2 u n d  A bb. 3). B esonders an  G allen schw arzer Jo h a n n is 
b ee ren  (Sorte “ P o b je d a ” ) sind diese G ew ebeschäden  zu b eo b ach ten  (A bb. 3). 
Die p ro lep tische  E n tw ic k lu n g  von S e iten k n o sp en  in den G allen lässt d a ra u f  
sch liessen , dass die p h y to h o rm o n a le  H em m w irk u n g  des du rch  den G allm ilben
befa ll d egenerierten  V egeta tionskegels a u f  b en ach b a rte  M eristem e bzw. 
M eristem oide gering is t . S e itenknospenan lagen  w erden auch  in  norm alen  
K n o sp en  schon im  L aufe  des Som m ers als kleine M eristem höcker in ein iger 
E n tfe rn u n g  vom  S ch e ite l s ich tbar. D as H em m ungsfe ld  des Scheite lm eristem s 
als O rt höherer E m b ry o n a li tä t  ist jed o ch  n och  so s ta rk , dass deren  W eite r
en tw ick lu n g  zu S eiten sp ro ssen  u n te rd rü c k t w erden  k an n . B ü n n in g  (1953) 
sp r ic h t von  S p erre ffek ten , hervorgeru fen  d u rc h  A u x in p ro d u k tio n  der S p itzen 
m eris tem e . E n tfä llt  die horm onale  H em m u n g  d er em bryonalen  B ildungszone 
d e r Sprossspitze, so w erd en  ruhende M eristem e bzw. M eristem oide in  dessen 
U m g eh u n g  a k tiv ie rt (verg l. auch K a u s s m a n n  1955). Die S eitenknospen  in 
d en  G allen bilden b e re its  im  Som m er n eb en  den  T egm en tan lagen  ein bis zwei 
w ohlgegliederte  L a u b b lä t te r ,  eine E rsch e in u n g , die in befallsfreien  K nospen  
zu r gleichen Zeit n ic h t zu  b eobach ten  ist. D as s ta rk e  v eg e ta tiv e  W achstum  der 
G allen  scheint e inen  E in flu ss au f den  q u a lita tiv e n  E n tw ick lu n g sv erlau f 
d ieser A xillaren in n e rh a lb  der Gallen zu h ab en , da in  diesen n u r sehr se lten  
B lü ten an lag en  g eb ild e t w erden.

A uffallend is t, d ass  die E p iderm iszellen  in nerha lb  des L ebensraum es der 
G allm ilben  m ehr o d er w eniger s ta rk  h y p e rtro p h ie re n  und teilw eise auch v ie l
k e rn ig  w erden. D u rch  fo rtg ese tz te  T eilung  e n ts te h e n  P ro tu b e ran zen  (A bb. 4. 
u . 5, A bb. 4a, b, c). D ie H em m w irkung  d e r einzelnen P ro tu b eran zen m eris te - 
m oide v e rh in d ert o ffen b a r die B ildung e in e r e inheitlich  m ehrsch ich tigen  E p i
derm is. Die P ro tu b e ra n z e n  können wie aus A bb . 5. e rsich tlich  is t, auch k eu len 
förm ige G estalt a n n eh m en . Diese G ebilde lassen  häufig  ein längeres Spitzen- 
w ach stu m  e rk en n en , das sich in dem  u n te r  d er subep iderm alen  Lage b e fin d li
chen  Gewebeteil a b sp ie lt. Infolge d er P ro tu b e ran zen en tw ick lu n g  w ird die 
n o rm ale  “ M u ste rb ild u n g ” der B la tto rg an e  g es tö rt, so dass die B ildung  von 
H a a re n  und D rü sen sch u p p en  in b efa llenen  K nospen  u n te rb le ib t. D urch  I n 
je k tio n  von P resssa ft k ä lte g e tö te te r  Jo h an n isb ee rg a llm ilb en  in  ju n g e  A xillaren  
v o n  Ribes rubrum  u n d  Ribes nigrum  k o n n te n  besonders an Schw arzen Jo h a n n is 
b ee ren  ähnliche h isto log ische  V erän d eru n g en , d. h. eine P ro tu b eran zen b ild u n g , 
e rzeu g t w erden. A n d en  vergleichsw eise m it A qua dest. g esp ritz ten  K nospen  
b ild e te n  sich keine W ucherungen , so n d ern  es e n ts ta n d e n  n u r kleine, au f die 
m echanische V erle tzu n g  zu rückzu füh rende  M issbildungen (einseitige K rü m -

Acta Botanica Academiae Scientiarum Hungaricae 21, 1975



KNOSPENENTWICKLUNG AN JOHANNISBEEREN 43

Abb. 2 , Teile von  Knospenschuppen (Schnitt) aus dem  Zentrum einer befallenen K nospe  
von Ribes n igrum  (18. 9. 68) m it fortgeschrittenen Epiderm iswucherungen auf der Tegm ent- 
innenseite (a— d). Als Folge der unnorm al hohen Teilungsrate der Epidermiszellen treten  
rhexigene H ohlräum e im M esophyll auf. E —-- Epiderm is, M M esophyll, G =  Leitbündel

Abb. 3. L ängsschnitt einer Gallknospe der Sorte »Pobjeda« (R ibes n ig ru m ) kurz vor der 
Migration der Gallm ilben im April. (D ie  Sprossspitze ist völlig  degeneriert.) Es wurde keine 
Infloreszenzanlage gebildet. Die Schuppenblätter sind auffallend stark gefaltet und m it 
Epiderm iswucherungen übersät. D ie rhexigen gebildeten Hohlräume im Mesophyll sind gut

erkennbar
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Abb. 4a. Querschnitt eines Tegm ents. Die Epiderm iszellen (E) sind hypertrophiert, teilweise  
stark vergrössert und mehrkernig. Lokale Querteilungen in der Epiderm is leiten die Pro
tuberanzbildung ein. E =  Epidermis; GV =  Gerbstoffvakuolen; Z =  Zellkern. 4b , c. Fort
schreitende Entw icklung der Epiderm iswucherungen unter E inbeziehung subepidermaler 

Zellgruppen. E =  Epiderm is; M =  M esophyll
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inungen). D a die e in g ew an d erten  G allm ilben u n d  ih re  N achkom m enschaft 
fa s t  ein J a h r  in der b e tre ffen d en  K nospe leben, b e s te h t  ein  p e rm a n e n te r  che
m ischer Reiz a u f das G ew ebe, insbesondere au f die ju n g e n  E p id e rm en , der 
sich m it dem  A nw achsen d er P o p u la tio n  ständ ig  v e r s tä rk t .  Die W irtsp flanze  
reag ie rt — die W in te rru h e  ausgenom m en — m it e in e r ständ igen  N eub ildung  
em b ry o n a le r Zellen. D ieser P rozess d au ert bis zum  V ertrocknen  d er Gallen 
im  M ai/Jun i des fo lgenden Ja h re s  an . O ffenbar b e s te h t eine B eziehung zw ischen 
dem  durch  die G allm ilben an g ereg ten  em bryonalen  W ach stu m  in d er K nospe 
u n d  der E rn ä h ru n g ss itu a tio n  d er T iere . E nde Ju n i  b esitzen  e tw a 10 bis 15%  
d er befallenen Ju n g k n o sp en  einen  flo ra len  bzw. p rä flo ra le n  A pex. Die A nzahl 
befa llener K nospen  m it fn flo reszenzan lagen  geht m it fo rtsch re iten d em  Ver- 
gallungsprozess infolge D egenera tionserscheinungen  seh r s ta rk  zu rück , so dass 
im  n äch sten  F rü h ja h r  kaum  G allen  m it fu n k tio n sfäh ig en  B lü ten an lag en  zu 
f in d en  sind. Infolge d er sto fflichen  B eeinflussung d u rc h  die G allm ilben t r i t t  
eine U m stim m ung  flo ra le r A nlagen  in  v eg e ta tiv er R ic h tu n g  ein. An bere its

Abb. 5. Vielzellige keulenförmige Protuberanz. Die Zellen erscheinen relativ klein und ge
ordnet. Es ist ein deutliches Sp itzenw achstum  zu erkennen. In die Zellgruppe m it verstärk
tem  W achstum  wurden die Zellkerne eingezeichnet. E =  Epiderm is; M =  Mesophyll; Z =

Zellkerne
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ange leg ten  Infloreszenzen  w ird  die V erlaubung  gefö rdert (A bb. 6a, b, 7). Das 
m it d er E n ts teh u n g  d e r B lü ten an lag en  im  w esentlichen  abgeschlossene 
em b ry o n a le  W achstum  e in e r K nospe w ird  w ieder s ta rk  angereg t. E n tscheidend

A
/ I

Abb. 6a. Schrägschnitt schem atisch  durch eine Blütenanlage aus einer unbefallenen Knospe 
von  Ribes rubrum  (18. 9. 68). Der Fruchtknoten m it den Sam enanlagen und die Antheren 
sind deutlich erkennbar. F  =  Fruchtknoten; PI =  Plazenten; A =  Antheren. 6b. Schnitt 
(schem atisch) durch eine degenerierende B lütenanlage aus einer befallenen Knospe von  
R ibes rubrum  (18. 9. 68). Auffallend sind die stark hypertrophierten Epiderm iszellen sowie 

die Streckung der gesam ten Blüte. A =  Antheren, PI =  P lazenten
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fü r  A usm ass u n d  Schnelligkeit des k ra n k h a f t  geste igerten  v eg e ta tiv e n  W ach s
tu m s  d ü rften  die A nzah l der e in g ew an d e rten  G allm ilben je  K nospe als A us
g an g ssitu a tio n  fü r die folgende N ach k o m m en sch aftsen tw ick lu n g  sowie die e r 
re ic h te  E n tw ick lungsphase  des V ege ta tionskege ls zur Z eit der B esiedlung sein . 
D ie A nzahl der Ju n g g a llen  m it g e n e ra tiv e n  O rganen ist deshalb  so gering , 
w eil die M ehrzahl d e r Ju n g k n o sp en  w äh ren d  der M igration  der G allm ilben 
n o ch  in der v e g e ta tiv e n  Phase ih re r  E n tw ick lu n g  stehen . D ie F rage der Ceci- 
d ien b ild u n g  w ird  e rs t endgü ltig  zu lö sen  sein, w enn w ir die n o rm alen  sy s te m a 
tisc h e n  V eränderungen  in den Zellen, die spezifischen D ifferenzierungsprozesse 
in  V erb indung  m it d er genetischen  In fo rm a tio n  v ers teh en .

E instw eilen  k ö n n en  die G allen  n u r  als R esu lta te  e iner du rch  exogene 
F a k to re n  (E influss d er P arasiten ) feh lg e le ite te  E n tw ick lu n g  an  b es tim m ten  
T eilen  der b e tre ffen d en  Pflanze b esch rieb en  und  ged eu te t w erden . D er G rad 
d e r Schädigung fü r  die Pflanze is t u m  so grösser, je  u n d iffe ren z ierte r u n d  
zah lre ich er die von den G allen tieren  angegriffenen  P flan zen te ile  sind.

Abb. 7. Schnitt (schem atisch durch eine Gallknospe von  Ribes rubrum  (E nde Septem ber). 
D ie inneren Tegmente sind stark gefaltet. A lle Teile der Infloreszenz wachsen zu Schuppen
b lättern  aus. Im jungen Mark hat ein verstärktes primäres D ickenw achstum  begonnen, 
wodurch sich die K nospenbasis beträchtlich verbreitert. I =  Infloreszenzrudim ent, M =  

Bereich des verstärkten prim ären Dickenwachstum s
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Zusam m enfassung

Bei den R ibes-A rte n  w erden  die K nospen  fü r das kom m ende J a h r  
b e re its  im  F rü h ja h r  angeleg t. N ach  e iner v eg e ta tiv en  P hase  (B ildung von 
T egm en t- und  L a u b b la ttp rim o rd ie n ) k a n n  der Scheitel zu r Infloreszenz t r a n s 
fo rm ie rt w erden . In  K nospen , die von  der Johann isbeerga llm ilbe  (Cecido- 
p h yopsis  ribis, W estw .) befallen  sind , w ird  diese E n tw ick lu n g  s ta rk  g es tö rt, so 
dass es n ich t zu r A usb ild u n g  von  L a u b b lä tte rn  u n d  eines funk tionsfäh igen  
B lü ten s tan d es  k o m m t. Die h isto log ischen  M issbildungen des P ro to- u n d  S u b 
p ro to d erm s w erden  besch rieben , ih re  m öglichen U rsachen  d isk u tie rt.
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THE APPLICATION
OF SCANNING ELECTRON MICROSCOPICAL METHOD 

IN SOME PLANT MICROFOSSILS

B y

M. K e d v e s  and M. R a d v á n s z k i

BOTANY DEPARTM ENT OF JÓ Z S E F  ATTILA U N IV ERSITY , SZEGED (HUNGARY)

(R eceived Septem ber 20, 1974)

Scanning electron m icroscopical exam inations were carried out w ith  an SM- 
50A Jeol-typ e microscope in th e  species Pleurozonaria concinna, Ovodites ligneolus 
and tw o cf. Oculopollis. It  was established that the pictures o f high m agnification  
( X  15,000) provide essentially new  data as far as surface sculpture is concerned. The 
subm icroscopic sculpture of the exam ined two oculate N orm apolles from the U pper  
Cretaceous is identical in both  species, consequently th is structure is probably an 
ecological and not species-specific characteristic. Taking into consideration the stu dy  
by S r i v a s t a v a  (1972), it  can be inferred on the basis o f fine surface elem ents th a t  
the exam ined oculate N orm apolles species. W e obtained data also on the details o f  
em bedding which was taking place during fossilisation in the exam ined species.

Introduction

A fte r th e  p ioneering ex am in a tio n s  b y  K a is e r  (1968), R e y r e  (1968), 
R ie g e l  (1968) an d  T a y l o r  (1968), sev era l s tud ies w ere p u b lished  on scan n in g  
e le c tro n  m icroscopical in v estig a tio n s in to  fossil spores an d  pollen grains. T h is  
m e th o d  is a lread y  w ide-spread in  ex am in in g  spores, pollen grains and  p la n k to n  
o rgan ism s. L e f f in g w e l l , L a r s o n  an d  V a l e n c ia  (1970) o b ta in ed  th e ir  re su lts  
on W odehouseia sp ina ta  S tan ley  1961 b y  th e  com plex  m eth o d  i.e . a com bined  
ap p lic a tio n  o f th e  op tica l, tran sm iss io n - and  scann ing  e lec tro n  m icroscopical 
in s tru m e n ts .

O w ing to  th e  possibilities o ffered  by  th e  elec tron  m icroscopical m e th o d , 
th e  d iagnoses of severa l ta x a , w hich  h ad  been  described b y  using an  o p tica l 
m icroscope have been  su p p lem en ted .

T he p rob lem  is th a t  in p a leopa lyno logy  th e  ty p es of th e  various new ta x a  
are  rep re se n te d  b y  a single specim en an d  e ith e r  а ТЕМ  or an  SEM  in v estig a tio n  
in to  th e  ty p ic a l sam ple is p ra c tic a lly  in ex tricab le .

T he pu rpose  o f th is  paper is to  c ritica lly  ev a lu a te  th e  resu lts  o b ta in ed  b y  
the  scan n in g  e lec tro n  m icroscope w h ich  is a t  ou r d isposal to d a y . The reso lu tio n  
o f th e  m icroscope is o f 70 100 Â, w hich  in com parison  w ith  th a t  of th e  t r a n s 
m ission e lec tro n  m icroscope is co n sid e rab ly  w eaker. The problem s re la te d  to  
th e  re so lu tio n  capac ities of th e  tw o  k in d s of in s tru m e n t are w ell-know n to  
spec ia lis ts  w ork ing  w ith  electron m icroscopes. The fac t is th a t  b y  th e  t r a n s 
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m ission elec tron  m icroscope p a rtia l d a ta  on such surface e lem ents m ay  be 
av a ilab le  th a t  go u n d e te c te d  in the  scan n in g  in s tru m en t.

M aterial and  m ethod

P rincip les in  se lec tin g  objects for in v es tig a tio n :
(1) W herever i t  w as possible, such  fo rm s were in v es tig a ted  th a t  had  

a lread y  possessed som e transm issio n  d a ta . T h is, o f course, did n o t exclude the  
e x am in a tio n  of organ ism s w hich had  no p e rta in in g  d a ta .

(2) On the  basis o f  w h a t has been  said  above, tw o p lan k to n  organism s 
(Pleurozonaria concinna  ( C o o k s o n  an d  M a n u m  1960) M ädler 1968, Ovoidites 
ligneolus (R . P o t. 1931) W . K r. 1959, an d  tw o  oculate Norm apolles species 
(cf. Oculopollis fsp. 1,2) have been se lec ted  for ex am in a tio n . Pleurozonaria  
concinna  was exam ined  from  the  Ju ra ss ic  m a te ria l o f Ú rk ú t (cf. K e d v e s  and 
S i m o n c s i c s , 1964), Ovoidites ligneolus from  th e  low er Eocene deposits of M utigny  
and  th e  oculate form -species from  th e  S enon ian  deposite  o f H erend . T hus, 
m icroscopic fossils o f d iffe ren t types, an d  o f tw o d ifferen t species of one pollen 
fo rm -genus were ex am in ed .

T he L e f f i n g w e l l  and  HoDGKiN-type (1971) techn iques (p o ly v in y l
ch loride) were used fo r p reparing  th e  po lyv iny lch lo ride  m a te ria l, w hich had  
been  covered w ith  gold . The p h o to g rap h  w ere tak en  in th e  E lec tron  M icro
scopical L ab o ra to ry  in  th e  Zoological D e p a rtm e n t of th e  E ö tvös L oránd  
U n iv e rs ity  (E L T E ). W e express our sincere  g ra titu d e  also in th is w ay  to  D r. 
J á n o s  K o v á c s , le c tu re r , head of d e p a r tm e n t, for his k in d  assistance and  
ex ten siv e  su p p o rt in o u r w ork.

R esu lts

In  the  low -m agnifica tion  p ic tu re  o f Pleurozonaria concinna  (1 in P la te  I), 
th e  surface c h a rac te ris tic s , which h ad  becom e know n also b y  th e  optico- 
m icroscopical m e th o d , can  he recognized. T he d is trib u tio n  of the  prom inences 
w hich is ch a rac te ris tic  o f the  genus is even . In  th e  h igh-m agnifica tion  p ic tu res, 
th e  fin er m orphology  o f th e  prom inences an d  also the  endings of th e  tu b u les  a t 
th e  apex  are recogn izab le . E n tire ly  new  o b se rv a tio n  is th a t  on th e  w all-parts  
b e tw een  the  p ro m in en ces there  arc sm all g ran u la r fo rm ations w hich stick  ou t 
here  and  there . T h u s , only the h ig h -m agn ifica tion  p ic tu res p rov ided  q u a li
ta tiv e ly  new resu lts .

Concerning th e  m icroscopical o rgan ism s belonging in  th e  genus Ovoidites 
(R . P o t. 1951) W . K r. 1959, there  am ple  l ite ra ry  d a ta  are availab le  ( P o t o n i é , 

1931; P o t o n i é  an d  V e n i t z , 1934; P o t o n i é , 1951; T h o m s o n  and  P f l u g , 1953;
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Plate I .  —  1. P leurozonaria concinna (Cookson and Manum 1960), Mädler, 1968. D etail of 
the microfossil. X 1500; 2. Pleurozonaria concinna  (Cookson and Manum 1960), Mädler, 1968. 

D eta il o f the surface o f  the microfossil. X 15,000
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K l a u s , 1950; Ob r it z h a u s e r -T o if l , 1954 ; T h ie r g a r t , 1937; A g r a n o v s k a ia , 
B o t s c h a r n ik o v a  a n d  M a r t y n o v a  in  P o k r o v s k a ia  an d  St e l m a k , 1960).

T he p ic tu res ta k e n  b y  th e  scan n in g  e lec tro n  m icroscope a t  low  m agni
f ic a tio n  (1 in  P la te  I I )  fu rn ish  in fo rm a tio n  concerning th e  m acro scu lp tu re  
w h ich  is also o b servab le  b y  th e  o p tica l m icroscope. The o rn a m e n ta tio n  varies 
fro m  ru g u la te  to  c o rru g a te , th e  p ro tru d in g  e lem en ts often  show  a re ticu la te  
p a t te rn .  The h igh -m ag n ifica tio n  p ic tu re s  in d ica te  th a t  th e  o rn a m e n ta tio n  is 
m ore com plex th a n  h a d  b een  described  on  th e  basis o f earlier re su lts . W e con
sid e r th e  surface s c u lp tu re  as com plex  co rru g a te  w hen it  consists o f sm aller 
an d  la rg e r e lem ents (2 a n d  3 in  P la te  I I ) .  T he surface of th ese  o rn a m e n ta tio n  
e lem en ts  is n o t e n tire ly  sm ooth  b u t  th e re  are  t in y  granvdes, or sm all sp in iform  
prom inences on i t ,  w h ich , because o f th e ir  sm all size, c an n o t be seen under 
th e  o p tica l m icroscope. A gain th e  scan n in g  m icroscopical p ic tu re s  y ielded  
new  resu lts  as fa r  as o rn a m e n ta tio n  w as concerned  only w hen  high-m agni- 
f ic a tio n  was used.

T he low -m agn ifica tion  SEM  p ic tu re  o f  cf. Oculopollis fsp j (1 in  P la te  I I I )  
fu rn ish  d a ta  on th e  sp a tia l  location  an d  on th e  m orphology of germ in a l openings 
o f th e  oculus.

C on tra ry  to  th e  op tica l an d  th e  tran sm issio n  e lectron-m icroscop ical 
ex am in a tio n s , th e  h ig h -m ag n ifica tio n  SEM  p ic tu re s  led to  q u a lita tiv e ly  new  
re su lts  concerning th e  exam ined  cf. O culopollis species. N am ely , b y  th e  ТЕМ  
p ic tu re s  w hich h ad  b een  ta k e n  earlie r, sp ines concerning surface o rn a m e n ta tio n  
cou ld  be d e m o n s tra te d  on ly  ( H e g e d ű s , K e d v e s  and  P á r d u t z , 1971), while 
th e  scann ing  p ic tu re s  fu rn ished  a d d itio n a l in fo rm atio n  i.e. on th e  f in e r  s tru c tu re  
o f  th e  surface. W e es tab lish ed  th a t  th e  subm icroscopical surface o rn a m e n ta tio n  
is o f tw o kinds. O n th e  one hand , i t  consists  o f v e ry  sm all g ranu les w hich cover 
also th e  larger p rom inences. C ollectively , in  superio r view , th e y  do n o t give 
th e  p ic tu re  of th e  ty p ic a l spines (2 —4 in  P la te  I I I ) .  These la rg e r fo rm ations 
a re  also g ranules, th e y  how ever o ften  anasto m o se  and  form  a subm icroscopic , 
ru g u la te  o rn a m e n ta tio n . The fo rm atio n s ev en ly  cover th e  w hole surface of th e  
po llen  grain, th e re  is no dev ia tion  even  in  th e  v ic in ity  of th e  colpuses.

The scann ing  e lec tron -m icroscop ica l p ic tu res  concern ing  th ese  pollen 
g ra in s  fu rn ished  d a ta  also on th e  e m b ed d in g  rook, and  th e  process of p re p 
a ra tio n . Since d u rin g  p re p a ra tio n  th e  su rface  of th e  ex am in ed  sam ples w as 
n o t  en tire ly  e lean ed , consequen tly , f ra g m e n ts  o f th e  em bedd ing  rook  occasion
a lly  adhered  to  th e  su rface . This is on th e  basis of the  resu lts  o b ta in ed  a “ film 
lik e ”  layer, w h ich  has becom e a d so rb ed  to  th e  finally  sc u lp tu re d  surface, 
s tro n g ly  ad hering  to  th e  surface, an d  i t  s e p a ra te d  from  th e  re s t  o f th e  em b ed 
d ing  rock. A ssu m ab ly , i t  was on ly  a v e ry  th in  lay e r th a t  ad so rb ed  here, and  in  
th is  w ay  du ring  em b ed d in g  to  th e  su rface  o f th e  pollen g ra in , w hile th e  re s t o f 
th e  em bedding  ro ck  has no t becom e a tta c h e d  so closely to  th e  pollen g ra in . 
T he o th e r p a r ts  o f  th e  em bedd ing  ro ck  are easily  de tached  d u rin g  p re p a ra tio n
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Plate I L  — 1. Ovoidites ligneolus (R. Pot. 1931) W. Kr. 1959. Surveying picture on the  
microfossil. X 1500; 2. and 3. Ovoidites ligneolus (R. Pot. 1931) W. Kr. 1959. Detail o f the

surface sculpture. X 15,000
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Plate I I I .  — 1. Cf. Oculopollis fsp. 1. Surveying picture of the pollen grain. X1500: 2. Cf. 
Oculopollis fsp. 2; D etail o f the extragerm inal surface sculpture, X 15,000; 3. Cf. Oculopollis 
fsp. 2. Detail of the surface ornam entation of the colpus and the oculus, X 15,000; 4. Cf. 

Oculopollis fsp. 2. D etails sculpture of the extragerminal surface, X 15,000
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b u t  th e  com plete rem o v a l of th e  fine film  layer needs a s tro n g e r in te rv e n tio n . 
I t  shou ld  be m en tio n ed  here th a t  th e  exam ined  sam ples cam e from  coaly- 
c layey  layers. A lth o u g h  th e  scann ing  p ic tu res  do no t p rov ide  d e ta iled  in 
fo rm a tio n  on th e  n a tu re  of th e  film -like lay e r, th e  sm ooth  surface of th e  co v er
ing p a r t  perm its  us to  in fer th a t  th is  lay e r consists of p ro b a b ly  colloid d i
m ensional p a rts  w ith  ex trem ely  fine granules.

Discussion o f the results

T here  occured little  g ranu les, n o t observable  w ith  th e  op tica l m icroscope, 
on th e  surface of Pleurozonaria concinna  and of Ovoidites ligneolus. T hese 
fea tu re s  are p ro b a b ly  of ecological im p o rtan ce , since th e y  occured on tw o 
p la n k to n  organism s o f ra th e r  d iffe ren t origin. The low -m agnifica tion  p ic tu re  
o f Pleurozonaria  has n o t essen tia lly  fu rn ish ed  new d a ta  c o n tra ry  to  th e  re su lts  
o b ta in ed  w ith  th e  o p tica l m icroscope. I n  th e  case of Ovoidites ligneolus, p r im 
arily  it  was th e  h ig h -m agn ifica tion  p ic tu re s  th a t  resu lted  in  en tire ly  d a ta  i.e. 
th e  re tic u la te  scu lp tu re  w hich can be d em o n stra ted  by  low  m agn ifica tions, is 
no longer so expressed  u n d e r high m agn ifica tions, th e  o rn a m e n ta tio n  o f th e  
surface is fa r m ore com plex  th a n  i t  w as ind ica ted  b y  th e  op tico -m icroscop ical 
d a ta .

T he subm icroscopic surface o rn a m e n ta tio n  of th e  cf. Oculopollis species 
belongs in  the  “ scu lp tu re  doub le”  g roup  described by  R e y r e  (1968). W ith in  
th is , it  is sim ilar a “ m am elons e t g lom éru les” , a lthough  because of th e  la rg e r 
anastom osing  g ranu les it  canno t a c c u ra te ly  be iden tified  w ith  th a t .  I t  shou ld  
b y  all m eans be em phasized  th a t  th e  fine  scu lp ture  e lem en ts , o rig inally  de
te rm in ed  b y  R e y r e  (1968) for G ym nosperm atophyta  po llen  grains, can  be 
re la te d  to  o th e r  p la n t m icroscopical fossils as well, a t  le a s t to  ang iosperm  
pollen  grains. On th e  o th e r h an d  we should  refer to  th e  subm icroscopical 
surface o rn a m e n ta tio n  of th e  tw o species t h a t  were found to  be iden tica l. T here  
m ay  be tw o reasons fo r th is . (1) T hese charac teristics are o f m ere ecological 
im p o rtan ce , i.e. th e y  are re la ted  to  po llin a tio n  only. (2) T he subm icroscopical 
surface fo rm ations are of no specific v a lue  here. We can  m en tion  here th e  
scann ing  electron-m icroscop ica l d a ta  o f S r i v a s t a v a  (1972) Extratriporopolle- 
nites nonperfectus P flu g  in : T h o m s o n  a n d  P l u g  (Trudopollis nonperfectus P f.), 
w here sphero idal e lem en ts  o f re la tiv e ly  large size are s c a tte re d  on the  surface 
of th e  pollen grain . T h u s, it m ay  occur to  som eone th a t  th e  fine  scu lp tu re  o f th e  
surface m ay  have d iffe ren tia tin g  values in  th e  Normapolles pollen grains. To 
m ake a fina l decision fu r th e r  e x am in a tio n s  are needed.
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S um m ary

O ur in v estig a tio n s ind ica te  th a t  in  th e  scann ing  e lectron-m icroscopical 
ex am in a tio n  of p la n t  m icroscopic fossils tw o  ty p es  of in v es tig a tio n  should  be 
d is tingu ished , viz. low -m agn ifica tion  an d  h ig h -m ag n ifica tio n  investiga tions 
c a rr ie d  ou t w ith  e lec tronm icroscopes o f  re la tiv e ly  h igh  reso lu tion . Low- 
m agn ifica tion  p ic tu re s  w h ich  essen tia lly  su p p lem en t th e  o p tica l m icroscopical 
in v estiga tions, are im p o r ta n t  from  tw o v iew p o in ts : (1) T h e y  furnish  accu ra te  
d a ta  on the  spa tia l a r ra n g e m e n t of th e  m orphological ch a rac te ris tic s  of m icro- 
fossils th a t  are o b se rv ab le  also u n d er th e  op tica l m icroscope. (2) T hey  m a y  
also  resu lt in q u a lita tiv e ly  new d a ta  in  c e r ta in  cases re la te d  to  th e  a p a tia l 
a n d  to  th e  surface d is tr ib u tio n  of o rn a m e n ta tio n  e lem ents observable  also b y  
th e  optical m icroscope in  microfossils.

P ictures of h ig h -m ag n ifica tio n  fu rn ish  in fo rm ation  on details o f surface 
o rn am en ta tio n  n o t o b se rv ab le  under th e  o p tica l m icroscope, w hich are im p o r
t a n t  taxonom ically  a n d  p ro b ab ly  from  ecological v iew po in ts , too.
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CRYOBIOLOGICAL RESEARCHES 
IN THE HIGH TATRA I*

By

E . K o l

BOTANICAL D EPARTM ENT OF TH E  NATURAL HISTORY MUSEUM, BUDAPEST 

(R eceived February 21, 1974)

The following microorganisms of cryoseston discolorations are known from  the  
H igh Tatra: Chlamydomonas n iva lis  and Ch. sanguinea  red snow, Ch. flavovirens  and 
Chlam ydom as rosta finskii yellow  snow, Chrom ulina ettlii yellowish-brown snow, K oliella  
tatrae and Carteria gyoerffyi green snow. The snow vegetation of the H igh Tatra belongs 
to the third, higher cryovegetation type.

The cryobiological researches have recently taken a greater im petus in the  
Tatra M ountains. The snow pH  m easurem ents were made by K ol (see Tables 1 and 
2); cryo-ecological, cryo-biological and physiological exam inations as well as quan
tita tiv e  and photosynthetical m easurem ents were carried out by H in d á k , J a v o r n ic k y  
and K o m a rek  (1973). H in d á k  and J a v o rn ick y  cultivate cryo-algae in laboratory  
also in pure cultures.

C oloured snow  was a know n phenom enon  of n a tu re  to  a lp in ists  an d  
a rc tic  exp lo reres for some cen tu rie s . C ryobiological research  progressed  on ly  
slow ly because resea rch ers  h ad  to  overcom e num erous im ped ing  d ifficu lties.

F o r one th in g , b io topes are d ifficu lt to  access, exam in a tio n s in  s itu  are 
h indered  b y  num erous fac to rs , an d  fina lly , keeping th e  collected sam ple  
m a te ria l alive also incurs m uch  d ifficu lty .

T hree periods can be d isting u ish ed  concern ing  cryobiological researches: 
(1). o b se rv a tio n  o f th e  coloured snow s; (2) id en tifica tio n  of nivicolous m ic ro 
organism s an d  th e ir  m orphological, tax o n o m ica l, cyto logical re search ; (3) 
lim nological, biological, q u a n tita tiv e  researches, and the  successful es tab lish in g  
o f pu re  cu ltu re s  of nivicolous m icroorganism s.

The first period of cryobiological research in the H igh Tatra began several centuries 
ago. The coloured snow of the H igh Tatra was for the first tim e m entioned by J akab  B u c h - 
holtz who in 1751 saw red snow in the M engusfalva Valley (Dol. M enguszowieckim ) at 
about 2000 m altitude. This is also the first m ention in literature of the coloured snow o f the  
Tatra M ountain (B u chh o ltz , 1783; 1803; Gy ő r f f y , 1927, 10— 11: P a r y s k i, 1951, 222— 223). 
In 1872, A. J .  Czir b esz  sawT red snow in the Poduplasky Valley (Sv istovk y Dol. Cefrorner 
See, Zmarzly Staw  pod Polskim  Grazebieniem) at 2047 m a .s . 1., in 1872 (April 8th) Cz ir b e sz  
observed green snow in the H andel V alley, above the Green Lake (Zielony Staw W azecki) 
at 2026 m (Cz ir b e sz , 1872; 1901). In 1876 (Novem ber 8th), T. Ch a l u b in s k i saw red snow- 
in the Trümmer (Om ladék Valley) the side valley of the M engusfalva Valley, Puszta dolina, 
below the W estern Iron Gate Pass (Dol. Zlomisk poviziej Zmarzlego Stawu) at 2100— 2200 
in (Ch a l u b in s k i, 1879: 1879a; 1901). In 1880, J .  R o st a fin sk i saw red snow in the Trüm-

* This paper is dedicated w ith  gratitude to the memory of I stván  Gy ő r ffy  bryologist, 
enthusiastic researcher to the H igh Tatra, and late Professor at the U niversities o f Szeged  
and K olozsvár. He died 15 years ago. The authoress was one of his students.
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mer (Omladék V alley, pn. stocki Cubryny), and yellow ish-green snow in the side of the  
Tengerszem Peak (R y sy , ph. sbocza Rysow; R o s t a f in s k i, 1881; 1927; Gu t w in s k i, 1909).

According to the literature, those m entioned above were the first to have observed  
coloured snow in the H igh Tatra; however, th ey  had not y e t known the microorganisms of 
the discolorations. R o s t a f in s k i was the first to identify  the algae of the red snow. Several 
other alpinists and botan ists had also collected coloured snow in the Tatra M ountain; to 
m ention only a few: I .  and B. Gy ő r ffy , A. G ro sz , M. S. S oko lo w sk y  and E. K ol, 
J . Sie m in sk a , W. P a r y s k i , and others.

Collection lo ca litie s  (Snow sam ples)* 1. K ep y  v a lley  (K ep y  dolina), below  
th e  L astow ica ro ck  (Schw abelberg  B elaer K a lk a lp en , T a tra c h  B ielskich , 
B elanske T a try , P h o to g ra p h  3, a ltitu d e  1340 m , p H  6.5 — 6.0, leg. I. G y ő r f f y  
e t K ol  26. 8. 1926, 16. 7. 1927, 16. 7. 1932, 23. 7. 1934; green and  b lack  snow , 
in I . G y ő r f f y  1927, 1927a, K ol 1927, 1927a, 1928, 1949, 1968; leg. 2. 6. 1960 
in  K o m a r e k  H i n d á k  J a v o r n ic k y  1973.

* 2. T rü m m er V alley  (O m ladék-völgy), below  th e  W este rn  E isen en to r, 
Iro n  G ate P eak  (P u sz ta  do lina, D olina Z lom isk , powzej Zm arzlego staw  P h o to 
g rap h  2) a ltitu d e  2100 — 2200 m , p H  5.5 — 5.4, red  snow , leg Ch a l u b i n s k y

11. 7. 1876, I . G y ő r f f y  e t  K ol 9. 7. 1927, 21. 7. 1932, in I . G y ő r f f y  1928, 
K o l  1928, 1949, in  m scr., R o s t a f in s k i  1881, 1927.

* 3. Gross P a p y ru s  v a lley  by  w a te rfa ll, D zikiej do lina Zelena pleso, below
th e  M iedzana la fk a  (P h o to g ra p h  8), a ltitu d e  1700 1920 in, b lack  snow , leg. I.
G y ő r f f y  17. 8. 1909 in  S c h e r f f e l  1910, K o l  14. 8. 1924, 23. 8. 1927, in  K ol 
1920, 1968. leg. H i n d á k  2. 8. 1963, in H i n d á k  1969.

За. V alley  o f  th e  G reen L ake o f K ésm árk  (V alley of th e  K ésm árk er 
G rü n er See, K ésm árk i Zöld tó  völgye) below  th e  K ésm árk  P eak , V alley  of the  
Z elena plesó, below  th e  “ D eutsche L e ite r”  (P h o to g rap h  8), a ltitu d e  1600 
1710 m , p H  5.5, b lack  snow  from  d iffe ren t p laces leg. K ol  14. 8. 1924, 20. 7. 
1938, in  K ol  1967, in  K ol  m scr.

* 4. F ro st L ake (G efro ren er See), in  P o d u p la sk y  V alley , a ltitu d e  2046 m, 
leg. Kol 25. 7. 1926, in  K o l  1928, K ol  m scr.

5. T ry s ta rsk a  V alley  (T riscarka D olina  T rz y s ta rsk a  D olina) green snow  
p H  6.5 — 6.0 (P h o to g ra p h  6), a ltitu d e  1800 m , leg. K o l  20. 8. 1927, 10. 7. 
1932, in  K ol 1949, K o l  m scr.

* 6. V alley  o f th e  G reen L ake of K ésm árk  (V alley o f th e  K ésm árk er
G rüner See), below  th e  B lauen  See (Blue L ake), a lt. 1900 2100 m b lack  snow
from  d ifferen t p laces leg . K o l  14. 7. 1924, 29. 7. 1927, in  K ol  1967, K ol  m scr.

* 7. R ysy  p e a k  (T engerszem  csúcs, M eeraug  Spitze) a lt. 2300 m  b lack  
sn o w ,  leg. 25. 9. 1938, K o l  in  m scr.

* 8. K leine K o lb a c h  V alley (K is T a rp a ta k i  völgy), F ive Like (K is T a r
p a ta k i Ö ttó ) in  th e  T a rp a ta k  V alley, a lt. 1990 m. leg. K o l  20. 7. 1927, leg. R . 
R o th , in  Scherffel 1904, K o l  1949, in  K o l  m scr.

* M a ter ia l o f  th e  c o l le c t io n s  m a rk ed  w ith  a n  a s te r is k  is  o b t a in a b le  in  K o l’ s s n o w  
a lg a e  c o lle c t io n .
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* 9. Below th e  W ilderer Jo ch  (Vadorzó hágó, K orickow a P ass, Goricz- 
kow a Pass) leg. R .  S z a l ó k y , R .  R o t h  in Sc h e r f f e l  1904, K ol  8. 8. 1926, 
K o l  1948, K ol in  m scr.

* 10. D öller L ak e  a lt. 2000 m  p H  5.5 - 5.2, red  an d  p in k  snow  (P h o to 
g rap h  7), leg. B. G y ő r f f y  22. 7. 1932, K o l  27. 7. 1934, in  K o l  1965, 1968.

11. M orskie L ak e  (M orskie Öko) M orskiego Öko F isch  See M ienguszow- 
skiegó sce tu  and  M orskiem  O kiem  a lt. 1500 m , in  th e  f lak e  of an  old snow 
b e n e a th  th e  M iengusztow ski P eak , above M orskie O ko, leg. S i e m i n s k a  19.10.  
1950. K ol  13. 7. 1965, K ol  1966, S i e m i e n s k a  1951, P a r y s k i  1951.

* 12. V alley o f th e  G reen L ake of K ésm árk  (K ésm árk er G rüner See Tal), 
from  d ifferen t p laces (P h o to g rap h  8), a lt. 1600, 1700 m  b lack  snow  (P h o to g rap h  
5), p H  5.5, leg. K o l  14. 8. 1924, 29. 7. 1927, 20. 8. 1938, in  K ol  1967, K o l  
m scr. yellow -brow nish  snow  1600 m , p H  5.1, th e  M edcné lav k y , leg. 2. 8. 
1963, H i n d á k , in  H i n d á k  1969.

* 13. Below th e  T o ten  G arten  in  th e  cirque V alley  o f th e  S te inbach  L ake 
above th e  S te in b ach  L ake (K ő p a ta k i tó ), b lack  snow , p H  5.5, leg. K ol  20. 7. 
1938, 22. 8. 1925, in  K ol  m scr.

* 14. A bove th e  H u n fa lv y  hágó  (H uncdorfer P ass, H uncow ske Szcyt) 
b lack  snow alt. 1800, 2010 m , pH  5.5, leg. K ol 3. 8. 1924, 24. 7. 1938, in  K ol  
m scr.

* 15. A bove th e  F rog  L akes (B ékás ta v a k , F ro sch  Seen, Zabie plesó), 
b la c k  snow  (P h o to g rap h  4), a lt. 1920 m , pH  5.5, leg. I . G y ő r f f y  9. 1910, K o l  
26. 7. 1938, in S c h e r f f e l  1914, K o l  in  m scr.

* 16. H andel V alley , V alley of th e  Green L ake o f th e  K riv án , K rivanske  
b lack  snow, leg. K ol 23. 8. 1938, in  K ol mscr.

* 17. V alley o f th e  B uchho ltz  L akes alt. 1880 m , b lack  snow , leg. K o l  
24. 7. 1925, in K o l  m scr.

* 18. Below th e  G em sen P eak  (Zerge csúcs, Közié V ierch), a lt. 1820 — 2000 
m , leg. K ol  23. 7. 1926, from  d iffe ren t places in  K o l  m scr.

* 19. Below th e  L om nitz  P eak  (L om nitzer S p itze , Lom nici csúcs) 
L om nica, a lt. 2300, 2400 m, 750 m , from  different p laces, b lack  snow, leg. K o l  
12. 8. 1925, in K o l  m scr.

* 20. Below th e  E is ta le r P e a k  (Jégvölgyi csúcs), V alley  of th e  F ive 
L ak es, a lt. 2250, 2300 m , b lack  snow , leg. K ol 14. 7. 1938, in  K ol m scr.

* 21. K ry w an sk ie  K ry to , K o tlin y  K riv an sk e  (K riv an e r K esse lta l), 
c irque  on th e  N W  slopes of K riv a n  (napa  zach s to ck ach  K ry v an ia ), 1500 m , 
red  snow  leg. W . P a r y s k i  3. 10. 1967, in K ol  1969.

22. M ienguszovski V alley (K otle  M ienguszow kiem ), M ienguszovski 
c irq u e , a lt. 2000 m , leg. S ie m i n s k a  8. 8. 1952. in  S i e m i n s k a  1956.

23. Below th e  Szpiglasova pass on th e  side of F ive  L akes (Picé S taw , O W  
“ Spiglasow w eh P c rc iach ” , pod  P rzelecza Spiglasova), a lt. 1960 m , leg. W . 
P a r y s k i  20. 8. 1938, in  Sie m i n s k a  1951.
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24. Pn. S toky  C u b rin y  yellow  snow , leg. R o s t a f i n s k i , in  R o s t a f in s k i  
1881, 1927, G u t w i n s k i  1909.

25. Valley za M nichem , slope of C ubrina M önch, yellow  snow, leg. 
S t a r m a c h  e t  K a w e c k a  12. 9. 1962, in  Sta r m a c h  e t  K a v e c k a  1965.

26. T em nosm recanské D olina n a  üzem i “ Snehovy K oto l pod  C ubrinon” 
a lt . 1773 m, leg. P o s p i s i l  1947, in P o s p i s i l  1950.

27. Below th e  R y sy  P eak  (T engerszem  csúcs, M eeraug S p itze , pn . Zborcza 
R ysow a), yellow snow , leg. R o s t a f i n s k i , in  R o s t a f in s k i  1881, 1927, G u t 
w i n s k i  1909.

28. G rana ten  W all in  F elka  V alley  (G ran a ten  W an d  in  F e lk a  Valley), 
b la c k  snow, in m an y  p laces, leg. R . Sz a l ó k i , I .  G y ő r f f y  1910, leg. H i e r o n i - 
m u s  1888, in R i c h t e r  P h y c o th e k a  U niversalis N r. 334.

* 29. M linica v a lley  above th e  Schleierw asserfall (F átyo lv ízesés), b lack  
snow , leg. K ol  27. 7. 1934, in K ol  m scr.

30. U nder th e  B a tis fa lv a  lake (B atisow ské pleso) u n d e r a w ate rfa ll on the  
p e a ty  bank  of a m o u n ta in  to r re n t o rig in a tin g  from  th e  lake “ B atisovské  pleso” , 
leg. R u z i c k a 8. 8 .1 9 5 7 , a lt. 1800 m , in Ma r v a n o v a  M a r v a n  R u z ic k a  1967.

31. Velka Z m rzla D olina, T a tr is  A ltis cc. 2000 m , green an d  red  snow, leg. 
1966, J a v o r n ic z k y  a n d  H i n d á k .

Coloured cryoseston

In  the  H igh T a tr a  th e re  has b een  d e tec ted  red , p in k , yellow ish-green 
yellow ish-brow n, yellow , green, blue and  b lack  cryoseston  d isco lo ra tions; and  
tw o  k inds of Chlam ydom onas red  snow , n am ely , th a t  caused  b y  Chlamydomonas 
n iva lis  (Bau.) W ille (P l. I . Figs 9 16), an d  by  Chlam ydom onas sanguinea
L ag erh . (Pl. I. Figs 42 — 47). R ed snow , caused  by  Chlam ydom onas nivalis, is 
m o st frequen t no t o n ly  in  th e  H igh T a tra , b u t also in E u rope , an d  even in the 
w hole no rth ern  hem isp h ere .

R o s t a f in s k i  w as th e  firs t to  id en tify  th e  m icroorganism  o f th e  red  snow 
in th e  H igh T a tra  ( R o s t a f i n s k i , 1881; see T able 3).

Sub sequently , re d  snow  was collected from  a n u m b er of m o un ta in s in 
E u ro p e , and by  lab o u rso m e w ork, th e  m icroorganism  causing  red  snow 
becam e known and  assigned  to  its  sy stem atica l place (Ch o d a t , 1896; W i l l e , 
1903). T oday we know  i t  u n d e r th e  nam e Chlamydomonas n iva lis  (B au.) Wille 
(see T able I I I ) . ( K o l , 1968).

The second period  o f  cryobiological researches in th e  H igh T a tra  ac tually  
b eg a n  w ith  R o s t a f i n s k i ’s activ ities . A n u m b er of w orkers s tu d y  to d a y  th e  
c ry o v eg e ta tio n  of th e  H ig h  T a tra  (for d e ta ils  see T able 3).

R ed snow caused  b y  Chlamydomonas nivalis  are know n from  several 
p laces in the  T a tra  M oun ta ins. One o f th e  ty p ica l localities o f red  snow is the
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O m ladék  T rü m m er (Valley) (P h o to g ra p h  2), below  th e  W este rn  Iro n  G ate  
P ass, a t  an  a ltitu d e  o f 2100 — 2200. F irs t  Ch a l u b i n s k y  observed  red  snow1 
here in 1872, th e n  R o s t a f in s k i  in  1880, an d  G y ő r f f y  an d  K ol  in 1927, 1932.

T o d ay  th e  m icroorganism  associa tion  of th is  red  snow  is know n in d e ta il 
(see K ol  1928). The m ass of th e  red  snow  in  th e  O m ladék V alley  (T rüm m er T a l, 
L o ca lity  No. 2) was com posed of Chlam ydom onas n ivalis. T he spherical, re s tin g  
stage  cells w ere rep resen ted  in  th e  la rg es t q u a n tity . Beside th e m  th e  follow ing 
m icroorganism  lived th e re  in  a sm aller or la rg e r n u m b e r of in d iv idua ls b u t  
w ith in  th ese  alw ays in  a sm all q u a n ti ty  only . Chroococcus rufescens (B réb ./N âg . 
Chr. scherffelianus  K ol, Gloeocapsa sanguinea  (Ag.) K g ., Gl. ra lfsii (H a rv .)  
L em m ., Petalonema densum  (A. B r.) N äg ., Nostoc fuscescens  F ritsch , Scotiella  
niva lis  (S hu ttlew ) F ritsch  (Pl. I. F igs 20, 21), Scotiella cryophila  Chod., R aphido- 
nom a bervirostre Scherf. (P l. I .  F ig  41), Győrffyella tatrica  К ol-Gyoerffyella  
rotule (H ohn .) M arvanova, Cosm arium  subspeciosum  v a r . schaarschm idtianum  
Kol ( K o l  1928) (see Table I I I ) .

As is to  be seen, th e  algal associa tion  o f th e  red  cry o sesto n  in th e  O m ladék  
V alley  is r a th e r  rich . N ot on ly  alp ine species can be fo u n d  th e re , b u t  also 
arc tic -alp ine  and  even  arc tic  algal species. N um erous cryoxenous species also 
live th e re , w hich arrive  a t  th e  surface o f th e  snow  from  th e  ne ighbouring  ro ck  
Avails.

Chlamydomonas red  snow  ex ists  n o t on ly  on th e  snow  surfaces o f th e  
T rü m m e rta l, b u t  also in severa l o th e r  localities o f th e  T a tra  M ountains (see 
T ab le  I I I ) .

One of th e  cryobiological specialities is th e  red  snow , caused  b y  Chlamody- 
monas sanguinea  L agerh ., co llected  b y  W . P a r y s k i  in  th e  K riv án  T á tra , 
L o ca lity  No 21. S tanow isko  K ry v in sk ia  (K riv an er K essel, C irque), a lt. 1950 m . 
In  th is  red  snow  Chlamydomonas sanguinea  (P l. I ,  F igs 42 47) p red o m in a ted .
Besides th is , Chlam ydom onas n iva lis  (B au .) W ille (P l. I , F igs 9 16), Scotiella
norvegica K ol f. m ino r K ol (P l. I ,  F igs 49, 50, 55), Pleurococcus vulgaris  v a r . 
cochaerens W ittr . ,  Koliella tatrae (K ol) H in d ák  (P l. I ,  F igs 23 26), an d
Rom eria cryophila  K ol, lived  in  th e  red  snow  th e re . T he co lour of th is  snow  is 
sanguineous ( K o l , 1969).

A p in k  cryoseston  was f irs t observed  on th e  snow  cover of th e  ice o f  th e  
D oller L ak e , a t  an a lt. o f 2000 m  (P h o to g ra p h  7), by  B a r n a  G y ő r f f y  in  1932 
(see L o ca lity  N o. 10). K ol  also saw  an d  collected p ink -co lou red  snow  here  in  
1932. In  th is  p in k  snow  Scotiella tatrae K ol (P l. I ,  F igs 23 — 29), d om ina tes, h u t  
Chlamoydomonas n iva lis  (B au.) W ille also lives th e re  in  a r a th e r  large q u a n ti ty . 
I t  is th e  m ass of Scotiella tatrae w hich  causes th e  p in k  shade of th e  snow ; 
w hen, how ever, Chlamydomonas n iva lis  appears in  g re a te r  m asses, th e  snow  is 
of a red d ish  colour. In  ad d itio n , also Scotiella nivalis  (S hu ttlew ) F ritsch  (P l. I ,  
F igs 20, 21), an d  Chionaster bicornis K ol (P l. I , F igs 35, 36) lived in  th is  p in k  
snow  ( K ol  1968) (see Table 3).
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Yellow an d  green  snows belong  to  th e  ra re  c ry o sesto n  co lourations. In  
th e  T a tra  M oun ta ins, R o s t a f i n s k i  was th e  f irs t to  m en tio n  yellow  snow . 
Zboc za R ysova, O m ladék  V alley , P u sz ta  dol. (L o ca lity  Nos 2 and  27); 
th is  yellow snow  w as caused  b y  Chlamydomonas fla vo v iren s  R ostafin sk i. This 
species is ra th e r  ra re  in  th e  T a tra  M ountains.

A yellow ish-green cryoseston  w as found  on th e  snow  surfaces of th e  Za 
M nichem  V alley (see L o ca lity  S ite N o. 25), b y  St a r m a c h  an d  K a v e c k a . This 
yellow ish-green snow  was caused  b y  th e  m ass occurrence  o f Chlamydomonas 
rosta finsk ii S ta rm ach  e t K av eck a  (PL I , Figs 51 — 54). B esides th is , Chlamydo
monas nivalis (B au .) W ille, Scenedesmus cf. bijugatus (T u rp .) K g., A ncylonem a  
nordenskiöldii B ergg r., Gloeocapsa turgida  (K g.) H o lle rb ach  (S ta rm ach  e t 
K avecka  1965) also lived  th e re . (The charac teris tic  a lga  o f  ice fields, A n cy lo 
nem a nordenskiöldii B erggr., Gloeocapsa turgida  (K g.) H o lle rb ach  (S ta rm ach  
e t  K avecka  1965) also lived th e re .)  T he ch a rac te ris tic  alga o f ice fields, A n cy lo 
nema nordenskiöldii B erggr., is so fa r unknow n from  th e  snow fields of th e  
H igh  T a tra . A lth o u g h  I have ex am in ed  m any  snow  sam ples from  very  d if
fe ren t places of th e  T a tra  M oun ta ins, I  have never fo u n d  th e  cells or filam en ts 
o f Ancylonem a nordenskiöldii. I t  w ould  be in te re s tin g  to  p a y  g rea te r a tte n tio n  
to  th e  occurrence o f  A ncylonem a nordenskiöldii in  th e  H ig h  T a tra . L e t me no te  
here th a t  m ic ro p h o to g rap h  (b) in  St a r m a c h — K a v e c k a  (1965: 78) g rea tly  
resem bles a d iv id in g  C ylindrocystis  cell.

A ra re r  n a tu ra l  phenom enon  in  th e  T a tra  M o u n ta in  is th e  green c ry o 
seston . G reen snow  is a ch a rac te ris tic  snow  of th e  B éla  L im estone  Alps. Two

E xp la n a tio n  to Plate I

F igs. 1— 8 Carteria gyo erffy i Kol (xlOOO); 1, 3, 5: nonm otile cells; 2— 4: cell division 5— 8:
zoospores, vegetative cells

Figs. 9— 16 Chlam ydom onas n ivalis  (B au.) W ille (xlOOO); 11— 13: zoospores, vegetative  
cells; 9, 10: cell division; 11: zoosporangium ; 14: young zygote; 15: non-motile cell; 16: 

resting stage, w ith  very thick gelatinous sheath  
Figs. 17— 19 Chionaster nivalis  (Bohl.) W ille (xlOOO); 18: youn g individuum  

Figs. 20— 21 Scotiella n ivalis  (Shuttlew .) Fritsch (xlOOO); 20: transversal section  
F ig . 22 M esotaenium  berggrenii (W ittr.) Lagerh. (xlOOO)

Figs. 23— 29 K oliella  tatrae (K ol in G yőrffy) Hindák (xlOOO); 23, 25, 29: diversely curved  
cells; 24, 26— 28: different stages o f cell division  

Figs. 30, 34 Tetraedron valdezi K ol ( x l 5 0 0 )
Figs. 31— 33 Scotiella tatrae Kol (xlOOO); 33: w ith four spores; 32: young cells; 33: trans

versal section
Figs. 35, 36 Chionaster bicornis K ol (xlOOO)

Figs. 37, 38 Selenotila n ivalis  Lagerh. ( x l 5 0 0 )
Figs. 39, 40 R aphidonem a nivale  Lagerh. (xlOOO); 40: d ivision  o f the filam ent ( x l 5 0 0 )  

F ig . 41 Raphidonem a brevirostre Scherffel (xlOOO)
Figs. 42—47 Chlam ydom onas sanguinea  Lagerh. ( x l5 0 0 ) ;  42: resting stage w ith very thick  
gelatinous sheath; 43: cell division; 44, 45: m otile cells, zoospores; 46: giant cell (xlOOO); 

47: non-m otile cell w ith  gelatinous sheath  
F ig. 48 Cylindrocystis brébissonii var. cryophila  K ol ( XlOOO)

Figs. 49, 50, 55 Scotiella norvegica Kol (xlOOO); 55: optical view  
Figs. 51— 54 Chlam ydom onas rosta fin sk ii Starm . et K avecka; 51: zygote; 52: zoospore, m otile  

cell; 53: non-m otile cell; 54: cell d ivision
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k in d s  of green snow  are  know n from  th a t  locality . K oliella  green snow and 
Carteria  green snow . T he lo ca lity  o f th e  Koliella  g reen  snow  is th e  K epy 
V alley  (K epy dolina) (P h o to g ra p h  6) (L oca lity  No. 1), w here  im m easurab le  
m asses of K oliella tatrae  (Kol) H in d á k  (P l. I , Figs 23 — 29) causes th e  green 
co lou r of the  snow. B u t it  causes th e  green  colour of n o t o n ly  th e  surface of the  
snow , b u t  th e  snow is g reen  in  m a n y  cases to  dep ths of sev era l cm  (see G y ő r f f y , 
1927c; 1927d ; K o l , 1968).

In  th is  green snow , a r a th e r  r ich  algal com m unity  ap p e a rs  to g e th e r w ith  
K oliella  tatrae (K ol) H in d á k  (P l. I ,  F igs 23 — 29), th e  fo llow ing m icroorganism s 
can  be found here : A phanocapsa  n iva lis  L agerh ., Gloeocapsa kü tzing iana  N äg., 
Gl. ra lfsii (H arv .) L em m .,G /. a lp in a  N äg . am  B rand , Scytonem a m inor  (Schm id- 
le) L em m ., P h o rm id ium  fr ig id u m  F r itsc h , Tortiella scrobiculata  P asch er, Chio- 
naster nivalis (B ohl.) W ille (P l. I ,  F igs 17 19), A nkistrodesm us longissim us
v a r . R osta fin sk ii K o l, Gyoerffyella latrica Ko]-Gyoerffyella rotula  (H ohn.) 
M arvanova , U lothrix fla cc id a  K g., Selenotila  nivalis L agerh . (P l. I , Figs 37, 38). 
I n  1963, H i n d á k  also co llected  g reen  K oliella  tatrae (K ol) H in d á k  snow  there  
(P l. I ,  F igs 23 29), an d  also succeeded  to  estab lish  its  p u re  cu ltu re .

G y ő r f f y  an d  K o l  collected Carteria  green snow in 1927 and  1932 in the 
B ela  L im estone A lps, in  th e  T ry s ta rsk a  (T riscarska D olina) V alley  betw een  th e  
G re in e r and  th e  H a v ra n  P eaks (see L o ca lity  Site No. 5; P h o to g ra p h  7) a t an 
a lt . o f 1800 m. The p H  value  of th e  snow  was 6.5 6.0. T he g reen  seston  colour
cau sed  b y  the  huge a m o u n t of Carteria g yo er ffy i K ol (P l. I ,  F igs 1 8). In  the
co m p an y  of Carteria , also th e  follow ing m icroorganism s occu red  in sm aller or 
la rg e r  q u an titie s . Pleurococcus vulgaris v a r . cohaerens W ittr .,  Tetraedron valdezi 
K ol (P l. I, Figs 30, 34), Koliella tatrae (K ol) H indák  (Pl. I , F igs 23, 29), Chio- 
naster nivalis  (B old.) W ille (Pl. I , F igs 17 — 19), Chionaster bicornis Kol (Pl. I, 
F igs 35, 36) ( K ol  1949, 1968, K o l  in  inscr.).

In  the  su m m er o f  1963, H i n d á k  collected  yellow ish-brow n snow  a t an 
a lt. o f 1600 m in  Z elénéhó  plesó p ro p e  M edené lá v k y  (L o ca lity  No. 3); he 
succeded  to  o b ta in  a p u re  cu ltu re  in  v itro  of th e  m icroorganism . This brow nish  
yellow  snow was cau sed  b y  th e  m ass o f C hrom ulina ettlii H in d á k  ( H i n d Áic,
1969).

B lue-coloured snow  is v e ry  ra re . T he m icroorganism s o f on ly  very  few 
b lue-co loured  cryo sesto n s are know n ( K o l  1968). T here is o n ly  one lite ra tu re  
d a ta  on the  blue snow  o f th e  H igh  T a tra . In  1872 Cz ir b e s z  saw  b lue-coloured 
snow  in  the  P o d u p la sk i V alley, S v is to v k a  D olina (G efrorener See) a t  a ltitu d e  
2047 m  (see G y ő r f f y , 1927; P a r y s k i , 1951). The m icroorganism s o f th is  blue- 
co lou red  snow are , how ever, n o t know n.

T he m ost f re q u e n t coloured snow  in  th e  T a tra  is b la c k  snow  (P h o to 
g ra p h  5). I t  was on ly  in  a very  few o th e r  m oun ta in s th a t  I  fo u n d  snow  of such 
b la c k  colour as th e  one of th e  T a tra . I t  can  be said t h a t  b lack  snow  is the  
ch a ra c te ris tic  coloured  snow  of th e  T a tra ,  or more genera lly  o f  th e  E u ro p ean
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m o u n ta in s . T he d e ta ils  of the  causes o f  b lack  snow  are n o t y e t know n. V ery  
likely  i t  is p a r t ly  caused  by  strong  ca rb o n iza tio n  an d  b y  various Chlorobacteria 
an d  o th e r b a c te r ia l species.

V ery  l i ttle  is s till know n ab o u t th e  life cond itions, th e  causes an d  con
d itions of th e  m ass d is tr ib u tio n  of n iv ico lous m icroorgan ism s. This is also one 
o f th e  reasons w h y  cryoseston  d isco lo u ra tio n s b ro u g h t u n d e r th e  m icroscope 
o f research  w o rk ers .

pH measurements

The th ird  p e rio d  of cryobiological researches a c tu a lly  began w hen  th e  
a tte n tio n  o f re se a rc h ers  began to  e x te n d  to  also th e  physica l and  chem ical 
ch a rac te ris tic s  o f b io to p es, and ex p e rim en ts  were ca rried  ou t to  o b ta in  m icro 
organism s in  c u ltu re s  of labo ra to ries.о

I began  p H  m easu rem en ts f irs t  in  th e  a rea  of th e  H igh  T a tra  an d  in  th e  
B ela L im estone  A lps, in  1932, th e n  in  th e  Swiss A lps in  1933, and  again  in  
N o rth  A m erica on th e  snow fields a n d  glaciers of th e  R o ck y  M ountains an d  
of A laska in  1936.

The re su lts  o f p H  m easurem ents b a sed  on severa l hun d red s of m easu re 
m en ts ta k e n  fo r som e years in  the  H ig h  T a tra , are in c lu d ed  in  Tables 1 an d  2. 
In  th e  H igh T a tra  p H  m easurem ents w ere ta k e n  in  situ  in  each case, w ith  th e  
help of a H eilige co m p ara to r, every  y e a r  in Ju ly  an d  A ugust in 1932, 1934, 
1935, 1938.

As can be seen  in  Table 1, p H  v a lu es  are n o t id en tica l a t various d ep th s  
an d  on th e  su rface ; a difference of a few  decim als alw ays occur. The p H  va lu e

Table 1

p H  o f  snow fields

lo c a li ty  of th e  snowfields
A ltitude,

in Colour pH
on surlace

pH
a t 10 cm

H igh Taira  — Granite Tatra

Great Papyrus Valley, Dolina Dzika by waterfall 1700 black 5.5 5.2
Great Papyrus Valley, Dolina Dzika 1650 black 5.4 5.2
Valley of the Green Lake of Késmárk 1600 black 5.5 5.2
Below the Késmárk Peak 1700 — 5.4 5.2
Below the Késmárk Peak 1650 5.5 5.2
Trümmer Valley, Dolina Zmisk 2100 red 5.5 5.2
Mlinica Valley below the Schleier waterfall 1770 — 5.4 5.2
Valley of the Frog Lake — black 5.5 5.3
Skok Lake snow — 5.4
Ice Lake snow 1920 — 5.4 5.2
Meeraug Peak, B y sy 2000 — 5.2 5.0
H unfalvy Pass — 5.2 5.0
Döller Lake, snow 2000 red pink 5.2 5.0

Acla Botanica Academiae Scientiarum Hungaricae 21, 1975



70 KOL, E.

Acta Botanica Academiae Scientiarum Hungaricae 21, 1975



CRYOBIOLOGICAL RESEARCHES IN THE HIGH TATRA I. 71

Table 2

p H  o f  snow fields at different depths

Locality of snowfields A ltitude, Surface
pH  a t different depths 

of th e  snow, cm

5 10 20 30 50

H igh Tatra  — Granite Tatra

Trümmer Valley, Dolina Zmisk red 
snow 2180

5.4
5.5 5.2 5.2 5.2 5.2 5.0

Great Papyrus Valley, Dolina Dzika 1700
5.5
5.4 5.2 5.2 5.2 5.0 5.0

Bela L im es A lp s  — Tatrach B ielskich  

K epy Valley, Dolina К еру green snow 1420 6.5 6.2 6.0 6.0

Tryskarska Valley, Tryskarska Dolina 
green snow 1800 6.5 6.2 6.2 6.0 — —

Tryskarska Valley, Triskarska Dolina 
green snow 1740 6.5 6.2 6.0 5.9 - —

of th e  T rü m m er Tal red  snow is 5.5, 5.4 on th e  surface while a t  a d e p th  o f  5 cm 
it is 5.2, and  a t a d ep th  of 50 cm it is on ly  5.0. The sam e holds for th e  p H  
values m easured  in  the  P ap y ru s  V alley.

In  th e  Bela L im estone A lps, th e  p H  value of th e  snow surface w as 6.5, a t  
a d e p th  of 10 cm i t  was 6.2 and  a t  20 cm i t  was only 6.0 (Tahié 1).

T able 2 gives the  resu lts  o f th e  m easu rem en ts carried  ou t in  severa l 
areas in  th e  G ran ite  T a tra . I t  is clear from  th e  m easu rem en ts, ta k e n  fa r  from  
each  o th e r, and  a t  various a ltitu d e s , th a t  th e  p H  value of th e  snow  surface  in 
th e  g ran ite  field  was 5.5 5.4, a t  10 cm it decreased  to  5.2, and  sp o rad ica lly
even  to  5.0.

E xp la n a tio n  to Plate I I

Photograph 1 Trümmer Valley, O m ladékvölgy, Dolina Zmisk, Puszta Dolina, Lowland Plain  
Dolina, alt. 2000— 2100 m; the locality  o f Chlamydomonas n ivalis  red snow (L ocality  No. 2) 
Photograph 2 Frog Lakes, Zabile staw u, Békás tavak; above the Lake, below the Sim on  

tower, red snow spots (L ocality No. 15)
Photograph 3 H inzen See, Lake and Cubrina H incové Pleso v. pozadu Cubrina 

Photograph 4 Trystarska Valley, Trystarska Dolina, betw een the Greiner and H avran peaks;
the locality of Carteria g yoerffy i K ol (Locality No. 5)

Photograph 5 Black snow of a snow-gate in the valley of the Késmárk Green Lake below  the
Késm árk peak

Photograph 6 The Great Papyrus V alley in the valley  of the Késmárk Green Lake; the snow  
field  below the fall is the original locality  o f Raphidonem a brevirostre Scherffel; top: M iendzana 

Lafka (Localities Nos 3, 3a, 6 and 12)
Photograph  7 Döller Lake w ith pink snow; the locality o f Scotiella tatrae K ol (L ocality

No. 10)
Photograph 8  The original locality of K oliella tatrae (K ol) H indák, in the Béla L im estone  

Alp, w ith K oliella tatrae green snow (Locality No. 1)
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I t  appears fro m  th e  p H  m easu rem en ts (Tables I  an d  I I)  th a t  p H  values 
5.5 5.4 are c h a ra c te r is tic  of th e  snow  su rface  in  g ran ite  areas, while in  th e
B ela L im estone A lps h ig h er p H  6 .5 —6.0 v a lu es  are ch arac teris tic .

My resu lts  o b ta in e d  on the  basis o f p H  m easu rem en ts in the  Alps and  
in  N orth  A m erica w ere sim ilar.

In  th e  m o u n ta in s  com posed of acid ic rocks, th e  p H  value of th e  snow 
surfaces is 5.5 —5.2, w hile in  m ounta ins co n ta in in g  lim estone th e  p H  values of 
snow  surfaces are  6.5 — 6.0. The c h a ra c te ris tic  coloured snow  of th e  la t te r  
areas is green snow . I t  also follows from  th is  th a t  th e  m icroorganism s of th e  
green snow are ca lc iph ilous. The c h a ra c te ris tic  coloured snow  of th e  m o u n ta in  
consisting  of acid ic ro ck  is red  snow.

I  have m ade th is  s ta te m e n t w ith  re fe ren ce  to  th e  areas in w hich I have 
carried  ou t re sea rch es. N a tu ra lly , if  som e o u tside  effect influences th e  snow 
surface, th e  v alue  o f th e  h igh ly  sensitive p H  m ay  v a ry . T he influencing  fac to r 
is n o t th e  c ircu m stan ce  w h e th e r th e  snow  lies on g ran ite  or on lim estone rocks, 
b u t  th e  q u a lity  o f th e  m in era l m a tte r  fa llin g  from  th e  su rround ing  rock  walls 
on to  the  snow surface  an d  solving th e re  a t  tim es in th e  w a te r  of th e  th aw in g  
snow . T hen, n a tu ra lly , i t  serves as a n u tr ie n t fo r th e  n ivicolous m icroorganism s. 
T he various m icro -o rgan ic  species se ttle  on th e  diverse cryob io topes, accord ing  
to  th e ir  n u tr ie n t re q u ire m e n ts . Several a u th o rs  to o k  p H  m easu rem en ts in  th e  
H igh T a tra : H i n d á k  (1970), J a v o r n ic z k y  (1970); in  th e  A n ta rc tic : H .  
F u k u s h im a  (1959), a n d  E . G. F ogg  (1967); in  N orth  A m erica: W. T o m a so n  
(1969) in C alifornia an d  in  S ierra N evada R . K . G a r r ic  (1965), in th e  O lym pic 
M ounta in , in  th e  M t. R a in e r N a t. P a rk  an d  in  th e  neighbouring  m o un ta in s and  
also in  th e  C arstens M o u n ta in  in New G u in ea ; J .  A. P e t e r s o n  in th e  S p itz 
b erg en ; and S. E u r o l a  in  F in land .

The second p a r t  follow s in  th e  n e x t nu m b er.
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DISTRIBUTION AND DYNAMICS OF PHOSPHORUS, 
NITROGEN AND POTASSIUM 

IN PERENNIAL OPEN SANDY STEPPE-MEADOW
(FESTUCETUM  V A G INATA E D A N U B IA L E )

By

E . K o v á c s - L á n g

D E P A R T M E N T  OF PLANT TAXONOMY A ND ECOLOGY OF T H E  EÖTVÖS L. U NIVERSITY,
BU DA PEST

(Received January 21, 1975)

W e exam ined the seasonal dynam ics o f P, N  and К  in the various phytom ass  
fractions and the soil parallel w ith the seasonal dynam ics o f the phytom ass in peren
nial open sandy steppe-meadow — Festucetum  vaginatae  danubiale which is char
acteristic o f and generally spread on the sandy soils in the Danube—Tisza Mid- 
Region. The p lant matter and soil o f the 22 m onolith samples of 2 0 x 2 0 x 2 0  cm , 
taken m onthly in 1971, was elaborated.

It could be inferred that in the phytom ass, in its individual fractions, the  
concentration o f nitrogen is the h ighest, potassium  is lower then that, while the con
centration of phosphorus is about one order smaller. All the three elem ents occur 
in highest concentration in the liv ing parts. The decrease in nitrogen concentration  
shows an order of living aboveground parts, dead aboveground parts, and roots. 
In the case o f potassium  and phosphorus, the order of decrease in element concentra
tion  is aboveground parts, roots, dead aboveground parts.

The concentration of all the three elem ents exam ined is much lower in the soil. 
The bulk of the nutrients accum ulated in the phytom ass occurs in the belowground  
parts. The to ta l phytom ass of the perennial open sandy steppe-m eadow contains about 
100 kg nitrogen, 30 kg potassium  and 7— 8 kg phosphorus in an area of 1 hectare. 
The total nitrogen content of a su itable stratum  of soil —  20 cm thickness in an area 
of one hectare —  is about 1000— 1200 kg, its to ta l potassium  content is 3000— 3200 
kg; its total phosphorus content is o f a value around 300 500 kg. The available
quantities o f the nutrients are about 12 kg nitrogen, 150 kg potassium  and 30 kg  
phosphorus.

In the soil-plant system  exam ined, a varying proportion of the elem ents are 
under biological control, that is, 10% of total nitrogen, 3% of total phosphorus and  
about 1% of potassium .

In the case of nitrogen, the ratio betw een the stores of elem ents that can be 
incorporated and those that are accum ulated in the phytom ass indicates th at the  
presence of available nitrogen in the soil can restrict the quantity of N actually  in 
corporated in to  the organic m atter, and so the production itself, as a minimum factor.

In tro d u c tio n

In  th e  fram ew o rk  of th e  In te rn a tio n a l B iological P rogram  (IB P ) th e  
e x am in a tio n  in to  th e  tu rn o v er of th e  m ineral m a tte r  o f ecosystem s has com e 
to th e  fo reg round . T he researches a t te m p t  to  follow th e  m ethodology of sy s tem  
analysis ( P o m e r o y , 1970), and  c la rify  th e  e lem ent sp ec tru m  of the  b io logical 
cycle, th e  q u a n t i ty  of m ineralom ass, th e  vo lum e an d  speed of c ircu la tio n
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( B a s il e v ic h - R o d i n , 1971; B a s i l e v i c h , 1 9 73).Those p a ram ete rs  assum e a r a th e r  
v a ry in g  p a tte rn  in  th e  various p la n t fo rm a tio n s  covering th e  e a r th  surface.

In v es tig a tio n s  in to  th e  m ineral m a t te r  d is trib u tio n  and  seasonal d y n a m 
ics o f g rassland  co m m u n ities  d ry  s tep p es , san d y  m eadow s have b een  carried  
on  b y  several especia lly  Soviet re sea rch ers  ( B a s il e v ic h , 1965; B o g d a n o v , 
1970; 1971; K a r p o v , 1958; T u r i n a — Z e i n a l a s v i l i , 1965; F a r t u s h i n a , 1971; 
B a s i l e v i c h , 1973; J a k r l o v á , 1972; U l e h l o v a , 1972 e tc .), an d  th e  general 
rev iew  concern ing  th e  w hole e a r th  su rface  is also associated  w ith  th e  nam es of 
S ov ie t au tho rs ( B a s i l e v i c h — R o d i n , 1969; 1971).

In  H u n g a ry , th e  ex am in a tio n  in to  th e  d is trib u tio n , and  seasonal d y n a m 
ics o f th e  th ree  m ost im p o r ta n t n u tr ie n ts  P , N and  К  has been  set as a purpose 
re la te d  to  th e  p h y to m a ss  ex am in a tio n s ta k in g  place w ith in  th e  IB P /P T  
sec tio n . This q u es tio n  is especially im p o r ta n t  in re la tion  to  san d y  soils an d  
th e ir  v eg e ta tio n , since 24%  of th e  area o f o u r  co u n try  is sand  field , w hich from  
th e  v iew poin t o f th e  n a tio n a l econom y b ea rs  great im p o rtan ce  b o th  in  its 
o rig inal and c u ltiv a te d  s ta te s .

M aterial an d  m ethods

O ur ex am in a tio n s  were carried  o u t in  th e  D anube T isza M id-R egion  in 
th e  IB P  sam pling  a rea  of C sévharasz t, in  1971. (F or th e  c h a ra c te riz a tio n  of 
th e  Festucetum  vaginatae  danubiale p la n t c o m m u n ity  see K o v á c s -L á n g , 1970; 
S i m o n , 1971; K o v á c s - L á n g — Sza b ó , 1971; V e r s e g h y  K o v á c s -L á n g ; 1971).

F o r the  p u rp o ses  of the  e x am in a tio n s , 22 contiguous long re c ta n g le 
sh ap ed  areas soil m o n o lith  of 2 0 x 2 0 x 2 0  cm , were tak en  m o n th ly  o u t of th e  
ch a ra c te ris tic  s ta n d  o f perennial open s a n d y  steppe-m eadow . T he follow ing 
frac tio n s  were se p a ra te d  from  the  p h y to m a ss  of th e  sam ples: th e  aboveground  
liv in g  m ate ria l of Festuca vaginata , an d  o f  o th e r  flow ering p lan ts  (Potentilla  
arenaria , Koeleria gracilis, Medicago m in im a , A lka n n a  tinctoria, P olygonum  
arenarium ), to ta l  flow ering  aboveground  d ead  p h y tom ass, m oss-lichen  pliy- 
to in a ss  (e. g. Cladonia magyarica, Cl. fu rca ta , Parm elia pokornyi, Cl. convoluta), 
an d  below ground p la n t  p a rts . B y using  w e t digestion  tech n iq u es  in  con
c e n tra te d  H 2S 0 4 (a f te r  K j e l d a h l ’s m eth o d ) in th e  p la n t m a t te r  of th e  
p h y to m ass  frac tio n s ow ing to  th e ir  sm all w eigh t, four of th em  w ere ta k e n  as 
one sam ple th e  p o ta ss iu m  con ten t w as d e te rm in ed  by  m eans of flam e p h o to 
m e try , th e  n itro g en  an d  phosphorus b y  co lo rim etry .

In  o rder to  d e te rm in e  the  to ta l N  c o n te n t of the  soil th e  m a te ria l was 
d ig ested  in c o n c e n tra ted  H 2S 0 4 and  a f te r  d is tilla tio n  th e  N w as m easu red  b y  
t i t r im e try . The d e te rm in a tio n  of to ta l  a n d  soluble po tassium  c o n te n t was 
ca rried  ou t by  flam e p h o to m e try , th a t  o f  absorbab le  ph o sp h o ru s b y  colori
m e try  a fte r e x tra c tio n  b y  an am m onium  la c ta te  so lution.
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Results and discussion

The dynam ics o f  phosphorus

T he p h o sp h o ru s co n cen tra tio n  in th e  p h y to m ass  frac tions is show n in 
T ahié 1. P -co n cen tra tio n  is the  h ig h est in th e  liv ing  aboveground  flo ral p a rts , 
and  w ith in  th is , in th e  “ o ther flow ering”  frac tio n s consisting m ain ly  of d i
co ty ledons. The P -c o n te n t of the ro o ts  is su b s ta n tia lly  lower th a n  th a t  o f th e  
aboveground  liv ing  p a r ts , it am o u n ts  to  70%  o f th a t  (re la ted  to  th e  above
ground  liv ing  p a r ts  o f Festuca vaginata). The dead  p a rts  of th e  flow ering 
p la n ts  w hich th e  s tep p e  m eadow  consist of show  th e  lowest P -co n cen tra tio n . 
The P -co n ten t of th e  m oss-lichen fra c tio n  is also a low value being  n ear to  
th a t  o f th e  la tte r  flow ering frac tion . T he p h o sp h o ru s co n ten t values dete rm in ed  
by  us fo r th e  p h y to m ass  fractions show  sa tis fa c to ry  correspondence w ith  those  
m easured  in w ild-grow ing p lan ts  of th e  c o u n try  (S im o n  T ö l g y e s i , 1969).

A ccording to  o u r in v estig a tio n s, th e  p h o sphorus co n cen tra tio n  of th e  
in d iv id u a l p h y to m ass  fractions show  a f lu c tu a tio n  of various e x te n t d u ring  
th e  v eg e ta tio n  period . The f lu c tu a tio n  is of low est ex ten t in th e  P -co n ten t of 
th e  ro o ts , w hich am o u n ts  only to  15%  of th e  m ax im um  value . T h a t of th e  
aboveground  d ead  flo ral p a rts  is a b o u t 17% , an d  in  the  aboveground  liv ing 
p a rts  o f Festuca vaginata  is ab o u t 18% . The cryp togam ous frac tio n  shows 
f lu c tu a tio n  of a b o u t 20% . In  com parison  w ith  th e  o th e r frac tions, th e  seasonal 
f lu c tu a tio n  in th e  P -co n cen tra tio n  in  th e  aboveground  o th e r flow ering p liy to- 
m ass frac tio n  is re m a rk a b ly  h igh, am o u n tin g  to  abou t 48% . The p robab le  
reason  for th is  m ay  be th a t  the  species com position  of the  “ o th e r flow ering” 
frac tio n  changes w ith  th e  changes in th e  aspects  o f the  steppe m eadow  in th e

T a b le  1

Total phosphorus concentration o f  the phytom ass fractions 
in  Festucetum  vaginatae danubiale grassland , mg %

1971 IV. V. VI. VII. VIII. IX. X.

Aboveground living m at
ter o f Festuca vaginata 92.68 98.66 84.00 84.16 92.00 89.66 102.66

Aboveground living “ other 
flowering” parts 171.56 120.38 101.72 125.62 151.84 89.51 148.64

Aboveground dead flower
ing phytom ass 59.00 51.66 53.33 55.53 62.00 54.33 55.66

Moss-lichen phytom ass 54.33 50.86 59.66 61.66 63.66 55.00 62.86

Belowground phytom ass 69.53 65.33 60.66 63.66 69.86 61.00 60.66

Soluble phosphorus con
centration of the soil 0.87 0.87 1.05 1.05 0.96 0.87 1.53
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course of the  v e g e ta tio n  period, th e re fo re , th e  phy tom asses of p la n t  species 
w ere variab ly  d o m in a tin g  in the  m a te ria ls  com ing u n d e r investig a tio n s from  
th e  various periods. T he p ic tu re  is co m p lica ted  b y  th e  fac t th a t  th e  P -c o n te n t of 
th e  various species — accord ing  to  th e ir  phenophase  — also changes w ith  tim e .

The p h o sphorus co n cen tra tio n  o f th e  aboveground  living p a r t  o f th e  
d o m in a n t Festuca vaginata  shows a m in im um  in th e  period of p ro d u c tio n  
m ax im um s. The ch an g es in P -c o n c e n tra tio n  of th e  below ground p h y to m ass  
consisting  m ain ly  o f th e  ro o tp a rts  o f Festuca  follow a sim ilar course. I t  is only  
in  th e  au tu m n  perio d  w hen  a d ifference is fo und , i.e. th e  P -co n ten t o f th e  liv ing 
aboveground  p a r ts  increases considerab ly , while th a t  of th e  roo ts decreases.

The absorbab le  P -co n cen tra tio n  in  th e  soil o f th e  m onoliths, w hich  can 
be de term ined  b y  e x tra c tio n  w ith  am m onium  la c ta te s , is of a low  value in 
re la tio n  to  th a t  o f p la n t  m ateria ls. I t  is ch a rac te ris tic  o f its  seasonal v a ria tio n  
t h a t  in opposition  to  th e  decrease fo u n d  in  th e  liv ing  p lan t p a rts  in  th e  firs t 
h a lf  o f the  v e g e ta tio n  period , its q u a n t i ty  ten d s to  increase.

The abso lu te  m ax im u m  of th e  availab le  P -co n ten t of the  soil occured  in 
O cto b er, w hen th e  in te n s ity  in th e  n u tr ie n t u p ta k e  of th e  v eg e ta tio n  decreases. 
T h e  available p h o sp h o ru s  co n ten t of th e  soil is v e ry  sm all in th in  san d  soils, 
b u t  th e  to ta l P -c o n te n t is no t a h igh va lu e  e ith e r  (10 50 m g% ). The q u a n ti ty
o f th e  available p h o sp h o ru s  is decreased  ow ing th e  h igh C aC 03 (1 .5— 3 % ; p H
7.0 — 7.2) and S i0 2 c o n te n t, w hich b in d  th e  phosphorus com pounds in  a d is
so luble  form .

B y know ing th e  w eight and p h o sp h o ru s  co n cen tra tio n  of th e  p h y to m ass  
frac tio n s  the  q u a n t i ty  o f the  p h o sphorus accu m u la ted  in  th e  p h y to m ass  and  
soil volum e of a u n it  a rea  can be d e te rm in ed  (Table 2). I t  can be seen th a t  th e  
q u a n t i ty  of the  p h o sp h o ru s  con ta ined  b y  th e  m ono lith  is de te rm ined  above all 
b y  th e  p hy tom ass v o lu m e . F o r exam ple  in  Ju n e  is as follows: in  th e  ab o v e
g ro u n d  living p a r ts  o f Festuca vaginata  th e re  is 0.232 kg P /ha , in th a t  o f “ o th e r 
flow ering  p la n ts”  0.032 k g /ha ; in  th e  d ead  aboveground  ph y to m ass th e re  is

T ab le  2

The quantity  o f  phosphorus accumulated in  
o f  monoliths (m g/m onolith ) and its distribution in  the phytom ass

IV.

mg %

V.

mg 1 %

Aboveground living m aterial o f Festuca vaginata 0.49 1.33 1.04 3.26
Aboveground living “ other flowering” parts 0.33 0.90 0.22 0.69
Aboveground dead flowering phytomass 4.18 11.34 3.85 12.10
M oss-lichen phytomass 2.63 7.16 2.62 8.24
Belowground phytomass 29.19 79.28 24.12 75.71
T otal plant phosphorus 36.83 100.00 31.86 100.00

Soluble phosphorus content o f the soil 105.10 105.10
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0.957 kg /ha  P , while in the  ph y to m ass o f mosses and  lichens 0.506 kg /ha , in 
th e  su b te rran ean  ph y to m ass 5.613 k g /h a , an d  th e  am o u n t o f available p h o s 
ph o ru s in th e  soil is 31.7 kg /ha. Since th e  m a te ria l of th e  roo t frac tio n  is 
d o m in an t in  th e  p h y to m ass, 70%  o f th e  phosphorus in co rp o ra ted  in the p h y to 
m ass is found  in  th e  roo ts. A m ong th e  aboveground  p a r ts , o f th e  q u a n ti ty  of 
th e  phosphorus is m ost considerable in  th e  dead  flo ral p a r ts , w here i t  is a b o u t 
15%  of th e  to ta l  p la n t phosphorus. T he “ o th e r flow ering”  frac tio n  ow ing to  
its  sm all volum e of p h y to m ass co n ta in s  th e  sm allest q u a n ti ty  of phosp h o ru s, 
w hereas its phosphorus co n cen tra tio n  as has been seen w as the  h ig h es t.

The q u a n tity  o f phosphorus th a t  can  he in co rp o ra ted  in  the  soil o f 
m ono lith s -  in  sp ite  of its low c o n cen tra tio n  — is ab o u t fo u r tim es th e  p h o s 
phorus q u a n tity  of th e  phy tom ass. C onsidering th a t  th e  q u a n ti ty  of p h o sp h o ru s 
w hich can be in co rp o ra ted  is only  som e 2 3 %  of the  to ta l  phosphorus c o n te n t
o f th e  soil ( F e k e t e  H a r g it a i  Z s o l d o s , 1967), we can see th a t  the  s u b s tra te  
has a considerable pool of phosphorus.

The dynam ics o f  nitrogen

The to ta l  N -concen tra tion  o f th e  ph y to m ass frac tions and  of th e  soil o f  
th e  m onoliths is show n in Table 3. S im ilarly  as in th e  case o f phosphorus, th e  
n itro g en  co n cen tra tio n  is also th e  h ighest in the  aboveground  p lan t p a r ts , 
especially  in the  liv ing  p a rts  of d ico ty ledons co n stitu tin g  th e  “ o th e r flow ering  
fra c tio n ” .

The N -co n cen tra tio n  of th e  abov eg ro u n d  dead p h y to m ass  is low er th a n  
th a t  in th e  living p a r ts , b u t  the d ifference is no t so g reat as has been in th e  case 
o f phosphorus. A m ong the  p h y to m ass frac tio n s of flow ering p lan ts , acco rd ing  
to  ou r m easu rem en ts, th e  n itrogen  co n cen tra tio n  of th e  below ground p a r ts  is 
th e  low est, how ever, th e  difference is only  some 10 - 20% , in com parison w ith  
th e  living p a rts  o f Festuca.

the p la n t material and in  the soil
fra c tio n s , Festucetum  vaginatae danubiale 1971

VI. V II. V III. IX . X.

mg % mg % mg % mg % mg %

0.93 3.17 0.85 2.76 0.78 2 .2 0 0.95 3.95 0.89 3.50
0.13 0.44 0.23 0.75 0.39 1 .1 0 0.38 1.58 0.33 1.30
3.84 13.06 5.25 17.05 5.24 14.80 4.03 16.78 5.03 19.78
2.03 6.89 2.62 8.51 2.15 6.08 2.93 12.18 2.16 8.48

22.45 76.44 21.83 70.93 26.84 75.82 15.74 65.51 17.03 66.94
29.37 1 0 0 .0 0 30.78 1 0 0 .0 0 35.40 1 0 0 .0 0 24.03 1 0 0 .0 0 25.44 1 0 0 .0 0

126.8 126.8 115.9 105.1 184.8

6 Acta Botanica Academiae Scientiarum Hungaricae 21, 1975



8 2 KOVÁCS-LÁNG, E.

T a b le  3

T c ta l nitrogen concentration o f  the phytom ass frac tions  
in  Festucetum  vaginatae danubiale  grassland, mg°/0

1971 IV. V. VI. VII. VIII. IX. X.

Aboveground living m aterial 
of Festuca vaginata 1392.54 1066.00 884.00 954.17 1218.00 1454.63 1334.32

Aboveground living “ other  
flowering” parts 1923.81 1898.12 1206.89 1345.81 1803.72 1980.63 2061.08

Aboveground dead flow er
ing phytom ass 1000.00 912.67 874.66 941.33 999.33 1008.00 930.00

Moss-lichen phytom ass 933.33 794.66 939.33 981.33 1046.67 1056.66 1006.66
Belowground phytom ass 1066.66 903.33 846.66 856.66 866.66 926.66 923.33

T otal nitrogen concentration  
of the soil 40.64 30.93 40.46 29.47 33.06 34.84 41.97

In  our sam p lin g  a rea  the  N -co n ten t o f  th e  m oss-lichen frac tio n  is low er 
th a n  th a t  in th e  flo w erin g  p lan ts, only  in  a u tu m n  it reaches 1000 m g %  th a t  
is an  ab o u t 1%  v a lu e . Sim ilar resu lts  w ere ob ta in ed  w hen exam in ing  th e  N- 
ine tabo lism  of lichens in more details (V e r s e g h y  K o v á c s -L á n g  1974).

The f lu c tu a tio n s  in  th e  N -c o n cen tra tio n  of th e  in d iv id u a l p h y to m ass 
frac tions are d iffe re n t during  the v e g e ta tio n  period. The f lu c tu a tio n s  in  th e  
N -co n ten t is o f th e  sm alle st value a b o u t 10%  in th e  aboveground  dead  
p h y to m ass  fra c tio n , w hile it  is h ig h est in  th e  aboveground  liv ing  p a r ts  o f 
Festuca vaginata, w h ere  it  am ounts to  a b o u t 35% . I t  is in te re s tin g  t h a t  th e  
n itrogen  c o n c e n tra tio n  of the “ o th e r flo w erin g ” frac tio n  of heterogeneous 
species com position  does no t show a f lu c tu a tio n  of too  h igh value , i t  is on ly  
ab o u t 25% .

In  the  ab o v eg ro u n d  flow ering p a r ts  i t  is ch a rac te ris tic  of the  course of 
seasonal changes in th e  N -conten t th a t  a f te r  show ing h igh values early  in

T ab le  4

The quantity  o f  nitrogen accum ulated in the p lan t m ateria l and in  the soil o f  monolith (  m g/m onolith )

IV.

mg %

V.

mg 1 %

Aboveground living m aterial of Festuca vaginata 7.41 1.29 11.30 2.47
Aboveground living “other flowering” parts 1.78 0.31 3.53 0.77
Aboveground dead flowering phytomass 70.76 12.35 68.08 14.88
Moss-lichen phytom ass 45.26 7.90 41.00 8.96
Belowground phytom ass 447.86 78.15 333.50 72.91
T otal plant nitrogen 573.07 100.00 457.41 1 0 0 .0 0

The total nitrogen content o f the soil 4908.31 3736.34
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sp rin g tim e , it g rad u a lly  decreases u n til  Ju ly , th en  in S ep tem b er an d  O ctober 
reaches again  a m ax im um  w hich overpasses th e  sp ring  va lues. A ccording to  
th e  m easu rem en ts of F a r t u s h i n a  (1971), th e  N -co n cen tra tio n  of th e  ab o v e
g ro u n d  p la n t p a r ts  is th e  h ighest in  sp ring tim e, th e n  i t  g rad u a lly  decreases 
an d  show s a m in im um  in  O ctober. T h e  a u tu m n  second m ax im u m  m easu red  by  
us in  th e  Festucetum vaginatae, s tep p e  m eadow  m ay be re la te d  to  th e  d iffering  
d ev e lo p m en ta l rh y th m  of th is  s tep p e  m eadow . O ur in fo rm a tiv e  N -co n ten t 
m easu rem en ts , carried  on from  th e  d ry  m a tte r  o f our p h y to m ass  ex am in a tio n s  
of 1968, also show ed a S ep tem b er m ax im u m , sim ilar to  th e  m easu rem en ts  in 
1971.

T he N -co n ten t o f th e  be low ground  p a rts  shows a p a t te rn  sim ilar to  th a t  
in  th e  aboveground  liv ing  frac tio n . T he h igher N -co n ten t o f th e  l i t te r  in  A pril 
and  S ep tem b er m ay  he in  re la tio n  w ith  th e  increase in  th e  b iom ass of th e  
m icro-organism  decom posing th e  l i t te r  in  these  periods, w hich w as in d ica ted  
also b y  B a s il e v ic h  (1965).

T he to ta l N -co n cen tra tio n  of th e  soil of m onoliths is a v e ry  low  v a lue . 
T his is in  co rre la tion  w ith  th e  low organ ic  m a tte r  c o n te n t of th e  w eak ly  hum ic 
san d y  soils. 99%  of th e  n itro g en  in  th e  soil is in  o rgan ic  b in d in g  w ith  th e  
hum ic  m a tte rs  of th e  soil and  it is o n ly  a v e ry  sm all p ro p o rtio n  som e 1% , th a t  
can  he m obilized easily . The to ta l n itro g en  co n ten t o f th e  soil show s sharp  
f lu c tu a tio n s  a t th e  beg inn ing  of th e  v eg e ta tio n  period . I ts  value is low  in 
su m m er, b u t  rises b y  a u tu m n .

T he N -q u a n tity  th a t  can be fo u n d  in  th e  p h y to m a ss  an d  in  th e  soil, 
ca lcu la ted  for a u n it a rea  and  a co rrespond ing  soil la y e r  is show n in T ab le  4. 
T he q u a n ti ty  of in co rp o ra ted  N is d e te rm in ed  by  th e  p h y to m a ss , s im ila rly  to  
p h o sp h o ru s. The q u a n t i ty  of N p re se n t in th e  p h y to m ass  frac tio n s  an d  in  th e  
u p p e r 20 cm lay e r of th e  soil, ca lcu la ted  for one h ec ta re , fo r exam ple  in  Ju n e , 
is as follow s: in  th e  aboveground  liv ing  m a tte r  of Festuca vaginata  i t  is 2.452 
k g /h a , in  th e  aboveground  liv ing m a tte r  of o th e r flow ering  p la n ts  i t  is 0.397 
k g /h a ; in  th e  aboveground  dead flow ering  p h y to m ass i t  is 15.722 k g /h a ; in

and its d istribution in  the phytom ass fra c tio n s  Festucetum  vaginatae danubiale 1971

VL VII. VIII. IX. X.

mg % mg % mg % mg % mg %

9 . 8 1 2 . 3 4 9 . 6 4 2 . 2 1 1 0 . 3 5 2 .2 1 1 2 . 4 2 3 . 1 8 1 1 . 6 1 2 . 9 5
1 . 5 9 0 . 3 8 2 . 4 2 0 . 5 5 4 . 6 9 1 . 0 0 8 . 5 2 2 . 1 8 4 . 5 3 1 . 1 5

6 2 . 8 9 1 4 . 9 9 8 8 . 9 5 2 0 . 3 8 8 4 . 5 4 1 8 . 0 7 7 4 . 7 9 1 9 . 1 3 8 4 . 0 7 2 1 . 3 4
3 1 . 8 8 7 . 6 0 4 1 . 7 1 9 . 5 6 3 5 . 3 7 7 . 5 6 5 6 . 2 1 1 4 . 3 7 3 4 . 5 3 8 . 7 7

3 1 3 . 3 8 7 4 . 6 9 2 9 3 . 7 5 6 7 . 3 0 3 3 2 . 9 4 7 1 . 1 6 2 3 9 . 0 8 6 1 . 1 4 2 5 9 . 1 8 6 5 . 7 9
4 1 9 . 5 5 1 0 0 . 0 0 4 3 6 . 4 7 1 0 0 . 0 0 4 6 7 . 0 2 1 0 0 . 0 0 3 9 1 . 0 2 1 0 0 . 0 0 3 9 3 . 9 2 1 0 0 . 0 0

4 8 8 7 . 5 7 3 5 5 9 . 9 7 3 9 9 3 . 6 5 4 2 0 8 . 6 7 5 0 6 9 . 9 7
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m oss-lichen p h y to m ass  7.970 kg/ha, in th e  below ground  p hy tom ass i t  is 
78.345 kg/ha; an d  th e  to ta l  N -con ten t o f th e  co rrespond ing  soil lav er is 
1221.890 kg/ha.

The g rea test p o rtio n  (60 —70% ) of th e  N in co rp o ra ted  in  th e  p lan t p a r ts  
o f  m onoliths is found  in  th e  ro o ts , since th is  is th e  m ost sig n ifican t one am ong 
th e  phy tom ass fra c tio n s . A m ong th e  abov eg ro u n d  p la n t  p a r ts , th e  dead 
flow ering  frac tion  c o n ta in s  15 — 20%  of th e  to ta l  p la n t n itro g en , the  cryp- 
to g am o u s fraction  co n ta in s  8 — 9%  while th e  liv ing  flow ering  p a r ts  only some 
2 - 4 %  of the  to ta l  p la n t  n itrogen .

The seasonal changes in  th e  n itrogen  q u a n ti ty  accu m u la ted  in th e  in 
d iv id u a l phy tom ass frac tio n s  correspond to  th e  seasonal changes in p h y to 
m ass fractions.

The q u a n tity  o f to ta l  N -co n ten t p re se n t in th e  soil o f th e  m onoliths is 
a lm o st ten  tim es th a t  o f  th e  p la n t n itrogen . T he d is tr ib u tio n  o f th e  N -con ten t 
o f  m onoliths be tw een  soil an d  p la n t com ponen ts is show n in T ab le  7.

The dynamics o f  po tassium

The po tassium  c o n c e n tra tio n  of th e  p h y to m ass  frac tio n s  and  the  to ta l 
a n d  th e  soluble p o ta ss iu m  co n cen tra tio n  o f th e  soil are show n in Table 5. The 
p o ta ss iu m  co n cen tra tio n  is th e  h ighest in th e  aboveground  “ o th e r  flow ering”

T ab le  5

Total po ta ssiu m  concentration o f  the phytom ass frac tions  
in  F estucetum  vaginatae danubiale grassland , mg °/0

1971 IV. V. VI. V II. V III . IX . X.

Aboveground living m ate
rial o f Festuca vaginata 744.91 987.33 663.33 587.16 656.66 671.11 696.29

Aboveground living “ other 
flowering” parts 1328.01 1126.19 844.83 908.73 1177.06 948.19 1253.62

Aboveground dead flower
ing phytomass 175.33 190.13 160.00 166.66 182.66 164.00 177.33

Moss-lichen phytomass 220.00 220.66 200.66 205.33 225.33 222.80 256.00
Belowground phytomass 230.33 256.33 256.00 225.00 237.40 186.66 187.33

T otal potassium concentra
tion  of the soil 107.30 109.90 106.90 105.30 101.30 96.70 98.60

0.1 n acid-soluble potassium  
concentration 4.85 4.83 4.96 4.76 4.90 4.40 4.42

Potassium  concentration 
soluble in ammonium  
lactate 4.56 4.18 4.56 4.15 4.15 3.73 5.56

W ater-soluble potassium  
concentration 1.24 1 .1 2 1.26 0.95 1.06 1.03 1.19
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liv ing  p hy tom ass frac tio n  consisting  m ain ly  o f d ico ty ledons. The K -con ten t 
of th e  aboveground  liv ing  p a rts  of Festuca vaginata  is m uch  lower th a n  
th is .

E specially  h igh  is th e  difference in th e  po tassium  co n cen tra tio n  of th e  
liv ing  and  dead p a r ts  of th e  aboveground  flow ering p h y to m ass . Since th e  d ead  
p a r ts  o rig inate  m a in ly  from  th e  Festuca vaginata, th e  К -c o n te n t of th e  dead  
p a r ts  is com pared  w ith  th e  liv ing p a r ts  o f th e  d o m in an t c o n s titu e n ts  of g rass
land . T aking  th is  as a basis, it  can  he in fe rred  th a t  the  p e rcen tag e  K -co n ten t 
o f th e  dead p a rts  is only  ab o u t a q u a r te r  of th a t  of the  liv in g  p a rts . A possible 
reason  for th is  is th e  g rea t m ob ility  of K , an d  its  b a s ip e ta l d is trib u tio n  w ith in  
th e  p lan ts . A large  p ropo rtio n  o f К  is co n cen tra ted  in  th e  growing y oung  
p a r ts , th e  aging d ecay ing  p a rts  are from  th e  beginning  of low  K -con ten t. A fte r 
th e  decay in p la n t  p a r ts , th e  К  from  th e m  can be easily  w ashed  out. All th ese  
fac to rs to g e th e r can  exp la in  th e  v e ry  low  K -co n ten t o f th e  l i t te r .

The p o tassiu m  co n ten t o f th e  below ground p a r ts  is also m uch low er 
th a n  th a t  of th e  aboveground  living p a r ts , b u t  it  su rpasses th a t  of the  ab o v e
ground dead p a r ts .

The p o tassiu m  co n cen tra tio n  of th e  c ry p to g am o u s fraction  is also 
charac terized  b y  low  values an d  low flu c tu a tio n .

The f lu c tu a tio n  of th e  К -co n cen tra tio n  during  th e  v eg e ta tio n  period  is 
of different e x te n t in  th e  ph y to m ass frac tions. The abov eg ro u n d  dead flow ering 
frac tion  showed th e  low est f lu c tu a tio n  (ab o u t 15% ), b u t  th e  f lu c tu a tio n  found  
in th e  c ryp togam s is n ear to  th a t  (ab o u t 15% ). F lu c tu a tio n  is s trong  in  th e  
liv ing  aboveground  p a rts  of flow ering p la n ts , w here i t  a m o u n ts  to  abou t 4 0 %  
in  th e  case of b o th  th e  dom in an t species of g rassland  an d  th e  “ o th e r flow ering”  
p la n t parts .

The to ta l  К -co n cen tra tio n  th a t  can  be found  in th e  soil is m uch low er 
th a n  th a t  in  th e  p la n t m a tte r . A t th e  beg inn ing  of th e  vegeta tion  period , 
h igher values are ch a rac te ris tic  of it , b u t  from  A ugust on K -co n cen tra tio n  
shows a defin ite  decrease.

The q u a n ti ty  o f К  accu m u la ted  in the  p la n t m a tte r  an d  soil of m onoliths 
is show n in T ab le  6. I ts  q u an titie s  ca lcu la ted  for one h e c ta re  are, for exam ple , 
in Ju n e  as follow s: in th e  aboveground  liv ing m a tte r  o f  Festuca vaginata  
1.84 kg /ha; in th e  “ o th e r liv ing flow ering”  p a r ts  it  is 0.28 kg /h a , in the  ab o v e
ground dead flow ering  p hy tom ass i t  is 2.87 kg /ha , in th e  p h y to m ass  of m osses- 
lichens 1.70 k g /h a ; in  th e  below ground p hy tom ass 23.68 kg/ha while th e  
q u a n tity  of th e  to ta l  К  in th e  soil is 3228.4 kg /ha; from  th is , 148.8 k g /ha  is 
acid-soluble, a n d  38.05 k g /ha  is w ater-so luble .

The К -d is tr ib u tio n  in th e  p h y to m ass  frac tions, s im ila rly  as in N an d  P , 
corresponds to  th e  p ro p o rtio n  of p h y to m ass frac tions. T he q u a n tity  of th e  
to ta l  accu m u la ted  in  th e  soil su rpasses th e  q u a n tity  o f p la n t  po tassium ; th e  
la t te r  does n o t reach  even one p e r cen t th a t  of the  fo rm er (Table 7).
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T ab le  6

The q u a n tity  o f  po tassium  accum ulated in the p la n t material and in  the soil
vaginatae

IV. V.

mg % mg %

Aboveground living m aterial o f Festuca vaginata 3.95 3.13 10.46 7.89
Aboveground living ‘‘other flowering” parts 2.52 2.00 2.09 1.58
Aboveground dead flowering phytom ass 12.41 9.83 14.18 10.68
Moss-lichen phytom ass 10.67 8.45 11.38 8.57
Belowground phytom ass 96.71 76.60 94.64 71.29
T otal plant potassium 126.26 100.00 132.75 100.00

T otal potassium content o f the soil 12 961.84 13 275.92
Acid soluble potassium content o f the soil 585.88 583.46
W ater-soluble potassium  of the soil 149.79 135.29

T ab le  7

D istribu tion  o f  the total nitrogen and  po tassium  content
Festucetum  vaginatae

IV.

mg %

V.

mg %

T otal nitrogen content o f the monolith 5 482.38 100 4 193.75 100
P lan t nitrogen 573.07 10.45 457.41 10.91
Soil nitrogen 4 908.31 89.55 3 736.34 89.09

T otal potassium content o f the monolith 13 088.10 100 13 408.67 100
P lan t potassium 126.26 0.96 132.75 0.99
Soil potassium 12 961.84 99.03 13 275.92 99.00

Discussion and conclusion

C om paring th e  occurrences an d  q u a n titie s  of ,the e lem en ts  exam ined  in 
th e  various p h y to m ass  frac tio n s, we can  in fer th a t  th e  c o n cen tra tio n  of th e  
n itro g e n  is the  h ig h es t, p o tassium  is low er th a n  th a t ,  while th e  co n cen tra tio n  
o f  phosphorus is a lm o st one o rder sm aller th a n  th a t  o f th e  fo rm er tw o.

All th ree  e lem en ts  occur in th e  h ig h est co n cen tra tion  in  th e  aboveground  
liv ing  p a rts . T heir d is tr ib u tio n  w ith in  th e  p h y to m ass frac tio n s  of the  flow ering 
p la n ts  is n o t to ta lly  u n ifo rm . The decrease in  th e  n itrogen  co n cen tra tio n  shows 
th e  o rd e r of ab o v eg ro u n d  liv ing p a r ts , aboveground  dead  p a r ts ,  and  roo ts. In  
th e  case of p o tassiu m  and  p h o sp h o ru s: aboveground liv ing  p a rts , roo ts, 
abov eg ro u n d  dead p a r ts  is th e  o rder of co n cen tra tio n  decrease in  the  elem ents.

In  th e  p h y to m ass  o f  th e  c ry p to g am s, th e  co n cen tra tio n  o f the  elem ents 
ex am in e  th a t  is N  К  P  show s a sim ilar o rder. T he co n cen tra tio n  
o f all th ree  elem ents is m uch  low er in th e  soil.
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o f  m onoliths (m g/m onolith) and its d istribution  in  the phytom ass fra c tio n s Festucetum  
danubiale 1971

VI. VII. VIII. IX. X.

mg % mg % mg % mg % mg %

7 . 3 6 6 . 0 6 5 . 9 3 5 . 4 3 5 . 5 8 4 . 5 4 7 .1 1 8 . 5 3 6 . 0 5 7 . 0 2
1.11 0 . 9 1 1 .6 3 1 . 4 9 3 . 0 6 2 . 4 9 4 . 0 7 4 . 8 8 2 . 7 5 3 . 1 9

1 1 . 5 0 9 . 4 6 1 5 . 7 4 1 4 . 4 2 1 5 . 4 5 1 2 . 5 7 1 2 . 1 7 1 4 . 6 0 1 6 . 0 3 1 8 . 6 0
6 . 8 1 5 . 6 1 8 . 7 2 7 . 9 9 7 . 6 2 6 . 2 0 1 1 . 8 5 1 4 . 2 2 8 . 7 8 1 0 . 1 9

9 4 . 7 5 7 7 . 9 6 7 7 . 1 5 7 0 . 6 7 9 1 . 2 1 7 4 . 2 0 4 8 . 1 6 5 7 . 7 7 5 2 . 5 8 6 1 . 0 0
1 2 1 . 5 3 1 0 0 . 0 0 1 0 9 . 1 7 1 0 0 . 0 0 1 2 2 . 9 2 1 0 0 . 0 0 8 3 . 3 6 1 0 0 . 0 0 8 6 . 1 9 1 0 0 . 0 0

1 2  91 3 . 5 2 12  7 2 0 . 2 4 1 2  2 3 7 . 0 4 11 6 8 1 . 3 6 11 9 1 0 . 8 8
5 9 9 . 1 7 5 7 5 . 1 1 5 9 1 . 9 2 5 3 1 . 5 2 5 3 3 . 9 4
1 5 2 . 2 1 1 1 4 . 7 6 1 2 8 . 0 5 1 2 4 . 4 2 1 4 3 . 7 5

o f  monoliths between soil and p la n t components 
danubiale 1971

VI. V II. V III. IX . X.

mg % mg % mg % mg % mg %

5 3 0 7 . 1 2 1 0 0 3 9 9 6 . 4 4 1 0 0 4  4 6 1 . 5 5 1 0 0 4  5 9 9 . 6 9 1 0 0 5 4 6 3 . 8 9 1 0 0
4 1 9 . 5 5 7 . 9 1 4 3 6 . 4 7 1 0 . 9 2 4 6 7 . 9 0 1 0 . 4 9 3 9 1 . 0 2 8 . 5 0 3 9 3 . 9 2 7 . 2 1

4  8 8 7 . 5 7 9 2 . 0 9 3 5 5 9 . 9 7 8 9 . 0 8 3 9 9 3 . 6 5 8 9 . 5 1 4  2 0 8 . 6 7 9 1 . 5 0 5 0 6 9 . 9 7 9 2 . 7 9

1 3  0 3 5 . 0 5 1 0 0 12  8 2 9 . 4 1 1 0 0 12  3 5 9 . 6 5 1 0 0 11 7 6 4 . 7 2 1 0 0 11 9 9 7 . 0 7 1 0 0
1 2 1 . 5 3 0 . 9 3 1 0 9 . 1 7 0 . 8 5 1 2 2 . 9 2 0 . 9 9 8 3 . 3 6 0 . 7 1 8 6 . 1 9 0 . 7 2

1 2  9 1 3 . 5 2 9 9 . 0 6 12  7 2 0 . 2 4 9 9 . 1 4 1 2  2 3 7 . 0 4 9 9 . 0 0 11 6 8 1 . 3 6 9 9 . 2 9 11 9 1 0 . 8 8 9 9 . 2 8

T he q u a n titie s  of e lem en ts a c c u m u la ted  in  th e  p h y to m ass  and  in  th e  soil 
w eigh t/su rface  or volum e u n it  show  d iffe ren t p roportions.

Since th e  p hy tom ass is id en tica l, th e  q u a n tity  o f n itro g en , p o ta ss iu m  
an d  phosphorus accu m u la ted  in  th e  p la n t  p a rts , ca lcu la ted  for a u n it  a rea , 
change in  th e  o rder of th e  c o n c e n tra tio n  p roportions.

O n one h ec ta re  in th e  u p p e r 20 cm soil lay er of Festucetum  vaginatae  
d an u b ia le  grassland , th e  q u a n t i ty  o f th e  n itrogen  accu m u la ted  in th e  to ta l  
p h y to m ass  is ab o u t 100 kg, th a t  o f th e  p o tassiu m  is ab o u t 30 kg, and th a t  o f the  
p h o sp h o ru s is ab o u t 7 8 kg. A t th e  sam e tim e , th e  to ta l  n itrogen  c o n te n t of
th e  co rrespond ing  soil lay e r is a b o u t 1200 kg ; its  p o tass iu m  co n ten t is a b o u t 
3200 kg , its  phosphorus c o n te n t is 300 -5 0 0  kg. The q u a n titie s  th a t  can  be 
in co rp o ra ted  from  th e  la t te r  a re : 12 kg  n itrogen , ab o u t 150 kg p o tassiu m  and  
a b o u t 30 kg phosphorus.
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E xam in ing  th e  d is tr ib u tio n  of th e  in d iv id u a l e lem ents in the  p lan t-so il 
sy stem , the  fo llow ing  estim a tio n s can be m ade.

The d is tr ib u tio n  o f th e  organic m a tte r  betw een  th e  soil and  p la n t p a r ts  
o f m onoliths is a b o u t 5 0 —50%  ( K o v á c s - L á n g , 1974). This can  be accepted  as a 
p ro p o rtio n  of th e  d is tr ib u tio n  of carbon p re se n t in th e  sy stem .

In  the so il-p lan t sy stem , n itrogen  show s a d is tr ib u tio n  of 90 : 10 p ro 
p o rtio n ; phosphorus 97 : 3; and  po tassium  99 : 1 p ro p o rtio n . T hus, i t  can  be 
seen th a t  in  th is  sy s te m  — w hich is rep re sen ted  b y  m o n o lith  sam ples — a 
chang ing  p rop o rtio n  o f  th e  elem ents is in co rp o ra ted  in th e  phy tom ass, i.e a 
chang ing  p ro p o rtio n  is u n d e r biological con tro l.

The e lem ents w hose reservo ir is th e  soil (P  and K ) m ay  in th e ir  o v e r
w helm ing m a jo rity  b y  found  in the  soil. T he n itro g en , w hose m ain  reservo ir is 
th e  atm osphere , can  be found  to  a ra th e r  high p ro p o rtio n  in  th e  soil m a in ly  
b o u n d  in organic m a tte rs  w hich are to  a large p a r t  dead  or hum ified . The 
p o rtio n s of carbon  an d  n itro g en  th a t  can  he found in th e  soil ind ica te  th a t  
c a rb o n -tu rn o v e r in  th is  p lan t-so il system  is faste r.

The tu rn o v e r o f th e  e lem ents is m ost in tensive  in th e  aboveground liv ing  
p a r ts . The changes in  th e  n u tr ie n t supp ly  o f th e  roo ts are o f sm aller e x te n t. 
T he possible cause o f  th is  is th a t  in th is  fra c tio n  the  dead  an d  the  living p a r ts  
h av e  been considered  to g e th e r . Q uite slow processes are ch a rac te ris tic  o f th e  
tu rn o v e r  in the  n u tr ie n t  s to re  of the  aboveground  dead flow ering p a rts . The 
above m entioned  tu rn o v e r  ra te s  were ch a rac te ris tic  of th e  in ten s ity  in  th e  
dynam ics of th e  e lem en ts  on ly  in the  v e g e ta tio n  period exam ined .

The q u a n tity  re la tio n s  of the  ex am in ed  elem ents accu m u la ted  in  th e  
p h y to m ass  in com p ariso n  w ith  the m ovable  and  absorbab le  elem ent su p p ly  
o f th e  soil is d iffe ren t.

The q u a n tity  o f  th e  po tassium  p re se n t in  a u n it a rea  o f th e  p h y to m ass 
is a b o u t the  sam e as th e  w atersoluble К -su p p ly  of th e  soil a t th e  sam e place.

Table 8

The turnover rate o f  phytom ass and the in d iv id u a l elements exam ined , in  °/0

Total organic 
matter of the 
phytomass (C)

P N К

Aboveground living m atter o f Festuca va- 
ginata 52 53 40 62

Aboveground living “other flowering” phy
tom ass 70 66 81 73

Dead aboveground flowering phytom ass 25 22 29 28
Belowground phytomass 38 46 46 50
Moss-lichen phytomass 36 31 43 43
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H ow ever, for th e  p la n ts , even ab o u t four tim es o f th is  q u a n t i ty  is availab le  
from  th e  acid-soluble p o tassium .

The q u a n tity  of th e  phosphorus p resen t is th e  p h y to m a ss  is ab o u t a 
th ird  or a q u a rte r  o f th e  absorbab le  supp ly  p resen t in th e  soil.

In  th e  case o f n itro g en , th e  case is reversed , since th e  N -q u a n tity  in  th e  
p hy tom ass ca lcu la ted  for a u n it a rea is abou t e ig h t te n  tim es  th e  q u a n tity  o f  
absorbable  n itrogen  found in th e  soil, w hich is only  a b o u t 1%  of the  to ta l  
n itrogen . The d is tr ib u tio n  ind ica tes th a t  the  availab le  n itro g e n  in the  soil can  
re s tr ic t th e  q u a n ti ty  of N in co rp o ra tin g  in  th e  organic m a t te r ,  an d  so also th e  
p ro d u c tio n  itself, as a m in im um  fac to r.

The n u tr ie n t d is trib u tio n s  found  by  us in th e  ex am in ed  g rassland  com 
m u n ity  en tire ly  co rrespond  to  th e  inferences d raw n  b y  ag ra rian  ex p e rts , 
according to  w hich in  san d y  soils it  is m ain ly  th e  lack  o f n itro g en  w hich can  be 
fe lt, th e  p ropo rtio n  of phosphorus is m ore fav o u rab le , w hile th e  lack of p o ta s 
sium  is a ra th e r  ra re  phenom enon  on th e  dom estic san d y  soils (L á n g , 1973).
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The paper presents a survey of grassland (m eadow-pasture) yields investigated  
by botanists in Hungary. M easurem ents were made in the confines o f 60 different 
villages. The names of plant com m unities used by the various authors in their work 
published before 1975, the results o f y ield  m easurement of the 32 com m unities (values  
converted into g/m 2) and the nam e of the authors are given. The highest y ield was 
measured iu Scirpo-Phragm itetum  glycerietosum.

A t the  beginning  of p h y to cen o lo g y  as a science, research  w orkers 
e v a lu a te d  th e  v eg e ta tio n  p ro d u c tio n  o f a m eadow  by  m easu rin g  th e  w eigh t of 
v eg e ta tio n  p er u n it area. H a rv e s te d  m a te r ia l was grouped accord ing  to  species 
an d  th e  w eight of each  species w as m easu red . The dom inance  of th e  species 
was expressed  b y  its  share p e rcen tag e  in  to ta l  w eight. T hese investig a tio n s w ere 
u n d e rta k e n  w ith  a p rac tica l p u rpose  in  m ind  (see e.g. St e b l e r  and  S c h r ö t e r ). 
D u rin g  th e  la te r  developm ent of p h y to cen o lo g y , researchers ab andoned  w eigh t 
m easu rem en t in fav o u r of ab u n d a n c e  an d  dom inance (A D) e v a lu a tio n  
( B e c k i n g , 1957) w hich proved  to  be a m ore rap id  p rocedure  and , for ce rta in  
p u rposes, to  be m ore ad v an tag eo u s.

E stim a tio n  of th e  w eight o f v e g e ta tio n  can be m ade b y  d irec t or in d irec t 
m e th o d s  (L i e t h , 1962). To asses th e  y ie ld  of grasslands in  H u n g ary , U b r i z s y  
(1943), B alázs  (1949) and  B o d r o g k ö z t  (in H a r m a ti  B o d r o g k ö z y , 1965) 
recom m end  th e  in d irec t m ethod . T h e  suggested  form ulae are based  on A — D 
v alues and  on h ig h t m easu rem en ts o f th e  veg e ta tio n . B u t re liab ility  of n e ith e r  
fo rm ulae  has been estab lished .

U p to  th e  1960’s, before th e  IB P  w as estab lished , M á t h é , K o v á c s , 
J e a n p l o n g , K o l t a y  and P r é c s é n y i  h av e  applied  th e  h a rv e s t and  m o n o lith  
m e th o d s  to  o b ta in  d irec t y ield  m easu rem en ts .

Before th e  IB P  was lau n ch ed , y ie ld  m easurem ents of m eadow s and  
p a s tu re s  were d irec ted  b y  m eadow  q u a lity  analysis an d  b y  ty po logy . T hese 
m easu rem en ts , in  m ost cases, w ere ca rr ied  ou t during one y e a r and  m ay b e  
on ly  on a single occasion.

One of th e  ob jectives of th e  I B P ’s P T  section  was to  appra ise  th e  v eg e 
ta tio n  y ield  of th e  e a r th  and  to  ex am in e  th e  fac to rs affecting  th is  yield. In  o rd er 
to  coord inate  research  ac tiv ities , m ethodo log ica l guidelines have been issued .
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In  H ungary , th e  Ú jsz e n tm a rg ita  and  C sévharasz t n a tu re  conservation  areas 
becam e the e x p e rim e n ta l field of the  IB P . M eadow and  p a s tu re  p lan t associa
tio n s  w ith  resp ec t to  p ro d u c tio n  have been  sy s tem atica lly  stu d ied  for severa l 
y ea rs .

The p resen t p a p e r  gives a su m m ary  o f ex am in a tio n s carried  ou t a t  th e  
g rassland  associa tions o f  H u n g ary ; it  is based  on rep o rts  p u b lished  up to  1975, 
b u t  i t  ignores m e a su re m e n ts  w hich were ta k e n  on tre a te d  (e.g. fertilized , i r r ig a t
ed , etc .) s tan d s, fu r th e rm o re , i t  d isregards rep o rts  w hich  give no clear in d i
ca tio n  of the  y ie ld  (e.g . on ly  th e  percen tag e  o f y ield  share  o f each  species in  th e  
to ta l  yield b u t n o t  th e  q u a n ti ty  of th e  to ta l  crop).

The rep o rts  could  have been g rouped  according to  severa l aspects (e.g. 
provinces, associa tions or u n its  above associations, researchers). In  a ce rta in  
sense, the in tro d u ced  g roup ing  follows th e  h isto rica l sequence . Of course, th e re  
are  researchers w hose ac tiv ities show  an  alm ost u n b ro k e n  co n tin u ity . The 
w rite r  of th is  p a p e r  is o f th e  opinion t h a t  th e  d iv ision  in to  tw o p a r ts  will 
fac ilita te  the  su rv ey  o f  m a te ria l w hich is fu r th e r  p ro m o ted  b y  th e  fac t th a t  
an  a tte m p t has b een  m ad e  to  follow th e  co enosystem atic  g roup ing  as given in  
T ab le  1 and in F ig . 1, ind ica ting  those a reas  in th e  c o u n try  w here yield has

F ig . 1. Grassland areas o f H ungary where yield m easurem ents were m ade. 1. The Sopron- 
K őszeg Mountain R ange; 2. Flood plain of the R ába River; 3. The Cserhát and the Gödöllő 
hills; 4. The Mts. M átra; 5 . The Bereg Plain; D ots indicate m arshlands; CsH =  Csév

haraszt; UM =  Újszentm argita; NL =  N agylak
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Table 1

The production o f  various grasslands in  H ungary

Name of p lant association
Production

(g/m2) A uthor

1 . Scirpo-Phragmitetum  glycerietosum 8 1 0 — 1 0 6 0 M á t h é  ( 1 9 6 8 )

2 . Caricetum elatae 2 6 0 M Á TH É (1 9 5 6 )

3 .  Caricetum gracilis 2 7 5 — 3 4 3 M á t h é  ( 1 9 5 6 )

4 . Caricetum paradoxae 2 1 0 M á t h é  ( 1 9 5 6 )

5 . Caricetum acutiformis-ripariae

6 . Nardo- Festucetum ovinae alopecureto-

4 2 5 M á t h é  ( 1 9 5 6 )

sum 2 0 0 — 2 5 0 M á t h é — K o v á c s  ( 1 9 6 0 )

7 . M olin ie tum  coeruleae 1 2 0 — 2 5 0 ,  1 5 4 K o v á c s  (1 9 5 6 ) ,  
J e a n p l o n g  ( 1 9 5 9 )

8 . Junceto-M olinietum 1 1 5 — 2 1 0 K o v á c s  ( 1 9 5 6 )

9 . Deschampsietum caespitosae 2 0 0 — 2 5 0 J e a n p l o n g  (1 9 5 9 )

1 0 . Agrostetum  albae 2 1 0 ,  1 5 5 ,  3 7 5 M á t h é  (1 9 5 6 ) ,  J e a n p l o n g  
( 1 9 5 9 ) ,  J u h á s z - N a g y  
( 1 9 5 9 )

1 1 . Alopecuretum  pratensis 4 3 0 ,  3 4 7 M á t h é  ( 1 9 5 6 ) ,  J e a n p l o n g  
( 1 9 5 9 )

Alopecuretum ranunculetosum acris 4 3 0 J u h á s z - N a g y  ( 1 9 5 9 )

1 2 . Festucetum  pratensis 3 0 0 ,  2 2 5 ,  3 0 5 M á t h é  ( 1 9 5 6 ) ,  J e a n p l o n g  
( 1 9 5 9 ) ,  J u h á s z - N a g y  
( 1 9 5 9 )

1 3 . Phalaridetum 3 6 0 M á t h é  ( 1 9 5 6 )
Rorippo-Phalaridetum 2 2 0 — 2 6 0 J e a n p l o n g  ( 1 9 6 8 )

1 4 . Arrhenatheretum elatioris 5 2 0 — 6 9 8 ,  3 8 5 — 4 3 5 ,  
5 2 2

M á t h é  ( 1 9 5 6 ) ,  J e a n p l o n g  
( 1 9 5 9 ,  1 9 7 0 )

1 5 . Arrhenatheretum-alopecuretosum 6 1 0 M á t h é — K o v á c s  ( 1 9 6 0 )

1 6 . Festuco rubrae-Cynosuretum

1 7 . Festuco rubrae-Cynosuretum arrhena-

1 5 0 — 2 2 0 M á t h é — K o v á c s  ( 1 9 6 0 )

theretosum 3 0 0 — 4 0 0 M á t h é -  K o v á c s  ( 1 9 6 0 )

1 8 . Cynodonteto-Lolietum 1 4 0 — 1 7 4 M á t h é  (1 9 5 6 )

1 9 . Antoxantheto-Festucetum  pseudovinae 4 9 0 J u i i á s z - N a g y  ( 1 9 5 9 )

2 0 .  Agrostis alba-Beckmannia eruciformis 5 3 0 — 6 3 0 M á t h é  ( 1 9 6 8 )

2 1 .  Achilleo-Festucetum pseudovinae 3 0 0 — 4 5 0 M Á TH É— P r é c s é n y i  
( 1 9 7 0 ,  1 9 7 3 )

2 2 .  Artem isio-Festucetum  pseudovinae 2 8 0 — 3 2 5 P r é c s é n y i  (1 9 6 9 )

2 3 .  Peucedano-Galatelletum punctati 2 3 0 — 4 8 0 Z ó l y o m i — P r é c s é n y i  
( 1 9 7 0 )

2 4 .  Brom etum  tectorum 1 2 5 — 2 3 0 ,  2 0 7 ,  2 4 0 —  
4 2 0

M á t h é — K o l t a y — P r é 
c s é n y i  (1 9 5 4 ) ,  M á t h é  
( 1 9 5 6 ) ,  V e r s e g h y —
K . L á n g  (1 9 7 1 )

2 5 .  Festucetum vaginatae 3 1 0 — 4 0 0 V e r s e g h y — K . L á n g  
( 1 9 7 1 )
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T a b le  1 ( c o n t . )

Name of plant association
Production

(g/m9 Author

2 6 .  Festucetum wagneri 2 8 0 — 4 5 0 V e r s e g h y — К .  L á n g  
( 1 9 7 1 )

2 7 .  Mesobrometum 1 6 0 — 2 1 5 M ÁTHÉ— KoLTAY----
P r é c s é n y i  ( 1 9 5 4 )

2 8 .  Potentillo-Festucetum pseudovinae 2 3 0 M Á t h é  ( 1 9 5 6 )

2 9 .  Festucetum pseudovinae 2 0 0 — 2 2 0 ,  150 M ÁTHÉ— J  EANPLONG
( 1 9 5 4 ) ,  J u h á s z - N a g y  
( 1 9 5 9 )

3 0 .  Chrysopogonetum gry lli 1 5 0  — 2 0 0 M Á t h é  — J e a n p l o n g  
( 1 9 5 4 )

3 1 .  Festucetum sulcatae 1 4 0 — 1 7 0 ,  1 2 0 — 1 5 0 M Á t h é  ( 1 9 5 6 ) ,  M Á t h é —  
K o l t a y — P r é c s é n y i  
( 1 9 5 4 )

3 2 .  Cynodontetum 8 5 — 2 2 0 ,  1 5 0 M Á t h é — K o l t a y —  
P r é c s é n y i  ( 1 9 5 4 )

b een  m easured  a lth o u g h  th e  in d iv idua l areas are no t m ark ed  (a to ta l of a b o u t 
60 localities). T he re p o r te d  yield values have  been co n v erted  in to  g/m 2 an d  are  
g iven in Table 1. w here  n o t only  yield  d a ta  are in d ica ted  b u t  also the  n am es 
assigned to  th e  associa tions b y  th e  a u th o r , th e  au th o r, an d  th e  year of p u b lic a 
tio n  ( E l l e n b e r g ’s w o rk , pub lished  in 1952, inform es th e  read e r on the  n am es 
o f p lan t associations). In  Fig. 2. th e  n u m b ers  un d er th e  colum n ind ica te  th e  
seria l num bers lis te d  in  Table 1. I f  an  a u th o r  gave m ore  th a n  one d a ta  fo r 
th e  sam e associa tion , m in im um  and  m ax im u m  values are given here.

Yield m easurem ents and investigations in m eadow  typology

M Á t h é  (1956) deals w ith  th e  v a rious ty p es of m eadow s and p as tu res  o f  
th e  C serhát and  th e  G ödöllő hills. H e su rv ey s th e  yield  o f som e 15 hygro p h i- 
lous, m ezophilous a n d  xerophilous p la n t com m unities, e s tab lish es  the  q u a lity  o f 
h a y , and  its ash an d  ra w  p ro te in  co n ten t. T he larg est q u a n t i ty  and  the  h ig h es t 
q u a lity  of h ay  grow s on Arrhenatheretum  m eadow . The p ro d u c tio n  of th e  hyg ro - 
ph ilous-type  m eadow  is n o t less th a n  th a t  of the  m ezophilous or th e  xero - 
ph ilous-type  m eadow s, a lthough  th e ir  feed ing  value is low  owing to  th e  h igh  
ra tio  of the v a rio u s species of sedge. T he q u a n tity  as well as the  q u a lity  o f 
y ie ld  dim inishes to w a rd  th e  end of th e  sum m er.

In  B a b a tp u sz ta , n e a r  Gödöllő, w here  d efo resta tio n  resu lted  in d e g ra d a 
tio n , ecological an d  p ro d u c tio n  in v es tig a tio n s  on th e  evo lved  m eadow  w ere 
conduc ted  by  MÁt h é  an d  J e a n p l o n g  (1954). T hey  re p o rte d  th e  w eights of th e
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above- and  u n d erg ro u n d  p la n t p a r ts  and  the phenologic re la tio n s o f  p la n t 
associations. R esu lts  o f m onolith  e x am in a tio n s  ind ica te  th a t  th e  ab o v eg ro u n d  
p a r t  o f th e  v eg e ta tio n  rep resen ts  o n ly  a sm all p ercen tage  o f th e  u n d e rg ro u n d  
p a r t ;  how ever, th e  ra tio  changes d u rin g  th e  v eg e ta tio n  period . The d is tu rb 
ance o f v eg e ta tio n  causes ex tensive  decrease in th e  y ield  of b o th  p a r ts . Tw o- 
th ird s  o f the  u n d erg ro u n d  p a r ts  is fo u n d  in a d ep th  o f 0 to  10 cm.

MÁTHÉ, K o l t a y  and  P r é c s é n y i  (1954) have exam ined  th e  chan g es 
in  u n d erg ro u n d  p la n t p a rts  e ffec ted  b y  th e  dep th  and th e  pheno log ical 
a sp ec ts  o f p lan t associations on six p a s tu re s  of S zá rító p u sz ta  n ear G ödöllő. O f 
all s tan d s , Festucetum sulcatae has th e  la rg es t grass y ield  w ith  resp ec t to  b o th  
th e  above- and  th e  u n d erg ro u n d  p a r ts .  The low est yield was m easured  in  Bro- 
m etum  tectorum  con ta in ing  num erous an n u a ls . G enerally  7 0 %  of th e  ro o t m ass 
w as found  in a d e p th  betw een  0 an d  10 cm . R o o t d ensity  w ith in  th e  sam e period  
ch an g ed  per phy tocenosis and  th e  ch an g e  o f th e  la t te r  was re la te d  to  th e  vario u s 
p h enophases.

K ovács  (1964) rep o rts  on th e  w e ig h t o f u n d erg ro u n d  p la n t p a r ts  a n d  on 
th e  seasonal ry th m  of p ro d u c tio n  on m arsh lan d s and  hayfie lds n e a r  G alga. 
T he w eight of u n d erg ro u n d  p la n t p a r ts  reach ed  a m ax im um  in th e  sp rin g  an d  
a u tu m n , and  had  a m in im um  level in th e  sum m er. The m oisture  c o n te n t o f  
th e  soil effects th e  ro o t w eight; p la n t  associations su p p o rted  by  soil r ic h e r in  
m o istu re  reached  th e ir  m ax im um  ro o t w eigh t in M ay, while th e  roo t w eig h t o f  
p la n t associations in d rier soils h a d  th e ir  m ax im um  in S ep tem ber. D u rin g  
th e  g row th  of th e  aboveground  p a r ts ,  th e  ro o t w eight m igh t decrease b y  10 
to  15% .

Ma t h e  and  K ovács  (1960) ca rr ied  o u t m eadow  typo log ica l s tu d ies  in  th e  
M ts M á tra  w ith  re sp ec t to  possible econom ic u tiliza tio n . T hey  d is tin g u ish ed  
5 m eadow  typ es an d  w ith in  su b ty p es  sev era l facies, some of good q u a lity  an d  
o f high h ay  yield (  Festuco rubrae C ynosuretum  arrhenatheretosum, A rrhenathe-  
retum  elatioris alopecuretosum ). A fte r  d e fo resta tio n , th e  p ro d u c tio n  o f F estu- 
ceto rubrae Cynosuretum , evolving as th e  f irs t co m m unity  was h a lf  or o n e -th ird  
o f th a t  o f the  p reced ing  one (F ig. 2).

A coenological and  ecological su rv e y  o f th e  com m unities M o lin ie tu m  
coeruleae and  Junceto-M olin ietum , co vering  re la tiv e ly  large areas in H u n g a ry , 
w as m ade b y  K ovács  (1956). B ased  on  sam ples collected from  20 d iffe ren t 
lo ca tio n s in th e  co u n try , th e  q u a n ti ty  o f ph y to m ass w as dete rm in ed  as b e in g  
less a t  th e  tim e of th e  f irs t h a rv e s t (M ay, Ju n e ) th a n  in  th e  period  o f th e  
second  one (A ugust, Septem ber) w hen  th e  p hy tom ass is n ea rly  tw ofo ld . T his 
can  be exp lained  b y  th e  on to g en e tica l deve lopm en t of th e  cespitose species. 
T he y ie ld  of tra n s itio n a l s tan d s to w a rd s  p as tu res  is h igher th a n  of th e  M o li
n ietum  m eadow s. The difference in  y ie ld  betw een th e  calcareous an d  th e  
siliceous p astu res  is a m in im al one (T able  1). The w eight o f u n d erg ro u n d  p la n t  
p a r ts  was o b ta in ed  b y  th e  a u th o r  from  2 0 x 2 0  X 40 cm m ono lith  sam ple clutu*
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K ovács  repo rts  th a t  70 to  8 0 %  of th e  ro o t w eigh t is found  in a d ep th  of 0 to  
10 cm . R oot w eight d is tr ib u tio n  a t various d e p th  levels is s im ilar to  th a t  of 
o th e r  m eadow  and  p a s tu re  com m unities. A t th e  d ep th  level s tu d ied , th e  
w e ig h t of u n d erg ro u n d  p la n t  p a rts  exceeds on ly  s ligh tly  th e  w eight o f th e  
aboveground  p a rts .

D a ta  on th e  y ie ld  o f  an  Arrhenatheretum  elatioris co m m u n ity , com prised 
o f excellen t q u a lity  g rass ty p es as regards grass u tiliza tio n  as feed, in  th e  
Sopron  and  K őszeg M o u n ta in s  was m ade ava ilab le  b y  J e a n p l o n g  (1970). 
Y ield  agrees w ith  th e  Arrhenatheretum  h a rv e s t crop of o th e r  regions a lread y

F ig. 2. Y ield of the studied com m unities in g/m 2

described  (Má t h é , 1956). J e a n p l o n g  in v e s tig a te d  the  m eadow  ty p es of th e  
R á b a  flood p lain  w ith  a sim ilar purpose. T he m eadow s of th e  flood plain  are of 
secondary  ch a ra c te r , w ith  p ronounced  an th ro p o g en o u s effects. This is well 
re f lec ted  by  th e  dec reased  y ield  of th e  Arrhenatheretum  elatioris m eadow  ty p e  
if  d a ta  on yield are  co m p ared  w ith  th o se  supp lied  b y  MÁTHÉ (1956) and  
J e a n p l o n g  (1970). H a rv e s tin g  on the  m eadow s of the  flood p lain  occured in 
J u n e  and A ugust: th e  f ir s t  harvest y ie lded  m ore p h y to m ass th a n  the  second 
one, sim ilarly  to  th o se  o f the  R orippo-P halaridetum  s tan d s  in  th is a rea , in  
w hich  a decreased fo d d e r  v a lue  by  th e  en d  o f sum m er could also be estab lished  
( J e a n p l o n g , 1968).

J u h Ász-N a g y  (1959), surveying  coenologically  an d  ecologically th e  
m eadow  and p a s tu re  com m unities of th e  B ereg P la in  e stim a ted  h ay  yield 
w ith  B alazs’s m eth o d . T his m ethod  of e s tim a tio n  considers cover percen tage  
a n d  average grass h e ig h t. The au th o r calls a tte n tio n  to  th e  fac t th a t  w hen 
s tu d y in g  the  yield  o f v a rio u s  m eadow  ty p e s , it  is necessary  to  consider th e  
subassocia tion  u n its , b ecau se  th e  facies can  p ro d u ce  d ifferen t phy tom ass d u ring  
iden tica l periods.
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B o d r o g k o z y  and  H o r v á t h  (1969, 1971) s tu d ied  th e  p ro d u c tio n  of 
m eadow s on alkali soil in th e  Szeged reg ion . The p ro d u c tio n  was e s tim a te d  
b y  th e  aid of th e  PR O M  form ula, su g g ested  b y  B o d r o g k o z y  (see H a r m a t i  and  
B o d r o g k o z y , 1965). R esu lts u n fo r tu n a te ly  could no t be u tiliz ed , for reasons 
m en tio n ed  in th e  in tro d u c tio n .

Examinations of grasslands within the framework of the IBP

The p ro d u c tio n  of the  m ain  p la n t  associations in th e  ex p e rim en ta l a rea  
o f  th e  IB P  a t U jszen tm arg ita  was s tu d ie d  b y  th e  m em bers o f th e  B o tan ica l 
R esea rch  In s ti tu te  o f th e  H u n g a rian  A cad em y  of Sciences. R esu lts  o f th e  
s tu d ies  are p re sen ted  in  papers b y  Z ó l y o m i , Má t h é , P r é c s é n y i  and  Szőcs 
(1972, 1974).

Several papers deal w ith  th e  p ro d u c tio n  of tw o a lk a lin e  associations 
A rtem isio-F estucetum  pseudovinae  an d  Peucedano-Galatelletum p u n c ta ti found  
in  th e  exp erim en ta l s teppe m eadow  a re a  (M á t h é , P r é c s é n y i  and  Z ó l y o m i  
1967, P r é c s é n y i , 1969a; Zó l y o m i  a n d  P r é c s é n y i , 1970). T he aboveground  
p la n t  p a r ts  o f th e  Peucedanetum  fo re s t s tep p e  m eadow  are m ore p ro d u c tiv e  
th a n  those of the  A rtem isietum . B ased  on  m easu rem en t d a ta  o f  severa l y ears , it  
w as found  th a t  th e  u n d erg ro u n d  p a r ts  o f A rtem isietum  e x h ib it  som e w eigh t 
loss w heras the  sam e p a r ts  of Peucedanetum  show ed an increase  in  w eight (1967
- 6 9 ) .

T urnover tim e  of th e  ab o v eg ro u n d  p a r ts  was of the  sh o rte s t d u ra tio n  in 
th e  case o f Peucedanetum , as com pared  to  o th e r  associations in v es tig a ted , and  
th e  tu rn o v e r  of u n d erg ro u n d  p a r ts  w as also qu icker th a n  in  th o se  grow ing on 
a lk a li m eadow s ( P r é c s é n y i , 1971b).

A lkali m eadow s su p p o rt a less e ff ic ien t association  th a n  fo rest s tep p e  
m eadow s. The ca lcu la ted  efficiency o f  A rtem isie tum  d e riv ed  from  n e t p ro 
d u c tiv i ty  and  from  P A R , is b e tw een  0.14 an d  0.42% , w hile th e  efficiency of 
th e  fo res t steppe m eadow  (P eucedanetum )  lies be tw een  0.08 and  0 .66% . 
P r é c s é n y i  analysed  th e  p ro d u c tiv ity  o f  tw o  associations b y  considering  some 
o th e r  ch arac teris tics  (efficiency, tu rn o v e r , d iversity ) as w ell as th e ir  in te r 
re la tio n sh ip s  (1969a, 1973). He found  t h a t  th e  fo rest steppe m eadow  rep resen ts  
a m u ch  less stab le  p la n t co m m unity  a g a in s t v a ry in g  en v iro n m e n ta l cond itions 
th a n  th e  alkali m eadow .

V ariab ility  in  p ro d u c tio n  of th e  fo re s t steppe m eadow  is p rim arily  in 
flu en ced  by  to ta l ra d ia tio n  and  re la tiv e  h u m id ity . In  th e  case o f A rtem isie tum , 
th e  in fluence of m ean  te m p e ra tu re , a n d  o f o th e r  factors n o t considered  in  th e  
an a ly sis  is considerable ( P r é c s é n y i , 1971a). P r é c s é n y i  (1970) also in v e s ti
g a te d  th e  re la tions of energy  d is tr ib u tio n  o f A rtem isietum . In  th e  co m m u n ity , 
ro o ts  co n trib u te  th e  la rg es t p o rtion  o f th e  to ta l  p roduc tion . P r é c s é n y i  in fers
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t h a t  in th e  in itia l s ta te  o f  succession a sign ifican t p a r t  o f th e  n e t p ro d u c tio n  is 
tran sfe rred  to  l i t te r  a n d  in  a la te r  s tage  to  th e  roo ts. T he g re a te s t energy  loss 
derives from  l i t te r .  T he p ro d u c tio n  of A chilleo-F estucetum  pseudovinae  (a lk a li 
p a s tu re , ex ten d in g  over a large fie ld), has also been  in v e s tig a te d . I t  was possib le  
to  com pare g razed  an d  n ongrazed  areas. One of th e  d o m in a n t p lan ts , Festuca  
pseudovina , gave 60 to  80 %  of th e  to ta l  an n u a l p ro d u c tio n . Achillea  gave less 
(M á t h é  and  P r é c s é n y i , 1970, 1973). W hile th e  p h y to m a ss  of mosses o f th e  
nongrazed  area  w as in s ig n ifican t, i t  f re q u e n tly  exceeded  th e  w eight of Festuca  
o n  p as tu re . The p ro d u c tio n  of th e  g rased  a rea  was less, a n d  changes in  w e a th e r  
h av e  affected th e  g razed  fields to  a g re a te r  e x te n t th a n  th e  nongrazed  ones. 
T he p hy tom ass o f th e  u n d e rg ro u n d  p a r ts  w as con sid erab ly  la rg e r during  th e  e n 
tire  v ege ta tion  perio d  th a n  th a t  of th e  abov eg ro u n d  p a r ts , th e ir  ra tio  exceed ing  
one (Má t h é , P r é c s é n y i  an d  Z ó l y o m i , 1967; P r é c s é n y i , 1969b). The p ro d u c tiv 
i ty  of the  a b o v eg ro u n d  p a rts  on th e  nongrazed  lan d  is positive  while a lw ays 
neg a tiv e  on th e  g razed  a rea . T u rn o v er o ccu rred  in  th e  sh o r te s t  period on g razed  
lan d . E fficiency of th e  n o n g razed  area  is b e tw een  0.7 an d  1 .9 % . The p ro d u c tiv ity  
o f  th e  nongrazed  a rea  w as h a rd ly  e ffec ted  b y  th e  m o n th ly  m ean  te m p e ra tu re , 
th e  m o n th ly  to ta l  p re c ip ita tio n , re la tiv e  h u m id ity  an d  to ta l  rad ia tio n , w hile 
fac to rs  no t considered  in  th e  analysis e x e rte d  ex tensive  in fluence  (Má t h é  a n d  
P r é c s é n y i , 1973).

Má t h é  m easu red  th e  w eight and  caloric p ro d u c tio n  of the  a sso c ia tio n s  
Scirpo-P hragm itetum  glycerietosum  an d  Agrostis a lba-B eckm annia  eruciform is, 
an d  th e  ra tio  b e tw een  th e  under- and  aboveground  p a r ts . T h e  p roduction  o f th e  
Glyceria s tan d  is v e ry  h ig h  (F ig. 2), th e  m ost p ro d u c tiv e  am ong  all a ssoc ia tions 
in v estig a ted  in H u n g a ry . B y th e  end  of th e  v eg e ta tio n  p e rio d , th e  p ro d u c tio n  
o f b o th  associations in c reased  and  th e  m easu red  caloric v a lu es  well d e m o n s tra te  
th is  fact. In c reased  p ro d u c tio n  is u n d e rs ta n d a b le  in th e  lig h t of ph en o lo g ica l 
know ledge of th e  asso c ia tio n .

C ontiguous phenological o b se rv a tio n s, w ith  re g a rd  to  clim atic fa c to rs , 
w ere m ade b y  M á t h é  (1967, 1968) an d  Má t h é , N a g y  an d  Szőcs (1974). T h e  
observations w ere e x te n d e d  to  th e p h e n o p h a se  of th e  species in  order to  e s ta b lish  
th e  phenological sp e c tru m . The p h y to m ass  of a species o r  o f a p la n t c o m m u n ity  
is influenced b y  th e  p a r tic u la r  p h enophase . The p h en o p h ases  of species a lso  
in fluence sam ple v a r ia b ili ty  ( P r é c s é n y i , 1969a).

M em bers o f th e  D ep t, of P la n t T ax o n o m y  and  E co logy , U n iv e rs ity  o f  
Sciences, B u d a p e s t c a rried  o u t sim ilar researches in  th e  C sévharasz t e x p e rim e n 
ta l area (S im o n , 1971; S im o n  and  K . L á n g , 1972). T hey  u n d e rto o k  detailed  s tu d ie s  
o f the  associations B rom etum  tectorum , Festucetum  vaginatae  and F . w agneri. 
A boveground  p a r ts  o f  p erenn ia l p la n t grow ing on san d  gave tw o p ro d u c tio n  
m ax im a (Ju n e  an d  S ep tem b er). The p ro d u c tio n  m ax im u m  of th e  u n d e rg ro u n d  
p a r ts  p receded  th a t  o f  th e  aboveground  p a r ts  (A pril, M ay), and  th e ir  q u a n t i ty  
exceeded th a t  o f  th e  aboveground  p a r ts  d u ring  th e  v eg e ta tio n  period . T h e
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a n n u a l p ro d u c tiv ity  m ean  of B rom etum  tectorum  was n eg a tiv e , of th e  o th e r  tw o  
m eadow  com m unities positive, as o b se rv ed  du ring  th e  sam pling  p erio d . T he 
w e ig h t o f th e  to ta l  aboveground  p h y to m a ss  was rep re se n te d  to  a consid erab le  
e x te n t  b y  th e  p h y to m ass  of moss a n d  lich en  synusia : in  Festucetum  vaginatae  
th e y  occur in  g re a te r  m asses th a n  th e  flow ering  p lan ts . T he q u a n ti ty  o f  lich en s 
d ecreases w ith  th e  progressive closing o f  th e  grass cover. In  all th ree  asso c ia tio n s 
th e  p h y to m ass  of lichens is a t a m in im u m  d u rin g  th e  sum m er, an d  th is  m in im u m  
d eriv es  from  th e  decrease of th e ir  physio log ica l a c tiv ity  (V e r s e g h y  a n d  K . 
L á n g , 1971).

I t  was found  th a t  th e  tu rn o v e r tim e  increases w ith  th e  progressive closing 
o f g rass cover, an d  consequen tly  th e  p la n t  associations becom e m ore s ta b le .

T he efficiency o f associations v a rie s  p er season, in  th e  fall i t  re a c h e s  
m a x im u m : Festucetum  vaginatae 1 .2 % , F . wagneri 0 .3 5 % . T he sy n u sia  o f  
m osses an d  lichens are also th e  m o s t e ffic ien t in  th e  fa ll, effic iency  bein g  
b e tw een  0.75 and  1 .4 3 % .

D a ta  on th e  ch lorophyll c o n te n t, le a f  area  and  th e  in te rre la tio n sh ip s  
b e tw een  th e  tw o h av e  been  supplied  b y  S im o n  and  O r b á n  (1972), an d  O r b á n  
(1972). A  close re la tio n sh ip  was d e m o n s tra te d  b e tw een  th e  m easu red  m o is tu re  
o f th e  soil in  th e  d iffe ren t d ep ths (b e tw een  20 140 cm, a n d /o r 200 cm ) a n d  th e
p ro d u c tiv ity  (K . L á n g  and  Sza bó , 1971 ). In  Festucetum  vaginatae  th is  re la t io n  
w as e stab lish ed  unam biguously . B y th e  closing of th e  grass cover of m eadow s th e  
sh ad in g  effect of p la n ts  changes th e  w a te r  household  of th e  soil. On th e  v a r ia b 
i l i ty  o f p ro d u c tiv ity  o f perenn ia l g rasses, id en tica l w e a th e r fac to rs ( re la tiv e  
a tm o sp h e ric  h u m id ity  an d  to ta l  ra d ia tio n )  e x e r t th e  g re a te s t effect. In  loosely  
cesp ito se  grasslands o th e r  factors p la y  a m ore sign ifican t role (K . LÁNG an d  
S z a b ó , 1973).

A n ad eq u a te  sam pling  is n ecessa ry  fo r a reliab le e s tim a tio n  o f p la n t  
w e ig h t (above- an d  u n d erg ro u n d  p a r ts )  a n d  to  reduce e rro rs  to  a m in im u m  
( P r é c s é n y i , 1967). In v es tig a tio n s  in  th is  reg ard  w ere pu b lish ed  o n ly  w ith  
re sp e c t to  th e  alkali A rtem isietum  a t  U jsz e n tm a rg ita  ( P r é c s é n y i  a n d  M á t h é , 
1969).
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SCANNING ELECTRON MICROSCOPY 
OF THE ROOT SURFACE OF WHEAT AND CORN

By

N. G. P o t a p o v , V. N. F i l i p p e n k o  and L . G. K o s u l in a

DEPARTMENT OF PLANT PHYSIOLOGY, LOMONOSOV STATE UNIVERSITY MOSCOW, USSR 

(Received O ctober 26, 1974)

B y  m eans o f scanning electron m icroscopy the surface of the root o f w heat 
and corn was studied .

U nevenness o f the root surface w as revealed. An increase in  density o f the  
structural elem ents in  a basipetal direction was observed on the surface o f root hairs 
as well as on th a t o f  the root itself. The root is covered by a mucilaginous cell wall. 
In addition, the m ucilage is deposited in the form of locally  accum ulated granules 
which occur in th e  highest amount in the v icin ity  of the root cap and in the root hair 
zone. The layer o f  mucilage is not continuous. Some breaks can be observed and, 
particularly in the zone of cell elongation and differentiation, in the dense, am orphous 
m atrix fibrillar structures appear. During the developm ent of root hairs from  the 
trichoblasts o f th e  w heat root, the outer cell wall is ruptured. I t  m ay be supposed that 
at the sam e tim e the mucilaginous layer, the cuticle and the adjoining am orphous 
m atrix is also ruptured. In corn a sim ilar phenom enon was not observed.

The surface o f the root hair is also uneven. The tip  o f the root hair is covered  
w ith  a m ucilaginous “ cap” . The surface of the basal region of the root hair appears 
to have a denser structure which is sim ilar to that of the surface of the cells o f the  
zones o f elongation and differentiation. T he results confirm  the perspectives o f  the  
application of scanning electron m icroscopy in biology.

Introduction

T he p rim a ry  c o n ta c t of the  ro o t sy stem  w ith  th e  su rround ing  m ed ium  
ta k e s  p lace v ia  th e  ep id e rm al cells (or rh izoderm is) o f  th e  roo t. M ost re sea rch  
w orkers have com e to  th e  conclusion th a t  th e  rh izoderm is has a special role in 
th e  u p ta k e  of w a te r  a n d  supply  of m in e ra l salts [1, 20, 22]. The m ain  zones 
d e tec ted  in  th e  p r im a ry  s tru c tu re  of th e  ro o t, i.e. m e ris tem a tic  cells, e long a tio n  
zone, zone of d iffe ren tia tio n  or zone o f ro o t hairs, resp ec tiv e ly , p lay  d iffe ren t 
roles in  th e  u p ta k e  processes. The c a p a c ity  of the  cells of th e  rh izoderm is to  
ta k e  up  v a rious su b stan ces  from  the e n v iro n m en t increases w ith  th e ir  g ro w th  
and  d iffe ren tia tio n  [18].

T he role of th e  cell wall in ion u p ta k e  is d e te rm in ed  b y  its ad so rp tiv e  
cap ac ity . A d so rp tio n  is th e  p rim ary  m ech an ism  lead ing  to  th e  co n cen tra tio n  
o f various su b stan ces. T he cell wall is a ch a rac te ris tic  ion-exchange “ re se rv o ir”  
o f th e  cell [19], an d  th is  is especially tru e  fo r th e  o u te r  Avails of the  ep id e rm al 
cells. A ccording to  th e  lite ra tu re , th e  o u te r  wall of th e  cells o f the  rh izoderm is 
an d  the  Avail o f th e  b a sa l p a rts  of the  ro o t h a irs  consist of an  inner f ib rilla r  an d
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o f an  o u te r  am orphous lay e r [2, 4, 8]. The m a tr ix  of th e  o u te r  am orphous 
la y e r  co n ta in s p ec tin , hem icellu lose, p ro te in s  an d  ran d o m ly  o rien ted  cellulose 
m icro fib rils . The in n er f ib rilla r  lay e r co n ta in s  cellulose m icro fib rils o rien ted  
p a ra lle l to  th e  lo n g itu d in a l axis o f th e  cell, “ em b ed d ed ”  in  lign in , pectic  an d  
som e o th e r  unknow n su b stan ces . The o u te r  am orphous lay e r is a con tinuous 
one a long  th e  whole le n g th  of th e  ro o t h a ir  w all b u t  the  in n e r, f ib rilla r la y e r  
s ta r ts  on ly  a t  a ce rta in  d is tan ce  from  th e  sem i-spherical ro o t h a ir  tip  [4]. In  
h ig h e r p la n ts  th e  e x te rn a l surface of th e  am orphous layer of th e  rh izoderm is is 
covered  b y  a m ucilag inous lay e r and a th in  film  of cuticle [8, 21].

T he s tru c tu re  of th e  o u te r  cell w all a n d  th a t  of th e ir  e x te rn a l su rfaces 
h av e  ce rta in ly  a g rea t im p o rtan ce  in th e  in itia l phase of u p ta k e  processes. 
T h ere fo re , stud ies on th e  s tru c tu ra l changes o f th e  ex te rn a l su rface  of th e  w all 
in th e  course of g row th  and  d iffe ren tia tio n  o f th e  epiderm al cells of th e  ro o t 
are o f  g rea t in te re s t.

In  th e  p re sen t p a p e r re su lts  of s tud ies on th e  s tru c tu re  o f th e  ex te rn a l 
w all surfaces in w h ea t and  corn roo ts, c a rried  out by  th e  aid  of scann ing  
e le c tro n  m icroscopy, w ill be described.

Materials and methods

R oots of two to three-day old seedlings of w heat (T riticu m  vulgare H ost., cv. K rasno- 
zern a ya )  and corn (Zea  M a ys  L. cv. Odesskaya 10), respectively, were used in the experim ents. 
Seeds of both species were germ inated in the dark at 25— 27°C on m oist filter paper in 
P etri dishes.

The plant m aterial for the exam ination w as prepared by a m odified freeze-drying  
technique [5, 14]. When the roots reached a length  of 10— 15 mm and the root hairs started  
to develop the unfixed plant m aterial was frozen in dry ice and transferred into  special freeze
drying vessels. Low tem perature in the outer reservoir o f the vessels was secured by supplying  
a m ixture of dry ice and aceton. Freeze drying was continued for 2.5 to 3 hours. The sam ples 
obtained  were coated w ith a thin film  of gold in a H itachi HUS-4 vacuum  evaporator. The 
th ickness o f the film s was 300— 400 Á. The sam ples were then exam ined in a H itachi HSM -2A  
scanning electron microscope at 25 kV.

Results and discussion

Scanning  e lec tro n  m icroscopy has b een  used  to  s tu d y  th e  surface of ro o t 
as w ell as lea f ep iderm is [12], th e  process o f deposition  of S i 0 2 in  the  o u te r 
m o st cells of th e  stem  of cereals [3, 15], th e  m echanism  o f in fection  of ro o t 
cells b y  roo t nodule b a c te r ia  [7]. Cell su rfaces in  the in te rio r  o f p la n t o rgans 
h av e  also been in v es tig a ted  b y  th e  use of scann ing  e lec tron  m icroscopy, e.g. 
th e  m ic ro s tru c tu re  of co n d u c tin g  vessels, tra ch e id s , fibers an d  o th e r spec ia l
ized  cell typ es [16]. In  ad d itio n , th e  d ispersa l of herb icides has also b een  
s tu d ie d  in th e  scann ing  e lec tron  m icroscope b y  using ca thodo lum inescence  
as a de tec tio n  m ethod  [17].
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T he m ethod  lias a n u m b er of d is tin c t ad v an tag es. T hus, f ix a tio n  o f the 
m a te ria l to  be in v es tig a ted  an d  th e  p re p a ra tio n  of u l tra th in  sections are  no t 
n ecessary  for stud ies w ith  th e  scann ing  elec tron  m icroscope. This red u ces th e  
chance of a r tifa c t fo rm atio n . T he freeze-dried  m a te ria l can  be re g a rd e d  as 
beeing  closer to  th e  liv ing  s ta te , as to  its  s tru c tu re , th a n  th e  fixed  one. F reeze
d ry in g  is a rap id  process and  th e  chem ical com position  of th e  tissue  rem ains 
e ssen tia lly  u n a lte re d  d u rin g  freeze-d ry ing . This is also tru e  fo r the  fine s tru c tu re  
of th e  cells, ex cep t fo r som e sm aller changes due to  th e  fo rm atio n  o f ice 
c ry s ta ls .

A m eth o d  has been  offered b y  F a l k , C u t t e r  an d  G i f f o r d  [9] to  ex 
am ine u n fixed  p lan t m a te ria l w ith o u t an y  p re tre a tm e n t. T hey  have in v es tig 
a ted  th e  effect o f various f ix a tio n  m eth o d s  on th e  p la n t m a te ria l to  he s tu d ied  
b y  scann ing  e lectron  m icroscopy [10]. I t  has been found  th a t  the  b e s t resu lts  
can  be o b ta in ed  b y  s tu d y in g  u n fix ed  m ate ria l, since th is  gives re su lts  w hich 
re flec t m ore tru ly  th e  n a tu ra l cond itions. In add ition , scann ing  e lec tron  m icros
copy  (in  c o n tra s t to  tran sm iss io n  e lec tro n  m icroscopy, phase  c o n tra s t m icros
copy  an d  m icroscopy in  th e  d a rk  field) m akes it  possible to  in v es tig a te  the  
o u te r  surface of th e  ob jec ts  as well.

Scann ing  e lec tron  m icroscopy opens wide perspectives in th e  in v e s tig a 
tio n  o f ro o t ep iderm al cells as to  th e  changes occuring on th e ir  e x te rn a l surface 
in re la tio n  to  th e  u p ta k e  of w a te r  an d  m ineral n u tr ie n ts . In  sp ite  o f the  
obvious ad v an tag e  of th e  m e th o d , th e  lite ra tu re  is v e ry  lim ited  in  th is  
field .

A p ap e r b y  D a r t  [7] is d ev o ted  to  th is  p roblem . H ow ever, in th is  w ork 
p re fix a tio n  and  in f iltra tio n  of th e  p la n t m ateria l w ith  m e ta c ry la t has been 
app lied . P o ly m eriza tio n  of th e  m e ta c ry la t ce rta in ly  leads to  la te ra tio n  in the  
ro o t su rface , a problem  stressed  b y  th e  a u th o r  him self. B u t even th is  te ch n iq u e  
allow ed th e  de tec tio n  of unevenness on th e  roo t surface.

In  th e  p resen t p ap e r re su lts  of s tud ies on the  surface of w h ea t and  corn 
ro o ts , ca rried  ou t on freeze-d ried , u n fix ed  m ate ria l coa ted  w ith  a th in  film  of 
gold is described.

A general o b se rv a tio n  of th e  e x te rn a l surface of th e  rh izoderm is show s 
a considerab le  increase in  d en sity  o f its  c o n s titu e n t e lem ents tow ards th e  base 
o f th e  ro o t, from  th e  m eris tem a tic  zone to  th e  zone of e longation  an d  from  
th a t  to  th e  zone o f ro o t h a ir  fo rm atio n .

I t  m ay  be seen in th e  e lec tron  m icrograph  of Fig. 1 th a t  the  su rface  of 
th e  ro o t cap is uneven . T here is an ex ten siv e  netw ork  of w rinkles b e tw een  th e  
lo n g itu d in a l cell a rray s. T he surface of th e  t ip  of th e  ro o t cap  appears re la tiv e ly  
even , b u t  u n d er h igher m ag n ifica tio n  an  irreg u la r accu m u la tio n  o f sm all 
blocks of am orphous m a te ria l can  be seen (Fig. 2). T he re leased  in d iv id u a l 
cells are d ispersed  in a d iso rderly  fash ion  (Fig. 1). The surface of m ost cells of 
th e  ro o t cap in  qu ite  sm oo th  w ith  m erely  some sm all w rinkles (Fig. 3).
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F ig. 1. R oot cap. Zea mays L. M agnification X 70

F ig . 2. Surface of the tip  of the root cap. T riticu m  vulgare H ost. M agnification X 2266
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T he lo n g itu d in a l arrays of th e  cells of rh izoderm is are c lear-cu t all a long  
th e  w h e a t and  corn  ro o ts . The row s becom e g rad u a lly  n arrow er to w ard s th e  
ro o t t ip . One can o ften  see the  o u tlines of in d iv id u a l cells (Figs. 7).

In  th e  m eris tem a tic  zone, b o th  in  w h ea t an d  corn , a b ranch ing  n e tw o rk  
of th in  fib rils is to  be seen over a sm o o th  surface. G radually , an  am o rp h o u s 
m a te r ia l is dep o sited  in  th e  space b e tw een  th e  fib rils  (Figs. 4 -6 ) .

T he e lec tron  m icrographs p ro b a b ly  show  d iffe ren t stages of th e  fo rm a tio n  
of m ucilag inous cell w alls. Local accu m u la tio n  of sm all globules of m ucilage 
can also be seen. T h e  globules are fo rm ed  from  friab le , am orphous m a te r ia l. 
These are  found  m o st freq u en tly  in  th e  zone ad jo in in g  th e  roo t cap. T he f la t  
su rface , w ith o u t m ucilaginous accu m u la tio n s, is p ro b ab ly  th e  su rface  o f 
cu tic le .

T he presence o f m ucilage an d  a th in  film  of cuticle covering th e  o u te r  
lay er o f th e  p e rip h e ra l ro o t cells an d  th a t  o f th e  ro o t ha irs has been described  
for a n u m b er of h ig h er p lan ts  [8, 21 ] .  T he cuticle of th e  ro o t consists o f lip ids 
and  can  be easily  s ta in e d  w ith  d im eth y lam in o b en zen e  [8]. S cott  e t al. [21] 
described  th e  th ic k e n in g  of the cu tic le  film  du ring  th e  g row th  of th e  m e ris te m 
a tic  cells. The cu tic le  of the  root is sim ilar to  th e  cuticle of th e  o v erg ro u n d  
p la n t organs in  b o th  its  chem ical n a tu re  and  its  m orphology , b u t  th e  tw o  
k inds o f cuticles are c e rta in ly  not id en tica l. A t p re se n t, even the  ex istence o f a 
cu tic le  on th e  su rface  o f rh izoderm is is n o t genera lly  accep ted .

T he surface o f th e  ou ter w all o f th e  rh izoderm is cells in th e  e lo n g a tio n  
zone, b o th  in w h ea t an d  corn, is r a th e r  f la t  and  sm oo th . M ucilaginous m a te r ia l 
accu m u la tes  a t  som e p laces on th e  cell surface. The ro o t surface is n o t co m p le t
ely even . The u nevenness is due to  w rink les and  hollow s in  th e  ju n c tio n s  o f  th e  
lo n g itu d in a l cell ray s . A t higher m ag n ifica tio n , ou tlines of lo n g itu d in a lly  
o rien ted  fib rils are  rev ea led  in a dense m a tr ix  on th e  ex te rn a l surface o f th is  
ro o t zone (Fig. 8).

In  th e  zone of cell d iffe ren tia tion  (zone of ro o t hairs) th e  surface o f th e  
o u te r ep id erm al cell w alls has a s tru c tu re  sim ilar to  th a t  of th e  cell walls o f th e  
cell e longa tion  zone. T he surface is f la t ,  dense, an d  s ligh tly  fib rilla r. E x ten s iv e  
local accu m u la tio n  o f  m ucilage can be observed  (F igs 9, 11, 12). T hus, on th e  
surface o f th e  cell w alls, b o th  in th e  e long a tio n  zone and  th e  zone of d iffe re n t
ia tion , fib rils  m ay  be  seen in th e  dense , am orphous m a trix . These fib rils  are 
sim ilar to  th e  cellulose m icrofibrils o f th e  o u te r  am orphous layer of th e  cell 
w alls. T he presence o f tw o layers, t h a t  o f an  in n e r fib rilla r one w ith  dense, 
p ara lle l, cellulose m icrofibrils an d  th a t  of an  am orphous lay er w ith  m ore 
ran d o m ly  o rien ted  m icrofibrils, could  he d istingu ished  b y  m eans of t r a n s 
m ission e lec tro n  m icroscopy  [4, 8]. T hese d a ta  are in  line w ith  th e  “ m u lti-n e t”  
g row th  p a tte rn  of th e  cell wall as p ro p o sed  by  H o u w i n k  and  R o e l o f s e n  [13].

A ch a ra c te ris tic  p ecu lia rity  o f th e  zone o f cell d iffe ren tia tion  is th e  
fo rm atio n  by  th e  rh izoderm is cells (tr ich o b lasts) of ro o t hairs. The ap p earan ce
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F ig . 3. Structure of the surface of the various cells of the root cap. T riticu m  vulgare Host.
M agnification X  2340

F ig . 4. Surface of the outer cell walls o f the m eristem atic zone. T riticu m  vulgare H ost. Mag
nification X 4220
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F ig . 5. Surface of the outer cell wells o f the meristemic zone. Appearance of amorphous 
m aterL l between the m ucilaginous deposits, (am =  amorphous m aterial; ml =  m ucilaginous 

deposit). Tr'.tieum vulgare H ost. M agnification X  4220

Fig. 6. Structure of the accum ulated m ucilage on the surface of the root in the m eristem atic 
zone. Triticum  vulgare H ost. M agnification X 4220
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F ig . 7. Surface of the outer cell walls o f the m eristem ic zone of the root. Appearance of the  
profiles of the ind ividual ineristem atic cells. Zea m ays L. M agnification X2100

F ig . 8. Surface of the outer cell wall o f the external cells of the elongation zone of the root- 
In the structure of the surface, strands of microfibrils are visible and accum ulation of mucilage- 

T r iticu m  vulgare H ost. M agnification X 7020
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of local swelling on th e  roo t surface in th e  f irs t stage o f ro o t ha ir d eve lopm en t 
can he follow ed b y  scann ing  elec tron  m icroscopy  (F ig . 9). In  w heat, as a co n 
sequence of roo t h a ir  dev e lo p m en t, th e  o u te r  layer o f th e  trich o b last cell w all 
b reak s [7, 8]. T hem , th is  ru p tu re d  lay er o f th e  o u te r  tr ic h o b la s t wall is fo lded  
back , as a ru le , to  one side of th e  b reak . D urin g  th e  su b seq u en t steps o f ro o t 
h a ir  deve lopm en t th e  ru p tu re d  and  lifted  p a r t  o f th e  o u te r  lay e r of the  cell w all 
a p p a re n tly  dies an d  i t  is re leased  from  th e  cell surface. A t th e  base of th e  fu lly  
developed ro o t h a irs  i t  can  be seen an y  m ore (F ig . 12). The b reak  o f th e  
o u te r  lay er o f th e  cell w all tak es  place on ly  a f te r  th e  b reak  of th e  in n e r 
f ib rilla r layer. T he b reak s  in  th e  inner, f ib rilla r  lay e r are  visible b y  t r a n s 
m ission e lec tro n  m icroscopy, as re p o rte d  in  th e  earlie r lite ra tu re . In  line w ith  
th ese  d a ta , th e  in n e r f ib rilla r  lay er is a b se n t a lm ost a long  th e  whole ro o t h a ir  
and  i t  m ay  be observed  on ly  in its  b asa l reg ion . The b re a k  of th e  ou ter la y e r  o f 
th e  cell w all is asso c ia ted  w ith  th e  b reak  o f th e  lay e r o f m ucilage, th a t  o f th e  
cu tic le , and  of th e  ad jo in ing  p ec tin  m a tr ix  w ith  its  m ore or less ra n d o m ly  
o rien ted  cellulose m icrofibrils.

In  corn, in  th e  course of ro o t h a ir  fo rm a tio n , a b re a k  of the  o u te r  la y e r  
of th e  o u te r cell Avails is n o t observed . H ow ever, th is  does n o t m ean th a t  such  
a phenom enon  does n o t occur a t all. (Som etim e it  is a b se n t also in th e  w h e a t 
rh izoderm al cells.) P e rh ap s  in  these  cases th e  ru p tu re d  o u te r  am orphous la y e r  
of th e  tr ich o b la s t cell w all is closely associa ted  w ith  th e  wall of the  grow ing  
ro o t ha ir. H ow ever, th e  possib ility  of d iffe ren t m echan ism s of ro o t h a ir  
fo rm atio n  in  d iffe ren t p la n ts  can  n o t be ex c lu d ed  a t  p re se n t.

The surface of th e  ro o t h a ir  is uneven  th ro u g h o u t its  whole leng th . T he 
surface of th e  ro o t t ip  is friab le . H ollow s, m ucilag inous pro trusions an d  
globules can be seen in  th is  region (F ig. 13). I t  is suggested  th a t  the m a te r ia l 
deposited  on th e  ro o t h a ir  surface is secre ted  th ro u g h  s im ila r hollows [7]. A n 
in tensive  secre tion  o f m ucilag inous globules on th e  su rface  of roo t ha irs h a s  
been  revealed  also b y  tim e-lapse  c in e-p h o to -m icro g rap h y  [11]. The m ucilag in 
ous lay e r covering th e  ro o t tip s  often  form s c h a ra c te ris tic  “ caps”  (Fig. 13). In  
such cases, b o th  w ith  w h ea t and  corn, th e  b a sa l p a r t  o f th e  ro o t hair is th in n e r  
th a n  th e  tip  (F ig. 14). T he surface of th e  ro o t ha irs close to  th e ir  basal reg ions 
seem s denser and  has a s tru c tu re  w hich is s im ilar to  t h a t  of the  e x te rn a l 
surface of th e  co rrespond ing  ro o t zone.

In  conclusion, i t  seem s necessary  to  stress th e  absence of any  m a jo r 
difference in  th e  s tru c tu re  o f th e  e x te rn a l surface of th e  o u te r cell w alls o f  
w h ea t and  corn . H ow ever, b y  m eans o f scann ing  e lec tron  m icroscopy, it  p ro v ed  
possible to  reveal d ifferences in  th e  s tru c tu re  of th e  e x te rn a l cell surface o f th e  
ro o t an d  d em o n stra te  a g rad ien t associated  w ith  “ m a tu r i ty ” , i.e. to  show  an  
increase in  d en sity  of th e  s tru c tu ra l e lem en ts of th e  e x te rn a l surface of th e  
ro o t h a ir and  th a t  o f th e  ro o t itse lf to w ard s th e ir  basa l regions.

Acta Botanicae Academiae Scientiarum Hungaricae 21, 1975



112 POTAPOV, N. G .-F IL IPP E N K O , V. N .-KOSULINA. L. G.

F ig . 9. The early phase of root hair developm ent. 7ea m ays L. M agnification X 7020

F ig . 10. Breaks in the outer layer of the external cell walls during the form ation o f root 
hairs. T riticu m  vulgare H ost. Magnification X 2340
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Fig. 11. Parts o f the ruptured, outer wall are lifted during root hair developm ent and folded  
back to one side of the rupture. On the inner surface of the wall, folded back, fibrillar structure  

m ay be seen. Triticum  vulgare  H ost. M agnification X 1400

Fig. 12. D evelopm ent of the root hair. The ruptured layer surrounding the outer cell walls can  
not be seen at the basal part of the root hair. T riticu m  vulgare H ost. M agnification X 1400
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F ig . 13. Surface of the tip  o f the root hair. The m ucilaginous “ cap” of the root hairs. Triti. 
cum  vulgare Host. M agnification x 9 5 0

Fig. 14. Surface of the basal part of the root hair. Triticum  vulgare H ost. M agnification
X 1750
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S am p lin g  has been  carried o u t in  the  fo llo w in g  x ero th erm o u s associations:  
Brom etum  tectorum, Festucetum  vaginatae, Festucetum wagneri, A stragalo-Festucetum  
sulcatae, Jun ipero -P opu le tum , Festuco-Quercetum, Convallario-Quercelum. T he soil 
sam ples (a b o u t 200) w ere ta k e n  fro m  the m oss cu sh ion s. T he p H -v a lu es  (in  H 20 )  
and th e  h u m u s, C aC 03, N H 3, NCG, N 0 ^ , P 20 5 and  K 20  co n te n ts  w ere determ in ed  
b y  prom pt a n a ly tica l (so-ca lled  h a lf-m icro-) m eth od s. T h e an n u a l m ean  v a lu e  o f  pre
c ip ita tio n  on  th e  sam p le  area is 500— 550 m m , th e  a verage an n u a l tem p eratu re  reaches  
10— 11°C. T h e b ed rock  is b u ilt  u p  b y  calcareous san d . T h e  cu sh io n s o f  terricolous  
m osses p lay  an  im p o rta n t role in  th e  p rod u ctive  la y er  o f  th e se  sa n d y  eco sy stem s, 
a fa c t  ev in ced  also  b y  the ir  q u a n tity . V alues o f th e  in v e s t ig a te d  so il ch aracteristics  
and o f  th e  gen era l cen o log ico eco lo g ica l beh aviou r o f  ea ch  stu d ied  sp ec ies are su b m it
ted , fo llow ed  b y  an an a lysis o f  th e  b ryoeco log ica l groups o f  sp ec ies and o f  th e  stu d ied  
soil ch aracteristics . T he p H -v a lu es  o f  xero p h y to u s sp ec ies are re la ted  to  n eu tra l and  
basic  in te rv a ls , th o se  o f  x ero -m eso p h y to u s species to  n eu tr a l, and  th o se  o f  m eso- 
p h y to u s species to  n eu tra l and a c id ic , in terva ls.

T he h u m u s v a lu es o f  x e r o p h y to u s  species are low er, th o se  o f  m eso p h y to u s ones 
higher. T he v a lu e s  o f  N H 3 in creases a lon g  th e  grad ien ts fro m  th e  x ero p h y to u s species  
to  th e  m eso p h y to u s ones. S im ilar co n d itio n s appear in th e  case o f  N 0 7  and N O j\ 
R egard in g  th e  groups o f  sp ec ies, th e  d istr ib u tio n  o f  p h osp h oru s and  p o ta ss iu m  does n o t  
sh o w  any regu larities. R eference to  th e  season al ch aracter o f  som e o f  th e  ch aracter
ist ic s  is also g iven .

In tro d u c tio n

D uring  our p ro d u c tio n  biological investiga tions (S i m o n , 1971; K . L á n g  — 
S z a b ó , 1971, e tc .), ca rried  ou t in  th e  IB P  m odel area  a t  C sévharasz t, d a ta  w ere 
o b ta in e d  on th e  m oss-lichen synusia  of grassy p la n t associations (Fig. 1). 
T hese d a ta  ind ica ted  th e  im p o rtan ce  o f cryp togam ous v e g e ta tio n  an d  its  g rea t 
p a r t  in th e  p ro d u c tiv e  lay er of san d y  ecosystem s. P rev io u s  ( B o r b a s , 1886; 
G y ő r f f y , 1943; Soó, 1956; B o r o s , 1968; S im o n  — К . L á n g , 1972) q u a lita tiv e  or 
p h y to g eo g rap h ica l an d  phy toceno log ica l d a ta  as well as ecological o b se rva tions 
also re fe rred  to  th e ir  frequency  an d  th e ir  considerable cover in  som e places. 
G y ö r f f y ’s s tu d y , co n ta in in g  a g re a t n u m b er of ecological observ a tio n s on 
B ugac , is of p a r tic u la r  value (1943). In  th is  s tu d y , th e  a u th o r  e luc ida tes th e  
san d -b in d in g  role of th e  association  w ith  Tortula  ruralis.
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T h e necessity of s tu d y in g  th e  soil ind ica tin g  role of san d y  m oss cushions 
now  becam e obvious. T he in v e s tig a tio n  of th e ir  re la tio n s to  g iven soil ch a rac te r
is tic s  a n d  site factors an d  o f  th e ir  b eh av iou r, resp ec tiv e ly , led  in  severa l cases 
(e.g . A p i n i s —L a c is , 1934 5; W a l d h e i m , 1947; B i r s e  G im i n g h a m , 1955;
B i r s e —L a n d s b e r g —G i m i n g h a m , 1957; W i l l i s , 1964; S i m o n , 1970; T a r k h o v a , 
1970; S t r a s s e r , 1971; P f a d e n h a u e r , 1971; K u e h n e r , 1971) to  va luab le  o b 
se rv a tio n s  bo th  in th e o re tic a l an d  p rac tica l respects.

g/m2
4 0 0 -

A В

I  dry weight of flowering plants ,v v V| VM ущ |X л

■ dry weight of mosses and П  dry weight of the root -
lichens LI systems flowering plants

F ig . 1. Changes in the  p h y to m a ss  o f  sa n d y  grassland  co m m u n ities  d u rin g  th e  v e g e ta tio n  
period (1968). A  =  Brom etum  tectorum , В  =  Festucetum vaginatae danubiale

Sam ple a rea  and  m ethod

Sam ple area and  phytocenoses. The in v estig a tio n  to o k  place in the  
N a tu re  C onservation A rea  a t  C sévharaszt and  in its  en v iro n m en t, an area  
ly in g  in  the plains b e tw e e n  th e  D anube and  th e  T isza, SE o f B u d ap est, a t  a 
d is tan ce  of abou t 50 k m  from  th e  cap ita l. T here occurs here  a forest-steppe 
v e g e ta tio n  on th e  sa n d  dunes and  sw am py, sw am py-m eadow , resp . m eadow  
v eg e ta tio n s , fu r th e r  re lic t  s tan d s  of willow hogs betw een  th e  dune series, in  th e  
filled  up  form er r iv e r-b ed s  o f th e  D anube. The fo rm er — h ig h er riverside is 
lin ed  w ith  Convallario-Quercetum  s tan d s and  th e  re lic ts  of sw am py  oak forests.

Acta Botanica Academiae Scientiarum Hungaricae 21, 1975



MOSS ECOLOGICAL INVESTIGATIONS IN FOREST-STEPPE ASSOCIATIONS 119

T he an n u a l m ean  of p rec ip ita tio n  am o u n ts  to  500—550 m m  in th e  a rea , th e  
a n n u a l average  tem p era tu re  is 10 11°C. T he bedrock  is b u ilt  up of ca lcareous
san d  poor in  n u tr ien ts , the  average  p H -v a lu e  reaches 7.5 8. S am pling  o f th e
m oss cushions took  place in th e  fo rest-s tep p e  com m unity  o f th e  area  w ith  sand  
dunes. T hese m ay  be considered as th e  re la tiv e ly  stab le  steps of th e  xeroseries 
o f  san d y  succession (Fig. 2). T h e ir s ta b ility  is p a rtic u la rly  due to  ed ap h ic  
(d rop  of th e  w a te r  tab le) and  p a r t ly  to  c lim atic  (som etim es s tro n g  co n tin en ta l 
effects) an d  b io tic  (burning, grazing) fac to rs.

MESO- 
TOP

XERO-
TOP

F ig. 2. S u ccessio n  o f  th e  xeroseries o f  n a tu ra l p la n t  com m u n ities in  th e  N a tu re  C on serva
t io n  A rea a t  C sévh araszt. T he d o tted  lin es d en o te  d egrad ation . Querco-Ulmetum  d oes n o t  
e x is t  to d a y , it s  form er stands d evelop ed  —  ow in g  to  a drop o f  th e  w a terta b le  —  in to  Con-

vallario-Quercetum

(----- Querco - Ulmetum ).

Convallario -Quercetum
/

Festuco -Quercetum

Junipero -Populetum 
У

Astragalo - Festucetum 
sulcatae A

Festucetum wagneri /
Festucetum vaginatae 

juniperetosum

Festucetum vaginatae 
stipetosum

Festucetum vaginatae
Brometum tectorum 

secaletosum

SOIL DEVELOPMENT

G rass lan d  com m unities: B rom etum  tectorum secaletosum  grow s on xero- 
th e rm o u s , open  sites, the type  itse lf  is ra th e r  secondary  (clearing  o f ro b in ia  
fo rests). M osses occuring freq u en tly  are Brachythecium  albicans, B ryu m  argen- 
teum , Ceradoton purp u reu s , Tortula ruralis. Festucetum vaginatae danubiale : 
p e ren n ia l, open  grassland  com m u n ity  of d ry  and  w arm  sites. I ts  ty p ic a l 
m osses are (beside th e  form er ones): Tortula ruralis, Tortella inclina ta , H omalo- 
thecium  lutescens, Abietinella abietina, H y p n u m  cupressiforme (p re p o n d e ra n tly  
in  n o rth e rly  exposure  in m asses), E ncalyp ta  contorta, P leurozium  schreberi, 
P olytrichum  ju n ip e ru m , Pseudoscleropodium p u ru m  on sh ad ed  sites or in  
n o rth e r ly  exposu re). Festucetum wagneri, a r a th e r  closed grass lan d  com 
m u n ity  o f d ry -w arm  sites — s ta n d in g  cenologically  in a close re la tio n sh ip  to  
th e  fo rm er one — shows the  follow ing ch a rac te ris tic  m osses: Flomalothecium  
lutescens, Brachythecium  albicans, F typnum  cupressiforme, A bietinella  abietina,
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e tc . Astragale-Festucetum  sulcatae genera lly  develops on sun ligh t sites, in 
la rg e r clearings and  in  th e  m arg inal p a r ts  o f fo rests. I t  is a com pletely  closed 
p e ren n ia l grassland co m m u n ity . T ypical m osses: A bietinella  abietina, H yp n u m  
cupressiform e, H om alothecium  lutescens, Tortula ruralis  e tc . Junipero-P opu le tum  
has closed stands occu ring  sporad ically  in  la rg e r or sm aller areas and  show ing 
m oss carpets  of a th ic k  acidic m edium . I t  is a site  of ac id o freq u en t e lem ents 
(e.g. R um ex  acetosella) an d  of mosses (e.g. D icranum  scoparium , E ncalyp ta  
contorta, H ylocom ium  splendens ( th ird  d a tu m  in th e  D an u b e  — Tisza P la ins 
(cf. B oros  1968)). P leurozium  schreberi, Polytrichum  ju n ip e r in u m , Pseudo- 
scleropodium p u ru m , T h u id iu m  delicatulum . B esides these  m osses, also H yp n u m  
cupressiform e  is a b u n d a n t and Ceratodon p u rp u reu s , Tortula ruralis, e tc . 
fre q u e n t. Festuco-Quercetum  is a re la tiv e ly  open  san d y  oak  fo rest co m m u n ity  
w ith  xero therm ous e lem en ts . I ts  ch a rac te ris tic  m osses are : A trichum  undula- 
tum , D icranum  scoparium , M n iu m  cuspidatum , H yp n u m  cupressiforme a t  th e  
foo t o f trees (in m asses), Brachythecium  velu tinum , B ryu m  capillare. Conval- 
lario-Quercetum  is a m ore  closed high fo rest co m m u n ity , its  m osses are p a r tly  
id en tica l w ith  those o f th e  form er association , its  ra re  species is Rhodobryum  
roseum , and  in its  s ta n d s  m ixed w ith  p ines (P in u s  nigra, P . silvestris) a 
p a r tic u la r ly  rich  m oss c a rp e t appears.

Method. N early  200 soil sam ples o f th e  in v es tig a ted  moss species (19) 
ta k e n  from  th e  soil o f  moss cushions in  Ju n e  and J u ly  1970 have been  
an a ly sed  w ith qu ick  m eth o d s (pH -value from  d ilu ted  so lu tion , hum us co n te n t, 
am m onia , n itr ite , n i t r a te ,  phosphorus, lim e (CaCO:i) co n ten ts). E ach  sam ple 
h ad  a volum e of a b o u t 2.5 cm 3. The d e te rm in a tio n  o f th e  pH -value  was m ade 
b y  m eans of a “ R ad e lk isz”  electric p H -m easu rin g  in s tru m e n t, ty p e  O P 201/1, 
w ith  a hydrogen e lec tro d e . The d e te rm in a tio n  o f th e  hum us c o n te n t was 
ca rried  ou t by th e  T jU R iN -colorim etrical m eth o d  m odified  b y  Sz é k e l y  (1964). 
T he values were e s tim a te d  to g e th e r  w ith  tho se  of pH  and  ca rb o n a te  
accord ing  to  St e f a n o v i t s  (1956). H u m u s: below  l p e rcen t =  hum us poor;
1.1 2 p e rc e n t =  h um iferous; 2.1 6 p e rc e n t  =  hum u s rich ; p H : below 5.5 =
acid ic; 5.5 6.6. =  s lig h tly  acidic; 6.6 -7.4 =  n e u tra l; 7.4 8.5 =  m ild ly
basic ; C aC 03: be tw een  0 2 p e rc e n t =  poor in  lim e; 2 5 p e rc e n t =  slig h tly
calcareous; 5 20 p e r cen t =  calcareous.

The q u a n tity  o f N -com pounds and  m inera l su b stan ces has been estim a ted  
co lorim etrica lly  (by  m eans of th e  Szelényi-colour scales) from  an e x tra c t ob 
ta in e d  by  sodium  ace tic  acid. A m m onia n itro g en  has been in v estig a ted  by  
shak in g  1 pe rcen t b o ra x  solu tion  w ith  S e ig n e tte sa lt so lu tion  and  b y  tre a tin g  
it  w ith  Nessler re a g e n t, while n itr ite -n itro g e n  has been tre a te d  w ith  n itr ite  I- 
an d  n itr ite  I I - re a g e n ts , n itra te -n itro g e n  has been exam ined  by  m ix ing  10 
p e rcen t su lphuric ac id  and  1 p ercen t ca rb am id  so lu tion  and b y  tre a tin g  i t  w ith  
c o n cen tra ted  su lp h u ric  acid and  chloroform ic b rucine  doses. Conclusions have 
been  draw n — also on th e  basis of colouring on th e  q u a n tity  of P 20 5 b y
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app lica tion  of am m onium  m olybdate  an d  s tan n o u s  chloride solu tion . The d e 
te rm in a tio n  of K .,0  has been  carried  ou t w ith  Sz é k e l y ’s tu rb id i-co lo rim ctrica l 
m ethod . The value  of C aC 0 3 was ob ta ined  - on th e  basis o f th e  loss of w eight 
— from  10 g soil t r e a te d  w ith  10 percen t h yd roch lo ric  acid (m rs. Sá t o r y  in 
Sz é k e l y , 1956).

The values o b ta in ed  du ring  the  in v estig a tio n s an d  n o ted  in the  tab le s  
are p ercen t va lue  concern ing  hum us and ca rb o n a te ; th e  d a ta  on am m onia , 
n itr ite  and n itra te  are m g values re la ting  to  100 m l soil, th e  d a ta  on phosphorus 
and  po tassium  are m g values re la ting  to  100 g soil (see in  de ta il: Sz é k e l y , 
1956).

The s ta tis tic a l e v a lu a tio n  of the  d a ta  (m ean  v alue  =  X , s ta n d a rd  
dev ia tion  of d a ta  =  s, s ta n d a rd  erro r of m ean  value =  s^) and  th e  te s t  of 
significance have been done b y  the  help of th e  u su a l p rocedures (Sv á b , 1973).

To in te rp re t th e  re su lts  in  a more com prehensive w ay , th e  in v estig a ted  
species were g rouped  (accord ing  to  B o r o s , 1968) — b y  ta k in g  in to  accoun t 
th e ir  w a te r dem and  — in to  th e  following ecological g roups:

X ero p h y to u s species: 
Abietinella  abietina  
Brachythecium  albicans 
B ryu m  argenteum  
Ceratodon purpureus  
E ncalypta  contorta 
H om alothecium lutescens 
Tortella inclinata  
Tortula ruralis 
X erom esophy tic  species: 
D icranum  scoparium  
H yp n u m  cupressiform ae  
Polytrichum  ju n ip e r in u m

M esophy tous species: 
A trich u m  undulatum  
B rachythecium  velu tinum  
B ry u m  capillare 
M n iu m  cuspidatum  
P leurozium  schreberi 
P olytrichum  attenuatum  
Pseudoscleropodium  p urum  
H e lo h y g ro p h y tic  species: 
A m blysteg ium  riparium

Results

The ch arac teriza tio n s are  given on the  basis o f p H , h u m u s, ca rbona te , am 
m onia , e tc . values m easured  in  th e  soil sam ples ta k e n  from  th e  moss cushions 
(Tables 1, 2, 3). T ak in g  th e  to ta l  in to  considera tion , i t  m ay  be s ta te d  th a t  th e  
s tu d ied  organic or u no rgan ic  com pounds are rep re sen ted  in  th e  sam ples in 
an  abso lu te  sense — b y  sm all o r m oderate  ( P 20 5, C aC 0 3) q u an titie s . In  th e  
case of hum us and  carb o n a te  (and of pH ) th e  va lu es  are expressed  according 
to  th e  St e f a n o v i t s ’ scale (see subsection: “ M eth o d ” ). In  all o ther cases 
(unorgan ic  N -com pounds, P 20 5, K 20 )  the  given level low , m odera te , high) is 
re la tiv e , for i t  is defined  in  re la tio n  to  the  d a ta  o f o th e r  species in v estig a ted .
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Table 1

The mean values and standard errors o f  some chemical properties 
in the moss cushion’s soil 1

N pH Humus C aC 03 K 20

Mosses
Mean Standard  

error of 
m ean

Mean Standard 
error of 

mean

Mean S tand
ard

error of 
mean

Mean Stand
ard

error of 
mean

X ± X ± X ± X ±

X erop h yta

Abietinelia abietina 10 7.2 0.04 0.67 0.15 6.2 0.33 2.9 0.52

Brachythecium albicans 6 7.4 0.35 0.59 1.17 6.0 0.30 3.6 0.34

B ryum  argenteum 5 7.7 0.16 0.10 0.06 7.7 0.35 2.0 0.70

Ceratodon purpureus 25 6.2 0.08 0.25 0.04 3.8 0.34 3.9 0.19

E ncalypta contorta 10 7.7 0 .14 0.52 0.08 7.5 0.36 4.2 0.46

Homalothecium lutescens 4 8.1 0.08 0.61 0.08 7.6 0.43 3.5 0.32

Tortella inclinata 20 7.4 0.10 0.23 0.14 5.5 0.24 4.5 0.51

Tortula ruralis 20 7.3 0.12 0.30 0.07 5.5 0.38 4.7 0.64

X ero-m esop h yta

Dicranum  scoparium 15 5.8 0.20 0.81 0.14 3.7 0.29 3.4 0.53

H ypn um  cupressiforme 10 7.4 0.04 0.95 0.40 7.2 0.34 6.3 0.72

P oly trichum juniperinum 8 6.8 0.16 0.40 0.07 5.9 0.23 3.5 0.40

M esophyta

A trichum  undulatum 4 5.4 0.38 1.43 0.38 2.7 0.40 9.0 0.17

Brachythecium velutinum 8 7.5 0.18 2 .12 0.20 7.6 0.21 3.7 0.65

B ryum  capillare 6 7.1 0.34 1.41 0.16 6.3 0.41 2.0 0.36

M n iu m  cuspidatum 10 6.7 0.19 2.22 0.21 4.5 0.27 2.9 0.24

Pleurozium  schreberi 6 5.3 0.15 0.66 0.10 3.8 0.20 3.8 0.65

Polytrichum  formosum 2 5.0 — 1.00 — 2.6 — 3.7 —

Pseudoscleropodium purum 6 6.9 0.06 2.96 0.57 4.1 0.56 3.8 0.71

H elo -h y g ro p h y to n

Amblystegium riparium 4 7.3 0.29 1.85 0.24 5.7 0.29 3.2 0.45

1. M icro-sites o f  the investigated species

Ahietinella  abietina. I t  occurs in  each  com m unity  o f th e  d ry  san d y  suc
cession series; Astragalo-F estucetum  sulcatae and  th e  m arg in a l p a r ts  of the 
s ta n d s  Jun ipero-P opu le tum  and  Festuco-Quercetum  m ay  be reg a rd ed  as o p ti
m u m . I t  is hum us-fo rm ing . The soil is n eu tra l to  m ild ly  basic , calcareous 
h u m u s  poor hum iferous. I t  does n o t occur in  open grasses w ith o u t hum us. I t
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Table 2

The mean values and standard  errors o f  the m easured data o f  N  and P  compounds
in  the moss cushion s soil

N N H 3 NO, NO, Р ,0 ,

Mosses
Mean Standard 

error of 
mean

Mean S tandaid  
error of 

mean

Mean S tand
ard

error of 
mean

Mean S tan d 
ard

error of 
mean

X i X ± x̂ ± X ±

X erophyta

Abietinella abietina 10 0.17 0.090 0.011 0.003 1.3 0.03 2.05 0.27

Brachythecium albicans 6 0.06 0.020 0 .008 0.003 1.6 0.32 1.91 0.15

B ryum  argenteum 5 0.04 0.022 0.005 0.004 0.8 0.28 3.80 0.11

Ceratodon purpureus 25 0.07 0.016 0.008 0.000 1.3 0.02 2.20 0 .14

Encalypta contorta 10 0.07 0.017 0.007 0.003 1.8 0.03 3.20 0.30

Homalothecium lutesceus 4 0.06 0.037 0.007 0.004 1.5 0.41 2.33 0.21

Tortella inclinata 20 0.06 0.020 0 .004 0.000 0.8 0.24 2.20 0.20

Tortula ruralis 20 0.05 0.014 0.005 0.001 0.9 0.04 2.51 0.27

X ero-m esop h yta

D icranum  scoparium 15 0.22 0.050 0.008 0.001 1.3 0.04 1.48 0.21

H yp n u m  cupressiforme 10 0.15 0.028 0.010 0.001 1.9 0.21 2.80 0.22

Polytrichum ju n ip er in u m 8 0.09 0.015 0.008 0.003 1.6 0.31 1.93 0.25

M esophyta

A trichum  undulatum 4 0.27 0.170 0.009 0.000 3.1 0.01 1.75 0.25

Brachythecium velu tinum 8 0.28 0.019 0.016 0.001 2.7 0.30 2.50 0.13

B ryu m  capillare 6 0.30 0.064 0.021 0.010 1.6 0.13 2.91 0.34

M n iu m  cusuidatum 10 0.27 0.190 0.021 0.006 2.3 0.22 2.95 0.17

Pleurozium  schreberi 6 0.12 0.029 0.009 0.010 1.6 0.22 0.91 0.04

Polytrichum form osum 2 0.22 — 0.010 — 0.5 — 2.25 —

Pseudoscleropodium p u ru m 6 0.27 0.083 0.021 0.010 2.3 0.04 2.95 0.29

H elo -hygroph yton

Amblystegium  riparium 4 0.25 0.116 0.017 0.001 2.3 0.46 2.12 0.23

shows a n itra te  c o n te n t o f  m oderate  level, th e  in te rv a ls  of am m onia 
and  n itra te  are g re a t; in  th e  sam ples of th e  open grasses N is often m is
sing. The values of p h o sp h o ru s  and  p o tassiu m  are h igher th a n  a v e r
age.

Brachythecium  albicans. T yp ical species of th e  open grasses; it  reaches 
its  op tim um  also in  th e  m arg in a l p a rts  of Festucetum  vaginatae and  Junipero- 
Populetum  ; it  is hu m u s-fo rm in g . The soil is n e u tra l  to  m ild ly  basic, calcareous.
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T ab le  3

The extreme values o f soiVs chemical properties in the moss cushions

Species pH Humus N H , N O jr NO3- P z05 K ,0 CaC 03 N

Abietinella abietina 6 . 5 — 7 .8 0 — 1 .2 5 0 - 0 . 7 5 0 — 0 .0 2 5 0 — 2 .5 1.0— 3 .0 1—3 5 .0 — 7 .9 10

Brachythecium albicans 7 — 7 .7 0 .2 5 — 1 .2 5 0 — 0 .1 5 0 — 0 .0 2 5 0 . 5 — 2 .5 1 .5 — 2 .5 3 — 5 4 . 5 — 6 .9 6

Bryum  argenteum 7 . 3 — 8 .3 0 — 0 .2 5 0 — 0 .1 0 0 — 0 .0 1 2 0 — 1.5 3 .5 — 4 .0 1 — 5 7 . 0 — 9 .1 5

Ceratodon purpureus 5 . 5 — 7.1 0 — 0 .7 5 0 — 0 .2 5 0 — 0 .0 5 0 0 — 3 .0 1 .5 — 4 .0 1— 5 2 .1 — 6 .5 25

Encalypta contorta 7 .2 — 8 .4 0 .2 5 — 1 .0 0 0 — 0 .1 5 0 — 0 .0 1 7 0 — 2 .5 1 .5 — 4 .5 2 — 7 5 . 8 - 8 . 9 10

Homalothecium lutescens 7 . 9 — 8 .4 0 .2 5 — 1 .0 0 0 — 0 .1 5 0 — 0 .0 1 5 0 .5 — 2 .5 1 .5 — 3 .0 2 — 5 6 . 5 — 9 .1 4

Tortella inclinata 6 .8 — 8 .1 0 — 0 .7 5 0 — 0 .2 0 0 — 0 .0 1 5 0 — 3 .0 1 .5 — 4 .0 2 — 8 4 . 0 — 9 .7 2 0

Tortula ruralis 6 . 4 — 8 .2 0 — 1 .0 0 0 — 0 .2 5 0 — 0 .0 2 0 0 — 2 .5 0 .5 — 3 .5 1— 8 2 .0 — 8 .8 2 0

Dicranum scoparium 4 .5 — 6 .8 0 - 1 . 7 5 0 — 0 .7 5 0 — 0 .0 5 0 0 — 2 .5 0 .5 — 3 .0 1— 7 0 . 9 - 5 . 0 15

H ypnum  cupressiforme 6 .2 — 7 .4 0 .2 5 — 1 .7 5 0 — 0 .2 5 0 — 0 .0 2 0 1 .0 — 2 .5 2 .0 — 5 .0 2 — 8 4 . 8 — 8 .8 10

Polytrichum juniperinum 6 .1 — 7 .0 0 .2 5 — 0 .7 5 0 — 0 .2 0 0 — 0 .0 1 5 0 . 5 — 2 .5 1 .0 — 3 .0 2 — 5 5 .0 — 6 .7 8

Atrichum undulatum 5 .2 — 5 .8 1 .2 5 — 1 .7 5 0 — 0 .7 5 0 — 0 .0 1 2 0 — 5 .0 1 .0 — 2 .5 6 — 7 1 .1 — 3 .1 4

Brachythecium velutinum 6 . 9 - 8 . 2 1 .0 0 — 3 .0 0 0 .2 0 — 0 .4 0 0 .0 1 0 — 0 .0 2 5 1 .0 — 4 .0 2 .0 — 3 .0 2 — 7 7 .0 — 8 .9 8

Bryum  capillare 6 . 9 — 7 .5 0 .7 5 — 2 .0 0 0 .1 0 — 0 .5 0 0 .0 1 0 — 0 .0 3 0 1 . 0 - 3 . 0 1 .5 — 4 .0 1— 3 5 . 0 — 7 .5 6

M nium  cuspidatum 5 . 8 — 7 .2 1 .2 5 — 3 .2 5 0 — 0 .7 5 0 — 0 .0 7 5 1 .5 — 3 .5 1 .5 — 5 .0 3 — 5 2 .1 — 6 .8 10

Pleurozium schreberi 4 .7 — 5 .8 0 .2 5 — 1 .0 0 0 — 0 .2 0 0 — 0 .0 1 5 1 .0 — 2 .5 0 .5 — 1 .5 3 - 4 2 . 4 — 3 .9 6

Polytrichum formosum 5 .0 — 5 .1 0 .7 5 — 1 .2 5 0 .2 0 — 0 .2 5 0 .0 0 5 — 0 .0 1 5 0 . 4 — 0 .5 0 .5 — 2 .0 3 — 4 2 .5 — 2 .8 2

Pseudoscleropodium purum 6 . 3 — 7 .6 2 .5 0 — 3 .7 5 0 .1 5 — 0 .3 0 0 .0 1 5 — 0 .0 2 5 0 .5 — 3 .5 1 .0 — 2 .5 2 — 7 3 .2 — 6 .0 6

Amblystegium riparium 6 .8 — 7 .8 1 .5 0 — 2 .5 0 0 .1 0 — 0 .5 0 0 .0 1 2 — 0 .0 2 0 1 .5 — 3 .0 1 .5 — 2 .5 2 — 4 5 .2 — 6 .5 4
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A m m onia and  n itr ite  show  a m odera te  level, while th a t  o f n itra te  is ra th e r  
h igh ; phosphorus and  po tassium  show  a sim ilar level.

B ryu m  argenteum. I t  is a p ioneer species in d ry , w arm  and  su n lit grasses 
on u n b o u n d  sand , a p ioneer m ostly  in d is tu rb ed  Festucetum  vaginatae. I t s  soil 
is hum us poor, m ild ly  basic, calcareous. A m m onia is sign ifican t, th e  average  
level o f n itr ite  and  n itra te  is h igher th a n  m odera te , th e  level o f p h o sp h o ru s is 
h igh, th a t  of К  vary ing .

Ceratodon purpureus. I t  is com m on in grasses and  in  Jun ipero -P opu le tum  ; 
i t  occurs m ost freq u en tly  in  open grasses. T he soil is hum us-free or h u m u s poor, 
from  sligh tly  acidic to  m ild ly  basic, from  sligh tly  calcareous to  ca lcareous. 
The in te rv a l of N -com pounds ex ten d s from  zero to  re la tiv e ly  h igh  v alues, 
phosphorus and po tassium  v a ry , th e ir  average  value is high. On very  d ry  sites 
i t  develops h a rd  (also w hen  w et) d a rk  green carpets  o f a th ickness of 4 5 cm ,
being  genera lly  in fertile . On fresh  sites it  reaches 1 - 2 . 5  cm, show ing (also 
w hen w et) a yellow ish-green colour; its cushion is looser and  brings sporogon ia  
in g rea t q u an titie s . I t  is an  im p o rta n t sand -b inder.

E ncalyp ta  contorta. A m oss of shaded  Festucetum  vaginatae and  Ju n ip ero -  
P opuletum  s tan d s. Its  soil is m ild ly  basic, calcareous hum u s poor, b u t  a lw ays 
co n ta in in g  some hum us. The level of am m onia  and  n itr ite  is m o d era te , th a t  
o f n itra te  high. P hosphorus and  po tassium  show a high level. The species is 
no t freq u en t. I t  does no t b ring  sporogonia.

Hom alothecium  lutescens. R e la tiv e ly  ra re  in  th e  a rea ; i t  occurs in  open  
and  in closed grasses. I ts  soil is m ild ly  basic , calcareous and  hum us poor. T he 
level o f am m onia is low, th a t  of n itr ite  and  n itra te  m odera te . The average level 
of phosphorus and  po tassium  is re la tiv e ly  high.

Tortella inclinata. I t  is one of th e  m ost freq u en t species of open grasses, 
develop ing  large cushions. I t  o ften  fills in  spaces betw een  clum ps of grass, th u s  
in itia tin g  coverage. I t  occurs also in  Jun ipero -P opu le tum  and  Astragalo- 
Fesctucetum. I t  grows in g rea t m asses on p ro te c te d  sites, w here also sporogon ia  
are f req u en t (e.g. Festucetum vaginatae salicetosum rosm arinifo liae). I ts  soil is 
n e u tra l to  m id ly  basic, calcareous, hum us-free or hum us poor (of th e  hum ic  
acids a sligh t overw eight o f fu lv ic acids is ch a rac te ris tic : S im o n  K . L á n g  
1968). T he average level of am m onia is low , as also th a t  of b o th  n itr ite  an d  
n itra te , th e y  are even com pletely  m issing from  th e  m ajo r p a r t  of th e  sam ples. 
T he average  level of phosphorus and  p o tassiu m  is re la tiv e ly  high.

Tortula ruralis. A p ioneer species o f th e  open grasses covering th e  la rg e s t 
a rea  and  often  developing in d ep en d en t — ex tensive  s tan d s . A b in d e r of 
b low n or d is tu rb ed  sand ; its  shallow , loose grasses ap p ear also on N -free soil. 
I ts  soil is s lig h tly  acidic to  m ild ly  basic, from  m ildly  calcareous to  ca lcareous, 
hum us-free or poor in  hum us. The average level of am m onia  is low , th a t  o f 
n itr i te  an d  n itra te  m odera te . P hosphorus an d  po tassium  are alw ays tra c e a b le , 
th e ir  average level is re la tiv e ly  h igh, th e  values of th e  la t te r  v a ry  considerab ly .
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D icranum  scoparium . This typ ica l species o f our calcifuge m ontane  and  
h illy  forests occurs su rp ris in g ly  often in ca lcareous san d y  s teppes, grow ing 
p a rtic u la r ly  it  occurs also in  Festucetum vaginatae  — m ostly  on th e  top  of or 
b e tw een  th e  dunes w here  th e  occurence o f sh ru b s re fer to  th e  fo rm er e x is t
ence of fo rest soil. S ev era l sites are to  he  fo u n d  in  Festuco-Quercetum  (e.g. 
to g e th e r  w ith P olygonatum  odoratum) or in  c u ltiv a te d  pine s tan d s  (P in e tu m  
nigrae e t silvestris cu ltu m ), owing to  s im ila r reasons (forest soil pine-needle 
li t te r ) . The species reach es its  op tim um  in  Jun ipero -P opu le tum  and  P inetum  
c u ltu m , respective ly , develop ing  here 7 - 9  cm  th ic k  carp e ts . I ts  soil is acid ic 
to  s ligh tly  acidic, lim e-free or slightly  ca lcareous hum us poor or hum iferous. 
T he average level of am m o n ia  is re la tiv e ly  h igh , th a t  of n itr ite  and  n itra te  
m o d era te . The average  level o f phosphorus is m o d era te , th a t  o f p o tassium  
h igh , b u t th e  values o f th e  la t te r  v a ry  co n siderab ly .

H yp n u m  cupressiform e. I t  occurs to  a lesser or g rea te r e x te n t on th e  soil 
of each  in v estig a ted  co m m u n ity , ye t it show s its  op tim um  in J  unipero-P opule
tum . H ere it  form s con tiguous and th ick  cush ions. I t  prefers half-shaded  sites. 
On its o p tim al sites one m ay  observe th e  fu n g a l decom position  of the  low er 
p a r t  of th e  cushion. I t  p refers h a ll-shaded  sites. On its o p tim al sites one m ay  
observe th e  fungal decom position  of th e  low er p a r t  o f th e  cushion. I ts  soil is 
s lig h tly  acidic to  n e u tra l , m ildly calcareous to  calcareous hum us poor hum ic. 
T he average level o f am m onia  is m odera te , th a t  of n itr ite  an d  n itra te  likew ise. 
I t  shows re la tiv e ly  h igh  phosphorus and p o tassiu m  levels, only  th e  la t te r  has 
a w ide in te rv a l o f v a lu es .

Polytriehum  ju n ip e r in u m .  I t  is re la tiv e ly  freq u en t, occuring f irs t of all 
in  Jun ipero -P o p u le tu m , b u t  growing also in  P inetum  cu ltum  and Convallario- 
Quercetum. I ts  soil is s lig h tly  acidic to  n e u tra l ,  sligh tly  calcareous and hum us 
poor. The level o f am m o n ia  is m odera te , th a t  o f n itr ite  and  n itra te  likew ise; 
th e  level of p h o sphorus is m odera te , h u t  p o tassiu m  shows a high level. As a 
species of calcifuge fo rests  and  growing p rin c ip a lly  on acidic rock o u tc rops, it 
o n ly  vege ta tes on ca lcareous sandy  s tep p es; here its  cushion is shallow  an d  it 
grows often  th re a d  b y  th re a d . I t  does n o t  b rin g  sporogonia.

A trichum  undu la tum . I t  is a re la tiv e ly  ra re  species, occuring  in th e  m ore 
shaded  s tan d s of Festuco-Quercetum, in  Convallario-Quercetum  and  cu ltiv a te d  
P inetum . I ts  soil is acid ic to  slightly  acid ic , p rac tica lly  lim e-free, hum iferous. 
The average level of am m onia  is re la tiv e ly  h igh , th a t  of n itr ite  m o d era te  and  
th a t  of n itra te  re la tiv e ly  high. P hosphorus show s a m odera te  level, p o tassium  
a high one. The m icro -sites are fresh, d ev e lo p m en t of th e  species is norm al and  
it  b rings sporogonia.

Brachythecium  velu tinum . I t  grows on th e  soil o f Festuco-Quercetum  and  
Convallario-Quercetum, b u t  th readw ise i t  occurs also in  Festucetum vagi
natae, Festucetum wagneri and Jun ipero -P opu le tum . I ts  soil is n e u tra l to  
m ild ly  basic, ca lcareous hum iferous or hum us rich ! The level o f am m onia
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is re la tiv e ly  h igh and  so is th e  level of n itr i te , n i t r a te ,  po tassium  an d  
phosphorus.

B ryum  capillare. I t  occurs freq u en tly  on th e  soil (also a t the  fo o t o f 
trees) o f Festuco-Quercetum  an d  Convallario-Quercetum. I ts  soil is n e u tra l , 
m ild ly  basic, calcareous hum u s poor or hum iferous. T he average level o f 
am m onia is re la tiv e ly  h igh , th a t  of n itr ite  likew ise; n i t r a te  shows a m o d era te  
level, phosphorus a high p o tassiu m  a m odera te  one. I t  develops well an d  
b rings sporogon ia  (Ju n e  Ju ly ) .

M n iu m  cusp ida tum . I ts  sites are to  he found m o stly  in the s tan d s  of 
Convallario-Quercetum  or in  th e  m arg ina l p a r ts  o f th e se , b u t sporad ica lly  i t  
also occurs in Jun ip ero -P o p u le tu m . Tts soil is s lig h tly  acid ic  or neu tra l, s lig h tly  
calcareous hum iferous or hum us rich !). The average  level of am m onia is 
m o d era te , b u t  in  some of th e  sam ples o u ts ta n d in g ly  h igh , th a t  of n itr ite  an d  
n itra te  re la tiv e ly  h igh . P h o sp h o ru s shows a h igh, p o ta ss iu m  a m oderate  level, 
th e  s ta n d a rd  e rro r of m ean  o f th e  la t te r  is sm all. I ts  h igh  hum us co n ten t a d 
sorbs m oistu re , th u s  its  m icro -sites are alw ays fresh . In  som e years it b rings 
m uch sporogonia, w hereas in  o th e rs  only  very  few.

P leurozium  schreberi. R e la tiv e ly  freq u en t in th e  N a tu re  C onservation  
A rea, b u t it grows exclusively  in  Junipero-P opu le tum  in ex ten d ed  and 10 30
cm th ick  cushions. I t  also occurs in  several places in P in u s  s tands. I ts  soil is 
acid ic , s ligh tly  acid ic, s ligh tly  calcareous and hum us poor. The average level 
o f am m onia is m o d era te , th a t  of n itr i te  and n itra te  s im ila rly ; th e  level show n 
b y  phosphorus is low and  th a t  o f p o tassium  high.

Polytrichum  form osum . T his ra re  species occurs in  Convallario-Quercetum  
an d  P in u s  s tan d s . I t  is a ty p ic a l ac ido frequen t species o f calcifuge fo rests, 
know n in the  te r r i to ry  betw een  th e  D anube and  th e  T isza on ly  from  a single 
site  (Ocsa). I ts  soil is acidic, som ew hat calcareous hum u s poor or hum iferous. 
The average level of am m onia  is re la tiv e ly  h igh, th a t  o f n itr i te  and n itra te  
m o d e ra te . P o tassiu m  shows a h igh and  phosphoreous a low  level.

Pseudoscleropodium  p u ru m . O ccurs sporad ica lly  in  Convallario-Quercetum  
an d  Jun ipero -P opu le tum  an d  grow s in m asses in som e p laces of cu ltiv a ted  
P in u s  s tan d s. I ts  soil is n e u tra l , s lig h tly  calcareous an d  h u m u s rich. The 
average  level of am m onia  is re la tiv e ly  h igh, th a t  of n itr ite  a n d  n itra te  sim ilarly . 
P hosp h o ru s shows a m o d era te  an d  p o tassium  a high level th e  values of th e  
la t te r  rang ing  on a w ide scale.

A m blysteg ium  riparium . The sam ples o rig inate  from  Convallario-Quer
cetum  robinietosum  h av in g  fresh  soil and  deeper ly ing  sites. I t  is also com m on 
in th e  com m unities of th e  hygroseries of th e  area (C aricetum  elatae, Caricetum  
acutiform is-ripariae, Agrosteum  albae, Alopecuretum  p ra tensis , e tc .). I ts  soil is 
n e u tra l, sligh tly  calcareous, hum iferous. The average level o f am m onia is 
re la tiv e ly  high and  so is th e  level of n itr ite , n i t r a te ,  phosphorus and 
p o tassium .
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2. Description o f  the sites o f  the ecological groups o f  species

W ith  regard  to  th e  in v e s tig a te d  ch a rac te ris tic s , we m a y  com pare the 
species grouped according to  th e ir  s ite  req u irem en ts , th a t  is, th e  ecological 
g ro u p s o f species. This g ro u p in g  ( B o r o s , 1968) has been ca rried  o u t b y  tak in g  
in to  considera tion  the  experiences co llec ted  d u ring  several decades, th e  resu lts  
o f in v es tig a tio n  and th e  re su lts  o b ta in ed  ab road .

p H -v a lu e . I t  ranges w ith in  a v e ry  w ide in terval in th e  m oss cushions 
grow ing  on d ifferen t sites o f  th e  N a tu re  C onservation  A rea  (4.5 8.4). The
low er values m ay be found  m o stly  b y  m esophy tous species, th e  h ig h er ones by

pH 4.5 5 5,5 6 6,5 7 7,5 8 8.5

Dicranum scoparium ■
Pleurozium schreberi i
Polytrichum formosum 
Atrichum undulatum 
Ceratodon purpureus 
Mnium cuspidatum 
Polytrichum jupiperinum 
Hypnum cupressiforme 
Pseudoscleropodium purum 
Tortula ruralis 
Abietinella abietina 
Amblystegium riparium 
Tortella inclinata 
Bryum capillare 
Brachythecium velutinum 
Brachythecium albicans 
Encalypta contorta 
Bryum argenteum 
Homalothecium lutescens

Fig. 3. Intervals o f pH-values

x e ro p h y to u s  species. T he average o f m ean  values of the  species belonging to  the 
d iffe ren t groups show a d e fin ite  d ifference (Fig. 4). The m eso p h y to u s species 
s ig n ifican tly  differ fro m  th e  x e ro p h y to u s  ones (Table 4).

As for the  chem ical and  physico-chem ical p roperties o f soil, th e ir seasonal 
changes are w ell-know n. W e s tu d ied  th e  seasonal changes o f th e  p H -v a lu e  b y  
Tortula ruralis and  D icranum  scoparium . The values show ed according to  
th e  H ung arian  ty p e  o f c lim ate  a p eak  in the su m m er (cf. also S i m o n  — 
F ü l ö p , 1966). The degree of o scilla tion  was on the av erag e , 0.2 ( Tortula)  and
0.3 (D icra n u m ), re sp ec tiv e ly  (F ig. 5).
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Table 4

Com parison o f the averages o f  mean values o f  xerophytic ( N  = 8) 
and m esophytic ( N  =  8) species by t-tesl

pH Humus CaC03 K20 M H , NOg- noj- P,Ob

Mean values 

xerophytes 7.4 0.41 6.2 3.7 0.07 0.007 1.2 2.52

mesophytes 6.3 1.72 4.5 3.9 0.25 0.016 2.2 2.27

Calculated i-value 2.77 4.84 2.22 0.24 6.96 3.91 2.64 0.73

S D P5%

S?D Pi%
0.9

0.95

1.8 2.0

0.09 0.008

0.8 0.81

Humus CaC03 K20

F ig. 4. Comparative diagram  of the ecological groups o f investigated  species on the basis 
o f the average of m ean values (xerophytes =  X , xerom esophytes =  X M , m esophytes =  M)
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H u m u s co n ten t. I t  is re la tiv e ly  low  in th e  in v estig a ted  a rea . In  th e  moss 
cush io n s i t  shows th e  average  v alue  o f  0.2 2 per cen t. W ith in  th is  range,
th e  d ifference  of th e  ecological g roups o f  species is v e ry  d e fin ite . T he values 
o f th e  x ero p h y to u s species of p io n eer c h a ra c te r  are low, th e  average  o f th e ir  
m ean  v a lu es  reaching  0.4 p e r  cen t, th a t  o f th e  xerom esophy tes 0.7 p er cen t and 
th a t  o f  th e  m esophy tes 1.6 p er c e n t. T he difference b e tw e e n  x ero p h y to u s 
an d  m eso p h y to u s species is s ig n ifican t (T able  4). The ex trem itie s  are  rep resen ted  
b y  th e  species B ryu m  argenteum , T ortu la  inclinata, Ceratodon p u rp u reu s , 
T ortu la  ruralis  (x e ro p h y to u s species w ith  a m ean below  0.5 p e r  cen t) resp . 
B rachypod ium  velu tinum , M n iu m  cusp ida tum , Pseudoscleropodium  p u ru m  
(m eso p h y te s  w ith  a m ean  above 2 p e r  cen t) (Table 3). T h e  x e ro p h y to u s

pH
8,0 -

7.5-

7,0-

A pH

6,0

в

5,5-

VIII X months VI Vili X months

F ig . 5. Seasonal changes in the pH -values in  the Reserve at Csévharaszt. A =  Tortu la  rura
lis ;  В =  D icranum  scoparium  ; the sam ples were taken from (N  =  3) open sandy grasses (A)

and Ju n ip ero -P o p u le lu m  (B)

p io n eers  show ing low average  v a lu es  o ften  grow even on hum us-free  sites 
in  g re a t  m asses. T heir o rgan ic  su b s ta n c e s  enriches th e  soil b y  h u m ifica tio n  
a n d  th u s  i t  becom es su itab le  fo r th e  se tt l in g  of species w ith  a h ig h er dem and .

T he average of m ean  values o f th e  species of ecological g roups ind ica te  
a s ig n ifican t difference (Table 4). T he q u a n tity  of h u m u s increases in  the  
x c ro series  from  th e  open  s tan d s  to w a rd s  th e  closed ones. A lso in  th e  sam ples of 
th e  re sp ec tiv e  species o f  open grasses th e re  occurs a va lu e  a p p ro x im a tin g  or 
ev en  reach in g  1 p er cen t. This m ay  be ex p la in ed  by  th e  p e rio d ica l hum ifica tio n  
o f  th e  rich  moss sy nusium .

In v estig a tio n  of ino rgan ic  form s o f  n itrogen . There e x is ts  a close re la tio n 
sh ip  betw een  soil, hum u s and  th e  level o f inorganic n itro g en . H uin iferous soils 
w ith  a good c ircu la tion  of m a te r ia l show  a high n itra te  lev e l, w hile th e  n itra te  
a n d  am m onia  level o f d ry  soils p oo r in  hum us is low. F ro m  th e  ra tio  of in 
o rg an ic  N -form s one m ay  conclude on th e  ch a rac te ris tic s  o f b iodynam ics. 
A  to o  high level o f n i tr a te  and  am m o n ia  refers to  an  u n h e a lth y  soil life, to  
an aerob iosis  and  th e  fo rm a tio n  o f ra w  hum us. Ino rgan ic  N -form s p lay  a sm all 
ro le  in  open grasses, in  severa l cases th e y  are even co m p le te ly  m issing. T heir 
level increases p ara lle l w ith  coverage an d  affo resta tion .
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T he values of ino rg an ic  N -com pounds are in  them selves v e ry  low. 
P a r tic u la r ly  th e  a m o u n t of n itr i te -N  and  am m onia-N  is sm all, th is  be ing  
ch a rac te ris tic  of d ry  soil poor in  organic su b stan ces  and  n u tr ie n ts . The 
n itr ite -N  supp ly  of th e  soils o f m oss ca rp e ts  is so m ew h at m ore fav o u rab le . I t  
show s (in abso lu te  sense) low  to  m o d era te  values. B e tw een  th e  n itra te -N  
average  of th e  th ree  ecological g roups th ough  an increase  from  x e ro p h y to u s  
species to  m esophy tous one is unam b ig u o u s — th e re  is a re la tiv e ly  sm all 
difference. The m ean  v alue  of th e  x e ro p h y te s  differ s ig n ifican tly  from  th a t  of 
th e  m esophy tes in  th e  case of all th re e  N -form s (Table 4). Som etim es even  th e  
sam ples of x e ro p h y to u s  species (e.g. Ceratodon p u rp u reu s , Tortella inc lin a ta , 
E nca lyp ta  conforta) show  re la tiv e ly  h igh  values. One m a y  assum e in th is  case 
t h a t  ow ing to  th e  th ick n ess  of th e ir  la rg e r carpets th e y  preserve m o istu re  
b e t te r  and  have a b e tte r  ad so rp tio n  cap ac ity , fu r th e r  th e y  resist to  w ash o u t 
an d  hence also th e ir  s to rag e  of n i tra te  is b e tte r .

A m m onia-N  in d ica tes  accord ing  to  th e  ecological g roups of species — 
p ara lle l to  hum us d efin ite  differences.

The average of m ean  values o f xero p h y to u s species am ounts to  0.07, 
t h a t  o f xerom esophy tes to  0.15 an d  th a t  o f m esophy tous species to  0.25. As 
fo r n itr ite -N  and  n itra te -N , th e  values o f xero p h y to u s a n d  x e rom esophy tous 
species are sim ilar, while th e  m eso p h y tes  reach  higher v a lu es . This refers u n 
am biguously  to  th e  fa c t t h a t  in  th e  m esophytous species th e re  begins an  
accu m u la tio n  of inorgan ic  N -form s. T he level of am m o n ia-N  and  n itr ite -N  o f 
th e se  species refers to  fresh  hum us-fo rm ing  processes and  to  su rface 
an aero  biosis. These processes are p a rtic u la r ly  c h a ra c te r is tic  of Ju n ipero -  
P opuletum .

T he ex trem itie s  of ino rgan ic  N -form s are to  be fo u n d  in  T able 3.
W e exam ined  b y  som e species th e  su m m er-au tu m n a l changes of N itra te -

N . A ccording to  th is  e x p lo ra to ry  s tu d y , th e  level of n itra te -N  decreased  from  
J u ly  to  O ctober by  1 m g on th e  average  (F ig. 6).

P hosphorus and  p o tass iu m  c o n te n t. In  absolute sense th e  level of p h o s
p h o ru s m ay  be reg a rd ed  as m o d e ra te , w hereas th a t  o f p o ta ss iu m  as low . In  
th e  d iffe ren t ecological g roups o f species none show d e fin ite  re la tio n sh ip s; 
concern ing  th e  average of m ean  va lu es  th e ir  d is tr ib u tio n  m a y  be considered  
as ro u g h ly  un ifo rm . B o th  o f th e m  — b u t  especially p h o sp h o ru s  — show  a 
considerab le  v a ria b ility  in  th e  soil b e tw een  stab le  and  lab ile  stages, a w a rn in g  
to  be cau tious in th e  e v a lu a tio n  of d a ta . T hey  are to  be tr e a te d  therefo re  as 
b e ing  only  in fo rm ativ e  ones.

A m ong th e  x e ro p h y to u s  species, B ry u m  argenteum, E ncalypta  conforta 
an d  Tortella inclinata  m ay  be p o in ted  o u t as showing a re la tiv e ly  high p h o s
p h o ru s co n ten t, am ong th e  x e ro m eso p h y tes  H yp n u m  cupressiform e  and  am ong  
th e  m esophy tous species B ryu m  capillare  and  M n iu m  cuspidatum  s im ila rly  
co n ta in  a re la tiv e ly  large a m o u n t o f p hosphorus.
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As for p o tassiu m , th e  follow ing species can  be m en tio n ed  in the  above 
sen se : am ong th e  x e ro p h y te s  Ceratodon, Tortula ruralis, Tortella inclinata, 
E n ca lyp ta  conforta, am ong  th e  x ero m eso p h y to u s species ag a in  H yp n u m  cup- 
ressiform e, am ong th e  m eso p h y tes  A trich u m  undula tum , B rachythecium  velu- 
tin u m  and  Pseudoscleropodium  p u ru m .

Lim e co n ten t. T he soil o f th e  moss cush ions show a good supp ly  of lime 
c o n te n t  expressed in  ca lc ium  ca rb o n a te . In  ad d itio n , — concern ing  th e  eco
log ica l groups of species also th e  re g u la r ity  o f a decrease o f ca lc ium -carbon
a te  c o n te n t asserts itse lf, show n b y  th e  sites rang ing  from  open  grasses to  
a ffo re s ta tio n s . The h ig h e s t averages of m ean  values are reach ed  by  xero-
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F ig . 6. Seasonal changes in the N 0 3-values in the Reserve at Csévharaszt. Full circlets: 
m ean  values of the sam ples taken in August (see Table 3); em pty circlets: mean values o f  

the sam ples collected by the end of October (N  =  3)

p h y to u s  species, w hile th e  x ero m eso p h y to u s species have low er, and th e  m eso
p h y te s  th e  low est, v a lu es . These d ifferences — th o u g h  sm all — can be well 
id en tified .

To sum  u p , i t  m ay  he s ta te d  th a t ,  considering  th e  in v es tig a ted  fac to rs , 
th e  “ em pirica l”  ecological g roups o f m oss species show  a m ore or less de- 
lim itab le  range o f in te rv a l o f va lues, ex c e p t for p h o sp h o ru s and  p o tassium . 
T h is  leads to  th e  conclusion  th a t  a d a p ta t io n  to  th e  g iven  “ niches”  of th e  
en v iro n m en t is also here  a f re q u e n t p h enom enon  and th a t  th is  becom es realized  
b y  th e  selective m a tte r  in ta k e  of th e  species. This m ean s a t  the  sam e tim e  
t h a t ,  b y  a m ore e x a c t d e te rm in a tio n  o f th e  fac to r species re la tions, also a 
m ore  perfect d e lim itin g  an d  system , re sp ec tiv e ly , of th e  ecological m ay  he 
e lab o ra ted . This w ill a ffo rd  a m ore e ffec tu a l in fo rm atio n s on th e  basis o f th e  
m oss cushion show ing  v a rio u s p a tte rn s  an d  covering in  som e places ex ten siv e  
su rfaces.
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F ig. 7. D icranum  scoparium  in the IB P  m odel area at Csévharaszt (Photo: T. Simon)

Fig. 8. Pseudoscleropodium  p u ru m  in the IB P  m odel area at Csévharaszt (Photo: T. Sim on)
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F ig . 9. Typical aspect o f the Reserve at Csévharaszt. In the foreground Festucetum  vaginatae  
danubiale-stands, in the background Junipero -P opu le tum  (Photo: T. Simon)

F ig . 10. Detail o f the Reserve at Csévharaszt, Festuco-Quercetum-relict stand (right back
ground), Junipero -P opu le tum  (in the m iddle) and Festucetum  vaginatae-stipetosum -stands

(in front) (Photo: T. Simon)
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DATEN ZUR VERERBUNG 
DES CHAMAZULENGEHAUTES 
IN KAMIULENPOPULATIONEN

V on

J .  S v á b  — I . S á r k á n y

(E ingegangen  am  16. A p ril 1974)

In  th e  p a s t  15 y ears two new  v a rie tie s  o f cam om ile hav e  been  p ro d u ced  in 
H u n g a ry ; th e ir  a c tiv e  ag en t is su b s ta n tia lly  b e tte r  th a n  t h a t  o f field  p o p u la tio n s . 
T he new  s tra in s  offer a possib ility  to  im p ro v e  th e  cam asulene c o n te n t of th e  sa lt h a b ita t  
p o p u latio n s. H ow ever, th e ir  u tiliza tio n  re q u ire d  a p re lim in a ry  in v estig a tio n  in to  
som e fu n d a m e n ta l problem s.

T he possib ilities and e x te n t of h y b rid iz a tio n  of th e  w ild-grow ing p o p u la tio n  
o f a sm all in flo rescence w ith  th e  im p ro v ed  species; th e  fitn e ss  o f th e  v a rie tie s , th e ir  
com p etitiv en ess in  m ixed p opu lations; a n d  th e  course o f h e red ity  o f cam asu len e  
c o n te n t h a d  to  be  c larified . The possible s u b s tra te  effects on  th e  active  ag en t c o n te n t  
of th e  new  v a rie tie s  —  w hen cu ltiv a ted  on  soda soil — h ad  also to  be exam in ed . 
T he p ap er d iscusses th e  resu lts  of in v es tig a tio n s  o f p o p u la tio n  dynam ics.

Die B eu rte ilu n g  der K am illen  a u f  G ru n d  ihres W irksto ffgeha ltes h a t  
nach  den chem ischen  E rk en n tn issen  der le tz te n  20 Ja h re  u n d  besonders seit 
K lä ru n g  der b io logischen W irkungen  des C ham azulens grosse B ed eu tu n g  ge
w onnen. Diese E rk en n tn isse  h a tte n  zur F o lge , dass m an sich in  den w ich tigeren  
P ro d u k tio n s- u n d  V ertrieb slän d ern  der K am ille , som it au ch  in  U ngarn , die 
S te igerung  des K am illenw irksto ffgehaltes zu r A ufgabe geste llt h a t. M it dem  
B lick  a u f diese Z ie lse tzung  fü h rten  M Á t h é  (1960) und  M Á t h é — T y i h Ák  (1960, 
1962) im  V erlaufe m eh re re r Ja h re  grossangeleg te , das ganze L an d  um fassende 
E rh eb u n g en  d u rch , u m  in  den u n g arisch en  ö rtlichen  P o p u la tio n en  die V er
te ilu n g  nach  dem  W irk sto ffg eh a lt zu e rm itte ln . Die U n te rsu ch u n g en  fü h r te n  
zu d er F es ts te llu n g , dass die P o p u la tio n en  m it dem  n ied rig sten  C ham azulen- 
g eh a lt in den G eb ie ten  m it Sodaböden ö stlich  der Thciss vo rzu finden  sind . 
Diese F es ts te llu n g  is t deshalb  besonders schw erw iegend , w eil der überw iegende 
Teil d er w ildw achsenden  K am ille eben aus diesen G eb ie ten  s ta m m t und  
infolgedessen d er d u rch sch n ittlich e  G eh alt d e r u ngarischen  K am illend rogen  
an  ä th e risch en  Ö len m it 0.3 — 0 .6%  angegeben  w ird ; das C ham azulen  is t u n te r  
diesen Ölen m it e inem  A nte il von 3 — 6 %  v e r tre te n  ( A u g u s t i n , 1937; W i l l , 

1934; A u s t e r  - S c h ä f e r , 1958).
W eitere  U n te rsu ch u n g en  von M Á TH É u n d  T y i h Ák  (1962) hab en  e r 

w iesen, dass die P o p u la tio n en  aus diesen G eb ie ten  einen  hohen  G ehalt an  
L -a-B izabolo l aufw eisen , das ebenfalls eine en tzü n d u n g sh em m en d e  V erb in d u n g  
d a rs te llt . Die V erfasser hab en  zugleich au c h  d a ra u f  h ingew iesen, dass in  den  
ungarischen  K am illen p o p u la tio n en  zw ischen le tz te re r  V erb in d u n g  u n d  dem

Acta Botanica Academiae Scientiarum Hungaricae 21, 1975



138 SVÁB, J . — SÁRKÁNY, I.

C h am azu len g eh alt eine neg a tiv e  K o rre la tio n  b e s te h t. A u f neuere  U n te rsu c h u n 
gen  g e s tü tz t, is t ab e r S c h i l c h e r  (1973) d e r M einung, dass diese n egative  K o r
re la tio n  n ich t gese tzm ässig  ist.

Z ur F ö rd e ru n g  d e r K o n k u rre n z fäh ig k e it der un g arisch en  K am ille  a u f  
d em  W e ltm a rk t b ie te n  die Q u a litä tsv e rb esse ru n g , d. h . die E rh ö h u n g  des 
G eh a lts  an  ä th e risc h e n  Ölen und  in sb eso n d ere  an C ham azulen  die b e s te n  
P e rsp e k tiv e n  (T é t é n y i , 1961). M it d ieser Z ielsetzung  w urde  im  F o rsch u n g s
in s t i tu t  fü r H e ilp flan zen  im  Ja h re  1958 die züch terische  B ea rb e itu n g  der 
K am ille  e in g e le ite t; ü b e r  die e rs ten  E rg eb n isse  h a t Sá r k á n y  (1965) b e r ic h te t . 
Z ü c h tu n g sa rb e ite n  m it K am ille  w u rd en  ausserdem  an  d er U n iv e rs itä t fü r  
G a rte n b a u  von  K e r e k e s  g efüh rt. Als E rg eb n is  der K am ille n z ü c h tu n g  in  
U n g a rn  w urden  zwei N eu zü ch tu n g en  m it den  S o rten n am en  B u d ak a lász i 2 u n d  
S o ro k sári 40 als s ta a t l ic h  a n e rk a n n te  S o rte n  zugelassen ( B e c k e r , 1970). B ei 
b e id en  S orten  is t d er G eh a lt sowohl an  ä th e risc h e  Ö len, als auch  an C ham azu len  
e rh eb lich  höher als bei den  w ildw achsenden  P o p u la tio n en ; im  G ehalt an  ä th e 
risch en  Ölen von  e tw a  1%  sind 1 5 — 17%  C ham azulen  e n th a lte n .

Diese Z ü ch tungsergebn isse  sind  an  sich auch in  p ra k tisc h e r B ez iehung  
v o n  B edeu tung . Z u r w irksam en  A u sn ü tzu n g  der b e re itg es te llten  Z u c h tso rte n  
erw ies es sich ab e r als unerlässlich  einige th eo re tisch e  F rag en  zu k lä ren .

D as zu lösende P ro b lem  e rg ib t sich im  w esentlichen  d a rau s , dass e in  e r 
h eb lich e r Teil d er K am illend roge  die U n g a rn  e x p o rtie r t von  W ild p o p u la tio n en  
d e r e rw äh n ten  S odaböden  s ta m m t. Z u r S te igerung  des C h am azu len g eh altes  
d ieser ö rtlichen  P o p u la tio n e n  b ie te t sich die M öglichkeit e iner Ü b e rsa a t d er 
Sodabödenw eiden  m it S a a tg u t der Z u c h tso rte n . Vor der au sg ed eh n te ren  E in 
fü h ru n g  dieses z iend ich  kosten au fw en d ig en  V erfahrens m u ssten  folgende g ru n d 
legende F rag en  g e k lä r t  w erden: M öglichkeit und  U m fang  der K reu zu n g  der 
k le in b lü tig en  W ild p o p u la tio n en  u n d  d e r g rossb lü tigen  Z u ch tso rten ; F itn e ss- 
v erh ä ltn isse  u n d  K o n k u ren zfä liig k eit d er Z u ch tso rten  in  M ischpopu la tionen ; 
V ererbung  der G eh a ltsw erte . Schliesslich m usste  e rm itte lt  w erden , ob u n d  wie 
sich  der B od en effek t au f den W irk s to ffg eh a lt der n euen  Z u ch tso rten  bei 
A n b au  au f S o daboden  geltend  m ach t.

M ateria l und  M ethode

Die Versuche wurden m it zwei K am illen typen  eingestellt. D ie eine m it I bezeichnete  
V ariante war eine k leinblütige K am ille m it niedrigem , 4% igem  Cham azulengehalt, die andere 
eine grossblütige K am ille m it 17% Cham azulengehalt, die m it II  bezeichnet war. B eide  
T ypen  blühten zu gleicher Zeit.

Zwei Versuche wurden eingestellt. In  dem  einen Versuch wurde die Fortpflanzungs- 
dynam ik der M ischpopulationen untersucht. D ie Ansaat erfolgte m it einem je  50% igen  
Saatgutgem isch, wobei sich die blühenden Pflanzen  frei m iteinander kreuzen konnten. Paral
lel wurden die beiden T ypen auch in räum licher Isolation verm ehrt. Aus der ersten  und  
zw eiten Nachkom m ensgeneration sowohl der M ischsaat als auch der isoliert verm ehrten bei
den Typen wurden je 500 E inzelpflanzen zur E rm ittlung der Verteilung der Individuen nach 
dem  Cham azulengehalt geprüft.
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Im  zweiten V ersuch wurden die K reuzungsverhältn isse zw ischen den beiden T ypen  
in  abwechselnden R eihensaaten  untersucht. Das Saatgut der beiden T ypen wurde je 1 R eihe  
sowie je 2, 3 und 5 R e ih en  wechselnd, jew eils in 4 W iederholungen ausgesät. A uf diese W eise  
hatten  wir von jeder der beiden Typen Pflanzenreihen, die den frem den Pollen von beiden  
Seiten  und solche, die ihn  nur von einer Seite unm ittelbar erhalten konnten. Ausserdem  
standen im  Versuch auch  Pflanzenreihen, die von  beiden Seiten durch je eine bzw. durch  
zwei Pflanzenreihen gegen den fremden P ollen  abgeschirm t waren.

Säm tliche P flan zen  des Versuches, d. h. die gesam ten Nachkom m ensgenerationen b e i
der Versuche wurden auch m it Pflanzung w eitergeführt, das volle Versuchsm aterial konnte  
som it individuell u n tersu ch t werden.

D ie erfolgte K reuzung bzw. der E rbgang wurde aus dem  Cham azulengehalt getestet;  
die E P-Schnellm ethode (T y ih á k , 1962) erm öglichte es uns, die Einzelprüfung einer rela tiv  
grossen Zahl in den spektrophotom etrisch (6440 A) erm ittelten  E xtinktionsw erten anzugeben.

Zur Erfassung des eventuellen E influsses des Sodabodens auf den Cham azulengehalt 
wurde die Verteilung der Nachkom m ensgeneration der Sorte Budakalászi 2 von den ange
säten Parzellen m it der Verteilung des durch P flanzung verm ehrten Bestandes der g leichen  
Sorte verglichen; aus dem  letzteren B estand  waren die spontan ausgetriebenen E inzelpflan
zen der bodenständigen W ildpopulation entfernt worden.

Dieser Versuch a u f Sodaboden wurde in der S tation  Balm azújváros (ostungarisches 
Steppengebiet! des U nternehm en H E R B A R IA  durchgeführt.

Versuchsergebnisse

P rü fung  der N achkom m ensgeneration der M ischpopulationen

Die B estän d e  d e r  m it dem  je  50 % ig en  S aa tg u tg em isch  der T ypen  I u n d  
I I  angesäten  F e ld v e rsu ch e  w urden  zwei J a h re  lan g  w e ite rv e rm eh rt, u n d  die 
V erte ilung  n ach  d em  W irk sto ffg eh a lt ih re r  E in ze lp flan zen  w urde m it d e r 
V erte ilung  der In d iv id u e n  der A u sg an g sp o p u la tio n  verg lichen .

Die p ro zen tu a le  V erteilung  d er P flan zen  des 4 %  C ham azulen  e n th a lte n 
den T yps I  untl des 17%  C ham azulen  e n th a lte n d e n  T yps I I  au f G rund  d e r 
hei V ersuchsbeg inn  m it der E P -S c h n e llp rü fu n g  e rh a lte n e n  F a rb re a k tio n  — 
is t in  Tabelle 1 an gegeben . Die E rg eb n isse , die w ir n ach  d er gleichen P r ü f 
m eth o d e  aus dem  in  den  fo lgenden  zwei J a h re n  iso liert v e rm e h rte n  M ate ria l 
e rh ie lten , sind in  d e r Tabelle 2 zusam m en g efasst.

N ach den U n te rsu ch u n g se rg eb n issen  d e r d re i J a h re  en tfie len  85 9 0 %
d er P flanzen  des T y p s  I in den gelbe u n d  gelbgrüne F a rb reak tio n en  lie fe rn 
den , n iedrigen  C h am azu len g eh a lt an ze igenden  B ereich , w ährend  von  d en  
P flan zen  des T y p s  I I  m ehr als 8 5 %  b lau e -d u n k e lb lau e , hohen  C ham azu len 
g eh a lt anzeigende F a rb re a k tio n e n  e rg ab en . D ie V erte ilung  nach  dem  C h am a
zu lengehalt in n e rh a lb  der Sorten  erw ies sich als seh r s tab il, wie dies aus den  in  
den  Tabellen  an g eg eb en en  Chi2-W e rte n  h e rv o rg e h t.

Die N ach k o m m en sg en era tio n en  der je  50% igen  M ischsaat der b e id en  
T y p en  w urden ü b e r  zwei Ja h re  g e p rü ft. D ie E rg eb n isse  sind  in  Tabelle 3 an g e 
geben und  m it d e r  e rw a rte ten  V erte ilu n g  ve rg lich en , die sich au f G rund  d er 
E rgebn isse  der iso lie rte n  V erm eh ru n g  der b e id en  T y p en  e rgeben  w ürde, w enn  
sie sich m it g le icher F itn ess , ohne H y b rid isa tio n  v e rm eh ren .
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Tabelle 1

Prozentuale Verteilung der E in ze lp fla n zen  nach ihrem Chamazulengehalt 
bei den g eprü ften  beiden T yp en  ( I  u n d  I I )  zu B eginn des Versuches

Extinktionsw erte

Häufigkeitsverteilung 
der Pflanzen

0//о

Typ I T yp I I

0,0— 0,2 45 0

0,2— 0,4 48 0

0,4— 0,6 1 1

0,6—0.8 2 10

700©
" 3 18

1,0— 1,2 1 37
1,2— 1,4 0 15

1,4— 1 6 0 13

1,6— 1.8 0 6

Gesamtzahl der geprüften Pflan-

zen 500 500

Tabelle 2

Prozentuale V erteilung der E in ze lp fla n zen  nach ihrem Chamazulengehalt 
in  den isolierten Vermehrungsbeständen

E xtink tionsw erte

H äufigkeitsverteilung der Pflanzen %

T yp I Typ II

1. Ja h r 2. J a h r 1. Ja h r 2. Ja h r

0 0 - 0 ,2 43 53 0 2
0,2— 0,4 45 30 0 2

© © 0\ 1 4 1 2

0,6— 0,8 2 1 9 11

©̂i-H00©

2 7 16 26
1,0— 1,2 3 3 30 37
1,2— 1,4 2 1 25 11

00 1 0 6 0
C h i2 10,56 11,5

1

A us diesen D a te n  k a n n  fe s tg e s te llt w erden , dass die p ro zen tu a le  V er
te ilu n g  der E in ze lp flan zen  in  der e rs te n  N achkom m ensgenera tion  v o lls tän d ig  
m it d e r e rw a rte ten  V erte ilu n g  ü b e re in s tim m t, die sich aus der S u m m ierung  
d er E rgebnisse  der b e id en  A usg an g sp o p u la tio n en  ergab . D er W ert Chi2 8,2
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bew eist, dass die be iden  T y p en  a n n äh e rn d  gleiche F itn e ss  h a t te n  u n d  dass in 
k e iner R ich tu n g  eine V ersch iebung  der F o r tp f la n z u n g s ra te  e in tra t .  Die 
zw eite N ach k o m m en sg en era tio n  aus der w eite ren  V e rm eh ru n g  lieferte ein 
e tw as abw eichendes E rgebn is. Im  d r it te n  J a h r  zeig te n äm lich  die V erteilung  
d e r M ischpopu la tion  eine bei P  =  0.1 sign ifikan te  A bw eichung  v o n  der sum 
m ierten , b e rech n e ten  V erte ilu n g  d er beiden  A u sg an g sp o p u la tio n en , wie sie 
d u rch  den  Chi2-W ert von  28,2 angezeig t w ird  (A bb. 1).

Tabelle 3

Prozentuale Verteilung der E inzelp flanzen  nach ihrem  C ham azulengehalt 
in der 1. und 2. N achkom m ensgeneration der M odellm ischsaat 

im  Vergleich zu  den sum m ierten E nvartungsiverten

E xtinktionsw erte

Sum m ierte H äufigkeitsprozente der E inzel
pflanzen

1. Nachkom n ensgeneration 2. N achkom m ensgeneration

Erw artung Beobachtung E rw artung B eobachtung

0,0— 0,2 43 49 55 23

0,2— 0,4 45 50 32 50

0 ,4— 0,6 2 3 6 19

0,6— 0,8 11 5 12 23
r-H1CO®

18 20 33 41

1,0— 1,2 33 27 40 28

1,2— 1,4 27 31 12 11

1,4— 1,6 14 7 10 5

со7О

7 8 0 0

Chi2 8,2
1

28,2
1

Aus dem  V ergleich  der e rw a rte te n  und  d er em p irisch  e rm itte lte n  V er
te ilu n g  k an n  fe s tg e s te llt w erden , dass sich die Z ah l der P f lan zen  des Ü b er
gan g sty p s erheb lich  e rh ö h t h a t .  H ierau s lä ss t sich d a ra u f  sch liessen , dass eine 
K reu zu n g  gewissen U m fanges v o r  sich gegangen is t u n d  d e r C ham azulen
g eh a lt dem  in te rm e d iä ren  E rb g a n g  fo lg t. A usserdem  k a n n  k o n s ta t ie r t  w erden, 
dass sich die V aria tio n sb re ite  des C ham azu lengehaltes in  d e r zw eiten  N ach
kom m en sg en era tio n  des V ersuches e ingeengt h a t.  D iese E in en g u n g  b e tra f  in 
a n n äh e rn d  gleichem  M asse die e x tre m  hohen  u n d  die e x tre m  n ied rig en  Cham a- 
zu lcnw erte . Diese A usg le ichungstendenz der M isch p o p u la tio n  k an n  n ich t 
Jah re se ffek ten  zugeschrieben  w erden , da  in der g le ich jäh rig en  iso lierten  V er
m eh ru n g  der T y p en k o m p o n en ten  eine ähnliche T endenz  n ic h t zu r G eltung 
kam .
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Extinctionswerte

Extinctionswerte

Abb. 1. Prozentuale Verteilung der E inzelpflanzen nach ihrem Cham azulengehalt in den erst
und zweitjährigen N achkom m ensgenerationen der M odellm ischsaat im  Vergleich zu den

sum m ierten Erwartungswerten

U ntersuchungen über die M öglichkeiten der K am illen typ en kreu zu n g  
in  räum licher Isolation

Die in  den  soeben  b esch rieb en en  V ersuchen b e o b a c h te te  E rh ö h u n g  des 
n um erischen  A nte ils  d e r in te rm ä d ie re n  T ypen  gab u n s  den  A nstoss, die Mög
lich k e iten  einer K reu zu n g  der b e id en  abw eichenden  T y p e n  in  e inem  k o n k re t 
h ie ra u f  abzielcnden  V ersuch  zu  u n te rsu ch en . Zu diesem  Z w eck w urde  der V er
such  m it abw echselnder R e ih e n sa a t e ingeste llt, w o d u rch  sich  die M öglichkeit 
b o t, die E in k reu zu n g sv e rh ä ltn isse  in  d er N ach k o m m en sg en era tio n  zu  prü fen ,
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u n d  zw ar je  n ach d em  ob die P rü fp flan zen  frem d en  Pollen  aus den  u n m itte lb a r  
an re ibenden  N a c h b a rre ih e n  von  beiden S e iten  bzw . n u r  v o n  e iner Seite e rh a l
te n  k o n n ten  oder ob sie dagegen  d u rch  je  e ine  bzw . d u rch  je  zwei R eihen  von 
P fl anzen des e igenen  T yps g esch ü tz t w aren .

Zur besseren  Ü b e rs ich tlich k e it w u rd e n  die E rg eb n isse  der U n te r 
suchungsergebn isse  an  den  N ach k o m m en sg en era tio n en  a u f  G ru n d  der jew eili
gen E x tin k tio n sw e rte  in  4 G ruppen  g eo rd n e t. Die U n tersu ch u n g serg eb n isse  
aus der 1. N ach k o m m en sg en era tio n  sind in  T abe lle  4 zusam m engefasst. D ie 
D a te n  zeigen, dass die E in k reu zu n g sm ö g lich k e iten  bei b e id en  T ypen  die 
gleichen w aren , eine K reu zu n g  ab er bei b e id e n  n u r  d o rt e rfo lg te , wo sich die 
P flan zen  in u n m itte lb a re r  N ach b a rsch aft d e r P flan zen  des frem den  T yps b e 
fan d en . In  der N ach k o m m en sg en era tio n  d e r d u rch  eine bzw . du rch  je  zwei 
S chu tz re ihen  iso lie rten  P flan zen re ih en  ze ig te  die V erte ilu n g  der E in z e l
p flanzen  nach  dem  C ham azu len g eh alt eine fa s t v o llständ ige  Ü b ere in stim m u n g  
m it d er V erte ilung  in den  iso lie rten  A u sg an g sp o p u la tio n en . B ei den m it dem  
frem d en  T yp u n m itte lb a r  b e n a c h b a rten  R e ih en  e rh ö h te  sich  dem gegenüber 
die Z ahl der P f lan zen  m it den  fü r  den  frem d en  T y p  c h a ra k te ris tisch e n  C ham a- 
zu len -W erten  um  15 20% . W aren  jed o ch  die P rü fp fla n z e n  auch  n u r d u rch
eine Iso lierungsreihe gegen die frem de P flan zen re ih e  ab g esch irm t, so w ar 
ü b e rh a u p t keine E in k re u z u n g  nachzuw eisen . D iese B eo b ach tu n g  is t fü r  die

Tabelle 4

Prozentuale Verteilung der E inzelp flanzen  nach ihrem  Chamazulengehalt 
in  der F t -N achkom m ensgeneration der m it Iso la tio n  vermehrten Versuchsbestände

Fremder Pollen

Extinktionswerte

1

direkt indirekt
Isolierte

Ver
mehrung

von
einer
Seite

von
zwei

Seiten

über eine 
Isolier- 
ïeihe

über zwei 
Isolier
reihen

T y p  I

0,0— 0,3 72 77 87 88 88

0,3—0,5 4 5 3 3 4

0,5— 0,7 4 4 4 6 6

0,7 20 15 6 4 4

T yp  I I

0,0— 0,3 18 17 0 1 2

0,3— 0,5 5 2 1 2 3

0,5— 0,7 2 7 2 4 0

0,7 75 74 97 93 95

Gesamtzahl der geprüften

Pflanzen 400 400 400 400 400
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E rh a ltu n g sz ü c h tu n g  von B ed eu tu n g  u n d  b ie te t  R ich tlin ien  fü r  die erfo rderliche  
räu m lich e  Iso la tio n .

Im  w eiteren  V erlau f des V ersuches w urde die V erte ilu n g  d er E in z e l
p fla n z e n  in  den  F 2 u n d  F 3-N ach k o m m en sg en era tio n en  d e r h y p o th e tisc h e n  
H y b rid p fla n z e n  a u f  G rund der o b e n e rw ä h n te n  4 G ru p p en  der E x t in k tio n s 
w e rte  u n te rsu c h t.

V on T yp  I w urde  aus den  S am en  der den E x tin k tio n sw e rt <C0,7 e rg e
b e n d e n  P flan zen  F x-, u n d  F 2- u n d  F 3-G enera tionen  e n tw ick e lt u n d  deren  
V erte ilu n g  m it d er V erte ilung  d er aus d e r  iso lierten  V erm eh ru n g  des A u sg an g s
m a te ria ls  e rh a lte n e n  P flanzen  v e rg lich en . Die E rgebn isse  sind  in  T ab e lle  5 
u n d  in  A bb. 2 zusam m engefasst. Im  V ergleich zum  A u sg an g sm ate ria l zeigte

Typ I fyp I!

gelbe Farbreaktion, ohne Chamazulengehalt
grüne Farbreaktion, Chamazulengehalt 
max. 3%
blaue Farbreaktion, Chamazulengehalt 
max. 7 %
dunkelblaue Farbreaktion, Chamazulen- 
gehalt über 7 %

Abb. 2. Prozentuale Verteilung der aus der Sam enernte von T yp I stam m enden Hybrid  
t  pflanzen nach ihrem  Cham azulengehalt in den Nachkom m ensgenerationen — F 3
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Tabelle 5

Prozentuale Verteilung der aus der Sam enernte  
von T y p  I  erhaltenen H ybridp flanzen  nach ihrem Chamazulengehalt 

in  den Nachkom m ensgenerationen  — F 3

E xtinktionsw erte

H äufigkeitsverte 
der Pflanzen in

Fi F,

lung
%

Fs

Isolierte Vermehrung 
von Typ I 

D urchschnitt 
von 3 Jahren

0,0— 0,3 72 43 49 86

0 ,3—0,5 4 10 12 4

0,5— 0,7 4 10 8 6

0,7 20 37 31 4
Gesam tzahl der geprüften Pflanzen 100 200 400 300

sich in den N ach k o m m en sg en era tio n en  der H y b rid p fla n z e n  eine e rheb liche  
E rh ö h u n g  d er Z ah l je n e r  E inze lp flanzen  die b laue F a rb re a k tio n e n  und  e inen  
E x tin k tio n sw e rt < 0 ,7  ergeben.

Es sch e in t, dass die F 2- u n d  F 3-G enera tionen  b e re its  in  eine G leich
gew ichtslage k o m m en  und  dass diese im  V ergleich zum  A usgangsm ateria l eine 
w esentliche V erb esseru n g  b e d e u te t. D er u rsp rü n g lich  m eh r als 80% ige A n te il 
d er ch am azu len arm en  P flanzen  san k  u n te r  50%  ab , w ogegen sich der A n te il 
der h o ch ch am azu len h a ltig en  P flan zen  von  der u rsp rü n g lich en  einigen P ro 
zen ten  a u f ü b e r  30 %  e rhöh te .

Anbauversuche a u f  Sodaboden m it der K am illenzuchtsorte

M it der g rossb lü tigen  Z u ch tso rte  B u d ak a lász i 2 w u rd en  m eh rjäh rig e  
A nbauversuche  in  d er G egend von  B a lm azú jv á ro s  (o stungarisches S te p p e n 
gebiet) a u f u m g eb ro ch en er Sodaw eidefläche d u rch g e fü h rt . Als erfreu liches E r 
gebnis k o n n te  fe s tg e s te llt w erden , dass die grossb lü tige  S orte  B u daka lász i 2, 
die in  Z u c h tg a rte n v erm e h ru n g e n  B lü tengew ich te  von  3,5 — 4,5 g au fw eist, 
auch  im  A nb au  a u f  Sodaboden  eine re la tiv  grossb lü tige  D roge lieferte. G egen
ü b er den B lü ten g ew ich t von 1 ,5—2 g der aus Sam en de<r ö rtlich en  W ild p o p u 
la tio n  s ta m m e n d e n  B estän d e , e rgab  die Sorte B u d ak a lá sz i 2 auch au f dem  
S odaboden  H u n d e rtb lü te n g e w ic h te  von  2,8 3,2 g. Als günstiges E rg eb n is
k o n n te  w eite rh in  v e rb u c h t w erden , dass die k ü n s tlich  g e tro ck n e te  B lü ten d ro g e  
aus dem  A nb au  d e r grossb lü tigen  S orte  B u d ak a lász i 2 a u f  Sodaboden  in m e h r
jäh rig e r  L ag eru n g  n ic h t s tä rk e r  au se inanderfie l u n d  v e rs ta u b te , als die B lü te n 
droge der k le in b lü tig en  b o d en stän d ig en  W ild p o p u la tio n en . Es b leib t je d o c h  
frag lich , ob u n d  inw iew eit sich d er züch te risch  erzielte  höhere  W irk sto ffg eh a lt 
beim  A nbau  a u f  Sodaboden  rea lisie ren  lä ss t, n ach d em  im  Laufe des zw ei
jäh rig en  V ersu ch san b au s gewisse W idersp rüche a u fta u c h te n .
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In  einigen F ä llen  lie ferte  die Z u c h tso r te  im  A nb au  a u f  S odaboden  den 
e rw a r te te n  hohen C h am azu len g eh a lt, v e re in z e lt kam en  a b e r  au ch  e rheb lich  
u n te r  dem  E rw a rtu n g sw e rt liegende G eh a ltsw erte  vor. E s w urde  v e rsu ch t, 
d iesen  W idersp ruch  a u f  p o p u la tio n sg en e tisch e r G rund lage  zu k lä ren . A u f 
Z usam m enhänge  zw ischen  U m w elte ffek t u n d  g en o ty p isch er Z u sam m en 
se tz u n g  von P o p u la tio n e n  h a t ü b rigens a u c h  S t e i n  (1965) schon  hingew iesen.

E s k an n  an g en o m m en  w erden , d ass  a u f diesen u ra lte n , n a tü rlic h e n  
K am illen fe ldern  im  B o d en  verb liebene o d er vom  W ind an g ew eh te  S am en der 
b o d en stän d ig en  W ild p o p u la tio n  die Z u c h tso r te  v e rseu ch t h ab e n  u n d  dass der 
d u rch sch n ittlich e  W irk s to ffg eh a lt d er S o rten p o p u la tio n  als Folge d ieser gene
tisc h e n  E inm ischung  gesunken  ist. E s h a n d e lt  sich also w ohl um  eine du rch  
U m w eltbed ingungen  h e rb e ig e fü h rte , le tz te n  E ndes ab er g enetisch  bed ing te  
V eränderung .

Zur Ü b e rp rü fu n g  d ieser A nnahm e w urde  in N achkom m ensgenera tionen  
d e r a u f  Sodaboden  a n g e b a u te n  Z u c h tso rte  B udakalász i 2 die V erte ilung  der 
E inze lp flanzen  n ach  ih rem  C h am azu len g eh alt in einer G eg en überste llung  von 
A n sa a tk u ltu r  und  P f la n z k u ltu r  u n te rs u c h t. In  der le tz te re n  k o n n te  näm lich  
die E inm ischung  d e r b o d en stän d ig en  W ild p o p u la tio n  au sg esch a lte t w erden.

In  diesem  V ersu ch  w urden  die N achkom m en  d er a u f  S odaboden  m it 
A npflan zu n g  aufgezogenen  Z u ch tso rte  B u d ak a lász i 2, die 17 ,4%  C ham azulen- 
w e r t  zeigten, also sc h e in b a r u n v e rm isch te  N ach k o m m en sch aft d er Sorte d a r
s te llte n  (S tichprobe N r. 3), m it N ach k o m m en  derselben S orte  aus der A n sa a t
k u l tu r  verglichen, die 11 ,6%  und 13 ,6%  C h am azu lengehalt aufw iesen (S tich 
p ro b en  1 und  2); le tz te re  zwei S tich p ro b en  rep rä sen tie rten  also B estän d e , in 
d en en  eine sp o n tan e  V erm ischung  m it d e r b o d en stän d ig en  W ild p o p u la tio n  
n ic h t  ausgeschlossen w ar.

Die von diesen d re i S tichp roben  e rh a lte n e n  N achkom m en  w urden  w ieder 
a u f  Sodaboden a n g e h a u t, nun  aber e in h e itlich  in P fla n z k u ltu re n , w obei das 
e rh a lten e  P fla n z e n m a te ria l w urde m it dem  ursp rüng lichen , n ich t von Soda
b o d en  stam m en d en , iso lie rt v e rm e h rte n  B asism ateria l m it 18% igen C ham a
zu lengeha lt der S o rte  B udak a lász i 2 (S tichp robe  4 als K o n tro lle ) verg lichen . 
D ie E rgebnisse dieses V ergleichs sind  in  T abelle  6 und  A bb. 3 zusam m engefasst.

Die p ro zen tu a le  V erteilung  d er N achkom m enpflanzen  der einzelnen 
S tich p ro b en  b e s tä tig t  ganz e in d eu tig  die S tich h ä ltig k e it d e r A nnahm e, dass 
im  Falle der ch a in azu len a rm en  S tich p ro b en  1 und 2 eine V erm ischung  der 
Z u ch tso rte  B u d ak a lá sz i 2 m it der b o d en stän d ig en , ch am azu len arm en  W ild
p o p u la tio n  erfo lg te . B ei S tichprobe 1 ze ig t sich eine 30% ige, hei S tichprobe 2 
eine 15% ige F rem d e in m isch u n g  im  B estan d . D ieser V erm ischungsan te il 
s t im m t m it der V errin g eru n g  der C h am azu lenw erte  gegenüber dem  A usgangs
m a te ria l gut üb ere in . B ei S tichprobe 3, in dem  zw ar au f S odaboden , jed o ch  in 
P fla n z e n k u ltu r  v e rm e h r te n  B estan d  e rfo lg te  keine V erm ischung  m it der W ild 
p o p u la tio n . D em gem äss zeigt d ieser B e s ta n d  die gleiche V erte ilu n g  u n d  an-
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Tabelle 6

Prozentuale Verteilung der E in ze lp fla n zen  nach ihrem Chamazulengehalt 
in  den Nachkom m ensgenerationen der a u f  Sodaboden angebauten Zuchtsorte B udakalászi 2

Extinktionsw erte

Stichproben aus <^en auf 
Sodaboden gewachsenen 

B eständen K ontrolle
4

1 2 3

0 , 0 -  0,2 15 4 0 0
0,2— 0,4 25 10 0 0
0 ,4 - 0 ,6 2 3 l l
0 ,6 - 0 ,8 8 1 2 2
0,8- 1,0 12 14 6 7
1 ,0 -1 ,2 14 15 14 18
1,2 —1,4 13 17 26 23
1 ,4 -1 .6 10 14 23 21
1 ,6 -1 ,8 4 15 18 16

Gesamtzahl der geprüften Pflanzen 300 300 300 300
Chamazulengehalt der Stichproben in Prozenten  

des Gehalts an ätherischen Ölen 1 =  11,6 2 =  13.6 3 =  17,4 4 =  18,0

n ä h e rn d  gleiche C ham azu lenw erte , w ie d e r au f sodafreiem  B oden  iso liert v e r 
m e h rte  B estan d  der S orte  B u d a k a lá sz i 2.

Die E rgebnisse  dieses V ersuches lassen  die A nnahm e b e rech tig t e rsch e i
nen , dass die beim  A nb au  der h o ch ch am azu len h a ltig en  Z u c h tso rte n  a u f S o d a
hoden  zuw eilen b eo b a c h te ten  v e rr in g e rte n  C ham azulenw erte  n ich t dem  B o d en 
e ffek t zuzuschre iben  sind , sondern  d u rc h  V eränderung  des genetischen  A uf-

30-

25-

20 -

_Ö
iE

15-

10-

5 -

0 -

Chamazulen'gehalt der Stichproben im 
Prozent des ätherischen Ölgehaltes 

-------11,6 ------- 13,6 ..........17.4 -------18,0

Extinctionswerte

Abb. 3. Prozentuale Verteilung der E inzelpflanzen  nach ihrem Cham azulengehalt in  den  
Nachkom m ensgenerationen der Stichproben aus den auf Sodaboden gewachsenen B eständen

der Zuchtsorte Budakalászi 2
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b a u e s  der P o p u la tio n en  v e ru rsa c h t w erden . D ies is t eine neuerliche B e k rä fti
gu n g  der F es ts te llu n g  v o n  K a i s e r  H a s e n m a i e r  (1965) u n d  unserer eigenen 
B eobach tungen  (S v á b , 1967), dass näm lich  die H öhe des C ham azu lengehaltes 
in  e rs te r Reihe g en e tisch  b ed in g t is t u n d  von  ökologischen E ffek ten  k a u m  
bee in flu sst w ird.

Die hier d a rg e le g tc n  V ersuchsarbe iten  sind  bloss e rs te  Schritte  zu r 
K lä ru n g  der th e o re tisc h e n  G rundlagen  fü r  die b re ite re  N u tzu n g  der in d er 
u ngarischen  K a m illen zü ch tu n g  erzielten  E rgebn isse . U nsere  bisherigen U n te r
such u n g sresu lta te  d e u te n  d a ra u f  h in, dass sich  fü r die S te ig eru n g  des C h am a
zu lengehaltes d er u n g arisch e  K am ille versch iedene, au ch  th eo re tisch  b e g rü n 
d e te  M öglichkeiten b ie te n .

Zusammenfassung

1. N ach k o m m en sg en cra tio n en  der M ischsaat e iner k le inb lü tigen , w enig  
C ham azulen e n th a lte n d e n  und  einer g rossb lü tigen  lio chcham azu lenha ltigen  
K am illen type  b lieb  d e re n  V erhältn is u n v e rä n d e r t, u n d  die K reuzung d e r 
b e id en  Typen g e s ta lte te  sich  je  Ja h rg a n g  un te rsch ied lich .

2. Bei re ihenw eise w echselnder N a c h b a rsa a t der k le in b lü tig en  und gross
b lü tig e n  K am illen ty p en  zeig te sich zw ischen u n m itte lb a r  angrenzenden  R eihen  
e in e  15- bis 20% ige E in k reu zu n g .

3. A uf G ru n d  d e r  V ersuchsergebnisse  sch e in t die K reu zu n g  der be id en  
T y p en  durch E in sc h a ltu n g  von  1 -2 Iso lie rre ihen  aussch liessbar zu sein.

4. In  der N ach k o m m en sch a ft d er H y b rid p fla n z e n  d er beiden T y p en  
k a m  die F ,-P o p u la tio n  ins G leichgew icht, das sich in d er F 3-G eneration  schon  
stab ilis ie rte .

5. Die beim  A n b a u  der liochcham azu lenha ltigen  Z u ch tso rten  auf S o d a 
b o d en  zuweilen b e o b a c h te te  V erringerung  des W irk sto ffg eh a ltes  ist der V e r
seuchung  durch  die b o d en stän d ig e  W ild p o p u la tio n  zuzuschre iben . In  re in en  
U inien kam  kein  ch am azu len v e rrin g e rn d e r E ffek t des S odabodens zur G eltung .
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The paper joins to the com plex  ecosystem  research into the clim ate-zonal oak 
forest (Quercetum  petraeae-cerris) o f the hilly region betw een the Transdanubian  
Central M ountains and the G reat P lain. I t  exam ines the precipitation quantities in 
1974, by sam pling fortnightly, w h ich  arrive above the forest canopy, and those which  
fall through the tree and shrub layer and flow  down on the trunk of trees, reaching  
the forest soil.

The throughfall beneath th e  oak canopy was collected by using 14 polyester 
troughs of 2 0 x 1 0 0  cm collecting surface, while the stem flow  by the aid of 14 poly
urethane collars placed around th e  trunks.

The stu d y  determines th e  interception , its seasonal changes, and analyzes the  
differences b etw een  the two tree  species and between the tree and shrub com 
binations. The data  are also ca lcu lated  for hectare.

Am ong th e  p rocesses ta k in g  p lace  in  th e  ecosystem , th e  p a t te rn  of w ate r 
c ircu la tio n  is decisive from  sev era l v iew poin ts. For ex am p le , to  follow th e  
q u a n ti ta t iv e  and  q u a lita tiv e  cou rse  o f p ro d u c tiv ity , or to  explore  th e  bio- 
e le m e n t cycles, a n d  to  u n d e rs ta n d  th e  whole ecosystem  ba lan ce  itself, the  
know ledge of w a te r  c ircu lation  p a t te r n  in  tim e and  space is ind ispensab le . 
S ince how ever w a te r  c ircu la tion  i ts e lf  is a v e ry  co m p lica ted  an d  com plex 
p rocess, in v estig a tio n  in to  it m ay  be  fa c ilita te d  if the  in fo rm ativ e  d a ta  are ob
ta in e d  sep ara te ly  fro m  the  in d iv id u a l sections of th e  p rocess w hich m ay  be 
com b in ed  la te r. S ections of the eco sy stem  w ate r c ircu la tion  m ay  be com posed 
o f  e lem en ts like: in p u t  w a te r; p a th w a y  of w a te r, reach ing  th e  ecosystem  in the  
fo rm  o f p re c ip ita tio n , to  the  soil; w a te r  in  th e  soil; w a te r  u sed  a n d  s to red  b y  
liv in g  organism s; o u tp u t  w ater (w ith  tw o  of its  b ran ch es: th ro u g h  organic and 
th ro u g h  inorganic m a tte r) .

T he purpose o f  th e  p resen t p a p e r  is to  describe one o f these sections 
— th e  dynam ics o f  th e  p re c ip ita tio n  falling onto  th e  soil — in re la tion  
to  th e  w ate r c ircu la tio n  of a fo re s t  ecosystem  exam ined  over one year. 
O u r exam in a tio n s a re  p a r t  of th e  com plex  ecosystem  re sea rch  (“ S ík főkú t 
P ro je c t” , cf. J a k u c s  1973), ta k in g  p lace  w ith in  the fram ew o rk  o f th e  MAB 
p ro g ra m , on the m odel area a llo ca ted  in th e  P an n o n icu m  clim ate  zonal 
o ak  fo rest.

* “ Síkfőkút P roject” , No. 14.
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T he q u an titie s  an d  w ay  of th e  p re c ip ita tio n  fa lling  to  th e  fo rest floor 
h av e  a lread y  been s tu d ie d  fo r a long tim e . B y  a ran d o m  selec tion  we refer, for 
ex am p le , to  the  in v e s tig a tio n s  of Z i n k e  (1967) carried  o u t in  th e  USA who 
p u b lish ed  a sum m ary . In  th e  m o st im p o r ta n t fo rest ty p e s  o f G rea t B rita in , 
O v i n g t o n  (1954), R e y n o l d s  — L e y t o n  (1963), R u t t e r  (1963), Ca r l i s l e -  
B r o w n — W h i t e  (1965), R e y n o l d s  — H e n d e r s o n  (1967) an d  L e y t o n — 
R e y n o l d s  T h o m p s o n  (1967) m ade sim ilar in v es tig a tio n s . T he w orks of 
D e l f s  (1967) and  U l r i c h  (1971) in  th e  beech an d  sp ruce  s ta n d s  of C en tral 
G e rm an y ; as well as th e  p re c ip ita tio n  in v estig a tio n s in  th e  M ed ite rranean  oak 
fo re s ts  b y  E t t e h a d  — L o s s a i n t — R a p p  (1973) shou ld  also be m en tioned . 
M o l c h a n o v  (1971) re p o r te d  on th e  w a te r  b u d g e t o f th e  zonal forests in  th e  
S o v ie t U nion. I n t r i b u s  (1970) gives a p re lim in ary  re p o r t  on th e  in v estiga tion  
th a t  have  been s ta r te d  in  a S lo v ak ian  blue h o rn b eam -o ak  fo rest.

Site and  m ethod

O ur ex am in a tio n s  w ere ca rried  o u t in  a 65 y e a r old hom ogeneous, off
sh o o t o rig inated  tu rk e y  oak  fo rest (Quercetum petraeae-cerris) in  th e  h ill- 
c o u n try  lying in  th e  in te rc e p tio n  o f  th e  N o rth e rn  M o un ta ins and  th e  G rea t 
P la in . In  the  can o p y  la y e r  Quercus petraea  (84% ) is d o m in a n t, beside it , 
Quercus cerris (16% ). T he crow n can o p y  is 80 p er c en t closed, th e  average tree  
h e ig h t is 17.3 m , th e  m ean  tru n k  d iam e te r is 20 cm , an d  th e re  are 816 trees p er 
h e c ta re . The sh rub  s t r a tu m  of th e  fo rest is also v e ry  rich , its  average coverage 
is 6 6 %  ( J a k u cs  — H o r v á t h  — K á r á s z , 1974). T he a n n u a l p rec ip ita tio n  of th e  
a re a  is 540 580 m m  as an  average  of 50 yeras; in  th e  y e a r  o f ex am in a tio n  i t
w as 710 m m . The y e a r ly  m ean  te m p e ra tu re  is 9.9°C; th e  sam e in  th e  grow ing 
season  is 17°C.

The ex p erim en ts  w ere ca rried  ou t on a 5 0 x 5 0  m  (a q u a r te r  of a hec ta re ) 
a rea  allocated  for th is  p u rpose  (“ S ík főkú t P ro jec t” , “ B ”  square). In c id en t 
ra in fa ll (a), th ro u g h fa ll (b) an d  stem flow  (c) w ere m easu red . The ex am in a 
tio n s  were carried  o u t from  27 F e b ru a ry , 1974, to  4 D ecem ber, 1974. The 
foliage of the  fo re s t w as fu lly  developed b y  th e  m iddle of M ay, an d  th e  
g re a t m a jo rity  o f th e  foliage fell dow n b y  th e  en d  of O ctober. The col
lec tin g  buckets w ere em p tied  once a week, a fo r tn ig h t, an d  possibly m ore 
ra re ly , co rrespond ing ly  w ith  th e  ra in fa lls, a lto g e th e r on 23 occasions. E v a p 
o ra tio n  loss w ith  th e  b lack -co lou r collecting b u ck e ts  is negligible, acco rd 
ing  to  our m easu rem en ts . I t  shou ld  be m en tio n ed  here  th a t  th e  only w a te r  
source of the  fo re s t ex am in ed  is th e  a tm ospheric  p re c ip ita tio n , w hich, in  th e  
v e g e ta tio n  period , is rea lized  exclusively  in  th e  form  o f ra in fa lls  (in su m m er 
th e se  are h eav y  ra in fa lls ) . T he q u a n ti ty  of m o istu re  p re c ip ita tin g  b y  dew  is 
sm all in the  fo re s t; m ore considerab le  are th e  q u a n titie s  o f w a te r p rec ip ita tin g

Acta Botanica Academiae Scientiarum Hungaricae 21, 1975



NET PRECIPITATION IN A HUNGARIAN OAK FOREST ECOSYSTEM 153

f ro m  fog, th e s e  h o w e v e r  — s im i la r  t o  sn o w  — are  c h a r a c t e r i s t i c  o f  t h e  w in te r  
m o n th s .

(a) M e a s u r e m e n t  o f  t h e  i n c id e n t  ra in fa l l  w as c a r r i e d  o u t  on t h e  to p  o f  a 
24 m  h ig h  to w e r  e re c te d  o n  t h e  a r e a ,  a t  a h e ig h t  o f  4 m  a b o v e  t h e  fo re s t  c a n o p y ,  
in  a p o ly e s te r  co l lec ting  t r o u g h  o f  2000  cm 2 su rface  a r e a ,  s im ila r  t o  th r o u g h -  
fall.  O n  t h e  sa m e p la ce ,  on  t o p  o f  t h e  to w er ,  HELLMANN-type r a in  g au g e s  
w ere  also p u t  o u t .  A  c o m p a r is o n  b e t w e e n  th e  q u a n t i t i e s  o f  th e  p r e c ip i t a 
t io n  m e a s u re d  w i th  th e  tw o  m e th o d s  ra ises  m e th o d o lo g ic a l  p ro b le m s .  T h e  
c o n t ro l  i n p u t  p re c ip i t a t io n  is in  g e n e r a l  m e a su re d  in  o p e n  l a n d  n e a r  b y  th e  
fo re s t  e x a m in e d  a n d  th is  is a d a p t e d  to  th e  fo re s t  (Ca r l i s l e  B r o w n  
W h i t e , 1965; S k a u  1964; M a y e r  1971, etc .) .  I n  th e  m id d le  o f  o u r  e x a m in a t io n  
y e a r  we also p u t  o u t  r a in  g au g e s  on  t h e  o p e n  la n d  f a r t h e r  f ro m  t h e  fo re s t  ed g e ,  
w h e r e b y  o b ta in in g  c o m p a r a t i v e  d a t a  r e la t in g  also to  t h e  a tm o s p h e r ic  p r e 
c ip i t a t io n  q u a n t i t i e s  m e a s u r e d  a t  t h e  tw o  places.

(b) T h e  th r o u g h fa l l  w as  c o l le c te d  in  th e  14 t r o u g h s  o f  2000 cm 2 co l lec t in g  
su r fa ce  ea ch  p la ce d  on a q u a r t e r  o f  h e c ta r e ,  o f  w h ich  t h e  w a te r  w as  g a t h e r e d  
in  p la s t ic  b u c k e t s  (F ig .  1). T h e  CV o f  t h e  d a t a  o b ta in e d  in  th i s  case is a r o u n d  
1 0 % ,  e x c e p t  for  th e  w a te r  q u a n t i t i e s  m e a s u r e d  in t h e  case  o f  low in c id e n t  
ra in fa l l ,  w h e n  t h e  CV v a lu e  o f  t h e  d a t a  a m o u n ts  to  e v e n  20 — 30% . T h e  e r r o r  
o f  t h e  d a t a ,  on  th e  bas is  o f  t h e  BARTLETT-test p ro v e d  to  b e  h o m o g e n e o u s .  T h e

Fig. 1. Throughfall collecting trough (surface area 2000 cm2) (P hoto: M. Szabó)
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c o l le c t in g  t ro u g h s  w ere  p l a c e d  o u t  ac c o rd in g  to  th e  fo llow ing  c o m b in a t io n :  5 
u n d e r  th e  c a n o p y  o f  Quercus petraea, 3 u n d e r  Qu. cerris t r e e ,  3 u n d e r  Qu. 
petraea  t r e e  -|- Acer cam pestre  s h r u b ,  a n d  3 u n d e r  Qu. petraea  t r e e  +  Cornus 
m as  s h r u b .

(c) The s te m f lo w  w a s  m e a s u re d  also in  t h e  a l lo c a te d  a r e a ,  on  14 t re e s  
w h o s e  db h .  w as n e a r  t h e  m e a n  s te m  d ia m e te r .  P o l y u r e t h a n e  collars  w ere  
p l a c e d  a t  a h e ig h t  o f  130 c m  on  th e  s te m  o f  9 Quercus petraea  a n d  5 Quercus 
cerris, a n d  th e  s t e m f lo w  w a s  co l lec ted  in  p la s t ic  cans  (F ig .  2). T h e  poss ib i l i ty

Fig. 2. Stem flow collecting equipm ent. The drain tube is led into a 50 1 plastic bucket (Photo:
L. Nagy)

Acta Botanica Academiae Scientiarum Hungaricae 21, 1975



NET PRECIPITATION IN A HUNGARIAN OAK FOREST ECOSYSTEM 155

of ap p ly ing  p o ly u re th an e  foam  for ca tch in g  stem flow  w a te r  was re p o rte d  b y  
L i k e n s  E a t o n  (1970).

(d) T he re la tio n s betw een  th e  in c id e n t ra in fa ll and  th e  th ro u g h fa ll an d  
stem flow  q u a n tit ie s  were e v a lu a te d  on th e  O D R A  1024-type co m p u te r o f  th e  
K o ssu th  L a jos U n iv ersity , D ebrecen .

Results

The a tm o sp h eric  p re c ip ita tio n  in  fo re s t ecosystem s n ev e r reaches th e  
soil in full q u a n t i ty .  The w a te r  q u a n ti ty  w hich fina lly  gets dow n to  th e  soil 
can  be d iv id ed  in to  tw o p a r ts . One p a r t  falls d irec tly  th ro u g h  th e  canopy , or 
i t  gets to  th e  soil b y  d ripp ing  dow n from  th e  leaves (i.e. can o p y  d rip ), th is  is 
th e  so-called th ro u g h fa ll. T he o th e r  p a r t  flow s dow n along th e  b ran ch es an d  
tru n k s  and  reach es  th e  soil in  th is  w ay ; th is  is th e  stem flow . The d ifference 
b e tw een  th e  w a te r -q u a n tity  reach in g  th e  can o p y  an d  th a t  g e ttin g  fin a lly  o n to  
th e  soil, is th e  in te rcep tio n  loss. The m ax im um  w a te r-q u a n tity  w hich can  
p hysica lly  be re ta in e d  by  th e  v e g e ta tio n  is called th e  canopy  s to rage  c a p ac ity . 
T his, to g e th e r  w ith  th a t  p a r t  o f th e  w a te r  w hich  ev ap o ra tes  d u rin g  th e  ra in fa ll 
give th e  m ax im a lly  possible in te rc e p tio n  loss.

(a) Throughfall

T he q u a n t i ty  of th ro u g h fa ll as a fu n c tio n  of inc id en t ra in fa ll ex am in ed  
in  fou r v a r ia tio n s  can be exp ressed  b y  a lin ea r regression curve (F ig . 3). 
A ccord ingly , th e  la rg est q u a n ti ty  of p re c ip ita tio n  arrived  th ro u g h  th e  can o p y  
o f Quercus cerris to  th e  soil, w hile th e  le a s t th ro u g h  th e  foliage of Quercus 
petraea. In te re s tin g ly , in the  case of sh ru b  com binations m ore w a te r reach ed  
th e  soil th a n  th ro u g h  th e  foliage o f Quercus petraea. This is ex p la ined  b y  th e  
fa c t th a t  in  th e  fo re s t above th e  sh ru b s th e  can o p y  is in  general — an d  in ou r 
sam pling  case i t  w as so — less closed. The q u a n titie s  of th e  th ro u g h fa ll of th e  
tw o  sh ru b  species are  nearly  id e n tic a l w ith  each  o th e r, therefo re , th e  regression  
curve is given o n ly  for Quercus petraea  +  Cornus mas. The g re a te r  q u a n ti ty  
of w a te r  a rriv in g  th ro u g h  th e  foliage o f T u rk e y  oak  to  th e  soil p ro b ab ly  com es 
ab o u t from  th e  p a r tic u la r  can o p y  p a t te rn  o f th e  species anti from  th e  sm all 
va lues of its  c a n o p y  storage c a p a c ity . W e ca lcu la ted  these  v alues b y  e x t r a 
p o la tin g  th e  reg ression  curves, a n d  considered  th e m  only as o f an  in fo rm ativ e  
c h a ra c te r  since th e ir  m ore accu ra te  d e te rm in a tio n  w ould requ ire  m easu rem en ts  
by th e  ra in fa ll. W e rem ark , in a d d itio n , th a t  th e  co rre la tion  betw een  th ro u g h - 
fall an d  a tm o sp h eric  p rec ip ita tio n  in  th e  case o f a sm all q u a n ti ty  o f ra in  is n o t 
linear.

Since th e  regression  e q u a tio n s  w ere ca lcu la ted  for w a te r  q u a n titie s  
co llected  on a 2000 cm2 surface, th e  re su lts  shou ld  he d iv ided  b y  200 w hen
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ca lcu la tin g  for m m  u n its . T hus th e  reg ression  curves w ill give th e  follow ing 
re su lts :

Quercus petraea  T  = = 0.738 P  —  0.557 r  =  0.994*** 
canopy  sa tu ra t io n :  0.75 m m

Quercus cerris T  =  0.858 P  0.354 r  =  0.995*** 
canopy  sa tu ra t io n :  0.42 m m

Quercus petraea  +  Acer campestre T  =  0.799 P  — 1.476 r  =  0.989*** 
canopy  s a tu ra tio n : 1.84 m m

Quercus petraea  +  Cornus mas T  =  0.786 P  — 0.858 r  =  0.990*** 
canopy  s a tu ra tio n : 1.09 m m

T o ta l th ro u g h fa ll T  =  0.805 P  — 0.966 r  =  0.993*** 
canopy  s a tu ra tio n : 1.20 m m

T  =  th ro u g h fa ll (m m ); P  =  ra in fa ll (m m );
Significance o f  th e  co rre la tion  coeffic ien t r***: P  =  0 .1%

F ig. 3. Linear regression o f  throughfall on gross precipitation. 1. Quercus petraea T =  0.738P  — 
— 11.395, r =  0.994***; 2. Quercus petraea -f- Cornus mas T =  0.786P  —171.638, r =  0.990***; 

3. Quercus cerris T =  0 .858P —70.752, r =  0.995***; T =  throughfall; P =  gross rainfall
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T he can o p y  sto rage  cap ac ity  v a lu es  v a ry  acco rd in g  to  species, an d  th e y  
depend  to  a considerab le  degree on th e  le a f  surface in d ex , th e  lea f tissu e  co n 
stru c tio n , an d  on th e  changes in  w e a th e r  co n d itions v a ry in g  accord ing  to  
seasons.

Z i n k e  (1967) reco rded  0.25 — 9.15 m m  canopy  s to rag e  capac ity  v a lu es  in  
general; h is va lu es  are  h igher in  conifers th a n  in  dec iduous species. T he va lu es  
o f th e  la t te r  in  th e  leafless period  are e v id e n tly  sm aller th a n  in th e  v e g e ta tio n

Fig. 4. The relationship betw een throughfall and gross rainfall. Throughfall is expressed as 
a percentage o f rainfall. 1. Leafy season; 2. leafless period

period. L e y t o n  — R e y n o l d s — T h o m p s o n  (1967) o b ta in e d  sm aller values w ith  
ho rnbeam  in  w in te r , b u t  h igher canopy  s to rag e  c a p a c ity  values for beeches in  
w in ter. A ccord ing  to  o u r exam in a tio n s, th e  can o p y  s to rag e  cap ac ity  v alue  o f  
Quercus petraea  in  th e  lea fy  period  is 0.9 m m , while in  th e  leafless period 0.60 
mm.* The th ro u g h fa ll q u a n titie s  in  m m  an d  in  th e  p e rcen tag e  of th e  a tm o 
spheric p re c ip ita tio n , are  given in  T ables 1 an d  2, an d  in  Fig. 4. I t  is co n 
spicuous in  th is  fig u re , w here th e  th ro u g h fa ll has been  d em o n stra ted  fo r th e  
vege ta tive  an d  fo r th e  leafless periods, in  th e  p ercen tag e  o f  p rec ip ita tio n , t h a t  
the  canopy  sto rage  c a p a c ity  value in  th e  v e g e ta tio n  p e rio d  is 1.45 m m . T he

* R u t t e r  (1963) determ ined the canopy storage capacity va lue in vitro, with artificia l 
moistening, and his value was smaller than those calculated by extrapolation.
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T ab le  1

Interception o f  rainfall

D ay  of sampling

Gross
rainfall Throughfall Stem flow Total on soil** Interception

mm mm % mm % mm % mm 1 %

13. Mar. 4.3 3.6 83.3 0.1 0.7 3.7 84.0 0.7 17.0

10. Apr. 1.8 0.9 50.0 0 0 0.9 50.0 0.9 50.0

24. Apr. 1.5 0.5 33.3 0 0 0.5 33.3 1.0 66.7

3. May 28.5 23.2 81.5 0.9 2.9 24.1 84.4 4.4 15.4

8. May 19.4 16.1 83.3 0.7 3.6 16.8 86.9 2.6 13.1

22. May 30.8 21.6 70.0 0.7 2.2 22.2 72.2 8.6 27.8

5. Jun. 33.8 26.3 77.9 0.6 1.7 26.9 79.6 6.9 20.4

12. Jun. 43.0 32.4 75.4 1.6 3.6 34.0 79.0 9.0 21.0

19. Jun. 27.8 22.3 80.3 0.8 2.9 23.1 83.2 4.7 16.8

26. Jun. 2.5 1.2 48.0 0 0 1.2 48.0 1.3 52.0

3. July 14.8 9.4 63.2 0.6 4.6 10.0 67.8 4.8 32.2

17. July 7.0 5.0 71.4 0.1 1.4 5.1 72.8 1.9 27.2

31. July 16.0 11.5 72.0 0.2 1.1 11.7 73.1 4.3 26.9

21. Aug. 51.7 35.1 67.9 0.9 1.7 36.0 69.6 15.7 30.4

29. Aug. 38.4 29.8 77.6 1.6 4.2 31.4 81.8 7.4 18.2

6. Sept. 16.5 11.4 69.4 0.4 2.1 11.8 71.5 4.7 28.5

25. Sept. 27.7 21.4 77.5 1.0 3.3 22.4 80.8 5.3 19.2

2. Oct. 8.7 5.9 67.3 0.1 1.1 6.0 70.0 2.7 30.0

9. Oct. 50.0 39.8 79.7 2.0* 3.9* 41.9 83.6 8.2 16.4

17. Oct. 55.7 43.6 78.3 2.0* 3.5* 45.6 81.8 10.1 18.2

23. Oct. 74.3 61.9 83.3 2.0* 2.7* 63.9 86.0 10.4 14.0

30. Oct. 14.0 12.2 87.1 0.6 4.3 12.8 91.4 1.2 8.6

4. Dec. 27.1 23.3 85.8 1.5 5.5 24.8 91.5 2.3 8.5

* Stem flow values are underestim ated, since many containers overflowed  
** Sum of throughfall and stem flow  (net rainfall under forest canopy)

th ro u g h fa ll p ercen tag e  above 25 m m  a tm o sp h eric  p re c ip ita tio n  is p ra c tic a lly  
c o n s ta n t (75 -8 0 % ). The th ro u g h fa ll av erag e  for th e  v e g e ta tio n  p e rio d  is 
75 .9% . In  th e  leafless period , th e  c a n o p y  storage c a p ac ity  value is sm alle r 
(0.85 m m ). In  th is  period  th e  th ro u g h fa ll percen tage becom es c o n s ta n t 
a lread y  above 10 m m  p rec ip ita tio n  a n d  is betw een  80 8 7 % . In  th e  leafless
perio d  th e  average th ro u g h fa ll is 8 2 % .
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T a b le  2

Distribution o f  rainfall w ith in the forest ecosystem

Rainfall,

mm

Throughfall 

mm 1 %

Stemflow 

m m  1 %

Total on 

mm

soil

%
Intel ception 

mm I  %

5Vegetative period (8. V .— 23. X .)

498.7 378.2 75.9 14.6 2.9 392.8 78.8 105.9 21.2

Leafless period

96.6 78.4 81.2 3.8 3.9 82.2
1

85.1 14.4
1

14.9

Year (27. Febr.— 4. Dec. 1974)

595.3 456.6 76.8 18.4 3.1 475.0 79.9 120.3 j 20.1

(b) Stem flow

E x p ressed  in a p ro jec tio n  o f th e  can o p y  or the whole fo re s t surface, s tem - 
flow  am o u n ts  on ly  to  a sm all p o rtio n  of th e  p rec ip ita tio n  a rr iv in g  to  th e  soil. 
B u t if  we consider th a t  in re a l i ty  th e  s tem flow  courses dow n co n c e n tra ted  
o n to  th e  soil surface around  th e  stem , i t  is easy  to  realize its  im p o rtan ce  in  
increasing  th e  m oistu re  c o n te n t o f th e  soil, and  th ro u g h  th is , in th e  w a te r  
b u d g e t of th e  fo rest. This role is em p h asized  am ong o th ers  b y  V o i g t  (1960), 
R e y n o l d s  L e y t o n  (1963), an d  E s c h n e r  (1967), too.

T here are m an y  au th o rs  w ho n eg lec t th e  ex am in a tio n  of stem flow , 
p a r t ly  ow ing to  its  in sig n ifican t q u a n ti ty ,  and  p a rtly  b ecau se  of some d if
ficu ltie s  in  m easuring . The q u a n t i ty  o f stem flow ' is v e ry  v a riab le . W e also 
o b ta in ed  ra th e r  high CV values (20 70% ) in  th e  course of o u r m easu rem en ts ,
an d  th e y  d id  n o t decrease below  20%  even  in the  case o f  h eav y  in c id en t 
ra in fa ll.

This m ay  be due to  th e  fa c t th a t  th e  b ranch ing  form , an d  fo rm atio n  o f 
th e  b a rk , in  th e  tree s  m arked  is d iffe ren t, th e  d istance re la tio n  o f  th e ir  can o p y  
to  th e  foliage of th e  su rro u n d in g  tree s  is d ifferen t, and th e ir  s tem  d iam e te r  
a n d  so th e ir  b a rk  surface is n o t e n tire ly  u n ifo rm  either. In  o u r case, these  m a y  
becom e such su b s ta n tia l fac to rs  th a t  can  to  a g reat e x te n t in fluence th e  
q u a n t i ty  of stem flow .

The can o p y  of th e  14 tre e s  ex am in ed  covers a lto g e th e r 163 m2 in th e  
a re a  9 Quercus petraea  100 m 2, 5 Quercus cerris 63 m2. T hus, we exam ined  th e  
q u a n t i ty  of th e  stem flow  of tre e s  be longing  to  th e  163 m2 can o p y  area. F o r th e  
p u rp o ses  of a com parison  b e tw een  th e  stem flo w  and th ro u g h fa ll, th e  stem - 
flow  for 2000 cm 2 or one h ec ta re  was also ca lcu la ted . The lin ea r  regression
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e q u a tio n  for stem flow  w as also ca lcu la ted  (F ig . 5). F ro m  th e  regression curves 
i t  seem s th a t  m ore p re c ip ita tio n  arrives to  th e  soil on th e  s tem  of T u rk ey  oak  
th a n  on th a t  of Quercus petraea. The cause o f th is  m ay be fo u n d  in the  d iffering  
b ra n c h in g  in  th e  tw o  species and  in  th e  d ifference of b a rk  co nstruc tion . T he 
b a rk  of Quercus petraea  is s trong ly  squam osous, s tra tif ie d , th u s  the  soak ing  
v a lu e  of the  b a rk  is a ssu m a b ly  high. On th e  o th e r h an d , th e  b a rk  of Quercus 
cerris is h ard , an d  w a te r  qu ick ly  runs dow n on i t  (see la te r ) . The q u a n tity  o f 
s tem flow  is considerab le  m a in ly  a t  h e a v y  ra in fa lls , an d  in  th e  leafless perio d  
o f  th e  forest (see T ab les  1 and  2, w here th e  q u a n ti ty  o f stem flow  is expressed  
in  m m , and  in  th e  p e rcen tag e  of th e  a tm o sp h eric  p rec ip ita tio n ). Since o u r 
m easu rem en ts  w ere ca rr ied  o u t no t a f te r  th e  in d iv id u a l ra in fa lls , the  concre te  
e ffec t of th e  d u ra tio n , q u a n t i ty  and in te n s ity  of th e  ra in fa ll on the  q u a n ti ty  
o f stem flow  is n o t k n o w n .

B y the  e x tra p o la tio n  of th e  regression curves th e  q u a n t i ty  of the  ra in fa ll 
above w hich th e  s tem flo w  com m ences can  he de te rm in ed  here  too.

Quercus petraea  S =  0.037 P  0.203 r  =  0.991*** 
th resh o ld  v a lu e : 5.5 mm

Fig. 5. Linear regression o f  stem flow  on gross precipitation. 1. T ota l stem flow S =  0 .042P  — 
— 1.602, r =  0.905***; 2 . Quercus petraea S =  0 .037P  — 40.632, r =  0.911***; 3. Quercus cerris 

S =  0.052P  -  46.152, r =  0.891***; S =  stem flow ; P  =  gross rainfall
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Quercus cerris S =  0.052 P  -  0.230 r  =  0.891*** 
th re sh o ld  v alue: 4.4 m m

T o ta l s tem flo w  S =  0.042 P  0.208 r  =  0.905***
th re sh o ld  value (q u a n tity  of p re c ip ita tio n  above w hich stem flow  
com m ences): 5.0 mm

S =  stem flo w  (m m ): P  =  ra in fa ll (m m );
significance o f th e  co rre la tion  coeffic ien t r*** P  =  0 .1%

I t  can  be in fe rred  th erefo re  th a t  in  th e  fo res t ecosystem  ex am in ed  th e  
v eg e ta tio n  in te rc e p ts  th e  whole ra in fa ll below  1.2 m m , an d  th u s  w a te r does no t 
arrive  to  th e  soil. T he ra in fa ll b e tw een  1.2 and  5.0 m m  reaches th e  soil o f th e  
fo rest on ly  as th ro u g h fa ll.

In  J u n ip e ru s  species S k a u  (1964) d e te rm in es th e  th resh o ld  va lu e  o f 
stem flow  to  be 5 8 m m  p re c ip ita tio n , while in  M ed ite rran ean  oaks L os-
SA iN T — E t t e h a d  R a p p  (1973) reco rd  i t  to  be 10 — 12 m m . D e l f s  (1967) d e 
te rm in es i t  a t  2 m m  in  beeches, in  D elfs th e  stem flow  am o u n ts  as an average  to  
some 15%  of th e  p rec ip ita tio n . M a y e r  (1971) m easu red  8 %  stem flow  also in 
a beech s ta n d . O v i n g t o n  (1954) ca rried  o u t in v estig a tio n s in Quercus petraea  
fo rests, an d  th e  stem flow  am o u n ted  to  on ly  0 .28%  o f th e  p rec ip ita tio n . W e 
consider th is  to o  low , for on th e  basis o f o u r ow n m easu rem en ts , in  th e  case of 
ab o u t th e  sam e q u a n ti ty  of y early  p re c ip ita tio n  th e  stem flow  varies be tw een  
0 5 .5 % : in  th e  v e g e ta tio n  period i t  is 2 -9% , in  th e  leafless period 3.9, an d  in th e
w hole e x a m in a tio n a l period  th e  average  is 3 .1% .

(c) In terception  loss

“ In te rc e p tio n  loss: the  p a r t o f th e  p re c ip ita tio n  re ta in e d  by  th e  aeria l 
p a r t  o f th e  v e g e ta tio n , and  is e ith e r ab so rb ed  b y  i t  or is re tu rn e d  to  th e  a tm o 
sphere h y  e v a p o ra tio n ”  H a m i l t o n  an d  R o w e  (in Z i n k e , 1967). I n te r 
cep tion  loss is th e re fo re  tw ofold. One side, th e  so-called can o p y  storage c a p ac ity  
has a lread y  been  d e a lt w ith  above; th e  o th e r  is th e  e v a p o ra tio n  loss d u rin g  th e  
ra in fa ll, w hich alw ays depends on th e  a c tu a l cond itions. O n th e  one h an d , th e  
w a te r  re ta in e d  in  th e  ecosystem  can n o t be considered  as loss to ta lly ; th e  w a te r  
w hich has e v a p o ra te d  from  the  surface o f p la n ts  rem ains in  th e  a tm osphere  of 
th e  fo rest, increasing  its  re la tive  h u m id ity  co n ten t. O n th e  o th e r h an d , e v a p 
o ra tio n  is assoc ia ted  w ith  h ea t e x tra c tio n , th is  reduces th e  te m p e ra tu re  o f th e  
fo rest, w hich  in d ire c tly  en ta ils  an increase in  th e  re la tiv e  h u m id ity  co n te n t of 
th e  air. S t o n e  (1957) ind ica tes th a t  m o istu re  ab so rp tio n  on leaves has since 
long been know n an d  calls th is  “ n eg a tiv e  tra n s p ira tio n ” . In  re la tio n  to  th e  
so il-vegeta tion , th e  absorbed  w a te r c a n n o t be considered  as a loss either^ 
since i t  co u n te rac ts  to  a g rea t e x te n t th e  loss in  soil m o istu re  co n ten t w hich 
w ould  otherw ise be caused  b y  th e  increased  tra n sp ira tio n .
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T he q u a n tity  o f th e  in te rcep ted  w a te r , expressed  in m m  an d  also in th e  
p e rcen tag e  of th e  in c id e n t ra infall in  th e  s ta n d  exam ined  b y  us is show n 
acco rd ing  to  sam ples, in  Table 1, w hile its  seasonal changes an d  y e a rly  to ta ls  
are g iven  in T able 2.

T he resu lts show  th a t  in th e  case o f sm all q u an titie s  of p re c ip ita tio n , 
in te rc e p tio n  can re a c h  even 50 — 6 6 % , w hile in  g rea te r ra in fa lls  i t  varies 
b e tw een  16 and 3 0 % , depend ing  on th e  q u a n ti ty , th e  d u ra tio n  and  in te n s ity  
o f th e  p rec ip ita tio n . T he concrete d e te rm in a tio n  of these  fac to rs  form s p a r t  of 
o u r fu r th e r  ex am in a tio n s .

T he in te rcep tio n  o f the  ra in fa ll b y  our fo rest was 20.1%  o f th e  in c id en t 
ra in fa ll per an n u m . In  th e  v eg e ta tiv e  period  in te rcep tio n  w as 21 .2%  an d  
d u rin g  th e  leafless p e rio d  14.9% .*

In  Quercus petraea  fo rest, O v i n g t o n  (1954) m easured  34%  in te rcep tio n  
in  th e  case of 840 m m  annual ra in fa ll, w hereas C a r l i s l e — B r o w n  — W h i t e  

(1965) rep o rt on ly  13 .1%  w ith  a h igh  average  ann u a l ra in fa ll (1714 m m ). 
A ccord ing  to  sev e ra l au th o rs  ( B e a l l , 1934; T r i m b l e  W e i t z m a n n , 1954; 
D e l f s , 1967) in te rc e p tio n  does n o t d ecrease, o r decrease on ly  to  a sm all e x te n t, 
w ith  defoliation .

(d) Water-balance o f the ecosystem**

On th e  basis o f o u r m easu rem en ts  we can give for 1974 (from  F e b ru a ry  
27 to  D ecem ber 4) th e  q u a n tity  of p re c ip ita tio n  w hich reaches th e  soil o f th e  
fo re s t from  th e  q u a n t i ty  falling on to  a fo res t area  of one h e c ta re ; th e  w ay  o f 
ra in w a te r  and th e  q u a n ti ty  o f w a te r  in te rc e p te d  b y  th e  fo res t. All o f these  
h av e  been ca lcu la ted  in  the  know ledge o f can o p y  coverage. T he fo rest ex am in ed  
is n o t  en tire ly  c losed, foliage is o f 8 0 % , la rger, canopy  holes are f re q u e n t; 
w here  the  p re c ip ita tio n  can reach  th e  fo rest soil surface alm ost d ire c tly  
(n a tu ra lly  th ro u g h  th e  herb lay e r an d  li tte r) .

The m easu rem en t resid ts  are g iven in  F ig . 6 w here th e  p e rcen tag e  d is
tr ib u tio n  of th e  in c id e n t rainfall in  a fo res t o f one hectare  is g iven , while above 
th e  d iagram s th e  m m  values co rresp o n d in g  to  the  q u a n ti ty  o f inc id en t r a in 
falls. In  acco rdance  w ith  th e  canopy-closu re  (80 per cen t) we considered  20 
p e r  cen t openings w here th e  w hole a m o u n t o f ra in  can reach  th e  fo rest soil a t  
e ach  tim e of sam p lin g  and we in d ic a te d  th e  d is tr ib u tio n  of on ly  th e  rem a in in g  
80 p e r cent.

* We consider the 14.9% interception too high; it  m ight be due to the very  sm all 
qu antity  of precip itation  that fell in April, a considerable portion of which was intercepted  
b y  the forest.

** The m m  and percentage va lues given  in  Tables 1 and 2 have been calculated on  
the basis of the w ater collected from the 2000 cm 2 area, from such surface of the forest where 
the canopy is entirely  closed. W hen calculating the water balance of the stand, on the other  
hand, we considered only  80% as in covered state  in  the case of both  throughfall and stem - 
flow .
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I n  a yearly  to ta l , th e  d is tr ib u tio n  o f th e  p rec ip ita tio n  o f 5.953 X 106 litre  
a rr iv in g  a t  one h ec ta re  is as follow s:

T hroughfall 3 .6 4 1 Х Ю 6 litre  ( = 6 1 .2 % )
S tem flow  1.472 X Ю5 litre  ( = 2 .5 % )

A m o u n t o f  th e  ra in  is d r iv e n  across th e  openings on th e  soil 
1.19 X l0 e litre  ( =  20% )

In te rc e p te d  w ater: 0 .9 7 x 1 0 °  litre  ( =  16.3% )

Summary

In  th e  fram ew ork  o f  th e  MAB p ro g ram  in H u n g ary , we ex am in ed  th e  
p a th w a y  of ra in fall to  th e  soil an d  its  d is tr ib u tio n  in 1974, fo r Quercetum  
petraeae-cerris ecosystem  w ith in  th e  “ S ík fő k ú t P ro je c t” . W e e s tab lish ed  th a t  
th e  foliage and sh rub  lay e rs  o f  th e  ecosystem  in te rc e p t 2 0 .1%  o f th e  rain fall 
in  th e  case of a 595.3 m m  in c id en t ra in fa ll. In  th e  v eg e ta tiv e  perio d  th e  in te r 
c e p tio n  is 21 .2% . W ith  de fo lia tio n , in te rc e p tio n  decreases, w hen  i t  is 14.9% .

T he am oun t o f th ro u g h fa ll w a te r  in  th e  whole period  o f th e  ex am in a tio n  
w as on th e  average 7 6 .8 % , in  th e  v eg e ta tiv e  (leafy) period  7 5 .9 % , while in  the  
leafless period of th e  fo res t 8 1 .2 % . T he q u a n ti ty  o f th ro u g h fa ll is in fluenced  
also  b y  th e  tree  species.

T he canopy s to rag e  c a p a c ity  also depends on th e  tre e  species, and  on th e  
seasons as well. In  th e  v e g e ta tiv e  p e rio d  i t  is 1.45 m m , in  th e  leafless s ta te  it  is 
0.85 m m .

Stem flow  on th e  av erag e  is 2 .9 %  in  th e  v eg e ta tio n  p e rio d , 3 .9%  in th e  
lea fless period and  3 .1 %  in th e  w hole y e a r o f ex am in a tio n . S tem flow  com 
m en ced  only w hen ra in fa ll w as above 5 m m .
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The author examined the effect of flooding on maize transpiration and found 
tha t the excess water caused root decay and wilting which greatly decreased the 
transpiration rate. Flooding had a much greater effect on the decrease of transpira
tion rate in the fertilized treatment than in the unfertilized one.

In tro d u c tio n

W ate r, d ep en d in g  on its am o u n t effects th e  tra n sp ira tio n  of m aize p la n ts  
in soil in th ree  w ay s: (1) Insuffic ien t w a te r  lim its (S z l o v á k , 1972; Sz l o v á k , 
1973), (2) o p tim al w a te r  supply  ensures no rm al tra n sp ira tio n . (3) Excess 
w a te r, s im ilarly  to  in su ffic ien t w ate r th o u g h  in an  o th e r  w ay  (by lim iting  th e  
no rm al m etabo lic  ac tiv itie s) also in fluences fo r a sh o rt tim e  th e  tra n sp ira tio n  
ra te  neg a tiv e ly . E xcess w a te r exerts  its  h arm fu l e ffec t n o t d irec tly , b u t  in 
d irec tly , b y  b ring ing  ab o u t anaerobic en v iro n m en t. T h a t is w hy p lan ts  can  
develop well in  a e ra te d  w a te r cu ltu res ( K r a m e r , 1940; Ch a n g  and  L o o m i s , 
1945).

T here  is an  e ssen tia l difference am ong  d iffe ren t p la n t species reg a rd in g  
th e  m in im um  soil a ir a t  w hich th e y  can  th r iv e . A ccord ing  to  B é l á k  ( P e t r a s o 
v its  and  B a l o g h  1969) th e  m inim um  soil a ir  re q u ire m e n t o f th e  m aize p la n t 
is 24 %  o f th e  soil p o re  space. K n o p  (A n d r e j e n k o  a n d  K u p e r m a n , 1961) 
re p o rte d  th a t  a m aize p la n t resp ires 0.25 g carbon  d ioxide during  24 hours, 
correspond ing  to  0.18 g of 0 2 ta k e n  up  b y  th e  p lan t.

P oor ae ra tio n  causes carbon dioxide accu m u la tio n , oxygen deficiency 
and  th e  p ro d u c tio n  o f  tox ic  substances. H a g a n  (1950) found  th a t  ca rb o n  
dioxide reduces p e rm e a b ility  of roo ts to  w a te r . B y  sa tu ra tin g  w ith  carb o n  
dioxide th e  soil o r th e  w a te r  in w hich sunflow er an d  to m a to  p lan ts  w ere 
grow ing, K r a m e r  (1940) observed a tra n sp ira tio n  red u c tio n  o f 34 to  52% . T he 
ex p erim en ta l resu lts  o f  F o x  (1933) in d ica te  t h a t  ca rb o n  dioxide increased  th e  
v iscosity  o f th e  p ro to p la sm  of N itella , th u s  increasing  th e  red u c tio n  of p e r
m eab ility . K r a m e r  (1949) explains th e  h a rm fu l effect o f oxigén deficiency on 
w a te r ab so rp tio n  b y  th e  red u c tio n  in  ra te  o f  aerobic  re sp ira tio n  and  b y  accu 
m ula tion  o f in co m p le te ly  oxidized to x ic  p ro d u c ts  o f anaerob ic  re sp ira tio n .
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Since p e rm eab ility  is closely re la te d  to  m e tab o lism  th is d is tu rb an ce  of no rm al 
m e tab o lism  m ay  re su lt in  changes in  p e rm e a b ility  and  f in a lly  in  d e a th  o f th e  
ro o t cells. In a d e q u a te  ae ra tio n  lim its  n o t  on ly  th e  active w a te r  ab so rp tio n , 
b u t  accord ing  to  th e  re su lts  o f K r a m e r  an d  J a c k s o n  (1954) th e  passive w a te r  
m o v em en t th ro u g h  th e  roo ts is also red u ced .

The flooding  effect w as s tu d ie d  in  H u n g a ry  m ain ly  in  re la tio n  to  p la n t 
su rv iv in g  (G r u b e r  an d  Sz a l ó k i , 1963; S z a l ó k i , 1967) an d  y ie ld  red u c tio n  
( P e t r a s o v i t s , 1959).

So fa r  I  have n o t m e t w ith  a n y  p u b lica tio n  dealing  w ith  th e  effect of 
f lo o d in g  on m aize tra n sp ira tio n  a t  d iffe ren t n u tr ie n t levels, th u s  i t  seem ed 
n ecessa ry  to  exam ine th e  w a te r  re la tio n s  o f m aize p la n t in  th is  re sp ec t too . 
T h e  m ain  purpose o f  th is  p a p e r is to  give in fo rm atio n  a b o u t th e  effectiveness 
o f n u tr ie n ts  in a lte rin g  m aize tra n s p ira t io n  u n d e r flooded cond itions.

Material and method

On 30 April, 1973, maize seeds were planted in pots in a growth-house. The plants 
were exposed to environm ental factors nearly identical w ith those in the field , nam ely the  
culture pots containing the plants were p laced on carts running on a track and m oved every  
m orning into a space enclosed by a wire net. For the night and when it rained the carts were 
pushed under a glass roof.

In the 20 X 25 cm w hite enam el painted pots for 4 kg absolute dry soil, air dry alluvial- 
m eadow  surface soil (Szarvas-Bikazug) was placed. The m axim um  waterholding capacity  
of the soil was determ ined in laboratory and a value of 50.10% w as obtained (expressed  
in  w eight % of absolute dry soil). The soil on w hich the Mv-620 hybrid m aize plants developed  
w as filled to 70% o f its m axim um  w aterholding capacity at daily waterings.

The effect of flooding upon transp iration was studied in fertilized and unfertilized  
treatm ents. The active ingredients o f fertilizers per pot in the fertilized treatm ent were as 
follow s: N : 1.6 g (am m onium nitrate), P 20 5: 0.8 g (superphosphate), K 20 :  0.8 g (P otash , 
KC1). The fertilizers were m ixed thoroughly w ith  soil and placed in the pots. In the u n 
fertilized treatm ent the plants had to rely on the nutrients present in the soil.

F ive seeds were sown per pot. After em ergence the plants were thinned to one in each pot.
Up to the flooding date (16 Ju ly) all p lan ts developed at the optim um  soil m oisture. 

D uring flooding there was a 6 cm thick w ater layer above the pot soil. To elim inate water 
evaporation and water airing 5 m m  th ick  sunflow er oil was layered on the water.

On the 6-day exam ination the transp iration  values presented are the average values 
calculated per hour of the total transpiration betw een 7 a.m. and 7 p.m . On the day follow 
ing the last daily transpiration m easurem ents (26 Ju ly) the plants were harvested for the  
transpiration in tensity  calculations. Transpiration m easurem ents were done in 5 replicates.

The plants were flooded at 4 p.m . on 16 Ju ly . On the next day the transpiration values  
presented were obtained by deviding the to ta l am ount of transpiration betw een 7 a.m. and 
7 p.m . by tw elve, the hours of investigation . This means that during this tim e the p lants 
were flooded for a period between 12 and 24 hours. On all of the six  daytim e investigations 
the average of the 12-hour transpiration was used in calculations. The cum ulative trans
piration values represent the total transpiration during the whole, 24-hour, days of investiga 
tion. For transpiration m easurem ents o f the unflooded plants the pot soil was covered by 
PVC film . Thus the water loss o f pots w as due solely to the transpiration by plants.

The am ount of transpired water w as restored by daily waterings.
The solar radiation data were obtained from  the Station of the N ational M eteorological 

In stitu te  situated at a distance of about 500 m etres from the growth-house.
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R esu lts

In  th e  unflooded tre a tm e n ts  b o th  th e  u n fertilized  an d  fe rtilized  p la n ts  
show ed a decreased tra n sp ira tio n  ra te  as th e  days of in v es tig a tio n  a d v an ced  
(Tabic 1). This decrease is due to  th e  change of m eteoro logical fac to rs  in 
fluen c in g  tra n sp ira tio n . T hus, w hile on  18 Ju ly  th e  v a lu e  of one o f  th e  m ost 
im p o r ta n t  m eteorological fac to rs , th e  so lar rad ia tio n  w as 630.50 ca l. c m -2 • 
d a y -1 , on 25 Ju ly  th is  va lue  d ro p p ed  to  480.80 cal c m -2 • d a y -1 .

F ro m  T able 1 it  can be seen th a t  in  th e  unflooded  t r e a tm e n t  th e  fertilized  
p la n ts  tra n sp ire d  m ore th a n  th e  u n fertilized  ones. This is ex p ec ted , since th e  
p la n ts  supp lied  w ith  n u tr ie n ts  w ere b e t te r  developed th a n  those  rece iv in g  no 
fe rtilizers. I f  th e  tra n sp ira tio n  o f u n fertilized  p lan ts  is ex am in ed  in p e r  c en t of 
th e  fe rtilized  ones, in  un flooded  tre a tm e n t ,  i t  can be seen th a t  th e  p e rcen tag e  
d ifference is decreasing b e tw een  18 J u ly  an d  25 Ju ly . T h is p er cen t decrease 
can  be ex p la ined  b y  th e  fa s te r  g row th  ra te  o f fertilized  p la n ts , m ak ing  possible 
th e  d ev e lopm en t of a la rg e r tra n sp ir in g  lea f  area. I f  th e  tra n sp ira tio n  ra te  of 
p la n ts  w ith  d ifferen t n u tr ie n t  supplies is exam ined  u n d e r flooded  cond itio n s, 
th e  change in  th e  p er cen t t ra n s p ira tio n  ra tio  is opposite  to  th a t  seen above. 
T h a t  is, while on th e  second d ay  o f flood ing  th e  per c en t tra n sp ira tio n  o f th e  
u n fe rtilized  p lan ts  was 41.70 of th e  fe rtilized  p la n ts , on th e  e ig h t d a y  of 
flood ing  th is  ra tio  rose to  64 .79% . T h is m eans th a t  th e  flood ing  decreased  th e  
tra n s p ira tio n  o f th e  fertilized , b e t te r  developed  p lan ts  to  a g rea te r  degree th a n  
th a t  of th e  un fertilized , less developed  p lan ts .

W hile on 18 Ju ly  th e  p er cen t tra n sp ira tio n  ra tio s  o f b o th  u n fe rtilized  
an d  fe rtilized  p lan ts  in  th e  flooded  t r e a tm e n t re la ted  to  th e  unflooded  t r e a t 
m en t w ere sim ilar (87.14 an d  91 .98% ), on 25 J u ly  th e  tra n sp ira tio n  o f u n fe r
tilized  p la n ts  sank  to  25 .09%  an d  th a t  o f th e  fertilized  p la n ts  to  4 .2 3 % . The 
resu lts  show  th a t  th e  tra n sp ira tio n  ra te  of th e  fertilized  p la n ts  w ith  m ore in 
tensive  life processes was m ore lim ited  b y  th e  un fav o u rab le  cond itions re su ltin g  
from  flood ing  th a n  th e  tra n sp ira tio n  ra te  o f th e  u n fertilized , less in ten s iv e ly  
grow ing p la n ts .

T ra n sp ira tio n  in te n s ity  d a ta , ca lcu la ted  per u n it d ry  m a tte r , a re  p re 
se n te d  in  T able 2. T hey  are th e  average  values ca lcu la ted  p e r h o u r o f  th e  
d ay tim e  tra n sp ira tio n  of p la n ts  being  flooded  for a period  of be tw een  204 an d  
216 ho u rs . T he ob ta in ed  d a ta  in d ica te  t h a t  a tra n sp ira tio n  ra te  ca lcu la ted  n o t 
on ly  p er a whole p la n t, b u t  also p e r a u n it d ry  m a tte r  is s im ilar u n d e r  d if
fe re n tly  a e ra te d  and  fertilized  tre a tm e n ts .

A ccord ing  to  th e  d ry  w eigh t o f p la n ts  h a rv es ted  on 26 J u ly  an d  show n 
in  T able 3, th e  difference b e tw een  th e  un flooded  and flooded  tre a tm e n ts  o f u n 
fe rtilized  p la n ts  is qu ite  sm all. T he g re a te s t difference is observed  a t th e  ro o ts . 
T he low er ro o t w eight o f th e  flooded  p la n ts  can be ex p la in ed  b y  ro o t decay . 
In  th e  fertilized  tre a tm e n t, th e  flood ing  caused a p ronounced  d ry  m a t te r
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T ab le  1

Effect o f  flood ing  on the transpiration  rate (g  • h o u r~ 1)  o f unfertilized and fertilized  m aize p lan ts in  the daytim e hours

Unflooded Flooded Transpiration of 
unfertilized plants in % 

of the fertilized ones

Transpiration of flooded 
plants in % 

of the unflooded ones Duration 
of floodingDays in July transpiration

unfertilized fertilized unfertilized fertilized unflooded flooded unfertilized fertilized
in hours

17 . 2 6 . 0 0 2 4 . 8 3 9 5 . 5 0 1 2 —  2 4

±  3 . 5 7 ±  1 . 5 2

18 . 2 3 . 3 3 5 3 . 0 0 2 0 . 3 3 4 8 . 7 5 4 4 . 0 2 4 1 . 7 0 8 7 . 1 4 9 1 . 9 8 3 6 —  4 8

±  2 . 7 8 ±  2 . 1 1 ±  2 .1 1 ±  1 1 . 6 4

19 . 1 6 . 6 6 4 7 . 9 2 1 1 . 5 8 2 4 . 3 3 3 4 . 7 7 4 7 . 6 0 6 9 . 5 1 5 0 . 7 7 6 0 —  7 2

±  2 . 5 5 ±  2 . 8 9 ±  1 . 4 8 ±  4 . 7 1

2 1 . 1 7 . 8 3 5 1 . 5 0 1 0 . 5 8 4 . 8 3 3 4 . 6 2 4 5 . 6 5 5 9 . 3 4 9 . 3 8 1 0 8 — 1 2 0

±  3 . 6 6 ±  3 . 3 0 ±  2 . 0 3 ±  1 . 4 0

2 3 . 9 . 8 3 3 8 . 0 0 3 . 9 2 2 . 5 0 2 5 . 8 7 6 3 . 7 7 3 9 . 8 8 6 . 5 8 1 5 6 — 1 6 8

±  2 . 0 9 ±  5 . 3 0 ±  2 . 0 9 ±  1 . 0 2

2 5 . 5.66 2 1 . 7 5 1 . 4 2 0 . 9 2 2 6 . 0 2 6 4 . 7 9 2 5 . 0 9 4 . 2 3 2 0 4 — 2 1 6

±  1 . 1 8 ±  2 . 8 6 ±  1 . 0 0 ±  0 . 7 5
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T a b le  2

T ra n sp ira tio n  in tensity  (g • hour~ l)  o f  m aize p lan ts o f  d ifferent treatments 
in  daytim e hours calculated fo r  1 g dry matter

Unfertilized j Fertilized

unflooded flooded
in % of unflooded 

treatment unflooded flooded
in % of unflooded 

treatment

W hole plant 0 . 1 8 6
± 0 . 0 3 0

0 . 0 4 9
± 0 . 0 2 7

2 6 . 3 4 0 . 1 9 4
± 0 . 0 3 1

0 . 0 1 0
± 0 . 0 0 5

5 . 1 8

Above-ground part 0 . 2 4 2
± 0 . 0 4 1

0 . 0 6 0
± 0 . 0 3 3

2 4 . 7 9 0 . 2 4 0
± 0 . 0 4 2

0 . 0 1 1
± 0 . 0 0 7

4 . 6 2

Leaf blade 0 . 5 4 5
± 0 . 0 9 4

0 . 1 3 5
± 0 . 0 2 6

2 4 . 7 7 0 . 7 5 5
± 0 . 0 3 0

0 . 0 3 2
± 0 . 0 0 7

4 . 2 6

Root 0 . 8 1 7
± 0 . 1 2 2

0 . 2 7 0
± 0 . 1 5 8

3 3 . 0 5 1 . 0 3 2
± 0 . 1 7 7

0 . 0 7 4
± 0 . 0 3 8

7 . 2 3

decrease. W hile in  th e  unfertilized  t r e a tm e n t  th e  ro o t w eig h t of flooded p la n ts  
w as 75 .70%  of th e  un flooded  ones, th is  ra tio  in th e  fe rtilized  tre a tm e n t w as 
on ly  59 .51% . T hese values show th a t  f lo o d in g  causes a sign ifican t roo t decay . 
Since th e  g re a te s t re s is tan ce  to  w a te r flow  in p lan ts  is u su a lly  in th e  ro o ts , 
th e ir  p a r tia l  d e s tru c tio n  should p ro m o te  a m ore in ten s iv e  passive w a te r  
m ovem en t th ro u g h  th e  p la n ts  re su lting  in  a h igher tra n sp ira tio n  ra te . The ex 
p e rim en ta l re su lts  o b ta in e d  do no t su p p o rt th is  assu m p tio n , v e ry  likely because 
th e  ro o t decay  cau sed  a w ilting  of th e  ae ria l p a r ts  o f th e  p la n ts . In  th is  c o n te x t 
th e  ex p e rim en ta l re su lts  of W e n t  (1943) are  of in te re s t. H e s ta ted  th a t  w ell 
a e ra te d  ro o ts  su p p ly  som e substance in a d d itio n  to  w a te r  an d  m inerals w hich  
is e ssen tia l for sh o o t g row th . K e n d e  (1965) fo u n d  th a t  ro o ts  synthesize k in e tin  
or k ine tin like  su b stan ces .

T ab le  3

D ry  weight (g ) o f  maize p la n ts  harvested on 26 J u ly

Unfertilized Fertilized

unflooded flooded unflooded flooded

Whole plant 30.30
± 3 .0 0

28.79
± 2 .6 2

112.56
± 6 .4 3

91.33
±3 .67

Above-ground part 23.38
± 2 .5 9

23.55
± 2 .5 0

91.31
± 7 .4 0

78.97
± 6 .6 9

Leaf blade 10.38
± 0 .6 0

10.51
± 1 .3 2

28.91
± 2 .0 3

28.09
± 1 .6 5

Root 6.92
±0 .63

5.24
± 0 .6 0

21.25
± 1 .6 1

12.36
± 4 .7 6
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The root decay  caused  a w a te r  c o n te n t decrease in th e  epigeous p a r ts  o f 
th e  p la n ts , especially  in  th e  leaves. W a te r  co n ten t of th e  le a f  b lades sign ifi
c a n tly  de te rm ined  th e  tra n sp ira tio n  in te n s ity  (F ig. 1). On th e  d a y  follow ing th e  
la s t  tra n sp ira tio n  m easu rem en ts  (26 Ju ly )  in th e  u n fertilized  tr e a tm e n t, th e  
to ta l  w a te r  co n te n t o f le a f  b lades o f u n flo o d ed  p lan ts  w as 70 .39%  and  o f th e  
flo o d ed  ones 53 .30% . In  fertilized  t r e a tm e n t  th e  difference w as even g re a te r . 
T h e  to ta l  w a te r c o n te n t o f lea f b lad es in  th e  unflooded  t r e a tm e n t  was 7 5 .74% , 
b u t  in  th e  flooded t r e a tm e n t  only  36 .09% .

The w a te r c o n te n t o f leaves an d  o f th e  w hole p lan ts  p lay ed  an im p o r ta n t 
ro le  in th e  tra n sp ira tio n  reac tio n  to  one o f  th e  m ost im p o r ta n t  tra n sp ira tio n -  
a ffec tin g  m eteoro logical fac to rs ex am in ed  in  th is  ex p e rim en t, th e  so lar r a 
d ia tio n . The closest co rre la tio n  w as ca lcu la ted  betw een  th e  solar ra d ia tio n  
a n d  th e  sum  o f d a ily  tra n sp ira tio n  o f fertilized  an d  un flooded  p la n ts  
(F ig . 2). The w eak est co rre la tio n  w as fo u n d  betw een  so la r ra d ia tio n  an d  
fe rtilized , flooded p la n ts . These re la tio n sh ip  re su lts  are in  ag reem en t w ith  th e  
w ell know n p rinc ip le  accord ing  to  w hich  if  th e  p lan ts  develop u n d e r  fav o u rab le  
co n d itions th e ir  t ra n s p ira tio n  ra te  is b e t te r  in fluenced  b y  th e  m eteoro log ica l 
fa c to rs  th a n  as if  th e y  grow  u n d e r u n fav o u rab le  conditions.

The flooding  effect on cu m u la tiv e  tra n sp ira tio n  o f  u n fertilized  an d  
fe rtilized  p lan ts  is w ell illu s tra te d  in  F ig . 3. B o th  fe rtilized  an d  u n fe rtilized  
p la n ts  tran sp ired  m ore in th e  u n flooded  tre a tm e n t th a n  in  th e  flooded  one. 
H ow ever, while d u rin g  8 days th e  to ta l  tra n sp ira tio n  o f flo o d ed  p la n ts  in  th e  
u n fertilized  t r e a tm e n t was 70 .56%  o f th e  unflooded ones, in  th e  fe rtiliz ed  
t r e a tm e n t  th is  p e rcen tag e  san k  to  31.44.

percen tile  w ater content calculated  per unit weight of dry le a f blades

F ig . 1. The relation betw een the percentile water content of leaf blades and transpiration  
intensity . *** Significant on the 0.1% level
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18-25 July. 1973

7 0 0 -

unfertilized unflooded о  r = 0,80275* Y = -275,70 * 0,75x ...........
unfertilized flooded •  r = 0,36271NSY = -103,31 - 0 , 3 7 x -----------
fertilized unflooded □ r = 0,89152“‘ Y =-460,51« 1,61 x --------
fertilized flooded ■ г = 0,19101NS Y = - 137,49«0,49x ----------

600-

500-

400-

300-

200 -

100-

T—

450

F ig. 2. The relation betw een solar radiation and m aize transpiration of different treatm ents. 
* Significant on the 5% level; ** significant on the 1% level; NS not significant

F ig . 3. Com ulative transpiration of unflooded and flooded maize plants at tw o nutrient
levels

Acta Botanica Academiae Scientiarum Hungaricae 21, 1975



174 SZLOVÁK, S.

S um m ary

A po t e x p e rim en t w as carried  o u t in  a g row th -house  to  s tu d y  th e  effect 
of flooding  on m aize tra n sp ira tio n . B y  covering  th e  soil w ith  w ate r, anaerob ic  
cond itions were b ro u g h t a b o u t in th e  soil. As th e  days progressed , th e  flooded  
p la n ts  show ed a d ec rea sed  per cen t t ra n s p ira tio n  re la te d  to  th a t  of unflooded  
ones. This was th e  re su lt  o f  roo t decay  an d  w ilting  observed  in flooded p la n ts . 
T hough  the  flooded  p la n ts  tran sp ired  less in  b o th  (un fertilized  and  fertilized) 
tre a tm e n ts , in th e  u n fe rtiliz ed  tre a tm e n t th e  flooded  p la n ts  on 25 Ju ly  t r a n s 
p ired  25.09%  of th e  u n flo o d ed  ones, w hile in  th e  fe rtilized  tre a tm e n t th e  ra tio  
w as only 4 .23% . T h a t  is, flooding show ed a g re a te r  tra n sp ira tio n  decrease in  
b e tte r  developed fe rtiliz ed  maize p lan ts  th a n  in  th e  less developed u n fertilized  
ones.
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LAR, RGR AND NAR PARAMETERS INTERNODIALLY, 
AND CROP VOLATILE OIL YIELD 

IN PIMPINELLA ANISUM L. SOWN PERIODICALLY
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PLANT GROWING, BUDAPEST

(R eceived  January 11, 1975)

The internodial phenom etric investigation  and growth analysis of anise sown  
in 14 days periods have yielded the follow ing results. Significant deviations in grow th  
parameters and between the param eters per internode m ay appear in the sam e  
plant. D ifferences in productivity m ay be related with the age of the internodes, 
their locality , the differences in  physiological activ ity  between them  as plant factors, 
and partly w ith  the effect o f external environm ent. It has been dem onstrated th a t  
certain architectural elem ents, e.g . side shoots during the intense growth period, 
m ay result in a negative RG R value, despite the increasing L A R  value.

The species reacts independently  o f seeding tim e and the developm ental stage  
of the individual to the increasingly unfavourable effect(s) o f environm ental factors. 
The influence o f late sowing on th e  vegetation  period of anise and on the individual 
stages o f its ontogenesis m anifests itse lf in  shortened life cycle. Under this influence  
first the num ber of the architectural elem ents, the side um bels are reduced. Further  
grades are represented by the shortening of the distance betw een the internodes of  
the main shoot and the subsequent reduction of their number. Accordingly, the pro
du ctiv ity  o f the specimens and their crop y ield  (fructus) decreases to a significant 
degree.

The difference in cu ltivation  tim e betw een the stocks sow n at the earliest and 
the latest dates is 77 days (27.1% ). The difference between crop y ields is 87.4%  and 
the measured reduction of vo la tile  oil content 29.6% .

In tro d u c tio n

G row th as a biological p ro b lem  a t v a rious levels an d  b y  v a rious a p 
p roaches has been  fo r a long tim e  in  th e  fo reg round  of in te re s t am ong biologists 
a n d  m a th e m a tic ia n s .

In  th e  physio logical ap p ro ach , th e  a im  becam e to  c la rify  th e  role o f 
g ro w th  reg u la to rs  (aux in , g ibbere llin , k in e tin ), and w ith  re sp ec t to  p ro d u c 
t iv i ty ,  to  e s tab lish  th e  ra te  of g ro w th . H ow ever, in  all approaches th e  com plex  
in te rre la tio n sh ip  be tw een  d eve lopm en t an d  g ro w th  m ust be considered . A p a r t  
o f  th e  applied  m a th em atica l m e th o d s  m akes possible th e  d e te rm in a tio n  of 
c e r ta in  fac to rs, e.g . th e  ra te  of n e t a ss im ila tio n , if  only in  an  in d ire c t w ay . T his 
is a considerable ad v an tag e , because  th e  p a ra lle l and d irect descrip tio n  o f th e  
processes of p la n t assim ilation  an d  d iss im ila tion  still rem ains p ro b lem atica l
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ow ing to  m ethodo log ica l inadequacies . T he co llection  of necessary  d a ta  an d  
th e ir m a th e m a tic a l d esc rip tio n  as well as th e ir  b io logical in te rp re ta tio n  is 
especially  d ifficu lt if  g ro w th  and  d ev e lo p m en t occur in  chang ing  en v ironm en ts. 
In  re a lity , one has to  ta k e  in to  co n sid e ra tio n  th is  la t te r  com plex, n a tu ra l b u t  
rep resen tin g  an  in v o lv ed  cond ition  sy stem , in  p ra c tic a lly  every  case b o th  in  
n a tu ra l ecosystem s a n d  in  fie ld  p la n t cu ltu re s .

A p a r tia l su m m a ry  in  H u n g a rian  o f a t te m p ts  1964 to  declineate p rob lem  
areas , cond itions an d  m odels for a m a th e m a tic a l a p p ro ach  to  p lan t g ro w th  
had  been  given b y  O ’sv á th .

R ep re sen ta tiv e s  o f th e  B ritish  school, F . F . B l a c k m a n  (1919), V. H . 
B l a c k m a n  (1968), B r ig g s  — K i d d  — W e s t  (1920), G r e g o r y  (1918) an d  its  
m ore recen t follow ers (cf. K v é t  — O n d ó k  — N e c a s  J a r v is  1971, Cl i f f o r d  
E v a n s , 1972), re sp ec tiv e ly , have w orked  o u t or em ployed  m ethods w hich 
p ro v ed  to  be m ore successfu l in  dealing  w ith  g ro w th  ra tio . The m eth o d  a p 
p roved  b y  th e  above c ited  au th o rs  is b ased  on g ro w th  analysis and  defines 
g row th  as th e  a c c u m u la ted  d ry  w eight w hich  is p ro d u ced  b y  th e  assim ila ting  
surface of a single p la n t  or p la n t c o m m u n ity  d u rin g  a g iven u n it of tim e .

A n u m b er o f  ecophysio log ists claim  th a t  g row th  analysis is su itab le  also 
to  determ ine  n e t p la n t  p h o to sy n th es is . In  te rm s  o f p h o to sy n th esis , n e t p ro 
du c tio n  equals n e t ass im ila tio n  ( to ta l  ass im ila tio n  m inus re sp ira tio n  an d  th e  
dy ing  p la n t p a rts )  d u rin g  a given tim e  u n it .

A ccording to  P r é c s é n y i  (1971), К  v e t — O n d ó k — N ec a s  J a r v is  (l.c.), 
g row th  ra te  of th e  b iom ass can , u n d e r w ell-defined  cond itions, be d e te rm in ed  
b y  th is  ap p ro ach . E m p lo y in g  th is  m e th o d , B r ig g s  W e s t  K i d d  (l.c.), 
B l a c k m a n n  W i l s o n  (1951), E a g l e s  (1969), W i l s o n  — Co o p e r  (1969), 
Cl i f f o r d  E v a n s  (1972), S z u j k ó -L acza  F e k e t e  (1974) e tc . have e stab lish ed  
th e  g row th  ra te  o f som e species. The critic ism  of g row th  analysis th e  v iew p o in t 
o f b ioenergetics w as g iven  by  B r o d y  (1945); based  on problem s of sam pling , 
V e r n o n  —A l l is o n  (1963), K v ë t  O n d ó k - N ec a s  J a r v is  (l.c.) and  Cl i f 
f o r d  E v a n s  (l.c.) h av e  m ade co n tr ib u tio n s .

Several w orkers have  in v es tig a ted  th e  d is tr ib u tio n  or organic su b stan ces 
w ith in  th e  p la n t, b u t  th e se  in v estig a tio n s genera lly  a tte m p te d  to  e s tab lish  
sh o o t/ro o t d ry  w e ig h t ra tio  w ith o u t, how ever, b ring ing  i t  in to  co rre la tion  w ith  
th e  fac to r  of tim e  (cf. B r o u v e r , 1962).

The a u th o rs  aim  w as in  th e  p re se n t p ap e r to  e s tab lish  th e  re la tiv e  
g ro w th  ra te , R G R , th e  n e t assim ila tion  ra te , N A R  an d  th e  change in  th e  lea f 
a rea  ra tio  L A R , p e r  in te rn o d e  e.i. also th o se  o f p a r ts  w ith in  th e  to ta l, in  field- 
cu ltiv a te d  in d iv id u a l specim ens sow n stepw ise. F u rth e rm o re , th e y  w ished  to  
in v estig a te  crop d ev e lo p m en t as well as vo la tile  oil y ield  u n d er th e  sam e con
d itions. A t th e  sam e tim e , observa tions e x ten d ed  to  th e  various develo p m en ta l 
s tages of th e  specim ens, in  o rder to  e s tab lish  th e  degree of in te rre la tio n sh ip  
b e tw een  th e  g ro w th  ch a rac te ris tic s  an d  s tages in g ro w th  progress.
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M ateria l an d  m ethod

Seeds o f  P . an isum  were sow n on 26, M arch, 9, A pril and  3 14, a n d  24 
M ay, 1973 m ean -b o u n d  ty p e  san d  soil. The size o f th e  p lo ts a m o u n te d  to  
16.00 m 2. T he seeds were sown a t  a row  d is tan ce  o f 20 cm and  sow ing w as 
re p e a te d  four tim es. The tim e o f h a rv e s tin g  and  th e  phenophases o f  th e  in 
d iv id u a l specim ens seeded a t v a rio u s  tim es are given in  Table 1.

F ro m  a g iven  p lo t five sam ples w ere collected  a t  each  m easuring  p erio d . 
T he specim ens w ere sliced in te rn o d a lly  so th a t  th e  segm en t betw een  tw o  nodes 
(in ternode) h ad  one lea f (the f irs t  in te rn o d e  w ith  leaves) and  th e  consecu tive  
in te rn o d es one side shoot (in th e  case o f th e  apical node ev en tu a lly  tw o ), each  
segm en t c o n s titu tin g  one m easu rin g  u n it. The assim ilating  su rface  w as 
m easu red  b y  M e d i n a — L i e t i i  (1964) ty p e  o p tica l p lan im ete r. A fter d esicca tio n  
a t  80°C, d ry  w eig h t was m easured . A t th e  tim e  o f seed ripen ing  7, A u g u s t, 
1973, th e  crop o f all p lo ts was h a rv e s te d . Crop y ield  p er p lo t was m easu red  
a fte r  th e  crop w as th reshed  and  cleaned . The c o n te n t o f vo latile  oil o f  th e  
fru its  w ith  re sp ec t to  th e  co n te n t o f d ry  m a tte r  w as estab lished  b y  th e  
Cl e v e n g e r  m eth o d .

A nalysis o f th e  volatile oil w as carried  o u t b y  JE O L  JGC-810 ty p e  gas 
ch ro m a to g rap h , considering th e  p a ra m e te rs  c ited  below :

Column dim ensions: 0 3 mm; 1.75 
Solid support: 10% DEGS
Stationary phase: Chromosorb W sil. 60/80 mesh.
Column tem p.: 100— 200°C, R ate (m inute: 8°C) min 
D etector tem p.: 220°C Injection tem p.: 210°C 
Detector: F ID  dual, Range: 1 mV 
Carrier gas: N 2, Flow  rate: 15 m l/m in  
Chart speed: 5 m m /m in. Anal tim e: 30 min

Results a n d  discussion

A ccording to  th e  phenological d a ta  reco rded  in 1973, w hich e s tab lish ed  
th e  d ev e lo p m en ta l stages of th e  p la n t , tw o leaves of th e  ro se tte  w ere s till 
p re se n t on P . a n isu m  a t  the  in itia l p e rio d  of m easu rem en t; on th e  m ain  axis 
th e  um bel was in  phenophase 31. 4 . 2 (c.f. Sz u j k ó -L acza  1975 m scr), th e  in 
florescence axes o f th e  th ird  o rd er an d  th e ir  fru c tife ro u s p rim o rd ia  h av e  
a lread y  developed . O n th e  b icarpel th e  p e ta ls  h ad  a greenish  colour above 
th e ir  m idvein , an d  w h itish  a t th e  m arg in a ls . T he side um bels were s lig h tly  
la rger in  size th a n  th e  m ain u m b e l. B ased on d a ta  collected in  1974 , 
th is phase is o f a sign ifican t im p o rtan ce  w ith  resp ec t to  th e  assim ila tin g  
surface. A ccord ing  to  daily  records m ade in  1974, th e  assim ilating  su rface  
will grow  for an  ad d itio n a l 10 days, a g row th  owing to  th e  developing side 
shoots.
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Table 1 -.1oo

Development stadia and phenophases o f  P im pine lla  an isum  in  1973

Age in days
Reading and 

collecting date 
days m

Stadia and phenophases
41-43

onths 21-23 31- 36

88 21 6 21.4.2— 23.2 31.4.2— 32.1; 34.3.1— 34.3.2 41.2
99 2 7 21.4.2— 23.2 32.3.1— 32.3.2; 34.3.2— 35.1 41.3

109 11 7 21.4.2— 23.2 33.1.1— 33.1.2; 35.3.3— 35.2 41.3
119 21 7 21.6 — 23.2 33.1.3— 33.1.2; 36.1.1— 36.1.2 (35.3.3) 42.3
129 31 7 2.2 — 23.2 33.2.1; 36.1.1— 36.1.3 43.1
136 7 8 33.2.2; 36.2.1— 36.2.2 43.2

79 21 6 21.2.4— 23.2 32.1: 34.3 41.1
90 2 7 22.2 — 23.2 32.3.1; 34.3.1 41.2— 41.4

100 11 7 22.2 — 23.2 33.1.1— 33.1.2; 35.3.2— 35.3.3 42.1
110 21 7 22.5 — 23.2 33.1.2; 35.3.1— 36.1 42.2
120 31 7 23.2 33.1.3; 36.1.2 43.1
127 7 8 33.2.2; 36.1.3 43.2

70 21 6 21.2.4— 23.2 31.4.2 41.1
81 2 7 21.4.2— 23.2 32.1; 34.4.1 41.2
91 11 7 21.4.2— 23.2 32.3.1— 32.3.3; 35.3.1 41.2

101 21 7 22.2 23.2 33.1.1— 32.3.3; 35.3.3 41.4
111 31 7 22.2 — 23.2 33.1.3— 33.1.2; 36.1.1— 36.1.2 43.1
118 7 8 22.2 — 23.2 33.1.3; 36.1.2— 36.1.3 43.1

49 21 6 21.2.4— 23.1 (31.1)
60 2 7 21.2.4— 23.2 31.3.1; 34.3
70 11 7 21.2.4— 23.2 32.1; 34.3 41.1
80 21 7 21.2.4— 23.2 32.3.2— 32.3.3; 35.3.1 -3 5 .3 .2 41.3— 41.4
90 31 7 22.4 — 23.2 32.3.2; 35.3.3 42.1
97 7 8 22.4 — 23.2 33.1.1; 35.3.3 42.1

29 21 6 21.2.3— 21.3
40 2 7 21.2.4—22.5
50 11 7 • 21.2.4— 23.1 31.1
60 21 7 21.3.2— 23.2 31.2
70 31 7 21.4.2— 23.2 32.1 35.1 41.3
77 7 8 23.2 — 23.2 32.1 — 32.2; 35.2 42.1
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In  1973, th e  L A R  o f th e  in te rn o d es of th e  in d iv id u a l specim ens has 
reach ed  its  m ax im um  in  10 days (cf. T able  2). B ased  on observ a tio n s m ade in  
1973 and  1974, id en tica l p h en o p h ases  w ill occur w ith in  v e ry  close tim e  lim its.

T able 2 ind ica tes  th a t  th e  m ax im a  of L A R , R G R  an d  N A R  occured  a t 
th e  sam e tim e , w ith  th e  ex cep tio n  o f  th e  6 th  and  7 th  in te rn o d es. D urin g  th e  
n e x t m easu rem en t period , L A R  decreased  on these in te rn o d es , w hereas R G R  
and  N A R  still increased . Increase  o f R G R  of these  tw o  in te rn o d es to o k  place 
b y  N A R , as opposed to  th e  p rev ious 10 d ay  period w h en  th e  increase o f R G R  
w as possib ly  re la te d  to  b o th  (L A R  an d  N A R ). In  th e  fo u r th  decade period , 
L A R  decreased  to  one-half or n e a rly  o n e-th ird  ow ing to  th e  g rad u a l w ith e rin g  
of leaves from  th e  base upw ard s w hich  p a r tly  ex p la in s  th e  negative-signed  
R G R  and  N A R . The p h en o p h ases , th e  L A R , R G R  a n d  N A R  values in d ica te  
in  concordance th a t  th e  red u c tio n  of th e  assim ilating  su rface  proceeds g rad u a lly  
from  th e  base to w ard  th e  ap ex  (T ables 1 and  2). D ep en d in g  on th e  ra te  of 
abscising of stock  an d  stem  leaves, a lread y  of decreasing  va lu e , th e  sign o f  th e  
tw o  o th e r g row th  ch arac te ris tic s  tu rn s  negative  successively .

The effect o f successive sow ing can  be e v a lu a te d  b y  com paring  th e  d a ta  
of Tables 2 an d  3. Sowing was ca rried  o u t a t  in te rv a ls  o f  14 days. D ifference in  
p lo t t re a tm e n t u n d e r th e  sam e e n v iro n m en ta l con d itio n s w as reg is te red  b y  
th e  v a ria tio n s of age an d  d ev e lo p m en t of th e  p lan ts . T h e  th re e  g row th  ch a rac 
te ris tic s  in d ica ted  th a t  9 A pril w as th e  favourab le  seed ing  period  (in c o n tra s t 
to  crop yield). W ith in  th e  sam e periods of in v es tig a tio n , th e  decay  o f th e  
assim ilating  surface and  w ith  it  th e  decrease of L A R  (T ables 1) 10 d a y  period  
w hen  th e  increase of R G R  was p o ssib ly  re la ted  to  b o th  (L A R  and  N A R ). In  
th e  fo u rth  decade period , L A R  d ecreased  to  one-half o r n e a rly  o n e-th ird  ow ing 
to  th e  g rad u a l w ith erin g  of leaves from  th e  base u p w ard s w hich  p a r tly  ex p la in s 
th e  negative-signed  R G R  an d  N A R . T he p henophases, th e  L A R , R G R  and  
N A R  values ind ica te  in  concordance th a t  th e  red u c tio n  o f th e  assim ila ting  
surface proceeds g rad u a lly  from  th e  base  to w ard  th e  ap ex  (Tables 1 an d  2). 
D epend ing  on th e  ra te  o f abscising  o f sto ck  and  s tem  leav es, a lread y  o f de
creasing  value , th e  sign of th e  tw o o th e r  g row th  c h a rac te ris tic s  tu rn s  n eg a tiv e  
successively.

The effect of successive sow ing can  be ev a lu a ted  b y  com paring  th e  d a ta  
o f T ables 2 and  3. Sowing w as ca rried  o u t a t  in te rv a ls  o f  14 days. D ifference 
in  p lo t tre a tm e n t u n d e r th e  sam e e n v iro n m en ta l co n d itions w as reg is te red  b y  
th e  v a ria tio n s  of age an d  d ev e lo p m en t o f th e  p lan ts . T he th re e  grow th  c h a ra c 
te ris tic s  in d ica ted  th a t  9 A pril w as th e  favourab le  seed ing  period  (in c o n tra s t  
to  crop yield). W ith in  th e  sam e perio d s of in v es tig a tio n , th e  decay o f th e  
assim ilsting  surface and  w ith  i t  th e  decrease of LA R  (T ables 1 and  3) becam e 
g enera l only  in  th e  fo u rth  te n -d a y  p e rio d  and  is p e rh ap s connected  w ith  p lan  
age. D u rin g  th e  th ird  decade, th is  ph en o m en o n  can be d e te c te d  on ly  on th e  
tw o  low erm ost in te rn o d es an d  th e ir  leaves.
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Table 2

In ternodia l R G R , L A R  and N A R  

(Seeding tim e

RGR

T otal

Internodes

.0480 .0409 .0191 — .0150 .0056 55.48 44.17

1. .0247 — .1018 .0272 — .0154 68.43 56.96

2. .0806 — .0451 — .0054 — .1019 53.84 45.68

3. .0634 .0146 — .0131 — .0305 68.49 51.98

4. .0270 .0189 .0118 — .0199 49.37 42.03

5. .0560 .0329 .0187 — .0309 58.07 45.53

6. .0760 .0622 .0241 — .0241 51.89 44.14

7. .0415 .0430 .0219 .0241 48.21 42.93

8. .0789 .0138 .0597 — .0180 36.43 32.52

9. .0876 .0342 .0444 — .0068 62.73 53.03

A ge, in  days 88 99 109 129 136

Period 1 2 3 4 5 1 2

Table 3

In ternodial R G R , L A R  and N A R  

(Seeding tim e:

RGR

T otal .0547 .0643 .0167 — .0032 — .0088 59.98 45.04

Internodes

1. — .0140 .0742 — .0480 — .4748 66.18 30.45

2. .0221 .0460 — .0172 — .0375 71.14 55.87

3. .0206 — .0061 .0000 — .0288 64.13 60.42

4. .0533 .0375 .0061 — .0307 56.85 40.96

5. .0607 .0044 .0578 — .0158 58.13 58.76

6. .0652 .0847 .0000 .0169 58.60 45.94

7. .0632 .0610 .0298 — .0176 54.67 47.83

8. .0611 .0740 — .0368 .0972 55.84 40.95

9. .0484 .1596 .0321 — .0030 62.17 34.80

10. .0705 .0606 .0197 .0273 52.02 39.00

A ge, in days 90 100 110 120 127

Period 1 2 3 4 5 1 2
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values o f  P im p in e lla  an isum  L. 

3. 26. 1973)

LAR NA R

31.28 24.05 24.05 .0870 .0916 .0608 — .0636 .0287

20.32 17.38 .0360 — .2009 .1427 — .0932

28.89 22.24 .1460 — .1015 — .0194 — .4390

31.39 22.89 .0971 .0292 — .0419 — .1487

31.63 21.97 .0554 .0451 .0372 — .1002

30.80 27.20 .0996 .0724 0.0604 — .1149
34.11 26.15 .0728 .1380. .0703 — .0946

33.74 22.63 .0859 .0991 .0648 .1067

29.57 26.47 .2032 .0425 .1982 — .0682

32.40 21.05 .1442 .0639 .1349 — .0330

3 4 5 1 2 3 4 5

values o f  P im pinella  a n isu m  L. 

9. 4. 1973)

LAR N A R

34.20 27.05 27.05 .0893 .1391 .0487 .0117 — .0350

20.00 00.02 — .0221 .2331 — .2516 .0841

34.15 26.52 .0317 .0811 — .0511 — .1414

45.50 28.07 .0320 — .0100 — .0142 — .1043

36.03 33.25 .0913 .0904 .0168 — .0949

44.66 32.50 .1013 .0076 .1205 — .0493

37.59 31.16 .1080 .1795 — .0054 .0540

35.06 27.11 .1145 .1255 .0847 — .0650

33.27 25.28 .1090 .1739 — .1109 .3686
26.94 22.24 .0757 .4146 .1181 — .0134

30.08 20.58 .1356 .1509 .0654 .1335

3 4 5 1 2 3 4 5
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P o p u la tio n  sow n on  4, A pril. A t th e  beg inn ing  of th e  in v estig a tio n  
p e r io d , all stock and  s tem  leaves o f th e  ind iv id u a ls  were sound , th e  m ain  um bel 
w as in  phenophase 31. 4. 2 ., like th e  p lan ts  sow n a t  th e  ea rlie s t d a te ;  how ever, 
th e  side um bels w ere g rossly  re ta rd e d  in  th e ir  developm en t.

D u rin g  the  f irs t 10 d a y s  period  be tw een  th e  se t o f specim ens seeded a t 
v a r io u s  dates th is g roup  o f  p la n ts  have ex h ib ited  the  g re a te s t L A R , R G R  and  
N A R . H ow ever, in  th e  second  period  th e  sto ck  leaves have  a lre a d y  abscised 
(T ab le  1), s im u ltaneously  w ith  a sign ifican t red u c tio n  in  L A R , an d  on th e  low 
a n d  u p p e r  in ternodes also  R G R  and  N A R  show ed a n eg a tiv e  va lu e . On th e  
o th e r  h an d , the  side sh o o ts  an d  th e ir  um bels have developed  d u rin g  th is  
p e rio d  w hich m igh t be resp o n sib le  for th e  n eg a tiv e  sign o f N A R .

D uring  the  th ird  d ecad e , R G R  an d  N A R  tu rn e d  p o sitive  on p rac tica lly  
a ll in te rn o d es . I t  follows t h a t  th e  ra te  of n e t assim ila tion  o f th e  fu lly  developed 
side shoo ts com pensated  fo r th e  loss of p h o to sy n th esis  caused  b y  th e  loss of leaf 
su rface  w hich is re p re se n te d  b y  th e  dead  stem  leaf. B e r t a l a n f f y  (1941; 1951; 
1957, cf. O ’s v a t h , 1964) d iv id e d  th e  g row th  d iffe ren tia l in tim e  in to  tw o opposite 
th e  anabolical and  ca ta b o lic a l, processes ta k in g  place w ith in  th e  organism .

Considering th e  p h en o log ica l d a ta  of T ab le  1 an d  th e  d a ta  associated  
w ith  R G R  and L A R  in  T ab le  4 as well as B e r t a l a n f f y ’s o b se rv a tio n s (l.c.) 
one m a y  infer th a t  w ith in  th e  id en tica l p o p u la tio n , u n d e r chan g in g  ex te rn a l 
co n d itio n s  and d ep en d in g  on th e  develo p m en ta l stage  o f th e  in d iv id u a ls , th e

Table 4

In ternod ia l R G R , L A R  and N A R  

(Seeding time:

RGR

T otal .0795 .0263 .0168 .0335 .0009 64.16 46.21

Internodes

1. — .0336 .0072 — .0065 .0470 82.61 50.90

2. .0336 — .0032 .0074 .0194 73.08 44.59

3. .0375 — .0072 .0758 — .0375 67.15 56.19

4. .0446 — .0248 .0668 .0228 72.59 55.29

5. .1070 — .1286 .1729 — .0016 58.77 53.26

6. .1237 .0225 .0388 — .0094 60.05 42.72

7. .1099 .0511 .0191 .0959 71.19 51.65

7. .1564 — .0053 .0535 .0357 54.73 49.88

9. .2906 — .1001 — .0262 — .0744 30.33 31.83

A ge, in days 81 91 101 111 118

Period 1 2 3 4 5 1 2
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ra tio  of the  an ab o lica l and  ca tab o lica l processes re sp ec tiv e ly  varies w ith in  th e  
v a rio u s p la n t p a r t  as well as in  th e  whole p lan t.

N A R  p ro v ed  to  be a r a th e r  sensitive  in d ica to r o f  th e  assim ila tion  and  
d issim ila tion  ra te  o f th e  several p la n t  p a r ts , s.c. o f th e  in te rn o d es.

Table 5 gives th e  d a ta  of p la n ts  w hich had  only  4 in te rn o d es  an d  no um bel 
p rim o rd iu m  a p p a re n t on th e  apex  o f th e  shoot axis a t th e  beg inn ing  of m easu re 
m e n ts , nam ely  50 day s a fte r  th e  seed ing  date  (cf. T ab le  1). R e la ted  to  th e  
above, an acce lera tio n  in p la n t d ev e lopm en t could be observed  d u rin g  th e  
f irs t days of th e  in v es tig a tio n . D uring  th e  second decade o f in v es tig a tio n  th e  
p la n ts  h ad  a co m p le te ly  developed  foliage, th e  in flo rescence p rim o rd iu m  was 
a p p a re n t  and  som e o f th e  side shoo ts have even re a c h e d  th e  h e igh t of th e  
m a in  um bel. A t th is  tim e , L A R , R G R  an d  N A R  of th e  70 days old in d iv id u a l 
specim ens reached  th e ir  m ax im um , w ith  th e  excep tion  o f th e  f irs t and  sev en th  
in te rn o d es . S u b seq u en tly  th e  va lu e  o f  L A R  decreased  to  a lesser ra te  th a n  in  
p la n ts  o f an  ea rlie r seed ing  tim e , a n d  th e  values of R G R  an d  N A R  rem ain ed  
po sitiv e  u n til th e  en d  of th e  fo u r th  decade, w ith  th e  ex cep tio n  of th e  second 
a n d  th ird  in te rn o d es. A ltho u g h  re d u c tio n  in LA R  d u rin g  th e  f if th  decade was 
s lig h t, th e  R G R  an d  N A R  values tu rn e d  negative in case o f five in te rn o d es o u t 
o f  e ig h t. P heno logy  here  in d ica tes  ra th e r  the  d eso rg an iza tio n  of th e  a lread y  
ex is tin g  ones th a n  th e  g row th  of new  organs. A com p ariso n  o f th e  d a ta  g iven 
in  T ab les 3, 4, 5 an d  6, reveals t h a t  specim ens sown ea rlie r  also h ad  n eg a tiv e

values o f  P im pinella  a n isu m  L. 

14. 4. 1973)

LAR N A R

38.35 27.59 27.59 .1177 .0568 .0438 .1202 — .0038.

17.94 8.87 — .0409 .0154 — .0384 .5232
31.78 18.90 .0461 — .0187 .0234 .1054
37.19 22.11 .0546 — .0127 .1949 — .1912

40.54 27.30 .0607 — .0447 .1538 .0832
42.47 29.24 .1666 — .2199 .3614 — .0056
36.19 39.70 .1855 .0527 .1011 — .0235
42.06 28.43 .1424 .0978 .0453 .3222
35.94 20.69 .2500 — .0106 .1462 .1706
39.57 39.59 .7816 — .2949 — .0724 — .1828

3 4 5 1 2 3 4 5
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Table 5

In ternodial R G R , L A R  and N A R  

(Seeding tim e:

RGR

T otal .1086 .0622 .0584 .0295 — .0410 92.73 66.85

Internodes

l . — .0368 .0000 .0201 .0310 .0411 105.09 59.67

2. .0511 .0203 .0000 .044)5 .0151 103.38 72.36

3. .0588 .0707 — .0061 .0560 .0191 102.57 69.00

4. .0539 .0568 .0140 .0197 — .0162 91.79 77.38

5. .0713 .0490 .0121 — .0128 64.97

6. .1018 .0588 .0054 — .0781 66.79

7. — .0159 .0480 .0566 — .0809 68.43

8. .0961 .0388 .0619 .0106 40.11

A ge, in days 60 70 80 90 97

Period 1 2 3 4 5 1 2

R G R  and  NAR va lu es  a t  th is  tim e . W ith in  th e  sam e p e rio d , a decrease in  
g ro w th  ra te  can be re g is te re d  in  all p lo ts , a fac t p o in ting  to  th e  effect o f an  
e x te rn a l  com plex o f co n d itio n s w hich re su lts  in  an id en tica l reac tio n  in  the  
p la n ts  of all p lo ts reg a rd less  o f th e  ph en o p h ase  or the. age o f th e  specim ens.

Table 6

Internodial R G R , L A R  and N A R  

(Seeding tim er

RGR

T otal .0223 .0770 .2944 — .0379 — .0990 1262.22 1275.33

Internodes

1. .0000 .0000 .2303 — .0981 .0000 701.25 872.50
2. .0451 .2455 — .0560 .0319 1550.00

3. .2708 — .0405 .0319

4. .2148 — .0693 .0000

5. .2303 .0000 — .0319

6. .2079 .0981

A ge, in days 40 50 60 70 77

Period 1 2 3 4 5 1 2
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values o f  P im pine lla  a n isu m  L. 

3. 5. 1973)

LAR NA R

50.02 43.17 39.19 .1115 .0818 .1147 .0679 — .1052

30.00 16.69 15.66 — .0372 — .0019 .0722 .1887 .2607

42.58 33.60 26.63 .0496 .0260 — .0019 .1191 .0565

59.21 45.00 33.60 .0561 .0893 — .0102 .1212 .0567

60.09 47.06 45.28 .0599 .0647 .0242 .0417 — .0358

51.60 47.61 45.85 .0966 .0936 .0255 — .0279

48.18 42.32 46.40 .1319 .1191 .0128 — .1658

66.00 51.93 49.03 — .0208 .0720 .1067 .1627

49.40 43.90 36.72 .0598 .0784 .1388 .0289

3 4 5 1 2 3 4 5

A ccording to  T ab les  1 and  5, specim ens sow n on 3 M ay have p assed  
th ro u g h  a sh o rte r  tim e  sp an  in  each d ev e lo p m en ta l s tage .

In  th e  case o f th e  low er in ternodes, th e  N A R  value ev idence only a s lig h t 
increase in  th e  p h o to sy n tlie tic  ac tiv ity , or in  some perio d s of its  absence ,

values o f  P im pinella  a n isu m  L. 

24. 5. 1973)

LAR I NAR

128.60 90.91 105.90 .0029 .0053 .1463 — .0418 — .0904

96.14 59.46 139.00 .0003 .0002 .0001 - .1 6 2 5 .0001

141.84 93.27 85.67 .0028 .1214 — .0606 .0371

171.88 109.60 93.22 .1044 — .0375 .0341

140.11 102.67 139.67 .1162 — .0671 — .0034

187.64 95.20 122.22 .0873 — .0021 — .0261

110.00 92.09 .1494 — .1034

3 4 5 1 2 3 4 5
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w h ich  of course affects th e  R G R  v a lu e  as well. The p la n ts  rem ain ed  sh o rt 
a lth o u g h  th e  e ig h t in te rn o d e  w as developed . As a consequence of th e  e lo n g a tio n  
in h ib itio n , th e  specim ens re a c te d  to  la te  seeding w ith  sh o rte n in g  and  w ith  th e  
w e a k  deve lopm en t of th e  side um b e ls . T he stepped  sow ing th u s  sh o rten s  
g ro w th  season an d  som e on to g en e tic  s tag es  o f th e  p lan t. R esu lts  of la te  seed ing  
resem b le  th e  w ell-know n p h en o m en a  com m on am ong th e  sh o r t-s ta tu re d , so- 
ca lled  n u n a ta k  p la n ts  w hich  develop  d u rin g  the  b rie f  v e g e ta tiv e  season  a t  
h ig h  a ltitu d es.

The la s t sow ing was done on 4 M ay. A t the  beg inn ing  o f m easu rem en ts , 
ev e n  th e  co ty ledons w ere p re se n t an d  o n ly  th e  firs t in te rn o d e  w as developed . 
20 day s la te r , th e  second in te rn o d e  ap p e a re d  and a fte r an  ad d itio n a l 10 day s 
th e  59 d ay  old specim en d isp lay ed  its  m a in  um bel and  som e o f th e  side sh o o t 
p rim o rd ia . The L A R  value has su rp assed  the  tw ofold o f  p o p u la tio n s sow n 
e a r lie r  (Table 6), w ith  th e  acco rd ing ly  h igh  and  positive va lu es  of R G R  an d  
N A R . In  th is  case, th e  R G R  va lu e  w as in  closer re la tio n  to  th e  L A R  va lu e . 
D u rin g  th e  fo u rth  decade, L A R  o f th e  69 days old p la n t  show ed a s lig h t 
d ecrease  and  th e  R G R  an d  N A R  values w ere negative. W ith  respect to  R G R  
th e  u p p erm o st in te rn o d e  is an  e x cep tio n . D uring  th e  f if th  decade, L A R  e x 
h ib ite d  an increase due to  th e  side sh o o ts , h u t  N A R show ed a neg a tiv e  v a lu e , 
o r  zero , or a v e ry  low positive  va lue .

I t  is ch a rac te ris tic  to  all p la n ts  o f th e  p lo t th a t  th e y  are  ex trem e ly  sh o rt 
a n d  have , a t  th e  m ost, 6 in te rn o d es . T he rep ro d u c tiv e  organs are w eak ly  
deve loped  w ith  excep tion  of those  on m ain  um bel. T hose o f th e  side shoo ts 
p ro v e d  to  be in fe rtile  in  v a rious w ays.

P lan ts  sown as th e  la s t re a c te d  to  th e  un favourab le  e x te rn a l e n v iro n m e n t 
b y  ex ten siv e ly  sh o rt s ta tu re , b u t  also b y  a decrease in  th e  n u m b e r of in te rn o d es . 
I t  can  be assum ed th a t  th e  u n fav o u rab le  ex te rn a l effect com plex  in flu en ced  
th e  reac tions reg u la ted  b y  aux in  and  gibberellin  th ro u g h  w hich b o th  b o d y  
e lo n g a tio n  of th e  en tire  p la n t an d  th e  fu ll deve lopm en t o f th e  side shoo ts 
b ecam e  in d irec tly  and  in te rn a lly  in h ib ite d .

Crop y ie ld , volatile oil content and  the ratio o f  its components

O ur m easu rem en ts in d ica te  t h a t  sow ing tim e s ig n ifican tly  in flu en ced  th e  
crop  yield  of anise (P im pin e lla  a n isu m , T ab le  7) as well. Sow ing done a t  th e  
b eg in n in g  of A pril (4.09) have  a lread y  re su lted  in a 39%  d ro p  in  crop y ie ld  as 
co m p ared  to  th a t  o f th e  earlies t sow ing d a ta  (3.26) w hich, how ever, is n o t  th e  
m o s t accep tab le  d a te  w ith  re sp ec t to  g ro w th  p a ram ete rs . L a te  sowings (M ay) 
re su lte d  in a low crop y ie ld , ow ing p a r t ly  to  the  absence o f  som e a rc h ite c tu ra l 
e lem en ts  (such as th e  side shoot) an d  p a r t ly  to  the  in fe r tility  o f flow ers.

A ccording to  T ab le  7, th e  change in th e  am ount o f vo la tile  oil p re se n t in 
th e  d ry  m a tte r  (Anisi fru c tu s) is a fu n c tio n  of seeding tim e . The v o la tile  oil
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T a b le  7

Crop y ie ld , volatile oil content and the quality o f  the volatile oil 
o f  P im pine lla  a n isu m  as a fu n c tio n  o f  soiling date (1973 , Soroksár)

Sowing date

Crop yield Volatile oil 
content in % 

of absolute 
dry m atter

C ontent of 
ane tho l in the 

volatile oil,
in %kg/plot q /ha

3.26 1.66 10.40 2.84 86.5

4.09 1.06 6.64 2.76 89.2

4.14 0.73 4.58 2.56 92.3

5.03 0.43 2.66 2.24 90.1

5.24 0.21 1.28 2.00 90.0

SD 5°/0 0.16 1.00 0.18 —

T a b le  8

M a in  weather factors covering the period fro m  spouting  
to seed ripen ing  (1973, Soroksár)

Sowing date
Precipitation 

in  mm
T otal of abs. 

tem perature in C
N um ber of hrs 

of sunshine

3.26 229.1 1958.9 882

4.09 217.1 1814.3 809

4.14 191.1 1671.4 750

5.03 164.6 1475.2 640

5.24 162.6 1187.8 490

e o n te n t o f stocks sown earlie r was 3 0 %  h igher th a n  th a t  o f th o se  sown b y  th e  
en d  o f M ay. H ow ever, an e th o l w hich de te rm in es th e  q u a lity  o f th e  vo la tile  oil 
w as o f a h igher grade in  th e  case o f p la n ts  sown a t a la te r  d a te . W ith  re sp ec t 
to  crop y ield  and  th e  c o n te n t of v o la tile  oil, the  resu lts o f  s tep p ed  sow ing ex 
p e rim e n ts  done w ith  A n e th u m  in  1968 — 71 and  w ith  C oriandrum  in  1971 73
w ere in  fa ir  ag reem en t w ith  th e  re su lts  o f  s tepped  sow ing ex p e rim en ts  ca rried  
o u t w ith  anise.
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THE STUDY OF THE LOCALIZATION 
OF VOLATILE OIL IN THE DIFFERENT PARTS 

OF SALVIA SCLAREA L.
AND SALVIA OFFICINALIS L.

BY APPLYING 214 C SODIUM-ACETATE
By

G. V e r z á r - P e t r i  and M. T h e n
SEM M ELW EIS MEDICAL U N IV E R S IT Y  IN ST ITU TE FO R  PHARMACOGNOSY,

EÖTVÖS LORÁND U N IV ER SITY  OF SCIENCE .PH Y TO O RG A N O G RA PH ICA L D EPARTM ENT, BU DA PEST

(R eceived A ugust 22, 1974)

U sing 2 14C N a-acetate and inactive  histochem ical m ethods in com parison, the  
biosynthesis and localization of vo latile  oils, biochem ically already verified b y  the  
authors (1974), were studied. I t  was established th a t the localization conditions, and 
therefore functions, o f the glandular and covering trichom es of various typ es are 
different.

Introduction

One of th e  p erspective  fields o f ap p ly in g  rad ioac tive  p recu rso rs is th e  
in v es tig a tio n  o f th e  localization  an d  d is tr ib u tio n  o f th e  substances in  p la n t 
tissues. M edical d iagnostics uses th is  m e th o d  ex tensive ly , while in  b o ta n y  i t  
has been  on ly  a sp o rad ica lly  applied  m e th o d  so fa r. R ecen tly , th e  e x am in a tio n s  
b y  one of th e  au th o rs  (Ve r z á r - P e t r i , 1971) concerned  th e  d is tr ib u tio n  acco rd 
ing  to  tissue  areas o f alkalo ids fo rm in g  in  th e  secondary  m etabo lic  tu rn o v e r  
for exam ple  in  N ico tiana , Vinca m inor , D atura innoxia , Valeriana o ffic in a lis . 
U n til now  on ly  in ac tiv e  h istochem ical m e th o d s  w ere availab le (T u n m a n n — 
R o s e n t h a l e r , 1931; Sá r k á n y  e t a l., 1966 e tc .,)  besides e lectronm icroscop ical 
s tu d ies  (A m e l u n x e n , 1965), th e re fo re , we p ro p o sed  to  s tu d y  w ith  h is to au to - 
rad io g rap h ica l m eth o d s th e  localiza tion  o f v o la tile  oil in  th e  tw o Sa lv ia  species. 
A lth o u g h  th e  214C N a-ace ta te  p recu rso rs  are  n o t specific ones, since th e y  are 
th e  p recu rso rs o f severa l ty p es of com p o u n d  (vo la tile  oils, stero ids, ca ro tido ids) 
as w ell as of f a t ty  acid m etabo lism , i t  is a ve rified  fa c t ( L u c k n e r , 1969; VÁG- 
Új f a l v i  an d  T y i h Ák , 1963) th a t  th e  ace ty l-res id u e  from  th e  ace ty l CoA b io 
syn thesizes th e  m ono- and  sesqu ite rpenes th ro u g h  m evalonic acid.

Material and m ethod

Tw o ch a rac te ris tic a lly  vo la tile -o ileferous p la n ts  were chosen fo r th e  
ex am in a tio n s: Sa lvia  sclarea L ., th e  m u sca te l sage, belonging to  th e  Labiatae
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fam ily , an d  Salvia o ffic in a lis  L ., th e  g ard en  sage, for th e  co m p ara tiv e  analyses. 
B o th  p la n ts  are im p o r ta n t  also in d u str ia lly . Sa lvia  sclarea is an  im p o r ta n t raw  
m a te r ia l of parfum e in d u s try , w hile Sa lvia  o ffic ina lis  in  p h a rm aceu tica l fie ld .

B y  using th e  ra d io a c tiv e  p recu rso rs , we ex p ec ted  an  answ er to  m e th o d 
ological questions, a n d  also to  th e  e x te n t o f localiza tion  ta k in g  place in  th e  
tr ich o m es during  in v es tig a tio n s . W e also w a n te d  to  ev a lu a te  th e  differences 
aris in g  during  th e  in f il tra tio n  w ith in  th e  species an d  betw een  th e  tw o  species. 
S a lv ia  sclarea L. an d  Sa lv ia  o ffic ina lis  L. w ere co llected  from  th e  U n iv e rs ity  
B o ta n ic a l G ardens, B u d a p e s t.

A solution  o f 4 .25 X 103 c o n c e n tra tio n  w as p rep a red  from  214C Sodium - 
a c e ta te  of 0.5 mCi (4.816 mCi/mM ol) a c t iv i ty ;  25 m l of th is  so lu tion  w as used  
for th e  in cu b a tio n  o f  y o u n g  shoots. In c u b a tio n  tim e  was 7 days =  168 hours. 
A fte r  t r e a tm e n t, c o n ta c t h is to au to rad io g ram s w ere ta k e n  of leaves. T he X -ra y  
p la te s  w ere developed  fo r 14 days. D urin g  exp o su re , th e y  w ere k e p t a t  + 4 °C , 
ex c lu d ed  from  lig h t. A fte r  deve lo p m en t, th e  p h o to g rap h s were ta k e n  from  
th e se  X -ra y  film s.

Results o f investigation

A) The trichomes o f  Sa lvia  species

Concerning S a lv ia  o ffic ina lis, d e ta iled  d a ta  are available in  K a r s t e i n ’s 
p liarm aco g n o stica l h an d b o o k  on th e  s tru c tu re  o f Labiatae-ty p e  hairs (g lan d u la r 
h a ir  w ith  a big head ) and  of g lan d u la r h a irs  w ith  a sm all h ead  in  various 
species.

C oncerning co v erin g  trichom es, th e  d a ta  refe r only  to  one ty p e , viz. to  a 
g la n d u la r  h a ir w ith  5-celled  heads, m en tio n ed  as covering trichom e developed  
w ith o u t plasm . S im ila r d a ta  are fo u n d  in  th e  S ix th  H u n g arian  P h a rm aco p ea  
an d  also in  th e  te x tb o o k  b y  H a l m a i  -  N o v a k ’s P harm acognosy  (1963).

In  th e  course o f in v es tig a tio n s , we fo u n d  th e  above-m en tioned  ty p e s  of 
g lan d u la r  hairs in  v a rio u s  d is tr ib u tio n  on th e  foliage leaf, to  be d iscussed  
la te r . C oncerning cov erin g  trichom es, th e  d escrip tions can be ex te n d e d  to  tw o 
ty p e s . A ccordingly  th e  trichom es of Sa lvia  o ffic ina lis  are as follows:

G landu lar h a irs  w ith  sm all h ead s , w ith  m onocellu lar s tem  an d  m ono
ce llu la r head , th e  sam e w ith  2 —4-celled heads. T yp ical Labiatae  g lan d u la r 
h a ir  w ith  8-celled h e a d .

T he covering trich o m es are of th ree  ty p e s : m onocellu lar p ap illae  w ith  
p lasm  co n ten t in  all cases; m onocellu lar, long, w inding, lan ifo rm  trich o m es; 
a n d  5-celled rig id , se tifo rm  covering trich o m es. T hese m ay a tta in  a len g th  of 
450 /л. (The P h a rm a c o p e a  refers to  th is  as a  specific fea tu re .)

The so-called sm all-h ead ed  g lan d u la r  h a irs  ap p ear in  g rea t n u m b e r on 
th e  ab ax ia l surface o f th e  leaf, along th e  veins. On th e  adax ia l surface of th e
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lea f th e y  occur m a in ly  in  th e  in te rv en ae  spaces. T he lo ca tio n  of th e  covering  
trichom es is sim ilar. P ap illae  can be o bserved  in te rv e n ia lly  on th e  a d a x ia l 
surface of th e  leaf, a n d  on th e  ab ax ia l su iface  along th e  veins. Salvia  sclarea is 
of a sim ilar tissue co n stru c tio n . I t  is on ly  th e  sm all-h ead ed  g lan d u la r h a ir  w ith  
a neck cell th a t  d ev ia te s  b y  form ing m ere ly  one stem  cell. On th e  inflorescence 
axis th e re  are n e a rly  exclusively  g lan d u la r  hairs w ith  an  elongated  b asa l cell, 
a m onocellu lar neck an d  head .

The ty p es o f th e  covering h a ir a re  co nsiderab ly  rich e r th a n  in  S a lv ia  
offic ina lis. In  a g rea t m a jo rity  of th e  cases, th e  ha ir ty p e  consists of 3 —4 cells, 
w ith  a large basa l cell, and  acu te  tip , b u t  th e re  are also s to u t m onocellu lar 
p ap illae , an d  b ice llu la r, acu te  or o b tu se  tricornes. V ery  ch a rac te ris tic  is th e  
tric e llu la r  covering trich o m e, s itu a te d  on tw o p ro tu b e ra n t  em ergen tia  cells. 
The la t te r  b reaks off v e ry  easily  and  th e re fo re  used to  observe.

As regards th e  su bstance  co n ten t of trichom es, o u r h istochem ical e x 
am in a tio n s prov ide fu r th e r  details.

F irs t, how ever, th e  perform ance o f th e  te s te d  reag en ts  of d ifferen t ty p e s  
should  be discussed.

I t  can be s ta te d  th a t  some of th e  reag en ts  develop ing  vo latile  oil u sed  in  
p a p e r-a n d  th in -  lay e r ch ro m ato g rap h y  fu rn ish  neg a tiv e  re su lts  in th e  course of 
h istochem ica l ex am in a tio n s , e.g. th e  E P  re a g e n t a n d  SbCl3. The n eg a tiv e  
b eh av io u r o f th e  E P  re a g e n t is p ro b ab ly  due to  th e  fa c t t h a t  i t  gives no co lour 
reac tio n  w ith  te rp en es  o th e r th a n  azu lene , and  th e  la t te r  is no t fo u n d  in  
Salvias. The te s te d  KMnO,, and  FeC l3 reag en ts  a p p e a r in  ch a rac te ris tic  
colours b u t  n o t specifically  in the  tissu es , w hile th e  cc. H o S 0 4-vanilline p ro 
v ides a specific co lour reac tio n  w ith  (Labiatea-ty p e ) h a irs  con ta in ing  v o la tile - 
oil. A fte r a ce rta in  tim e  it  dissolves th e  tissue , b u t  in  co m bina tion  w ith  in 
f iltra tio n  it  can  be u sed  sa tisfac to rily .

Several h is to ch em ica l dyes w ere tr ie d  w hich all p roduced  a co lour 
reac tio n  (Tables 1 a n d  2).

O sm ium  acid  gives an in tense  b la c k  colour reac tio n .
N ile-blue d yed  b rig h t blue or g reen ish  blue th e  large  g landu la r h a irs  

w ith  vo la tile  oil co n te n t.
I t  is w o rth y  of a tte n tio n  th a t  it  d y ed  th e  pap illae  an d  th e  o th e r covering  

trichom es as w ell, w ith  special reg ard  to  th e  second or th e  so-called b asa l cell 
coun ted  from  th e  ap ica l cells of th e  long  covering trich o m es. Toluene b lue  
an d  its  v a r ie ty  com bined  w ith  K J 3 b e h a v e d  sim ilarly . T he vo latile  oil d rops 
observed  b y  Sz e n t p é t e r i  (in Sá r k á n y  e t  al., 1966) w ere n o t found  in  our 
ex am in a tio n s. B o th  dyes being p lasm  dyes coloured also th e  nucleus to  a 
d a rk e r  shade , w hich verifies th e  p lasm  c o n te n t o f th e  covering  trichom es. T he 
h e te roc lirom atic  an d  specific beh av io u r o f R osan ilin  m u s t also be em phasized .

The Labiatae-ty p e  g lan d u la r hairs be long  in  th e  g roup  of la rg e-h ead ed  
g lan d u la r hairs. Tw o o f its  ty p e  could be observed  on th e  p lan t exam in ed ,
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T ab le  1

Colour reactions o f  trichomes w ith th in  layer chromatographic reagents

Type of hair
Reagents

R-SbClo3 R-KMnOg R -K J3 cc. H 2S 0 4-vanillin R-FeCl3

Salvia o fficinalis

Covering trichome Basal cell yellow Brown Basal cell yellow Negative Negative

Glandular hair w ith monocellular 
head Negative Darkbrown Y ellowish-brown Negative Negative

Glandular hair w ith bicellular head Negative Darkbrown Yellowish-brown Cyclamen Negative

Labiatae

Glandular hair w ith large head Negative Brown Brownish-yellow Orange-red
cyclamen

Greenish-gray or 
colourless

Salvia sclarea

Covering trichome Negative Brown Basal cell apical 
cell yellow

Negative Negative

Glandular hair w ith monocellular 
head Negative Lightbrown Y ellowish-brown Negative Gray

Glandular hair with bicellular head Negative Lightbrown Yellowish-brown Yellow Gray

Labiatae

Glandular hair Negative Darkbrown Negative Cyclamen violet Gray
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CO
T ab le  2

Colour reactions o f  the trichomes w ith volatile oil dyes

Dyes

H air type
Toluene blue Toluene blue 

K J • J ,
Rosanilin Sudane I I I Nile blue Osmium acid

Salvia o fficinalis
Covering trichome Blue Bluisli-green Negative or 

pink
Apical cell red Greenish Negative black 

grains
Glandular hair with monocellular

head Blue Yellowish-
brown

Red Red Green Gray

Glandular hair w ith bicellular head Light Yellowish-
brown

Pink Negative Blue Black

Labiatae

Glandular hair with large head N egative or 
gray

Yellow One part yel
low, another 
part red

Yellowish One part yel
low, another 
part red

Gray

Salvia sclarea
Covering trichome Blue Yellow Pink or 

negative
Negative Greenish-blue N egative

Glandular hair w ith monocellular
head Blue Darkblue Red Red Greenish-blue N egative or 

black grains
Glandular hair w ith bicellular head Blue Darkblue Pink Negative Blue Black

Labiatae

Glandular hair with large head Blue Darkblue Red Red Greenish-blue Grey
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co lou red  also d iffe ren tly  b y  dyes. In  one ty p e  th e  head  cell is ap p a ren tly  solid: 
p re su m ab ly  o th e r su b s ta n c e s  are also p re se n t, o r th e  oil tu rn e d  resinous, while 
in  th e  o th e r ty p e  th e  d iv is io n  into 8 heads an d  th e  hom ogeneous s ta in ing  is 
conspicuous. A ssu m ab ly  i t  con ta ins th e  vo la tile  oil in  a c lea re r s ta te . R osaniline 
p ro d u ces a yellow re a c tio n  in  Salvia o ffic in a lis , w hile a b r ig h t red  in Salvia  
sclarea. This perm its  th e  in ference th a t  th e  vo la tile  oil com position  of the  la rg e 
h e ad ed  g landu lar h a ir  is d iffe ren t in  th e  tw o  species. C harac te ris tica lly , in  th e  
sm all-headed  g la n d u la r  h a irs  and  in th e  5-celled covering trichom es th e  n e c k 
cell below  the  ap ica l o r h e a d  cell s ta in s also a b rig h t red , in d ica tin g  th a t  th e y  
also  secrete vo la tile  oil.

The head cells o f  th e  long-stem m ed g lan d u la r  ha irs occurring  on th e  in 
florescence axis of S a lv ia  sclarea s ta in  s tro n g ly  w ith  all re ag en ts . The differences 
concern ing  th e  v o la tile  oil com ponents o f th e  d ivers trich o m es im ply  th a t  
v a rio u s  volatile  oil co m p o n en ts  accum ulate  in  th e n , in d eed  in  certa in  cases 
even  o th e r su b stan ces m a y  be secreted . F o r exam ple , ta n n ic  acids, s ta in ing  to  
a greenish  colour w ith  F eC l3 m ay ap p ea r also in  th e  Labiatae  g landu lar ha irs . 
In te n se  ré sin ifica tion  cou ld  he observed in  Sa lvia  sclarea w ith  alcoholic te s ts  
o r w ith  the  v a p o u r o f  cc. HC1. In  th e  sam e species, f a t ty  oil also accum ulates 
beside the  vo latile  oil in  g lan d u la r hairs w ith  a m onocellu lar head ; it  s tro n g ly  
s ta in s  w ith  Sudane I I I  a f te r  ev ap o ra tio n  o f th e  vo la tile  oil.

I t  is only w ith  g la n d u la r  hairs w ith  a b ice llu la r sm all head th a t  th e  
vo la tile  oil can be o b se rv ed  in  a pure  s ta te , on a v a r ie ty  o f th e  Labiatae-ty p e  
g lan d u la r hairs o ccu rin g  on young leaves.

The volatile  oil c o n te n t of neck cells in  th e  p ed u n c u la te  g landu lar h a irs  
was therefore v erified . (T he neck cell s ta in s  hom ogeneously  w ith  th e  head  cell.) 
S ecre tion  can he d e te c te d  in th e  hasa l cells o f th e  covering  trichom es and  also 
in  th e  apical an d  su b ap ica l cells, w hich collapse easily ; th is  observation  is in  
c o n tra s t w ith  d a ta  p u b lish e d  in th e  l i te ra tu re  so far.

E x am in a tio n s w ith  th e  h istochem ical reag en ts  te s tif ie d  m erely th a t  th e  
lo ca tio n  of vo la tile  oils in  th e  developed shoo ts an d  flow ers of Salvia sclarea 
is indeed  in th e  g la n d u la r  hairs.

No in d ica tio n  h a s  been  found in  th e  l ite ra tu re  w h e th e r the covering  
trichom es can, u n d e r  c e r ta in  conditions, ta k e  over th e  ro le of g landu lar h a irs , 
especially  w ith  re fe ren ce  to  localization . In  th e  course of o u r investiga tions we 
found  th a t  th e  co v erin g  trichom e in v a ria b ly  co n ta in ed  plasm , and  w hen  
ce rta in  dyes, for e x a m p le , R osanilin , Nile b lue  w ere ap p lied , th e  colour re a c tio n  
w as identical w ith  t h a t  of th e  g lan d u la r h a irs . The liis to au to rad io g ram , ta k e n  
w ith  rad ioactive  iso to p e , only co rro b o ra ted  th e  in ference  th a t  th e  p lasm  of 
th e  covering tr ic h o m e  can  tak e  also th e  role of th e  p lasm  of the  g la n d u la r  
h a ir . F u rth e r , i t  cou ld  also he observed th a t  secre tion  ta k e s  place no t d e f in ite 
ly  in  th e  ep id erm al g row ths b u t th a t  th e  su b ep id e rm al cell layers tra n s fe r  
th e  already  sec re ted  vo la tile  oil in to  th e  g lan d u la r h a irs  w here it  localizes.
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The sec re tio n  in  t h a t  s ite  “ th e  p ress in g  below  th e  cu tic le” , in  th e  p rocess 
w hich w as elec tron-raicroscop ica lly  o b serv ed  in  M entha p iperita  b y  th e  G erm an  
research er A m e l u n x e n .

В) The results o f  histoautoradiography

T h e tw o  re p re se n ta tiv e s  of th e  genus Salvia  are  ch a rac te ris tic  ty p e s  of 
p la n ts  c o n ta in in g  v o la tile  oil; in  th e m , th e  p ro d u c tio n  of sesqui- and  m ono- 
te rp en es , c h a ra c te r is tic  o f th e  fam ily , ta k e s  an  im p o r ta n t place. This p rocess 
is e n a c te d  v igo rously  in  our tw o p la n ts  selected  fo r s tu d y . S u b seq u en t to  th e  
chem ical an d  h istochem ica l (in ac tiv e  h istochem ical) exam in a tio n s (Ve r z a r - 
P e t r i — T h e n , 1969; 1970; V e r z á r - P e t r i  an d  T h e n , 1974), th e  th in  la y e r  
ch ro m ato g ram s an d  h is to au to rad io g ram s, ta k e n  w ith  rad io ac tiv e  iso to p es 
have u n eq u iv o ca lly  answ ered  th e  in it ia l  questio n : th e  m eth o d  is su itab le  fo r 
th e  in v es tig a tio n  o f  th e  tissue d is tr ib u tio n  of th e  chosen precurso r. T he 7 -d ay  
in cu b a tio n  period  p ro v ed  to  be s a tis fa c to ry  for th e  in f iltra tio n  of th e  iso tope  
in to  th e  m ech an ism  o f th e  te rpene  b iosy n th esis .

T h e  re su lts  o f  o u r h istochem ical in v estig a tio n s m ade on inac tive  m a te r ia l 
w ere u n am b ig u o u s ly  confirm ed b y  th e  re su lts  o b ta in ed  a fte r  th e  ap p lic a to n  
of th e  iso to p e . I t  w as estab lished  t h a t  th e  iso tope in f iltra te s  th e  cells o f th e  
ep iderm is, fu r th e r , t h a t  th e  trich o m es becom e rad io ac tiv e  and  th a t  th e ir  
in te n s ity  d iffers from  th a t  of th e  p lasm .

T he e x te n t  o f  b lacken ing  allow ed even a se m i-q u a n tita tiv e  e v a lu a tio n . 
A fter an  in c u b a tio n  o f 168 hours, i t  co idd  be observed  in  all cases th a t  som e 
ra d io a c tiv ity  ap p ears  in  th e  b o u n d a ry  b e tw een  th e  cell w all and  th e  p lasm  in 
th e  h ead  cells o f th e  sm all-headed  g la n d u la r  ha irs , in  b o th  species (F igs l a  
and  lb ) .

T he g la n d u la r  h a irs  m en tioned  above occur in  g rea t n u m b er along  th e  
veins a n d  in te rv e n a lly  on th e  ab ax ia l su rface  of th e  leaf.

T h is tr ich o m e ty p e  (Fig. 2) w as in  all cases s ta in ed  b y  th e  h is to ch em ica l 
reag en ts  te s te d  b y  us so far, b u t th e  co lour reac tio n  was n o t specific e ith e r  
w ith in  species, or b e tw een  tw o species, an d  in  th e  course of th e ir  reac tions w ith  
R -FeC l3, or osm ium  acid d ifferences in  colour can  be observed. T hus, no 
c h a ra c te ris tic  v o la tile  oil com ponen ts are  found  he re , b u t  th e re  is a g re a t 
p ro b a b ility  th a t ,  b eside  terpene  ac id  an d  fa t ty  oil, o th e r  substances o f  an  
oxyd iz ing  or acid ic c h a ra c te r  ap p ear. T he vo la tile  oil com ponen ts em erge o n ly  
a t a la te r  stage  o f  b iosyn thesis . A cco rd ing ly , a c tiv ity  also is of a lesser 
ra te .

O n th e  basis o f  lite ra tu re  d a ta  an d  o f our ow n exam in a tio n s, i t  can  be 
said t h a t  Sa lv ia  sclarea  syn thesizes a considerab le  am o u n t of te rp en e  acid . 
T herefo re  its  tr ich o m es also p re sen t a g rea te r  accu m u la tio n  of a c tiv ity  th e n  
th e  g la n d u la r  h a irs  o f  th e  sam e ty p e  in  Sa lvia  o ffic ina lis.
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G landu lar h a irs  w ith  tw o- and  fou r-ce lled  heads (Figs 3 an d  4) d isp lay  
w h en  tre a te d  w ith  1 %  solution  of cc. H 2S 0 4 van illin , a ch a ra c te ris tic  colour 
d ifference. Since th e  re a g e n t is d e fin ite ly  an  oil re ag en t, th e  tissu e  reac tio n  
o b ta in e d  here im p lied  t h a t  th is ty p e  o f g la n d u la r  hairs co n ta in s th e  vo latile  
oil in  a pure s ta te . T h e  colour d ifference o bserved  betw een  th e  tw o species, 
cyc lam en  and  yellow , is a difference in  c o n c e n tra tio n  and  com ponen t a t th e  
sam e tim e . The la t te r  is a ch a rac te ris tic  a n d  ty p ic a l d ifference betw een  th e  
tw o  species (G u e n t h e r , 1952; L u c ic n e r , 1967).

Fig. la .  F lis toau torad iogram  o f Salvia officinalis L. M t =  sm all-headed  glandular hair; 
M 2 —; Labiatae -ty p e  g lan d u lar h a ir; F  =  coverin g  tr ich om e

Fig. lb.  H isto a u to ra d io g ra m  o f Salvia sclarea (sec tio n  o f  an  in te r v e n a l area)
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O ur h is to au to rad io g rap h ica l resu lts  show  th a t  in  th e  case of Sa lvia  
sclarea (Figs 5a, 5b , 5c) ra d io a c tiv ity  is v e ry  s tro n g , w hile in  Salvia  officinalis  
e m p ty  (F ig. 6) an d  charged  ( th a t  is s tro n g ly  active) (F ig . 7) g landu lar ha irs 
can b o th  he fo und . B etw een  th e  g lan d u la r hairs w ith  4 celled  head and  th e  
Labia tae-type  g lan d u la r h a irs  a fu n c tio n a l difference can  be assum ed, con
firm ed  b y  our rad io ac tiv e  iso tope experim en ts.

Fig. 2. G landular hair w ith  m on ocellu lar  head  after F eC l3-rea ctio n  (sta in e d  gray) on the
fo liage  le a f  o f  Salvia sclarea L.

Fig. 3. G landular hair w ith  fo u r -ce lled  h ead  o f  Salvia officinalis L ., tr e a te d  w ith  osm ium
acid
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Fig. 4. G landular hair w ith  b icellu lar h ea d  o f  Salvia sclarea L ., in  th e  u n trea ted  s ta te

Fig. 5a. Section  o f  ep id erm is in  Salvia sclarea L . M t =  g landular h a ir w ith  four-celled  head

Fig. 5b. Section  o f  ep id erm is in  Salvia sclarea L. M 2 =  Labiatae-type  g lan d ular hair
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Fig. 7. Strong rad ioactiv ity  detected in  the glandular hair w ith  four-celled head
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Fig. 5c. Sa lv ia  sclarea (cell-w all level), F — covering trichome

Fig. 6. Section  of epidermis in S a lv ia  officinalis. M =  glandular hair
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T he Labiatae-ty p e  la rg e -h ead ed  g la n d u la r  ha irs (Fig. 8) r e a c te d  d iffe re n t
ly  to  h istochem ical reag en ts  (to  tr e a tm e n ts  w ith  S udan I I I  (F ig . 9a, 9b), 
K M n 0 4 (F ig. 10), R o san ilin -R  (Figs 11 an d  12), cc. H 2S 0 4 v an illin  (F ig. 13)). 
T h e  d ifference is observab le  also b e tw een  species. Iso tope tech n iq u es  confirm  
also  th is  difference (F igs 14a, 14b).

L ong-stem m ed  g lan d u la r ha irs occur a b u n d a n tly  only  in  Salvia  sclarea 
(F ig . 15). H istochem ica l reag en ts  s ta in ed  th e  head  and  n eck  cells of th e
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Fig. 8. Labiatae-type glandular hair in the untreated state of Sa lvia  officinalis

F ig . 9a. Salvia sclarea L. glandular hair (large-headed glandular hair w ith  a long stem )
stained w ith  Sudan III
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g lan d u la r h a ir  in  id en tica l colours, for ex am p le , red -b ro w n  w ith  R osaniline 
(F ig. 9a); 214C -N a triu m ace ta te  is also s tro n g ly  localized  in  th e  neck an d  h e a d  
cells w here accord ing  to  techn iques ev idence also tra n s p o r t  processes 
occur.

A n o th e r ty p e  o f trichom es is th e  covering  trich o m e  (Figs 16, 17), th e  
p lasm  of w hich  also d isp lays a c tiv ity , te s tfy in g  on tra n s p o r t  processes an d  
special lo ca liza tion . A ccordingly , also th e  covering  trich o m es secrete.

Fig. 9b. T y p es  o f  g landular hair, ch a ra cter istic  o f  Salvia officinalis

Fig. 10. Salvia officionalis. Labiatae-ty p e  g lan d u lar  h air s ta in e d  w ith  K M n 0 4
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Fig. 11. L arge-h ead ed  g lan d u lar  hair, sta ined  w ith  R o sa n ilin

Fig. 12. Labiatae-type  g landular hair o f  Salvia officinalis trea ted  w ith  R osan ilin
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Fig. 13. Labiatae-ty p e  g lan d u lar  hair treated  w ith  1% cc . H 2S 0 4

14a. R ad io a ctiv e  Labiatae-ty p e  g lan d u lar  hair after th e  a b so rp tio n  o f  2 14C -N a -a c eta te ,
in  Salvia officinalis

14b. In a ctiv e  Labiatae-ty p e  g lan d u lar  h a ir after the  a b so rp tio n  o f  2 ,4C N a -a c e ta tc , 
in  Salvia officinalis; b esid e  it , a ra d io a ctiv e  sm all h ea d ed  g lan d u lar  hair
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Fig. 15. Section  o f  Salv ia  sclarea le a f  a fter  a tr e a tm e n t w ith  iso to p e; M t =  lon g-stem m ed  
g lan d u lar  hair; M 2 =  Labiatae-ty p e  g lan d u lar  hair; M3 =  g lan d u lar  h a ir w ith  tw o-ce lled

h ead ; F  — co v er in g  tr ich om e

Fig. 16. E p iderm al se c t io n  o f  Salvia sclarea w ith  s t i f f  cov er in g  tr ich o m es and variou s
g lan d u lar  hairs

Fig. 17. C haracteristic, la n ifo rm  tr ich om es in  Salvia officinalis, a fter  a 168-hou r in cu b ation
w ith  2 14 C N a -a c e ta te
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Summary

S u b seq u en t to  th e  abso rp tion  o f  a rad io ac tiv e  p recurso r, 214C -na trium - 
a c e ta te , th e  p rocess of terpene  fo rm atio n  an d  localization  was in v e s tig a te d  in 
th e  foliage lea f  o f tw o  charac teris tic  p la n ts  co n ta in in g  vo latile  oil, v iz. Salvia  
sclarea an d  Sa lv ia  o fficina lis. On th e  b asis  o f co n ta c t h is to au to rad io g ram s it 
could  be estab lish ed  w ith  the  iso tope in f il tra te s  th e  te rp en e  sp ec tru m  and  
s tan d s  o u t in  th e  trichom es. In  b o th  species, th e  g lan d u la r ha irs w ith  tw o- 
celled h ead  an d  th o se  w ith  four-celled  h ead  co n ta in  p u re r  vo la tile  oil th a n  
does th e  g lan d u la r  h a ir  w ith  a m onoce llu la r h ead . S trong  ra d io a c tiv ity  is 
c h a ra c te ris tic  o f th e  Labiatae-type  g la n d u la r  h a irs  w ith  a large h ead . A t th e  
sam e tim e  a fu n c tio n a l difference is also observab le  am ong th e  g lan d u la r  h a irs  
of th is  ty p e .
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UNREGELMÄSSIGE SPALTÖFFNUNGEN 
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AGR AR WISSENSCHAFTLICHE UNIVERSITÄT, LEHRSTUHL FÜR BOTANIK UND PFLANZENPHYSIOLOGIE

(E ingegangen am  21. April 1975)

In der B lattepiderm is von bestrahlten M aispflanzen der Sorte »Fehér mazsola« 
sow ie im epiderm alen Gewebe von bestrahlten und von K ontrollindividuen der durch In
zucht erhaltenen Linie »WF 9« wurden verschiedene Stom adeform ationen untersucht. 
B ei der Sorte »Fehér mazsola« w urden Stom averänderungen nur an den m it Dosen  
von  3000 und 5000 R bestrahlten P flanzen  gefunden. Ihre Zahl und die Vielfalt der 
Stom averform ungen erreichte die der Individuen der durch Inzucht erhaltenen  
Linie »WF 9« n icht. D ie deform ierten Gebilde sind zunächst an den oberen B lättern  
entstanden; sie stehen  m it anderen inneren (histologischen) oder äusseren m orpholo
gischen Deform ationen in keinem  Zusam m enhang. D ie M ehrzahl dieser Verformun
gen wurde bei anderen Pflanzengruppen bereits früher beschrieben, in der von uns 
untersuchten Literatur finden sich jedoch  keine Angaben über die Fam ilie Gramineae.

In  d er B la ttep id e rm is  durch  In z u c h t e rh a lten e r u n d  b e s tra h lte r  M ais
p flan zen  w urden  v o n  uns versch iedene S p a ltö ffn u n g sab n o rm itä ten  gefun
den. Ä hnliche V erform ungen  w u rd en  frü h er schon hei an d eren  P flan zen 
g ru p p en  beschrieben , in  der von uns u n te rsu c h te n  L i te ra tu r  fin d en  sich jedoch  
keine P u b lik a tio n en  ü b e r  ähnliche B eob ach tu n g en  bei d er F am ilie  »Gram inae» 
(P oaceae). Da die a u f  versch iedene U rsachen  z u rü c k z u fü h ren d e n  u n te r 
sch ied lichen  V erän d eru n g en  in  d e r  L ite ra tu r  u n te r  dem  Sam m elbegriff 
»S tom aabnorm itä t«  d a rg es te llt w e rd en , m uss vorw eg ein  U n tersch ied  zw i
schen  D egenera tion  u n d  D efo rm atio n  gem ach t w erden . Z um  e rs te ren  w er
den  alle jen e  E rsch e in u n g en  g e rech n e t, bei denen die n o rm a l en tw ick e lten  
S p a ltö ffn u n g en  u n te r  d e r E in w irk u n g  äusserer U m stän d e  ( G u p t a  et al., 1968; 
R e h f o u s , 1920) oder aus g enetischen  G ründen  (M a y n a r d  e t a l., 1974) v e r
k ü m m e rn . M a y n a r d  e t  al. (1974) b e ric h te n  von einem  E x tre m fa ll, bei dem  
die D egenera tion  der Schliesszellen d e r  en tw ickelten  S p a ltö ffn u n g en  zum  v ö l
ligen A b ste rb en  der ju n g e n  P flan zen  g efü h rt h a t.

D ie von  uns u n te rsu c h te n  S to m av erän d eru n g en  geh ö ren  zur G ruppe der 
D efo rm atio n en . So w erd en  alle E rsch e in u n g en  beze ichnet, die d u rch  abnorm ale 
D ifferenzierung  der S p a ltö ffn u n g en  en ts te h e n . Die g eh em m te  F u n k tio n  der 
M eristem oide k ann  zum  B eispiel das F eh len  einer der Schliess- oder der N eben
zellen zu r Folge h ab e n  ( P a n t , M e h r a , 1965; G o p a l , S h a h , 1970), die V er
m eh ru n g  der Schliess- u n d  der N ebenzcllen  kann  h ingegen  als Folge w ieder
h o lte r T eilungen d er M utte rze llen  a u f tre te n  ( G o p a l , S h a h , 1970). Es können  
w e ite rh in  V ersch iebung der Schliesszellen re la tiv  zu e in an d e r, fe rner ih re
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S ch ru m p fu n g  oder Y erg rösserung  ( S l e p j a n , W a s i l j e w , 1974), das la te ra le  
b zw . polare Z u sam m en w ach sen  der b e n a c h b a rten  S p a ltö ffn u n g en  ( P a n t , 

K i d w a i , 1966; G o p a l , S h a h , 1970), das E rsche inen  v o n  Z w illingstom ata  
( S l e p j a n , W a s i l j e w , 1974; P k a t , 1948), usw . V orkom m en.

B each tensw ert s in d  die F es ts te llu n g en  von  S l e p j a n  u n d  W a s i l j e w  

(1974). N ach ih re r M einung  en ts te h e n  die defo rm ierten  S to m a ta  im  allgem einen 
in  d e r Epiderm is d e r te ra to lo g isch en  O rgane. Sie h ab en  e rk a n n t, dass die 
S to m ad efo rm atio n en  b e i den  versch iedenen  P flan zen fam ilien  in  nahezu  glei
c h e n  V erform ungen  a u f tre te n .

Material und Methode

D as M aterial u n s e re r  U n te rsu ch u n g  s tam m te  aus e inem  m it der M ais
so r te  »Fehér m azsola« (Z ea  m ays  L . convar. saccharata) u n d  m it der durch  I n 
z u c h t  e rhaltenen  L inie »W F 9« angeste llten  B estrah lu n g sv e rsu ch . Die Sam en 
d e r  Sorte »Fehér m azsola«  w aren  Co60-B estrah lu n g en  v o n  1000, 3000, 5000, 
7000, 9000, 11 000 u n d  13 000 R ausgese tz t, die D osen bei In d iv id u en  der 
d u rc h  In zu ch t e rh a lte n e n  L inie »W F 9« beliefen sich a u f  500, 1500, 4500, 
13 500 und  18 000 R . D ie U n te rsu ch u n g en  w urden  je  V a ria n te  an  drei P flanzen  
sow ohl an der O ber- als au ch  an der U n te rse ite  des v o n  oben  gerechnet ersten , 
v ie r te n  und  ach ten  B la t te s  d u rch g efü h rt. B ek an n tlich  g ib t es an  der B la t t
u n te rse ite  m ehr S p a ltö ffn u n g en  als an der O berseite  ( W o l c s á n s z k y  M o l - 

NÁROS, 1964). S p a ltö ffn u n g en  tre te n  auch  bei den oberen  B lä t te rn  häufiger als 
h e i den  un te ren  a u f  ( Z a l e n s k y , 1904; M a k s i m o w , 1957). B e k a n n t is t schliesslich 
a u c h , dass sich das T em p o  d er S tom ad ifferenzierung  n ach  d en  oberen  B lä tte rn  
h in  allm ählich  v e r la n g sa m t ( S c h ü r m a n n , 1959; P i s e k  e t  a l., 1970). D urch  den 
V erg leich  der B lä tte r  v e rsch ied en er H öhenlage k o n n te n  w ir zugleich  Aufschluss 
ü b e r  die in  den v e rsch ied en en  S tad ien  der O ntogenese a u f tre te n d e n  A bnorm i
t ä t e n  u n d  auch ü b e r die T opograph ie  d er D efo rm atio n en  in  der E piderm is 
e rh a lte n .

Bei den g esä u b e rte n  u n d  d u rch leu ch te ten  B la tts tü c k e n  u n te rsu c h te n  w ir 
die Z ahl und  G rösse d e r  H au tgew ebeelem en te , w obei w ir die abnorm al ge
fo rm ten  S p a ltö ffnungen  ab ze ich n eten  u n d  p h o to g ra p h ie r te n .

Die Ergebnisse der Untersuchungen

Die am h äu fig s ten  a u ftre te n d en  S p a ltö ffn u n g sab n o rm itä ten  w erden du rch  
die Zeichnungen (A bb. 1 u n d  pho to g rap h isch en  A ufnahm en  (A bb. 2) v e ran 
sch au lich t.

Auffällig is t die E rsch e in u n g , dass die Schliesszellen d re ie r S to m ata  in  
L än g srich tu n g  zu sam m en sto ssen  (A bb. 1: 1, 3, 5; A bb . 2: 8). D ie Schliesszellen
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sind d eu tlich  g eso n d ert, die N ebenzellen  dagegen  fliessen  m ehr oder w eniger 
in e in an d er. M anchm al sind die zw eiseitigen N ebenzellen  an  d er Spitze der 
S pa ltö ffnung  m ite in a n d e r d u rch  ein m ü tzen fö rm iges G ebilde v e rk n ü p f t (A bb. 
1: 6, 7; A bb. 2 :1 0 ). In  e inem  a n d e ren  Falle  s te h e n  zwei S to m a ta  m ite in an d e r 
in  po la re r B e rü h ru n g , h ier ab e r sind  sowohl die Schliesszellen als auch  die 
N ebenzellen  vo n e in an d e r g e tre n n t (A bb. 1: 2; A bb . 2 :9 ) . Es k o m m t fe rn e r vo r, 
dass zw ischen den  S to m a ta  zw eier b e n a c h b a rte r  R e ih en  du rch  die N ebenzellen  
eine V erb indung  e n ts te h t  (A bb. 1: 4; A bb. 2: 11, 12). D ie N ebenzelle der S p a lt
öffnung in  der e inen  R eihe g re ift — v erg rö sse rt -  sch räg  in  die b e n a c h b a rte  
R eihe ü b e r u n d  sch liesst sich an  die N ebenzelle des an d eren  S to m a an.

W äh ren d  u n se re r  U n te rsu ch u n g en  h ab en  w ir auch  die beim  Mais schon 
b e k a n n te n  »Z w illingsstom ata« gefunden , die be i d e r  V erb indung  zw eier E pi- 
derm iszellenreihen  V orkom m en (A bb. 2: 11, 13).

Bei d er S orte  »Fehér m azsola« w urden  ab n o rm a l geb ildete  S p a ltö ffn u n 
gen n u r an  den  b e s tra h lte n  P flan zen  (3000, 5000 R ) b e o b a c h te t, bei In d iv id u en

Abb. 1. Abnorm e Spaltöffnungen der B lattepiderm is von  Individuen der durch Inzucht
erhaltenen Linie »WF 9« ( I —7).
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Abb. 2. Abnorme Spaltöffnungen der B lattepiderm is von Pflanzen der Sorte »Fehér m a
zsola« (Zea mays L. convar. saccharata) nach Bestrahlung m it dem  K obaltisotop  Co60 (8 —13)
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Abb. 2. Fortsetzung.
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Abb. 2. Fortsetzung.
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d er durch In z u c h t e rh a lten en  L inie »W F 9« jed o ch  au ch  an  den  K o n tro llp flan - 
zen . Es w urde fe rn e r fe s tg este llt, dass die Zahl u n d  die V ie lfa lt der S to m av erfo r
m ungen  bei der d u rc h  In z u c h t e rh a lten en  Linie die d e r S orte  »Fehér m azsola« 
he i w eitem  ü b e rtr if f t .

An den von  u ns u n te rsu c h te n  P flanzen  lagen  die defo rm ierten  S to m ata  
im  H au tgew ebe n o rm a l e n tw ick e lte r  O rgane. A n den  oberen  B lä tte rn  hab en  
sich  m ehr abn o rm ale  S p a ltö ffn u n g en  d ifferenziert als an  den  u n te ren . A m  A uf
b a u  der einzelnen ab n o rm alen  »Stom akom plexe« sind  h öchstens drei S pa ltö ff
n u n g en  beteilig t. D ie S to m a ta  sind  vone in an d er in  je d e m  Falle du rch  Zell
w än d e  g e tren n t, w äh ren d  die N ebenzellen  im  allgem einen  u n tersch ied lich  s ta rk  
in e inanderfliessen .

D iskussion  der E rgebnisse

U nsere B eo b ach tu n g en  ü b e r S to m ad efo rm atio n en  lassen au f eine 
H em m ung , w enn n ic h t a u f  eine verv ie lfach te  T eilu n g  der M eristem oide 
schliessen. Die un g ereg e lte  A n o rd n u n g  der S to m a ta  s tö r t  die fü r die Süss
g räse r so ch a rak te ris tisch e  O rd n u n g  der H au tg ew eb eelem en te .

Die F es ts te llu n g  von  S l e p j a n  u n d  W a s i l j e w  (1974), n ach  der die S to m a
a b n o rm itä te n  bei d en  P flan zen  d er versch iedenen  S y s te m a tik g ru p p e n  au f ä h n 
liche W eise, m it gleichen D eform ationen  au ftre ten , k ö n n en  w ir um  so m ehr b e 
s tä tig e n , als auch w ir an  H au tgew ebe  des Maises die schon  bei anderen  F am ilien  
besch riebenen  V erän d eru n g en  vorgefunden  haben . W ir b e o b a c h te ten  höchstens 
aus d re i S to m ata  geb ilde te  abn o rm ale  »Kom plexe«, w as m it den  von anderen  
A u to re n  v e rö ffen tlich ten  F es ts te llu n g en  u n d  A bb ild u n g en  ü b e re in s tim m t.

D agegen k ö n n en  w ir die A uffassung  S l e p j a n s  u n d  W a s i l j e w s  (1974) 
von  der K o rre la tio n  zw ischen defo rm ierten  S to m a ta  u n d  O rganen bzw . 
G ew eben  n ich t belegen . A n den  B lä tte rn  und  in den  G ew eben der u n te r 
su c h te n  M aispflanzen h ab en  w ir keine andere ab n o rm ale  Ä nderungen  b e 
o b a c h te t.

Die T atsache , dass die M ehrzahl der un regelm ässigen  S paltö ffnungen  
im  H au tgew ebe d er oberen  B lä t te r  e n ts te h t, k an n  e ineste ils  m it dem  G esetz 
v o n  Z a l e n s k y  (1904) e rk lä r t  w erden . N ach diesem  G esetz  g ib t es bei den 
o b eren  B lä tte rn  m eh r S p a ltö ffn u n g en  als bei den u n te re n , u n d  som it können  
an  je n e n  - nach e iner e in fachen  s ta tis tisch en  G esetzm ässigkeit auch m eh r 
A b n o rm itä ten  en ts te h e n . A ndererse its  k an n  auch die bei den  oberen B lä tte rn  
b eo b a c h te te  V erlangsam ung  des T eilungstem pos der M eristem oide d a ran  b e 
te il ig t  sein, so dass die die D eform ierung  beein flu ssenden  u n d  durch  S toff
w echsel zu r G eltung  k o m m en d en  F a k to re n  längere Z eit w irken .

Die grosse Z ahl u n d  d er F o rm en re ich tu m  der D efo rm atio n en  bei In d i
v id u en  der durch  In z u c h t e rh a lte n e n  Linie »W F 9« sind  v e rm u tlich  der gene
tisch en  L ab ilitä t d ieser P flan zen  zuzuschreiben .
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Á. B o r o s  ( f ) —M. J á r a i - K o m l ó d i: An atlas of recent European m oss spores, 1975, 466 pp. 
237 plates. Akadémiai K iadó, Budapest

H u n g a r ia n  l it e r a tu r e  o n  th e  s u b je c ts  o f  b r y o lo g y  an d  p a ly n o lo g y  h a s  b e e n  s ig n if ic a n t ly  
e n r ic h e d  b y  a b o o k  th e  f ir s t  to  b e  p u b lis h e d  s in c e  ERDTMAN’s -o f fe r in g  a d e ta ile d  a n d  c o m 
p r e h e n s iv e  d e s cr ip t io n  o f  l iv in g  m o s s  s p o r e s . I t  is r ig h t ly  e x p e c t e d  th a t  i t  w ill  c o m m a n d  
in t e r e s t  a m o n g  p r o fe s s io n a ls  in  E u r o p e  a s  w e l l  a s  in  o th er  p a r ts  o f  t h e  w o r ld .

The section on bryology was com piled by A. B o r o s , acquainting public w ith the last 
significant contribution of the author, deceased in 1973. The section  dealing w ith palynology  
is the work of the well-known Hungarian palynologist, M. J á r a i - K o m l ó d i .

The purpose of the authors is tw ofold. They wish to call a tten tion  to the role which  
m oss spores play in palynological research, because the full significance of moss spores still 
have not been realized despite the fact that they  readily fossilize in  deposits of various ages. 
A t the same time, it is well known that m osses are among the o ldest plants and that m any  
species adhere to unusual ecological features, thus they are often  found in biotops apt for 
fossilization, and therefore the determ ination of moss species on the basis of spores can give 
precise information about ecological conditions in which spores becom e fossilized.

All this confirms that “ the knowledge of moss spores and the determ ination of p lants 
producing them  cannot be ignored by paleobotanists either from  the view point of phylo
genetics or from vegetation  history” .

A further object o f this work is to contribute to the so lution  of certain system atic  
and taxonom ic problems in the light o f available knowledge on m oss spores.

The book is divided into two major parts. In the first part an introduction to the 
purpose of the book is given w ith respect to bryology and palynology; the m ethod of spore 
preparation is described together w ith detailed account of the m orphological features o f spores 
which have been utilized during the investigations. A list of pertinent literature closes this 
section.

The second part considers, per species, the special question of moss distribution, 
ecology, the frequency of spore form ation, spore morphology, w ithin it the dimensions, shape, 
structure and ornam entation o f the spore, the number of chrom osom es characteristic to each  
species and herbarial data on locality and tim e of collection, nam e of the field worker, the  
year in which collection was m ade, and the reference number by which the utilized and marked 
specim en is indicated in the botanical collection of the Natural H istory Museum, Budapest.

In this part of the book the authors deal w ith 235 living m oss species which have  
been selected to represent all European fam ilies and genera characterizing the circumboreal 
area. R elict species living in torfmoors or m oorlands are represented in greater number. 
Sim ilarly, the authors have selected species which produce spores copiously but are not to
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be found in moorlands, and m osses whose spore production is in recent tim es small and an 
infrequent phenomenon. The latter have probably spores more abundantly  in the geolog
ical p a st.

Spores of xerophilous m osses living on rock and rinds are also covered, although these 
spores as a rule do not fossilize. B ut the atlas was intended to give assistance not only to 
researchers in palynology but also in taxonom y.

The description o f each species is supplem ented w ith 10 to 15, in  som e instances with 
even  more, high-quality m icroscopic photographs. In the case o f 12 species, pictures taken  
by th e  scanning electron m icroscope are subm itted. In order to aid identification  of a given  
species, drawings depicting the characteristic ornam entation of spore w alls are supplied or, 
as in  the case of hepatics, photographs illustrate the elater structure.

A  subject index com piled w ith great care com pletes the book. The discussion of the  
spores o f 235 moss species is supplem ented by finely  executed photographic material which  
can be advantageously used in paleobotanical, bryological and taxonom ical research. The 
book should be well received by bryologists and palynologists as well in  H ungary as abroad.

S. O r b á n

G. R e ic h e r t : Die m ethodischen Voraussetzungen für eine K ultur höherer Pflanzen unter 
kontrollierten und reproduzierbaren Bedingungen. W estdeutscher Verlag, Opladen 1973, 32 pp.

The paper published in the series “ Forschungsberichte des L andes Nordrhein-W est
fa len” , No. 2267, gives the particulars o f a sm all-sized phytotron devised  by the author. 
T he carefully designed and constructed instrum ent makes research work possible, w ith a 
great degree of precision in ecology and biology w ith  respect to vascular plants under con
trolled  environment.

The adjustable tem perature range is betw een — 20°C and -J-40°C, w ith iO .K C  ac
curacy. Moisture content, depending on the prevailing temperature, can be regulated betw een  
30 to  95% . M aximum power of illum ination is 25 000 Lux.

The instrum ent also ensures the adjustab ility  o f the carbon dioxide concentration  
from  0.01% to 3.00% ; the velocity  o f air flow and the exchange of air can also be regulated.

The detailed account will be a significant aid for all those who are engaged in the  
design and construction of phytotrons.

I. H o r v á t h

Lim nology of Shallow W aters (Editors J. S a l á n k i  and J. E. P o n y i ). 1975, 304 pp. No. 15. 
Sym posia Biologica H ungarica. Akadém iai K iadó, Budapest

This volum e contains the full tex t and figures o f the 29 papers presented at the sy m 
posium  “ Lim nology o f Shallow W aters” . This m eeting, sponsored by the Departm ent o f  
B iology of the H ungarian Academ y of Sciences and organised by the Research Institu te o f 
B iology (Tihany), was held in Septem ber, 1973.

During congresses o f the International Lim nological Society  (SIL) and at in ter
national hydrobiological m eetings the dem and was em phasized several tim es to organise a 
special meeting dealing entirely w ith  problems of shallow waters, to bring the experts of th is  
field under a com m on roof. It has been a well-established and lucky  idea to organize th is
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m eeting in H ungary, in a country where real “ deep and stratified lakes” (according to the  
classical lim nological definition) do not exist (all Hungarian lakes are shallow waters o f  the  
Pannonian type). Finally, the Sym posium  was organized in  T ihany, at the shore of Lake 
B alaton, the lake which is not only shallow and the largest in Central Europe, but at the  
same tim e studied m ost extensively  and for the longest tim e.

The top ic o f the Sym posium  was of great im portance not only for hydrobiologists, 
but concurrently for all biologists studying environm ental problem s. The problems of natural 
and artificial hum an environm ents are justly  in the lim e-light o f our tim es and their study  
is em phasized by a number of international scientific research programmes.

One of these programs is MAB (Man and Biosphere), sponsored by the UNESCO . 
This program is global and regional, governm ental and scientific at the same tim e. Topic 5 
of this program “ Ecologie effects of hum an a ctiv ity  on the values and resources o f lakes, 
moors, rivers, deltas, estuaries and costal zones” is o f central im portance. One of the Main 
A ctiv ity  Directions, initiated by the H ungarian Academ y of Sciences, “ Protection o f the  
Natural E nvironm ent of Man” is closely connected to the Mx\B program. The papers pre
sented during the Sym posium  were partly elaborated w ithin  the framework of the IB P .

The frightening deterioration of our natural environm ent and the general pollution  
endanger shallow waters to a high extent; this m eans that the sym posium  had a special 
actuality.

Papers centered on two m ain topics: 1. prim ary and 2. secondary production; as the  
readers of A cta Botanica are interested primarily in the first top ic , these will be summarized  
in more detail.

B acterial production and decom position, esp. its seasonal dynam ics in the water and 
sedim ents o f Lake Fertő, were studied by M. D o k u l il . The a c tiv ity  of the bacterial m icro
flora in seven o f the eutrophised Masur Lakes was studied by W . A. Go ld lew sk a -L ip o w a .

Six papers deal w ith the primary production of the phytoplankton. The illum ination, 
com position, biom ass and production of phytoplankton were determ ined in Lake B alaton  
at several depths during a whole year by S. H e r o d e k  and G. T am ás. The dead arm o f the 
Danube at Tolna, and the sodic waters so characteristic to the H ungarian Lowland, were 
studied from  the point o f gross and net primary production by S. T. Dv ih a ll y . Prim ary  
production data of the small oligotrophic lakes in Terra N ova N ational Park (Newfoundland) 
are quoted by chlorophyll m easurem ents in the paper by J. J. K e r e k e s  (Canada); and the  
seasonal variations of the primary production o f Gomphonema  and Ulothrix algae, which  
som etim es proliferate in the water of Lake Tahoe (California-N evada, USA), are discussed  
in the paper b y  Ch . R. Goldm an  and E. Am eza g a . I. Sp o d n ie w s k a  studied the effect o f  
deliberately altered fish stock upon com position, biom ass and production of phytoplankton  
in the W arniak fish pond (Poland). The qualitative and qu antitative  analysis as well as the  
estim ation of biom ass of phytoplankton in dam m ed lakes o f the Mts. Mecsek are described  
in the paper by A. K ovács, L. V örös and G. U h e r k o v ic h .

Four papers deal w ith  the production of the higher aquatic plants. I. K á r pá ti and 
V. K á r pá ti used air m apping of weed stock and weed production. Phenology and growth  
characteristics o f  duckweed (Lem na  gibba L.) was investigated in a Pannonian fishpond in 
Czechoslovakia by E. R ejm a n k o v á ; and an invasion stand of T yp h a  latifolia  L., occuring  
on flooded arable soil at the former Lake of K obyli, S. Moravia (Czechoslovakia), was studied  
for the seasonal changes in shoot biom ass and the contents o f essential mineral nutrients 
by J. K v e t . In a detailed study of high inform ative value, by J. K omárková  and J. K o m á rek , 
the primary production of phytoplankton in water and periphyton adhered to the stem s of  
various m acrophyte populations in a fishpond in S. Bohem ia (Czechoslovakia) are discussed.

Some papers approach production from the chem ical side. R. S ch röd er  describes 
the phosphorus regime of the Bodensee, J. Oláh  extrapolates the role o f the m etalim nion
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in  production  biology upon the sedim ents o f shallow  waters. E. D onászy  gives an account 
o f th e  studies of the Szelidi-tó; this lake in H ungary is typically  sodic, and its investigation  
has th e  added value that an a lm ost continuous series o f data, covering 30 years, are available. 
B . T . H a rgra v e  writes on the im portance of depth and interm ixing in the supply of organic 
su bstances to bottom  com m unities.

Papers on secondary production discuss results o f zoological studies o f shallow lakes 
of various hydrographical conditions in Europe (B alaton, Fertő- and Velence lakes in H un
gary, lakes in Bulgaria, Y ugoslavia , G FR) and alpine lakes in Canada w ith primary em phasis 
on biom ass survey, production and food utilisation .

The editors of this fine ly  presented volum e endeavoured w ith success to render an 
uniform  outlook to tex t and figures; however, a more detailed subdivision o f papers would  
have been justified. The thoroughly cross-indexed subject index adds to the versatility  of 
th e  volum e.

H ydrobiology is a branch of science w hich considering dem ands has been neglected  
in H ungary; thus the publication of this valuable book for scientists in H ungary and abroad 
is a m ost welcome fact, deserving full credit for editors and publisher.

S. T. D v ih a ll y

H . W a l t e r : Die V egetation der Erde in öko-physiologischer Betrachtung. I. Die tropischen 
u n d  subtropischen Zonen. 3rd ed., Jena, V EV  F is c h e r , 1973, pp. 743.

This m onum ental book , describing the vegetation  of the Earth on a causal-ecological 
b a sis , which I reviewed in A cta  B ot. Acad. Sei. Hung. 15:204 — 205, and in B ot. K özi. 
56:56 (1969), has achieved such a great success th a t its volum e analysing the vegetation  of 
trop ica l and subtropical zones has been published in English (E cology of Tropical and Sub
tropica l V egetation, Edinburgh, 1971), as well as in Russian, while there is now a third German 
ed ition . I m ust call a tten tion  to the latter, since it  has been com pletely revised. The in tro
d u cto ry  part, which discusses the fundam ental notions and also questions concerning the b io
sphere, ecosystem , poten tia l phytom ass, and the prim ary product is shorter here, while the 
deta iled  elaboration has been enlarged. This is divided into three main chapters: 1. the vege
ta tio n  of the equatorial zone; 2. th a t o f the zone of tropical summer rains; 3. that of the sub
tropical arid zones. Rain w oods are discussed in Part 1; semi-evergreen and deciduous woods 
as w ell as savannah, in Part 2; and deserts (the author knows all these from  personal experience) 
are treated in Part 3. A considerable part in the analysis is played by clim ate diagrams and 
clim atogram s. (As is known, these term s have also been introduced by W a l t e r .) In the near 
fu tu re, an atlas of the ecological clim atic division of the earth will be published (by G. F is c h e r , 
S tu ttgart) in a separate volum e, w ith 9 great clim ate diagram maps.

V egetation der Erde has also been published as a university tex tb ook  edition entitled  
“ V egetationszonen und K lim a” , 1970, 2nd ed. in 1973; the same in E nglish  in 1973. — The 
com plete  vegetation geography, in the classical division of four parts, viz. th a t of floral, histor
ica l, cenological and ecological divisions, entitled  “ Allgemeine G eobotanik” was published  
b y  U l m e r , Stuttgart, 1973, 256 pp. — I recom m end the latter, relatively  cheap edition to 
our younger fellow researchers.

R. Soó
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H a rtm an n , F. K. (ed.): Ökologie der Wälder und Landschaften. — Volum e 3: Ma y e r , H.: 
Wälder des Ostalpenraum es. Stu ttgart, G. F is c h e r , 1974; 344 pp., 63 illustrations, 130 DM.

Two volum es of this series edited by a late friend of m ine, the great forester-botanist 
H a rtm a n n , have already been review ed (Soó: Bot. K özi. 54: 184, 1967; A cta B ot. Acad. Sei. 
Hung. 14: 445, 1968; B o r h id i: A cta, 1. c. 18: 436—437, 1973). — The new volum e has been 
written by H a n n es  Ma y e r , the leading figure of the V iennese forester-botanists. As the area 
of the Eastern Alps extends from  Switzerland to our country, the volum e on ranges o f the  
Eastern Alps closely interests us too. The author and his school characterizes by using 50 so
ciological-ecological species groups; the character-species and system  o f the B ra un -B la n - 
q u et  school are disregarded; their nomenclature, and occasionally their meanings too, are 
identical w ith already described associations; authors’ nam es are occasionally given, w ithout 
regard to priority. No detailed tables are included, but the tree species com binations and the 
correlations betw een species groups in the various associations and subassociations are dem 
onstrated in suitable drawings (these are subsequently called tables).

The chapter titles, dem onstrating the author’s system  are as follow s: 1. larch- cembra 
pine woods (the subalpine ligneous associations are also discussed here); 2. natural spruce woods 
(a: subalpine, b: m ontane, c: ex-A lpine woods); 3. silver fir woods (spruce-silver firs and spruce- 
silver fir-beeches); 4 .  beech woods (in co-operation w ith K .  Z u k r i e g l ; 9 associations); 5.  forests 
rich in oak (oakwoods w ith hornbeam , acidophilous and basiphilous oakw oods, up to the ever
green qu. ilex forests; 11 associations); 6. m ixed forests (a very m ixed group: wood of m aple, 
ash, alder; thus partly rock forests, partly fens and marsh woods; 11 associations); 7. pine- 
woods (the heterogenous, both ecologically and cenologically, associations of m ountain, 
Scots(com m on) and Austrian pines); 8. marshy woods (several associations, w ith the pioneer 
associations); 9 .  culture forests (derivated associations). — Forest-econom y view points of 
practice are in the forefront in each chapter. The forest history of the region, the developm ent 
of the im portant tree species areas, and the connection betw een m an and forest are written by  
F. K r a ). — The last chapter provides the forestry-geographical division of the Eastern-Alps 
forest zones and growth regions (“ W uchsbezirk” ). A lthough it is not m entioned, the H ungar
ian Alpine peaks belong to the m ixed-oak forest zone of the Eastern “ A lpenvorland” . Of 
the H ungarian literature, certain works of C s a p o d y , J a k u c s , M a j e r ,  P ó c s ,  S oó  and Z ó l y o m i  

are cited but little used. It is not easy , therefore, to state how the associations described by the 
Hungarian authors according to the principle of the B r a u n - B l . school are in agreem ent w ith  
the item s of nom enclature (about 300 altogether) given by M a y e r  and co-workers. It is m ainly  
the books of the Austrian M a y e r  and the Hungarian M a j e r  that can be com pared. — On the 
other hand, from the view points o f forestry, sylviculture, renovation , afforestain, nature con
servancy, etc. the work is an excellent summary.

R. Soó

H a rtm a n n , F. K.: M itteleuropäische W älder. Ökologie der W älder und Landschaften. — Vol. 
5., Stuttgart, G. F is c h e r , 215 pp., 212 illustrations, 84 DM.

This work, which is the last by the late F. K. H a r tm a n n , is the illustration book, the 
supplem ent to the first volum e. The illustrations partly consist o f photographs taken of asso
ciations or plants, and partly o f drawings which show the character and structural building 
of the forest associations. The te x t presents the concise characterization, characteristic species, 
distribution and varieties o f the forests in the Central-European Ranges of Mountains o f m e
dium height. A great m ajority o f these are similar in ecology and com position to their Hun-
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garian counterpart, but they  are not identical. The drawings and pictures where the various spe
cies are denoted by numbers and the captions are keys to them  are very  instructive. — The 
bib liography includes appropriately selected  item s (from the H ungarian authors J a k u c s , Soó, 
Z ó ly o m i), and there are several lis ts o f term inology.

I t  is indeed a great p ity  th at Professor H artm ann  does not live to see the publication  
o f th is book which crowns w ith  success his life’s work.

R. Soó

Acta Botanica Academiae Scientiarum Hungaricae 21, 1975



IN D E X

B ubán , T .— Zeller, О. : U ltraviolet fluorescence m icroscopy o f starch grains in shoot
tips o f untreated and m orphactin-treated apple trees ..................................................  1

M . D raskovits, R . : L ight in tensity  studies in  beechwoods of different a g e s ................. 9

Ja ku cs, P .—  Virágh, К . : Changes in the area and w eight o f light- and shade-adapted  
leaves and shoots o f  Quercus petraea and Quercus cerris in a H ungarian oak  
forest ecosystem  ...................................................................................................................................  25

K a u ssm a n n , B .— Focke, U .: Veränderte K nospenentw icklung an Johannisbeeren (Ribes
sp .) bei Befall durch die Johannisbeergallm ilbe (Cecidophyopsis ribis W estw .) 37

K edves, M .— R advánszk i, M .:  The application o f scanning electron m icroscopical m ethod
in  som e plant m icro fo ssils ................................................................................................................  51

K ol, E .:  Cryobiological researches in the H igh  Tatra I ..............................................................  61

K ovács-Láng, E .:  D istribution and dynam ics o f phosphorus, nitrogen and potassium
in  perennial open sandy steppe-m eadow  (F estucetum  vaginatae danubiale) . . 77

M olnár, E .:  A  survey o f  studies on grassland production in  H ungary ............................. 91

Potapov, N . G.— F ilip p en ko , V. N .— K osu lin a , L . G.: Scanning electron m icroscopy of
th e  root surface o f w heat and c o r n ........................................................................................... 103

S im o n , T .— Szerényi, G. : Moss ecological investigations in  the forest-steppe associations
o f  the IBP-area at C sévh araszt......................................................................................................  117

Sváb, J . — Sárkány , I . :  D aten  zur Vererbung des Cham azulengehaltes in  K am illen
populationen ............................................................................................................................................... 137

Szabó, M .:  N et precipitation in a H ungarian oak forest ecosystem  ........................................  151

Szlovák, S .:  A  study o f flooding effect on m aize transpiration at two nutrient levels 167

Szu jkó-Lacza , J . — Szőcs, Z .— H ornok, L .:  L A R , R G R and N A R  parameters internodially
and crop volatile  oil y ield in Pim pinella anisum  L. sown p e r io d ic a lly ................. 175

V erzár-Petri, G.— Then, M . : The study o f the localization o f volatile oil in the different 
parts o f Salvia sclarea L. and Salvia officinalis L. by applying 214 C sodium- 
acetate ........................................................................................................................................................  189

S. W olcsánszky, E .— T urcsányi, G.: Unregelm ässige Spaltöffnungen an der B lattepiderm is
v o n  Mais (Zea m ays L.)   207

R e ce n s io n e s ...............................................................................................................................................................  215





S. Jávorka V. Csapody

Iconographia Florae Partis
Austro -  Orientalis Európáé Centralis
Collaborators: R. Soó and Sz. Priszter 
Edited by Szaniszló Priszter

ICO N O G RAPH IA  is a new edition of the work published in paperback series 
between 1929 and 1934. The collection of drawings is essentially unchanged, 
the introductory text has been revised and brought up-to-date. The volume is a 
virtual masterpiece containing the true-to-life drawings (and paintings) o f 
over 4000 plant species o f  the Pannonian and C arpathian, and  partly of the 
Illyrian and M editerranean flora. The volume will be alm ost indispensable aid 
in the identification o f plants in that no sim ilar work is available. — Rezső  
Soó has compiled a large chapter of the changes in nom enclature, thereby 
bringing it completely up-to-date. Szaniszló Priszter furnishes a detailed expla
nation concerning the bibliographical implications that were not known in the 
first edition; he also com piled a list o f abbreviations and one o f  geographical 
names which have, in m any cases, changed. Finally, in order to facilitate the 
use o f this source work, he provides a detailed H ungarian-Latin-English 
dictionary o f all technical terms used in the figure captions. — The volume is 
com pleted with an index o f  Latin generic names.

Introductory text in Latin and English, with a supplem ent in Hungarian • 
A pprox. 740 pages • Illustrations of 4090 plants • 40 colour plates • 17 x 25 cm • 
Cloth • ISBN 963 05 0502 9

Akadémiai Kiadó
Publishing House of the Hungarian Academy of Sciences 
Budapest



Printed in  H ungary

A kiadásért felel az Akadémiai Kiadó igazgatója. Műszaki szerkesztő: Botyánszky Pál
A kézirat nyomdába érkezett: 1975. VI. 9. — Terjedelem: 19,5 (A/5) ív, 94 ábra, 1 melléklet

75.1910 A k a d é m ia i N y o m d a , B u d a p e s t  — Felelős v ezető : B e rn â t  G y ö rg y



A C T A  B O TA N IC A

TOM 21 ВЫП. 1 - 2  

РЕЗЮМЕ

ИЗУЧЕНИЕ КРАХМАЛЬНЫХ ЗЕРЕН С ПОМОЩЬЮ УЛЬТРАФИОЛЕТОВОЙ 
ФЛЮОРЕСЦЕНТНОЙ МИКРОСКОПИИ В ТОЧКЕ РОСТА ЯБЛОНИ, БЕЗ И ПОСЛЕ

ПРИМЕНЕНИЯ МОРФАКТИНА
Т. БУБАН и О. ЦЕЛЛЕР

В прежней работе авторы выявили присутствие крахмальных зерен в субапикаль
ных удлиняющихся тканях растущих точек роста побегов и в базальной части самых мо
лодых зачатков листьев, расположенных возле конуса нарастания.

Распределение крахмальных зерен в клетках тканей точки роста побега не связано 
ни с вертикальным или горизонтальным положением побега, ни с применением морфак- 
тина, понижающего геотропическую чувствительность.

При флюоресцентной микроскопии в значительной мере повышена специфичность 
альциан-блу 8 — метайодная кислота — Шиффового реактива (AB—PAS).

ИЗУЧЕНИЕ ИНТЕНСИВНОСТИ ОСВЕЩЕНИЯ В БУКОВЫХ ЛЕСАХ РАЗЛИЧНОГО
ВОЗРАСТА

М. ДРАШКОВИЧ

В трех буковых лесах различных возрастных классов на уровне дерна, а также на 
вблизи расположенной поляне были проведены синхронные фотоэлектрические измерения 
света с помощью люксметра в отдельных категориях высоты солнца, повторность была 
равна 32. Целью работы было показать, какой изменчивости освещения подвержены 
виды растений, произрастающие в поросли трех возрастных классов с различной структу
рой насаждения. Относительно освещенности насаждений различного возраста наимень
шие различия были выявлены в период полного развития листвы. В переходный вегета
ционный период — процесс облиствения — наблюдаются значительные различия в осве
щении. В молодом и старом насаждениях в безлистном состоянии структура стволов и 
ветвей обусловливала сходные условия освещения, тогда как в насаждениях среднего и 
старого возраста структура листвы привела к сходным условиям освещения.

ИЗМЕНЕНИЯ ПОВЕРХНОСТИ И ВЕСА СВЕТОВЫХ И ТЕНЕВЫХ ЛИСТЬЕВ И 
ПОБЕГОВ QUERCUS PETRAEA И QUERCUS CERRIS В ЛЕСНОЙ 

ЭКОСИСТЕМЕ ВЕНГРИИ
П. ЯКУЧ и К. ВИРАГ

На двух древесных породах: Quercus petraea И Quercus cerris, произрастающих 
на территории «Шикфёкут проект», предназначенной для изучения экосистем, авторы про
водили исследования роста световых и теневых листьев и побегов. Результаты приводятся 
в пересчете на поверхность и на сухой вес листьев и относятся к 1973 году. На основе 
световопланнметрических данных и данных сухого веса, собранных ежемесячно или на 
каждой второй неделе, можно было проследить динамику продукции листьев и побегов, а 
также потерю веществ, вызванную объеданием листьев гусеницами. Приводятся данные 
также числа листьев в пересчете на гектар.



ИЗМЕНЕНИЕ РАЗВИТИЯ ПОЧЕК У СМОРОДИНЫ ПРИ ЗАРАЖЕНИИ 
CECIDOPHYOPSIS RIBIS WESTW.

Б . КАУСМАНН н У. ФОККЕ

У смородины (R ib e s  sp.) почки следующего года появляются уже весной. После 
вегетативной фазы (развитие почечных чешуек и зачатков листьев), верхушка побега может 
превратиться в соцветие. При заражении C e c id o p h y o p s is  r ib is  WESTW. нарушается 
развитие почек и не происходит образования листьев и соцветий. В работе дается описание 
гистогенетических деформаций прото- и субпротодермы и обсуждаются причины этого 
явления.

П РИ М Е Н Е Н И Е  СКАН И РУЮ Щ ЕЙ  Э Л Е К Т Р О Н Н О Й  МИКРОСКОПИИ У  
ИСКОПАЕМ Ы Х РАСТЕН И Й

М. КЕДВЕШ и М. РАДВАНСКИ

С помощью сканирующего микроскопа SM-50A Jeol были проведены исследования 
на ископаемых растениях видов P le u r o zo n a r ia  c o n c in n a , O v o id ite s  l ig n e o lu s  и двух видов 
рода O c u lo p o llis . Было установлено, что снимки сильного увеличения (150 000 X) 
предоставляют важные новые данные о тонкой структуре поверхности. Субмикроскопичес
кая скульптура двух видов N o r m a p o lle s  с глазками из слоев верхнего мелового периода 
одинакова. Следовательно это по всей вероятности является экологическим свойством, а не 
специфической для вида особенностью. Исследовавшиеся виды N  o rm a p o lle s  с глазками 
на основе тонких поверхностных образований, принимая во внимание сообщение Сри- 
вастава (1972 г.), отличаются от видов T r u d o p o l l i s . По исследованным видам были 
получены также данные о подробностях отложения в течение фоссилизации.

КРИОБИОЛОГИЧЕСКИЕ ИССЛЕДОВАНИЯ В ГОРАХ ВЫСОКИЕ ТАТРЫ
Е. КОЛ

В горах Высокие Татры известны микроорганизмы следующих окрашиваний крио- 
сестона: красный снег с C h la m y d o m o n a s  n iv a l is ,  C iü a m y d o m o n a s  s a n g itin e a ;  желтый снег с 
C h la m y d o m o n a s  f la v o v ir e n s , C h la m y d o m o n a s  r o s ta f in s k i i ;  желтобурый снег c C h r o m u lin a  
e t t l i i  и зеленый снег с K o l i e l l a  ta lr a e  и C a r te r ia  g y o e r f f y i . Снежная растительность Высоких 
Татр относится к 1П-у типу верхней криовегетации.

В горах Высокие Татры в последние годы в области криобиологических исследо
ваний наблюдается новый подъем. Е. Кол проводила измерения pH снега. Хиндак, Явор- 
ницки и Комарек проводили приэкологические и криобиологические исследования, а 
также количественные и оптические (фотосинтез) измерения. Исследователям Хиндак и 
Яворницки удалось культивировать криоводоросли и выращивать чистые культуры.

РАСПРЕДЕЛЕНИЕ И ДИНАМИКА СОДЕРЖАНИЯ ФОСФОРА, АЗОТА И КАЛИЯ В 
МНОГОЛЕТНЕМ ОТКРЫТОМ ПЕСЧАНОМ ДЕРНЕ 

(FESTUCETUM VAGINATAE DANUBIALE)
ЭДИТ КОВАЧ-ЛАНГ

В многолетнем открытом песчаном дерне — F e s tu c e tu m  v a g in a la e  d a n u b ia le  — , 
являющемся общераспрострененным и характерным для песчаных почв в междуречье 
Дуная и Тисы, изучались — параллельно с сезонной динамикой фитомассы — распреде
ление и динамика содержания фосфора, азота и калия в отдельных фракциях фитомассы и в 
почве. В 1971-ом году ежемесячно анализировали растительный материал 22 монолитов 
размером в 20x20x20 см.

Было установлено, что в отдельных фракциях фитомассы наиболее высокой явля
ется концентрация азота, концентрация калия несколько ниже, в то время как концентра



ция фосфора примерно на один порядок величины меньше концентрации азота и калия. 
При наиболее высокой концентрации все три элемента были выявлены в живых частях 
растений. Концентрация азота понижается в следующем порядке: живые надпочвенные 
части, мертвые надпочвенные части, корни. В случае калия и фосфора концентрация по
нижается по порядку: живые надпочвенные части, корни, мертвые надпочвенные части.

В почве концентрация трех элементов намного ниже. Большинство питательных 
веществ, накопившихся в фитомассе, находится в почвенных частях. На территории в 1 га 
вся фитомасса многолетнего открытого дерна содержит примерно 100 кг азота, 30 кг 
калия и 7—8 кг фосфора. На территории в 1 га в соответствующем почвенном слое мощ
ности в 20 см общее содержание азота составляет примерно 1000—2000 кг, содержание об
щего калия — 3000—3200 кг, а содержание общего фосфора — 300— 500 кг. Из этого запаса 
усваиваемое количество составляет примерно 12 кг азота, 150 кг калия и 30 кг фосфора.

В изученной системе почва-растение под биологическим контролем находится меня
ющаяся доля элементов, а именно 10% общего азота, 3% калия и примерно 1% фосфора.

Соотношение запаса усваиваемых элементов и накопившихся в фитомассе запасов 
указывает в случае азота на то, что количество усваиваемого азота в почве в качестве фак
тора минимума может ограничить количество азота, встраиваемого в органическое вещест
во и, следовательно, и саму продукцию.

ОБЗОР РАБОТ ПО ИЗУЧЕНИЮ ПРОДУКЦИИ ТРАВЯНИСТЫХ РАСТЕНИЙ В
ВЕНГРИИ
Э. МОЛЬНАЯ

В статье дается подытоживающий обзор работ по изучению урожая лугов и паст
бищ, проводившихся венгерскими ботаниками. Измерения осуществлялись на территории 
60 поселений страны. На основе публикаций, появившихся до 1975 года, сообщаются назва
ния растительных сообществ, применяемых отдельными авторами, результаты измерения 
урожая 32 растительных сообществ (при единообразном исчислении г/м2), а также имена 
авторов.

Наибольший урожай был получен в сообществе: S c ir p o -P h r a g m ite tu m  g ly c e r ie to su m .

ИССЛЕДОВАНИЕ СТРУКТУРЫ ВНЕШНЕЙ ПОВЕРХНОСТИ НАРУЖНЫХ 
ОБОЛОЧЕК ЭПИДЕРМИСА КОРНЕЙ ПШЕНИЦЫ И КУКУРУЗЫ С ПОМОЩЬЮ 

СКАНИРУЮЩЕЙ ЭЛЕКТРОННОЙ МИКРОСКОПИИ
Н. Г. ПОТАПОВ, В. Н. ФИЛИППЕНКО, Л. Г. КОСУЛИНА

С помощью сканирующего электронного микроскопа изучали вненшюю поверх
ность корней пшеницы и кукурузы. Выявлена неоднородность поверхности корней. 
Отмечается увеличение плотности структурных элементов внешней поверхности как кор
невых волосков, так и корней в целом в базипетальном направлении. Корни покрыты сли
зистой оболочкой. Кроме того, слизь обнаруживается в виде локальных скоплений и 
глобул, которые наиболее часто встречаются в зоне вблизи корневого чехлика и зоне кор
невых волосков. В местах разрыва непрерывного слоя слизи на поверхности наружных 
клеточных оболочек зон растяжения и дифференцияции в плотном, аморфном матриксе 
выявляются профили фибриллярной структуры. При развитии корневых волосков трихо- 
бластами корней пшеницы наблюдался разрыв внешнего слоя клеточной оболочки. Пред
полагается, что последний представляет собой разрыв слизистой оболочки, кутикулы и 
прилегающего слоя аморфного матрикса с включенными в нем, беспорядочно разбросан
ными волокнами. У корней кукурузы четкой картины разрыва внешнего слоя оболочки не 
обнаружено. Поверхность корневого волоска также неоднородна. Кончик волоска по
крыт своеобразной «шапочкой слизи*. Поверхность основании волоска плотная и имеет 
структуру, аналогичную структуре поверхности наружных клеточных оболочек зон растя
жения и дифференциации. В статье обсуждаются возможности и перспективы использо
вания сканирующей электронной микроскопии в биологических исследованиях.



ИЗУЧЕНИЕ ЭКОЛОГИИ МХОВ В ЛЕСОСТЕПНЫХ СООБЩЕСТВАХ НА 
ОБРАЗЦОВОЙ ТЕРРИТОРИИ ЧЕВХАРАСТИ IBP

Т. ШИМОН и Г. СЕРЕНЬИ

Образцы брались в ксеротермических сообществах: B r o m e tu m  tec to ru m , F e s tu c e tu m  
v a g in a ía e , F e s tu c e tu m  w a g n e r  i ,  A s tr a g a le - F e s tu c e tu m  su lc a ta e , J u n ip e r o - P o p u le tu m , F e s tu c o -  
Q u erce tu m , C o n v a lla r io -Q u e r c e tu m . Образцы почвы (почти 200 образцов) происходят из 
подушек мха. Исследовались величин!,i pH, (в Н20) содержание гумуса, СаС03, NH3, N 02 
N03, Р20 5 и К20  с помощью быстрых аналитических (так называемых полумикро-) методов. 
На изучаемой территории среднегодовое количество атмосферных осадков составляет 
500—550 мм, а среднегодовая температура — 10—11 °С. Основная порода — известковый 
песок. Почвенные мхи играют значительную роль в производительном ярусе песчаной 
экосистемы, это отражается также в их количестве. В работе приводятся характерные 
черты отдельных видов мхов с точки зрения изучаемых показателей почвы, а также их 
общее ценологическое и экологическое поведение. После этого дается анализ связей брио- 
экологических видовых групп с исследованными показателями почвы. Значение pH ксе- 
рофитных видов находится в нейтральном и щелочном, ксеро-мезофитных видов в нейтраль
ном, а мезофитных видов в нейтральном и кислом интервалах.

Показатели гумуса ксерофитных видов более низкие, а мезофитных видов более 
высокие. NH3 увеличивается соответственно градиенту от ксерофитных до мезофитных ви
дов. Подобное положение наблюдается и в отношении N 02 и N 03. Распределение фосфора 
и калия в связи с отдельными видовыми группами не показывает закономерности. В связи с 
отдельными показателями указывается также на их сезонные изменения.

ДАННЫЕ К ВОПРОСУ О НАСЛЕДОВАНИИ СОДЕРЖАНИЯ КАМАЗУЛЕНА В
ПОПУЛЯЦИЯ РОМАШКИ

Й. ШВАБ и И. ШАРКАНЬ

В результате работы по селекции ромашки, проводившейся за последних 15 лет, в 
Венгрии были получены два новых сорта, содержание действующего вещества которых 
значительно больше, чем в местных популяциях. Эти два сорта дают возможность для 
улучшения дикорастущих местных популяций засоленных почв. Однако, до их использо
вания выдвинулась необходимость предварительного уяснения нескольких основопола
гающих вопросов.

Пришлось выяснить возможность и размер скрещивания дикорастущих мелко
цветковых и селекционных сортов, годность и конкурентную способность новых сортов в 
смешанной популяции, а также ход наследования концентрации камазулена в растениях 
ромашки. Далее пришлось исследовать возможное влияние почвы на содержание действую
щего вещества в новых сортах при их культивировании на засоленной почве. В работе 
обсуждаются результаты экспериментов по выяснению вышеуказанных вопросов, прово
дившихся на основе исследования динамики популяций.

ИЗУЧЕНИЕ РАСПЕДЕЛЕНИЯ АТМОСФЕРНЫХ ОСАДКОВ В ЭКОСИСТЕМЕ 
ДУБОВОГО ЛЕСА В ТЕЧЕНИЕ ГОДА

М. САБО

Автором в 1974 году было проведено изучение распределения атмосферных осадков 
и пути до почвы в экосистеме Q u erce tu m  p e tr a e a e  c e r r is , относящейся к «Шикфекут Проект», 
изучаемого в рамках венгерской программы МАВ. Было установлено, что в случае атмос
ферных осадков в 595,3 мм лиственный и кустарниковый ярусы исследованной экосистемы 
задерживают 20,1% общего количества дождя. В течение вегетационного периода это 
количесто составляет 21,2%, а во время листопада водозадержание уменьшается до 14,9%.

Количество воды, проникающей через лиственную крону, в течение периода иссле
дования составило в среднем 78,8%. За вегетационный (лиственный) период леса это 
количество составило 75,9%, в то время как в период покоя (безлиственное состояние) леса 
— 81,2%. На количество воды, проникающей через лиственную крону, влияет также видо
вой состав насаждения.



Величина насыщенности лиственного яруса также зависит как от видового состава 
деревьев, так и от времени года. В вегетационный период эта величина равна 1,45 мм, а в 
безлиственный период — 0,85 мм.

Количество воды, стекающей по стволам (stemflow) за вегетационный период соста
вило в среднем 2,9%, в безлиственный период — 3,9%, а в течение всего года исследова
ния — 3,1%. Отекание воды по стволам начинается только в случае выпадения дождя 
выше 5 мм.

ДЕЙСТВИЕ ЗАТОПЛЯЮЩЕГО ОРОШЕНИЯ НА ИСПАРЕНИЕ ВОДЫ РАСТЕНИЯМИ 
КУКУРУЗЫ ПРИ ДВУХ СПОСОБАХ СНАБЖЕНИЯ ПИТАТЕЛЬНЫМИ

ВЕЩЕСТВАМИ
Ш. СЛОВАК

Автор изучал действие затопляющего орошения на транспирацию растений кукуру
зы и установил, что вода вызывает гниль корней и увядание, вследствие чего наблюдается 
значительное уменьшение испарения воды. Уменьшение испарения воды вследствие зато
пляющего орошения было значительно больше после предварительного искусственного 
удобрения, чем без удобрения.

ПАРАМЕТРЫ РОСТА LAR, RGR и NAR ПО МЕЖДУУЗЛИЯМ РАСТЕНИЙ; УРОЖАЙ 
И ПРОДУКЦИЯ ЭФИРНЫХ МАСЕЛ PIMPINELLA ANISUM ПРИ СРОКАХ ПОСЕВА 

Й. СУЙКО-ЛАЦА, 3. СЕЧ и Л. ХОРНОК

На основе фенометрического исследования и анализа роста отдельных междуузлий 
при срока посева аниса можно установить, что в пределах отдельных растений, в от
ношении параметров роста, а также между различными параметрами наблюдаются зна
чительные отклонения. Отклонения можно связать с возрастом и локализацией между
узлий — в качестве растительных факторов —, и отчасти и условиями внешней среды. 
Продуктивность и ее различия можно отнести отчасти к факторам морфологического харак
тера и отчасти к физиологическим отклонениям активности. Под влиянием отдельных ар
хитектурных элементов, напр. интенсивного роста боковых побегов, могут получаться 
величины RQR со знаком минус, вопреки нарастанию величин LAR.

На повышенный вредный эффект или эффекты факторов среды могут реагировать все 
присутствующие популяции вида, независимо от времени посева и от стадии развития.

Согласно результатам анализа роста, числа междуузлий и измерений урожая, со
держания и состава эфирных масел, при позднем посеве наблюдается укорочение вегета
ционного периода аниса и, в пределах этого, также отдельных стадей онтогенеза. Парал
лельно с этим понижается прежде всего число архитектурных элементов, боковых зонти
ков. Дальнейшие ступени означают укорочение междуузлий главного побега, а затем — 
уменьшение их числа. В соответствии с этим в значительной мере уменьшается также про
дуктивность и урожай растений.

Разница вегетационного периода насаждений с наименьшим и наипоздним сроком 
посева составляет 77 дней (27,1%), разница урожая — 87,4% и уменьшение накопления 
эфирных масел — 29,6%.

ИЗУЧЕНИЕ ЛОКАЛИЗАЦИИ ЭФИРНОГО МАСЛА С ПОМОЩЬЮ 2-ыС-АЦЕТАТА 
НАТРИЯ В ТКАНЯХ ЛИСТЬЕВ SALVIA SCLAREA L. И В ТКАНЯХ ЛИСТЬЕВ И 

ЦВЕТОНОСНЫХ СТЕБЕЛЬКОВ SALVIA OFFICINALIS L.
Г. ВЕРЗАР-ПЕТРИ и М. ТЕН

Авторы проводили с помощью 2-14С-ацетата натрия и неактивных гистохимических 
методов сравнительное исследование биосинтеза и локализации эфирного масла, выявлен
ного ими в прежней биохимической работе (1974 г.). Они устанавливают, что условия 
локализации железистых и покровных волосков различны и, следовательно, их функции 
также различны.



АН О М АЛИ И  УСТЬИЦ В ЭП И ДЕРМ И С Е ЛИСТЬЕВ К У К У Р У З Ы  (ZEA MAYS)

Э. Ш. ВОЛЧАНСКИ и Г. ТУРЧАНЬИ

Различные аномалии устьиц наблюдались авторами как в эпидермисе листьев сорта 
кукурузы «Fehér mazsola» так, и в эпидермисе листьев контрольных и облученных рас
тений инбредной линии «WF 9». У растений сорта «Fehér mazsola» только при дозах 3000 
и 5000 рентген была обнаружена деформация устьиц, число и разнообразие форм ко
торых было меньше, чем у внутрисортовой линии «WF 9». Деформация устьиц, в первую 
очередь, возникла в эпидермисе верхних листьев. Она не была связана с какими-нибудь 
другими внешними или внутренними деформациями. Большинство этих аномалий было 
описано у различных групп растений, но данные, касающиеся семейства Злаковых в 
литературе найти не удалось.
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Az Acta B otanica  német, angol francia és orosz nyelven közöl értekezéseket a bota
nika tárgyköréből.

Az Acta B otanica  változó terjedelmű füzetekben jelenik meg, több füzet alkot éven
ként egy kötetet.

A közlésre szánt kéziratok a következő címre küldendők:

A c ta  Botanica, B u d a p est 502, Postafiók 24,

Ugyanerre a címre küldendő minden szerkesztőségi és kiadóhivatali levelezés.
Megrendelhető a belföld számára az „Akadémiai Kiadó”-nál (1363 Budapest Pf 24. 

Bankszámla 215.11428), a külföld számára pedig a „Kultúra” Könyv- és Hírlap Külkeres
kedelmi Vállalatnál (1389 Budapest 62, P. O. B. 149. Bankszámla 218-10990) vagy annak 
külföldi képviseleteinél, bizományosainál.

Die Acta B otan ica  veröffentlichen Abhandlungen aus dem Bereiche der botanischen 
Wissenschaften in deutscher, englischer, französischer und russischer Sprache.

Die Acta B otan ica  erscheinen in Heften wechselnden Umfanges. Mehrere Hefte bilden 
einen Band.

Die zur Veröffentlichung bestimmten Manuskripte sind an folgende Adresse zu 
senden:

A c ta  Botanica, B u d a p est 502, Postafiók 24 .

An die gleiche Anschrift ist auch jede für die Redaktion und den Verlag bestimmte 
Korrespondenz zu richten. Abonnementspreis pro Band: $ 32.00.

Bestellbar bei dem Buch- und Zeitungs-Aussenhandels-Unternehmen »K u ltú ra« (1389 
Budapest 62, P. O.B. 149 Bankkonto Nr. 218-1096'') oder hei seinen Auslandsvertretungen 
und Kommissionären.
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NEW PLANTS IN CUBA IV

By

A .  B o r h i d i

BOTANICAL GARDEN OF THE EÖTVÖS L. UNIVERSITY, BUDAPEST 

and

O. M u n i z

BOTANICAL INSTITUTE OF THE ACADEMY OF SCIENCES OF CUBA. HABANA 

(R eceived J u ly  10, 1975)

The present study contains the descriptions of 21 taxa new to science, as fol
lows: Polygonaceae: Coccoloba (1 sp.); Euphorbiaceae: Leucocroton  (1 sp.); Sapinclaceae: 
T houin ia  (1 sp.); Celastraceae: Crossopetalum  (1 ssp., 1 var.); Rham naceae: Auero- 
dendron (1 var.), R eynosia  (1 sp.); Combretaceae: Term inalia  (1 sp .), Bucida  (1 sp.); 
Myrtaceae: P sid iu m  (1 sp.), Calycorectes (1 sp.), P im enta  (1 sp .), M yrcia  (1 sp.), M yrtus  
(1 sp., 1 hybr.), Eugenia  (1 sp.); M elastom ataceae: Calycogonium  (1 sp.); Sapotaceae: 
B um elia  (1 sp.); Scrophulariaceae: Bacopa  (1 sp.): Rubiaceae: Schm idtottia  (1 var.), 
Rondeletia  (1 sp.).

F a m .: Polygonaceae  
Coccoloba m unizii B orh id i sp. nova

Arbor ad 8—9 m alta, parum ram ificata (Alain). Rami ad nodos dilatati v. parum  
incrassati glabri. Ochreae 5— 10 mm longae, glabrae, postremo lignescentes. Folia glabra 
crasse et rigide coriaceae, petiolis 8 —12 m m  longis, 4 — 7 mm crassis, supra late sulcatis suf- 
fu lta , orbicularia vel levissim e obovata, basi profunde cordata, reniform ia vel auriculata, 
ápice truncata vel rotundata, 7— 15 cm longa et 5 .5— 12 cm lata, nervo m edio utrinque cras- 
siuscule prominente, lateralibus utroque latere 6— 9 utrinque prom inulis, supra dense, subtus 
laxe reticulato-venosis, supra nitidula, subtus opaca, punctis grandibus utrinque laxe dispo- 
sita , margine subintegra, incrassata, plana. Inflorescentiae laterales solitariae vel term inales 
1— 3, 2— 10 mm longe pedunculatae, m ultiflorae; rhachis 5 — 10 cm longa, 2— 5 mm crassa, 
glabra, angulatostriata. Flores masculini ad 2, purpurei, pedicellis ad 0.5 m m  longis, ochreolae 
2 m m  longae, purpureae, galbrae, margine m em branaceae, extus punctatae. Perianthii m ascu
lini tubus 1 mm longus, lobi ovati vel obovati, 2— 2.5 mm longi, purpurei, glabri, extus punc- 
ta ti. Stam ina 2.5 mm longa, filam enta subulata, glabra, ad 2 mm longa, antherae suborbicu- 
lares ad 0.5 mm longae. Ovarii rudim entum  com pressum  vel leviter trigonum , 0.6 mm longum, 
sty lu s rudimentarius 1. ad 1 mm longus. Fructus non visus.

H o lo typus: A l a in  7571; P ro v . O rien te ; in fru tice tis  serpen tinosis  ad 
E rm ita , N. de Y unque de B aracoa in  150 m .s.m . Leg.: A c u n a , A l a in  e t R amos  
15. ja n .  1960

O bs.: C. baracoënsis O. C. S ch m id t affin is, quae ram is p e tio lisque  pilosis, 
foliis m inoribus, nerv is la te ra lib u s  su p ra  inconspicuis, su b tu s  dense g landu- 
lo so -p u n c ta tis , in flo rescen tia  ten u i p ilosa om nino d iffert. C .  uvifera  e t C. 
northropiae  pedunculis ochreolas su p e ra n tib u s , in florescentiis pilosis clare 
d isc rep an t.
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F am .: Euphorbiaceae 
Leucocroton m oncadae B orhidi sp. n o v a

Arbor ad 8 m alta. Cacumen oblongatum . Ram i vetustiores v irides, lenticellis linearibus 
obsiti, hornotini pilis m ultiradiatis perbrevibus flavido-tom entosi. Folia  petiolis 1-—2.5 cm  
longis, supra planis vel apicem  versus tenuiter sulcatis, ad 3 mm la tis , flavido-tom entosis, 
basi insertis suffulta, elliptica, obovata vel oblongo-elliptica, basi rotundata vel subcordata, 
ápice rotundata vel breviter acum inata, obtusa vel leviter em arginata, 5— 14 cm longa , 
2— 6.5 cm lata basi 3-nervia; nervis supra im pressis, subtus prom inentibus et venis subhori- 
zontalibus anastom osantibus, lateralibus utroque latere 3— 5 basalibus apicem  versus arcuatis 
ante marginem conjunctis; supra glabra, n itida, viridia, subtus inter ñervos pilis radiatis 
m inutissim is albis adpresse tom entosa, ad ñervos pilis stellatis flav id is sparsis obtecta, albi- 
cantia; margine integra, plana vel tenuiter recurva, subcoriacea. Inflorescentiae m asculae  
laterales vel axillares, solitariae, 1.5— 6.5 cm  longae, 0.5— 2 cm  longe pedunculatae, m u lti
florae, pube ramorum. Flores in racemo laxe dispositi sessiles, 3-bracteatae; bractea inferior 
oblongo-triangularis 2 m m  longa , laterales 1 m m  longae, pedicelli nulli. Alabastra globosa, 
apiculata, 3 mm longa, sépala 4, triangulari-ovata, acuta, fulvo- v e l ferrugineo-tom entosa, 
in tus albo-villosa. Stam ina 18— 28, filam enta basi connata, 1 mm longa, glabra, in disco vil- 
loso  inserta, antherae oblongo-ovatae, 2 mm longae, luteae. Inflorescentiae femineae in axillis 
solitariae, 2— 3 cm longae, 1-florae. Pedunculus flavo stellato-tom entosus, bracteis sterilibus 
la te  triangularibus, 1 — 2 m m  longis crassisque laxe dispositis, su ffu ltus. Flos terminalis sessi- 
lis , sépala 5, oblongo-ovata, 3— 3.5 m m  longa, ápice rotundata, ex tu s pilis stellatis rufis, 
in tu s pilis albidis dense tom entosa. Capsula tricocca, globosa, 8— 10 mm longa, adpresse 
flavido-tom entosa. Sem ina nigra, 5— 6 mm in diámetro.

H o lo typus: 27688/A  SV; P ro v . H a b a n a ; in silvis fru tico sis  serpen tinosis  
m on tis  Lom a de Coca p r. pag . C am po F lorido . Leg.: A. B o r h i d i  et M. M o n - 
c a d a ; 12. nov . 1974. Ib id em  27688/B , 27688/C; iso typ i in  SV e t Bp. P ro v . 
L as Villas: P re sa  G rande  cerca de la  P resa  de A gabam a, E . Del Risco 27315 
SV; P rov . C am agüey : L a Ciega, C aobilla, A c u n a  4414, 14534!

Obs.: H a b itu  L . virentis  G riseb. affin is, qui foliis ch a rtace is , sub tu s  stel- 
lato-pilosis, p a llide  v irid ib u s , in flo rescen tia  m ascula  b re v i g lom erata, albo- 
to m en to su la , s ta m in ib u s  8 — 12 o p tim e d iffert.

F am .: Sapindaceae
Thoninia acunae B orh id i e t M uñiz sp. n o v a

Frutex vel arbor parva, 2— 3 m alta. Ram i hornotini teretes, dense flavo-pubescentes. 
Internodia 3— 10 m m  longa. Folia 1-foliolata resp. Simplicia ad apicem  ramorum m anifeste  
confería, petiolis 2— 5 m m  longis flavo-pubescentibus suffulta, orbicularia vel late obovata ,
2 ,5— 4,5 cm longa, 2— 3,5 cm lata, basi obtusa, rotundata v. subcordata, ápice truncata et 
spinuloso-m ucronata, margine regulariter spinuloso-dentata, dentibus utroque latere 8— 11, 
nervo medio supra in sulco prom inulo, subtus arete prom inente, lateralibus utroque latere  
8— 11 utrinque prom inentibus et reticulato venosa, supra ad ñervos sparse pilosa, subtus 
ad ñervos pilis patentibus flavo-puberula, in axillis nervorum non barbata, inter ñervos glan- 
dulis minutis brunneis prom inentibus punctata, manifeste bullata, coriácea. Cetera non visa.

H o lo ty p u s: A l a i n  7391; P ro v . O rien te ; in saxosis calcareis ad  F lo rid a  
B lanca pr. pag . A lto  Songo 450 m .s.m . Leg.: A c u n a , A l a in  e t M. L ó p e z  
F i g u e i r a s , 10. ja n . 1960. LS; iso ty p u s: SV.

Acta Botánica Academiae Scientiarum Hungaricae 21, 1975



NEW PLANTS IN CUBA IV. 2 2 3

Fam .: Celastraceae
Crossopetalum ternifolium  (U rb .)  A lain 

ssp. m oaënse B orh id i e t  M uñiz ssp. nova

A typo differt: foliis majoribus, 2— 3.5 cm  longis, 1.5— 3 cm latís, nervis lateralibus 
utroque latere 12— 16, dentibus lateralibus 4— 8, peduncuiis 1.5— 4 cm longis, patenti-pube- 
rulis.

H o lo ty p u s: A l a i n  1030; P rov . O rie n te ; M oa: P in a r  de la E sm e ra ld a , 
Sur de C ananova. L eg.: A l a i n , Cl e m e n t e  e t  Cr i s ó g o n e , 21. ju l. 1949. L S ; 
iso ty p i: LS e t SY.

Crossopetalum rostratum  (U rb .)  R o th  
var. grandifolium B o rh id i e t M uñiz var. n ova

A typo differt: foliis 4— 8 mm longis, lobis lateralibus utroque latere 8— 12, subtus 
breviter adpresse pilosus.

H o lo ty p u s: L e ó n  13210; P rov . P in a r  del R io ; S ierra del R osario : L om a 
P e lad a  de B u en av is ta  de C ayajabos. L eg .: L e ó n , 20. dec. 1927; LS. I s o ty p i:  
LS, SY.

F am .: R ham naceae
Auerodendron cúbense ( B r i t t  . e t W ils.) U rb . 

v a r. m aisiana B orhid i e t M uñiz v a r. n ova

A typo differt: foliis late obovatis vel suborbicularibus, ápice profunde excisis, pedun
cuiis brevioribus.

T y p u s: A l a i n  7037; P ro v . O rien te , M esa de L indero , M aisi; Leg.: 30. dec. 
1957. A l a i n  e t  L ó p e z  F i g u e i r a s . L S. — Specim . ex am .: L lano de M aisi, 
A l a i n  7078; Mesa de Chivo , Maisi, L e ó n , M a r i e -V ic t o r in  e t Ca r a b ia  17158; 
M onte C risto , Jau co , A c u n a  e t B a r r e t o  17455.

Reynosia moaënsis B o rh id i e t M uñiz sp. nova

Arbor parva. Rami hornotini angulati, glabri, internodiis 1— 2 cm longiis. Stipulae  
triangulares integrae, 0.5— 0.7 mm longae, m argine ferrugineo-pilosae, caducae. Folia oppo- 
sita , 4— 8 mm longe petiolata, elliptica vel ovata , ápice rotundata et em arginata, basi obtusa, 
rotundata vel truncata, 3 .5— 6 cm longa, 2— 4 cm lata, nervo medio supra impresso, subtus  
prom inente, lateralibus supra prominentibus et utrinque reticulatis, margine integra, plana, 
vel tenuiter recurva, chartacea vel subcoriacea. Pedicelli axillares solitarii vel fascicu lati, 
fructiferi 7— 12 mm longi, 0.3— 0.5 mm crassi, erecti, glabri. Alabastra sem iglobosa, antice  
paullo convexa et breviter apiculata. Calycis tub us sem iglobosus, glaber, 2— 3 mm in d iain., 
lobi triangulares, acuti et acum inati, ápice subulati, 1,5— 2 mm longi, intus carinati. Pétala  5, 
late obcordata, brevissim e stipitata, antice profunde excisa, v ix  supra 1 mm longa. Stam ina  
pétala v ix  superantia, filam enta subulata, 0.7 m m  longa, antherae ovatae. Stylus 0.5 m m  
longus, in 1/3 superiore brevissim e bilobus. O varium  ovatum , pseudobiloculare, placentis bin is  
juxtap ositis non connatis. Ovula in queque loculo solitaria. Fructus drupaceus, subglocosus,
1— 1.4 cm in diam. Sem en solitarium forma drupae. Endosperm ium  copiosum, rum inatum .
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H o lo ty p u s: C l e m e n t e  4484; P ro v . O rien te ; Moa, M ina N arciso , C ayo- 
guán . Leg.: Cl e m e n t e  e t Cr is ó g o n e , 2. ju l .  1945. LS.

Specim . e x a m .: M oa: Rio C ay o g u án , C l e m e n t e  4487; Cl e m e n t e , 
M a r i e -V ic t o r in  e t  A l a i n  21631, 21828; — Cam ino M ina D elta , P u e n te  del 
R io  C ayoguán, Cl e m e n t e  4602; — M oa: A ero p u erto , A c u n a  12547; C añ e te , 
R o ig  6599.

O bs.: R . w rig h tii  (Griseb.) U rb. a ffin is , quae foliis m a jo ribus, m arg in e  
u n d u la tis , m e m b ran ace is  vel su b ch a rtace is , pedicellis fruc tiferis  4 5 m m
longis e t 0.5 0.7 m m  crassis, p a te n tib u s , fru c tib u s 18 22 m m  in d iam .
clare differt.

Fam .: Combretaceae
Term inaba pachystyla B o rh id i sp. n ova

Arbor parva, ad 8— 10 m alta. Rami hornotin i teretes, striati glabri. Folia alterna vel 
subopposita, 0.5— 2 cm  longe petiolata, petiolis str ia tis , supra tenuiter canaliculatis, glabris, 
obovata vel oblongo-obovata , 4— 12 cm longa, 2 .5— 4 cm lata, ápice rotundata vel truncata, 
plerum que leviter em arginata, basi longe angu stata , glandulis 2, marginalibus praedita, nervo  
m edio supra prom inulo, su btu s prom inente, lateralibus utroque latere 6— 9 utrinque promi- 
nulis, ad marginem a n a sto m o sa ntibus. Limbus supra viridis, nitidus, subtus pallidior, utrin
que glaber, chartaceus ve l subcoriaceus, margine integer, recurvus. Inflorescentiae term inales 
racem osae, dense m ultiflorae, 5— 8 cm longae, glabrae. H ypanthium  3— 4 m m  longum , gla- 
brum, calycis tubus 5— 6 m m  latum , 4 mm longum , lobi 2.5— 3 mm longi, extus glabri, in tus  
ferrugineo-puberuli, basi d ila ta d , 3 mm lad, antice abrupte angustati et apiculati, ápice obtusi. 
D iscus ferrugineo-villosus. Stam ina 10 in seriebus 2, filam enta inaequalia, glabra, 6— 8 m m  
longa, e tubo calycis longe exserta. Stylus erectus, crassus, valde exsertus 10— 12 mm longus, 
stam ina longe superans, 1— 2 mm in diam., cylindricus, apicem  versus leviter angustatus, 
quasi per totam  longitud inem  ferrugineo-pubescens, ápice truncata 1 mm longe glaber.

H o lo ty p u s: A l a i n  5368; P rov . O rie n te ; S ierra del C ristal; L om a de los 
M ulos supra opp . N ica ro . Leg.: A c u n a , A l a i n  e t L ó p e z  F i g u e i r a s , 2 7. a p r.
1956. SV; iso ty p u s : LS.

Specim . e x a m .: S ie rra  del C ristal, R io  L a Ceiba, N icaro . Leg.: G. B u d o w - 
S K i  19585 SV.

Obs.: H a b itu  T . orientensis M onachino valde affin is, quae flo ribus m ino- 
r ib u s , lobis calycis tr ia n g u la rib u s , s tam in is  s ty lu m  su p e ran tib u s , s ty lo  5 m m  
longo, medio la tiss im o , inferne ferrug ineo-v illoso  s ta tim  d iscernenda.

B ucida palustris B orh id i e t M uñiz sp. n ova

Arbor usque 12— 15 m alta, cacumen um braculiform e, rami ascendentes vel horizon- 
taliter elati, ápice spinis 2— 3 terminalibus 5— 15 m m  longis. Folia conferta, 2— 4 mm longe  
petiolata, petiolis adpresse puberulis, oblongo-obovata , 1.5— 3.5 cm longa, 5— 15 mm lata, 
ápice rotundata vel truncata , plerumque em arginata , basi cuneata et in petiolum  contracta, 
2 glándulas obsoletas gerentia, utrinque glabra, chartacea. Inflorescentiae term inales vel ax il
lares 1— 5, subcapitato-racem osae, 2—4 cm longae, albo-strigillosae vel glabrescentes, 7— 13- 
florae. Pedunculus foliis aequilongus, sericeo-albo-puberulus, postrem o glabrescens vel glaber. 
Flores ad apicem rhachidis confertae. Bracteolae ovatae, 1 mm longae, glabrae. H ypanth ium  
cum  rhachide dense et adpresse albo-strigillosum, in anthesi 2—2,5 mm longum. Tubus ca lycis  
late cam panulatus, 2— 2.5 m m  longus et 3 mm latus, extus pilis albo-sericei sparse et adpresse  
pilosus vel glabrescens, in tus longe albo-villosus. Lobi calycis late triangulares. Stam ina 10 in 
seriebus 2, 4— 5 min longa, e calyce longe exserta. Stylus 4 mm longus, exsertus, quasi per 
to tam  longitudinem  v illo su s, ápice rectus. Fructus 4 — 5 mm longus, albo-sericeus.

Acta Botánica Academiae Scientiarum Hungaricae 21, 1975



NEW PLANTS IN CUBA IV. 225

H o lo ty p u s: P rov . M atan zas ; P en in su la  Z ap a ta  in  silvis paludosis p r. 
p ag . G u am u ta l. L eg.: A. B o r h i d i , E . D e l  R isco et R . O v i e d o , ap r. 1975. 
SV; iso ty p i: SV, Bp.

O bs.: В . subinerm is  B isse affin is, quae foliis subsessilibus, inflorescen- 
tiis  glabris, tu b o  calycis u tr in q u e  g labro  bene d iffert.

F a rn .: Myrtaceae
Psidium inunizianum  B orhid i sp. n o v a

Frutex 1— 2 m altus. Rami hornotin i lev iter compressi, glaberrim i, nitidi, glandulis 
dissitis granulad. Folia 2—4 mm longe petio lata , petiolis 1.5— 2 m m  crassis, nitidis, glabris, 
glanduloso-rugosis; ovata  vel late elliptica, basi truneata vel leviter rotundata , ápice rotundata  
et em arginata. 3— 5.5 cm longa, 2— 3.5 cm  lata, nervo medio applanato vel leviter prom inulo, 
flav id o , lateralibus utroque latere 7—10 sub ángulo 75—80° abeuntibus, supra ±  prom inulis 
et anastom osantibus, subtus prom inentibus et reticulatis, margine irregulariter crenulata et  
lev iter  recurva, utrinque glandulis n itid is prom inentibus pellucidis punctata , supra glabra 
nitida, subtus opaca, glaberrima, fla v ican tia , coriácea. Pedunculi axillares 2— 3 cm longi, 
1-flori. glabri. Calycis tubus obovatus, glaber. glandulis impressis punctatus, 4—5 mm longus 
et 3 m m  latus, basin prophyllis 2 caducis. Lobi 4, liberi, oblongo-ovati, 3— 4 mm longi, basi
2.5— 3 mm lati, ápice rotundati, utrinque glandulosi et glabri. Pétala stam inaque non visa. 
O varium  superne valde concavum. Васса non pleno matura ovata, 6—7 mm longa, 4—5 m m  
crassa, nigra, glabra, 2-locularis. Sem ina 4 — 5, ±  ovata.

H o lo ty p u s: A l a in  6805; P ro v . H a b a n a ; in fru tice tis  lito ra lib u s  La R o tila  
p r . pag . S an ta  Cruz del N orte , 10. oct. 1959. LS.

O bs.: P . crenulati U rb. e t E k m . affin is, quod ram is h o rn o tin is  te re tib u s , 
p a ten ti-p ilo s is , foliis 1 2 m m  longe p e tio la tis , sub tus p ilosu lis, pedicellis
4 15 m m  longis clare  d iffert.

Calycorectes moana B o rh id i e t M uñiz sp. n o v a

Frutex vel arbor parva. Rami hornotini anguste 4-alati, glabri. Folia  petiolis pilosulis 
1— 3 m m  longe petiolata, opposita, elliptica vel ovata , 1 .2—3.5 cm longa, 0 .7 — 2 cm lata, 
basi obtusa vel rotundata, rariter cuneata, ápice obtusa vel breviter acum inata , nervo medio 
supra impresso, subtus inferne prom inente, apicem  versus appianato, lev iter impresso vel 
evanescente, lateralibus utrinque nullis, vel subtus 8— 12 v ix  conspicuis. L im bus ±  rugulosus, 
supra dense et m inutissim e, v ix  conspicue im presso-punctatus, subtus punctis pellucidis sparsis 
v ix  conspicuis obsitus; supra in sicco o livaceus, subtus brunneus, utrinque nitidus, crasse 
coriaceus, margine revolutus. Flores in axillis foliorum  1— 2. Pedicelli 4— 12 mm longi, glandu- 
loso-granulati. Prophylla 2, linearía, 1 — 1,5 m m  longa, caduca. Calycis tubus cylindricus, non 
turb inatus, sub lobis non constrictus. A labastrum  sem iglobosum , plane clausum , in apiculum  
brevissim um  contractum , sub anthesi in lobos 4 (rarissime 5) subaequales, ovatos, apiculatos, 
m argine incrassatos, 3.5— 4 mm longos va lvatim  disruptum . Pétala 4, sepalis ±  aequilonga, 
orbicularia, 4— 5 mm longa et lata, margine glabra. Stam ina toro brevissim e piloso 4-seriaxim  
inserta; filam enta filiform ia, ápice subulata, 3 mm longa, antherae obovatae. Stylus 5 m m  
longus, superne vix attenuatus; stigma parvum , convexum , stylo aequicrassum . Ovarium  
vértice  planum , glabrum, 2-loculare. Ovula in quoque loculo 6— 8, reniformia, colum na centrali 
affixa . Sem ina 2.

H o lo ty p u s: A c u n a  13257; P ro v . O rien te ; Moa: Mina F ra n k ly n ;  10. nov. 
1945. SV.

Specim . exam .: M oa: Cerro M iraflo res, A. B o r h i d i , R .  Capote  e t R. 
Ov i e d o , 12. sep t. 1974. Cam ino de M ina Jo h n s to n , A c u n a  13251; L eón
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e t  Cl e m e n t e  23216. — M ina F ra n k ly n , L eón  e t Cl e m e n t e  23353, L e ó n , 
Cl e m e n t e  e t N e st o r  5537; M ina D e lta , L e ó n , Cl e m e n t e , N estor  e t 
Cr isó g o ne  4522; M onte La B reñ a , Cl e m e n t e  4964; — P ied ra  la Vela, 
S ie rra  de Moa, A l a in  3384.

O bs.: C. ekm an ii U rb . affinis, quae  ram is h o rn o tin is  p ilosis, foliis su b tu s  
eg landu losis , flo ribus 1 — 2 m m  longe p ed ice lla tis , p le ru m q u e  5-m eris, calycis 
tu b o  b rev ite r  tu rb in a to  om nino  d iffert.

Pim enta (M yrtekm ania) m oaënsis B orhidi et M uñiz sp. nova

Arbor parva ad 2— 4 m  alta. Rami hornotini ad gemmas apicales tantum  ferrugineo- 
pilosi, ceterum glabri, teretes , glanduloso-granulati, rufi, vetustiores cinerascentes. Folia
4 — 7 mm longe petiolata, e llip tica  vel leviter obovata , basi cuneata et in  petiolum contracta, 
antice rotundata vel obtusa, m inute em arginata, 2.5— 4 (— 5) cm longa, 1— 2 cm lata, nervis 
utrinque reticulato-conjunctis, utrinque inaequaliter rufo vel brunneo-punctata, glabra, 
coriácea, margine integra et tenuiter recurva. Inflorescentiae axillares cym osae, 3— 9-florae. 
Pedunculus filiformis, 1— 2.2 cm  longus, 0 .2— 0.3 mm crassus. Prophylla  nulla, pedicelli ter
m inales 3— 5 mm longi, lateralibus ±  aequilongi, basi ferrugineo-puberuli. Calyx dense glandu- 
loso-granulatus; tubus obconicus, glaber, supra ovarium  non productus; lobi 4, liberi, in aesti- 
vatione valvati, suborbiculares, 0 .7—0.8 mm longi, concavi, m argine ciliati, extus glabri et 
glandulosi, intus ferrugineo-puberuli. Pétala 4, orbicularia, v ix  s t ip ita ta , 1.5 mm in diam. 
glandulosa. R eceptaculum  m anifeste am pliatum , densissime ferrugineo-pubescens. Stam ina  
pluriseriata; filam enta 1.5— 2 mm longa, antherae subquadratae. O varium  ápice usque ad 
receptaculum  productum , vértice planum , 1-loculare. Ovula 2, sub áp ice  cavitatis pendula

H o lo ty p u s: L e ó n  23257; P ro v . O rien te ; P lay a  de M oa, 22. ju l. 1947. 
L eg .: L eón  e t Cl e m e n t e ; LS.

Specim . ex am .: P la y a  de M oa, Cl e m e n t e  5564; — P inares de P u e rto  
de Moa, L eón  22516.

O bs.: M yrtekm an iae  f i l ip e d is  U rb . affinis, quae  foliis 1 2  m m  longe 
p e tio la tis , 1 1.8 cm longis, in flo rescen tia  3-flora, f lo rib u s  term inalibus sessi-
libusque op tim e d iffe rt.

Myrcia (M ozartia) pineticola B orhidi et M uñiz sp. nova

Arbor parva ad 3— 4 m alta. Rami hornotini leviter com pressi, glandulosi. Folia petiolis
5— 7 mm longis, supra profunde sulcatis suffulta, elliptica vel oblongo-ovata, basi acuta, ápice 
obtusa vel rotundata et em arginata, 3.5— 6.5 cm longa, 1.2— 3 cm  lata, nervo medio supra 
impresso vel apicem  versus prominulo, lateralibus utroque latere in retículo prom inente vix  
distinctis 10— 15, utrinque prom inentibus, supra pallide viridia et dense nigro-punctata, 
subtus glandulis brunneis pellucidis et transparentibus abunde obtecta, pallidiora, rigide 
coriácea. Inflorescentiae axillares et ex internodiis sine folio m aterno prodeuntes, pedunculis
2— 3 cm longis, tenu ibu s, superne 0.3 m m  latis, cymosae 1— 3-florae; bracteae nullae. Pedicelli 
term inales nulli vel subnulli, laterales 4— 7 m m  longi; prophylla nulla. Baccae sphaeroideae vel 
ovatae, 6— 9 m m  longae et 4— 6 mm latae, glanduloso-granulatae, glabrae, lobis calycinis 4, 
ovatis, 1.5 mm longis m argine pilosis, persistentibus coronatae, 1-loculares, 1-spermae. Semina 
rotundata, convexa, brunnea, in ápice baccae affixa, rugulosa, 4 — 5 m m  in diam. Testa m em 
branácea, embryo glanduloso-punctatus.

H o lo ty p u s: 27691 SV; P rov . O rien te ; Moa: in  p in e tis  m en tis  Cerro Mira* 
flores. 12. sep t. 1974. Leg.: A. B o r h i d i , R. Ca p o t e , R . Ov ie d o .
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O bs.: M yrciae emarginatae (M old.) A lain  affin is, quae foliis eg landu losis , 
peduncu lis  1.5 2 cm  longis, pedicellis la te ra lib u s  subnullis, floribus fru c tib u s-
que basi p ro p h y lla  geren tibus, baccis  usque 6 m m  longis clare d iffert.

Myrtus acunar B o rh id i e t M uñiz sp. nova

F ru tex  vel arbor parva, 2—3 m alta. R am i hornotini leviter compressi, minute cinereo- 
puberuli, rariter glabrescentes. Folia 3— 5 m m  longe petiolata, petiolis puberulis, ovata  vel 
oblongo-cordiform ia, basi cordata, vel rotundata , ápice obtusa vel rotundata, rariter acu- 
tiuscula, 1.5—4 cm longa, 1 —2.5 cm lata, nervo m edio supra prom inente et inferne piloso, 
subtus crassiuscule prom inente, lateralibus utroque latere 6— 9 m anifeste prom inentibus et 
reticu lato-anastom osantibus, retículo supra bene conspicuo et tenuiter prominulo, subtus 
crassiuscule prom inente, glandulis densis utrinque prom inulis, saepe translucidis obsita, 
m argine incrassata, integra et tenuiter revo lu ta , supra nitentia, utrinque viridia vel supra 
flav icantia , subtus brunnescentia, rigide et crasse coriácea. Flores ex axillis euphyllorum  vel 
basi ramulorum in axillis bractearum obovatarum  solitarii vel fasciculati. Pedunculi 1-flori, 
1— 2 cm  longi, striati, glabri vel basi pilosuli. Prophylla sub calyce 1— 1.5 mm longa, acuta, 
pilosa, decidua. Calycis tub us obovatus, glaber, lobi 4, in alabastro tenuiter im bricati, liberi, 
inaequim agni, late o v ati, antice rotundati v e l breviter acuti 2— 3 m m  longi, glanduloso- 
punctati, glabri. Pétala 4, orbicularia, 3 .5— 4 m m  longa, eglandulosa, glabra. R eceptaculum  
pilosum . F ilam enta pluriseriata, filiformia, glabra, 4 m m  longa; antherae 0.5 m m  longae, 
subquadratae. Stylus 4 m m  longus, 0.5 m m  crassus, glandulosus. Stigm a convexum , brevis- 
sim e bilobatum . O varium  2-loculare; ovula in quoque loculo 10— 14 cc. 4-seriata. Semina 8— 12.

T y p u s: A c u n a  19735 SV; P ro v . O rien te ; S ierra del C rista l; Lom a E s c a 
le ra , N icaro . L eg .: A c u n a  et Za y a s , 26 — 27. m aj. 1955. Iso ty p u s : A c u n a  
19736 SV.

Specim . ex am .: S ierra  de Ñ ipe: L o m a B an d e ra ; A. B o r h id i , R. Ca p o t e , 
R . O v i e d o , SV; L ó pez  F igueiras  U O  2052; — Lom a del W inch; A l a i n , 
A c u n a  e t R amos 8047; López F i g u e i r a s  UO 2568; C um bre de la L om a 
M ensura, López F i g u e ir a s  UO 2528; — Salto  del Rio G uayabo , L ópez  
F i g u e ir a s  UO 970. -  Sierra del C ris ta l: Saca L engua, A l a in , A c u n a  e t 
L ópez  F .  5425; — S u b id a  de S erru ch o , A l a i n , A c u n a  e t L ópez F i g u e ir a s  
5398.

O bs.: M . ekm a n ii U rb . affinis, q u a e  ram u lis , petio lis, b rac te isque  g lab ris , 
foliis m a jo ribus, b a s i cunea tis  vel o b tu s is , nerv is  la te ra lib u s  u tr in q u e  obso le tis, 
flo ribus sem per so lita riis  e t longiore ped ice lla tis  bene d iffert.

Myrtus X  miraflorensis B o rb id i e t M uñiz h y b r. nov a 
(M. ophiticola (B ritt , e t W ils .)  A lain X M. ekm anii U rb .)

Frutex vel arbor parva, 2—4 m alta. R am i hornotini compressi, pilis simplicibus sparse 
puberulis, 5— 8 mm longis, ovata  vel ellip tica , 3— 6 cm longa, 2— 3.5 cm lata, basi obtusa, 
antice rotundata et breviter emarginata; nervo m edio supra leviter impresso, lateralibus supra 
obsoletis, subtus utroque latere 7—9 sub to m en to  tenuissim o clare conspicuis et reticulatis, 
folia supra ad nervum m edium  inferne pilosa, caeterum  glabra, nitida et flavicantia, glandulis 
nigrescentibus leviter prom inulis obsita, subtus pilis brevissim is cinereo-pubescentia, grisaceo- 
opaca, glandulis nigris prom inulis punctata, m argine anguste revoluta, coriácea. Flores in  
axillis foliorum , ex axilla  bracteae obovatae, 2 m m  longae tom entosulae solitarii; pedunculus
1.5— 3.5 m m  longus, glanduloso-punctatus et sparse pilosus. Prophylla 2— 3 mm longa, glan- 
dulosa et pilosa, patentia , caduca. Calycis tub us obovatus, 5— 6 mm longus, puberulus;
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lobi 4 inaequim agni, in alabastro imbricati, liberi, 3— 4 mm longi, margine fim briati, dorso 
puberuli. Stylus 8 mm longus, glanduloso-punctatus, inferne pilosus, stigm a discoideum . 
Ovarium biloculare, ovula cc. 20, semina 4, subreniform ia.

H olo ty p u s: 27676 SV; P rov . O rie n te ; M oa; Cerro M iraflores. L eg.: 
A. B o r h i d i , R . Ca p o t e , R . O v i e d o , 11. s e p t. 1974. Iso ty p i: SV., B p.

O bs.: V erisim ilite r p la n ta  h y b rid a  in tro g re ss iv a  in te r  areas p a re n tiu m . 
M . ekm an ii U rb . ra m is , foliis f lo ribusque  g labris , M . ophiticola  foliis su b tu s  
dense to m en to sis , g lan d u lis  re ticu la tio n eq u e  inconspicuis, pedicellis calycibus- 
que dense to m en tosis  d iffert.

Eugenia ramonae B o rh id i e t  M uñiz sp. nova 
(E . crenulata W illd  . var. cubensis sen su  León e t A lain , non B erg)

Frutex 2— 3 m altus. Ram i hornotini teretes, brevissim e hirtuli et glandulis prom inen- 
tibus granulati. Folia petio lis puberulis et glanduloso-rugosis, 0.5— 1.5 mm longe petiolata, bas 
obtusiuscula, ápice acuta vel obtusa, plerumque m ucronulata et recurva, oblongo-lanceolata,
6— 12 mm longa et 3— 5 m m  lata; nervo m edio supra inferne leviter impresso, antice eva
nescente, subtus prom inente, sub ápice leviter im presso, lateralibus utrinque nullis; supra 
im presso-punctata, pallide viridia, glandulis nigris prominulis laxe disposita, pallide glau- 
cescentia, parce adpresse pilosa, margine incrassata, crenulata, apicem versus leviter triden- 
tata , late recurva, ideoque naviculiform ia, crasse et rigide coriácea. Flores axillares solitarii; 
pedicelli 6— 10 mm longi, patenti-puberuli et glandulosi; prophylla 0 .5— 1 mm longa, tri
angularía, apiculata vel subulata, pilosa et translucide punctata. Lobi calycis 4, triangulares, 
acuti et acum inati, 1— 2 m m  longi, margine pilosi, translucide glanduloso-punctati. Stylus  
filiform is superne atten u atu s, 4 mm longus. В асса nigra, 5— 6 mm in diam ., glandolosa, 
superne adpresse pilosa, inferne glabra. O varium  biloculare, ovulis in quoque loculo 5— 7. 
Semen 1, sub ápice a ffixum , ovato-subglobosum , 3— 4 mm in diám etro.

H o lo typus: 27674 SV; Prov. O rien te ; M oa: P lay a  de V aca. L eg .: A. B o r - 
i i i d i , R .  Ca p o t e  e t  R am on a  O v i e d o , 13. sep t. 1974. Iso ty p u s : Bp.

O bs.: E x  a f f in ita te  E. uoodfredianae  U rb . quae ram is g lab ris , foliis 
su b tu s  eglandulosis, m arg ine  in tegris a b u n d e  d iffert.

Fam .: M elastom ataceae
Calycogonium  aciinanum B o rh id i e t M uñiz sp. nova

Arbor parva ad 3— 5 m alta. Rami hornotini pilis stellatis dense ferrugineo-tom entosi. 
Folia petiolis angulatis, 6— 8 mm longis, pube ram orum ; lineari-lanceolata 3-nervia, 3.5— 5 cm  
longa, 8— 12 mm lata , basi angustata vel obtusa, antice longe angustata, obtusiuscula, ápice 
ipso m ucronato-acuta, plerum que recurva; supra in statu  iuvenili stellato-tom entosa, m ox  
glabra, viridia, nitida, fo v eo la ta , subtus pilis ste lla tis flavo-ferrugineis postrem o ciñereis arete 
adpressis dense tom entosa; nervo medio supra profunde impresso, subtus crasse prom inente, 
ápice in mucronem prolongato, marginalibus 2 supra basim 1 mm abeuntibus, supra paullo 
m pressis, subtus prom inulis, lepidibus rufescentibus obtectis, apicem versus utrinque eva- 

¡nescentibus, secundariis utroque latere 15— 18 rectanulari abeuntibus utrinque obsoletis. 
Flores term inales 1— 3. pedicellati et bracteati. Bracteae lineari-subulatae, ferrugineo tom en- 
tosae, 7— 14 mm longae, caducae. Pedicelli 4-angulati, 3— 5 mm longi, 1,5— 2 m m  crassi. 
H ypanthium  fructiferum  8— 10 mm longum, 6— 7 mm in diam ., ferrugineo-stellato-tom ento- 
sum, 4-angulatum , postrem o cylindricum, supra ovarium  contractum . Lobi calycis 4, la te  
triangulares, in appendices angulosas, lineari-subulatas, 4— 7 mm longas excurrentes. Fructus
3-locularis, ápice 8-angulatus, ferrugineo-puberulus.
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H olo ty p u s: 27666 SV; P ro v . O rien te ; P inares de M oa su p ra  P lay a  de 
Y aca . Leg.: A. B o r h i d i , R. Ca p o t e , R . O v i e d o , 10. sep t. 1974.

Obs.: C. revoluto Alain a ffin is , quod  foliis m inoribus, 3 5 m m  longe
p e tio la tis , ápice o b tu sis  e t e m a rg in a tis , flo ribus eb ra c te a tis , sessilibus, appen- 
d ic ibus calycis 3 — 5 m m  longis te re t ib u s , fru c tib u sq u e  m inoribus d iffert.

F a m .: Sapotaceae 
Bumelia acunae B orhid i sp. nova

Frutex 2— 3 m altus. Rami hornotini rufo-puberuh. Folia 0.5— 1.5 m m  longe petiolata, 
obovata  veJ late elliptica, 6— 15 mm longa, 4— 8 mm lata, utrinque enervia vel nervo medio 
subtus inferne prom inulo, concaviuscula, supra nitida, glabra, subtus pilis rigidis ferrugineis 
vel rufis densissime strigosa postremo glabrescentia, margine integra, recurva, rigide coriácea. 
Flores laterales vel axillares 1— 2, pedunculus 1— 2 mm longus. Sépala oblongo-ovata vel 
lanceolata, ápice acuta vel angustata et o b tu sa , 3— 3.5 mm longa, extus rufo-hirsuta. Corolla
3.5— 4 mm longa, tubus 2.5— 3 mm longus, lobi 1 — 1.5 mm longi, cordati, ápice acuti vel 
m ucronati, sine lobulo laterali. F ilam enta nulla, antherae tubo corollae superne adnatae, 
insertae, ovatae, 1 m m  longae, ápice acutae. O varium  1 mm longum, suborbiculare, glabrum; 
sty lu s 1 mm longus, conicus. Drupa globosa, 3 .5— 4.5 mm in diam.

H o lo typus: A c u n a  13303 SV; P ro v . O rien te ; Moa: M ina F ra n k ly n . L eg.: 
A c u n a , 10. nov. 1945.

Specim . ex am .: Moa, Leg.: J o s é  F e r r a s , 15007 SV; M oa: M ina 
P o to s i, Leg.: V. S a m e k  26821 SV. — E k m a n  4034 (ster.) ex p in e tis  lito ra libus 
ad  R io  M aravi p ro b ab ilite r  hue p e r t in e t .

O bs.: B. revolutae U rb. affinis, q u a e  foliis oblongis vel lineari-lanceo la tis , 
10 25 m m  longis e t  2 6 mm la tis , 1.5 4 m m  longe p e tio la tis , flo rib u s m ino 
r ib u s , ovario  pub eru lo  e t d rupa m in o re  clare d iffert.

Fam .: Scrophulariaceae 
Bacopa minuta B o rh id i e t  M uñiz  sp. nova

Planta glabra, pusilla, caulibus diffusis, prostrato-pulvinatis, nodis radicantibus. Folia  
ovata  vel suborbicularia, 1 — 3 mm longa et 1— 2 mm lata, ápice rotundata, basi obtusa vel 
lev iter cuneata et in petiolum  anguste alatum , 1 mm longum , glabrum, basi d ilatato-am plexi- 
caulem  contracta; nervo medio supra nullo, su btu s conspicuo, lateralibus nullis, folia supra 
reticulato-rugulosa, viridia, subtus pallidiora, utrinque glandulis profunde im pressis obtecta , 
glabra, margine integra vel leviter crenulata. F lores axillares solitarii, sessiles vel subsessiles. 
B racteolae 2, obovatae, ad 1 mm longae, calyce paullo breviores. Lobi exteriores calycis inte- 
rioribus latiores, ovati, 1— 1.5 mm longi, interiores oblongi, 2 mm longi, enerves, glabri. Corolla 
calycem  paullo superans, 2— 2.5 mm longa, alba, utrinque glabra, lobi 5, v ix  profundi, ±  aequi- 
m agni, om nes obovato-subrotundati. Stam ina 4, filam enta glabra, antherae subglobosae, 
insertae vel v ix  exsertae. Pedicellum fructiferum  ad 0.5 mm longum, glabrum . Capsula de- 
hiscens, ovata vel globosa, 1.5 mm in diam., 4-su lcata , stylo elongato, 2 m m  longo coronata, 
glabra, eglandulosa. Semina brunnea, nitida, reticulato-rugosa.

H o lo ty p u s: P ro v . O riente: M oa in  ripariis  hum idis se rp en tin o sis  ad 
P la y a  de V aca. L eg.: A. B o r h i d i , R . Ca p o t e , R . O v i e d o , 13. se p t. 1974. 
SV; iso ty p u s: Bp.
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O bs.: В . m icrom onnieriae  (G riseb.) B orh id i affin is, quae flo ribus coeru- 
leis, 3 — 5 m m  longe p ed ice lla tis , folia su p e ra n tib u s , co ro lla  4 —7 m m  longa, 
lobis calycis ex te rio rib u s m ajo rib u s om nino d iffert.

F am .: Rubiaceae
Schm idtottia cubensis ( B r i t t ,  e t W ils.) U rb. 
v a r. cristalensis B orh id i e t M uñiz v a r . n ova

A typo differt: foliis supra glabrescentibus vel glaberrimis, corolla majore, 3.5—4.5 cm
longa.

H o lo typus: A l a i n  5402 ; Sierra del C rista l, L om a E l S errucho. L eg.: 
A c u ñ a , A l a in  e t L ó p e z  F ig u e ir a s  2 — 7. ap r. 1956. SV; iso ty p u s: LS.

Specim . ex am .: S ie rra  del C rista l: S ierra  E sca le ra , N icaro , A c u n a  e t 
Z a y a s  19805 SY; R io  L ebisa , L ó p e z  F ig u e i r a s  194; — L om a E l Serrucho , 
A l a i n , A c u n a  e t L ó p e z  F ig u e ir a s  5403 LS; — C resta  de la  S ierra del C ristal, 
A l a i n  e t L ó pez  F i g u e i r a s  4821 LS; F u en te  del R io L ebisa , E k m a n  15977.

R ondeletia  susannae B orh id i sp. n o v a

Frutex l 2 m a im s. Rami hornotini pilis brevibus adpressis sericei, ápice conferte 
foliosi, vetustiores cicatricibus inter sese 4— 5— (10) mm distantibus gibberosi. Stipulae inter- 
petiolares triangulari-subulatae, 3— 5 mm longae, acutae et longe m ucronatae, patentes. Folia
4— 7 m m  longe petiolata, ov a ta  vel elliptica, basi cuneata ve l obtusiuscula, ápice acuta vel 
brevissim e acutiuscula, rariter obtusa, 1.5— 5 cm  longa, 8— 25 m m  lata, nervis supra im pressis, 
subtus prominentibus et reticu latis, supra glabra, nitida, viridia, in  sicco plicatula et rugulosa, 
leviter bullata, nigricantia, subtus pilis tenuissim is et m inutis densissim e pilverulento-tom en- 
tosa, alba, margine plana, coriácea. Flores axillares solitarii, 5-meri, pedicelli 4— 7 m m  longi. 
Bracteae 2, lineares, 4— 5 m m  longae, basi connatae. Lobi calycis 5, triangulari-subulati, 
4— 5 mm longi, ápice obtusi, albo sericeo-tom entosi. Capsula globosa, 4— 5 in diam ., albo- 
tom entosa.

H o lo typus: P ro v . P in a r  del R io; S ierra  de la G ü ira : M ogote de la G üira . 
L eg .: A. B o r h i d i  e t E . D e l - R i s c o , 22. nov . 1974. 27695 SV; iso ty p i: 27696 
SY, B p .

O bs.: R . bicolor B r i t t ,  floribus 4-m eris, R . cham aebuxifolia  G riseb. s tip u - 
lis b rev io ribus, foliis an g u stib u s , su b tu s  g lab rescen tib u s, lobi calycis b rev ib u s , 
tr ian g u la rib u s  o p tim e d iffe ru n t.

Acta Botánica Academiae Scientiarum Hungaricae 21, 1975



Acta Botanica Academiae Scientiarum Hungaricae , Tomus 21 (3  — 4) ,  pp .  2 3 1 —242 (1 9 7 5 )

ANATOMICAL INVESTIGATIONS 
ON THE GENERATIVE ORGANS 

OF LOTUS CORNICULATUS AGG.

B y

O. Sz.- B o r so s

BOTANICAL GARDEN OF THE EÖTVÖS L. UNIVERSITY, BUDAPEST 

(R eceived April 7, 1975)

After having examined the anatom y of the flower parts of 7 wild growing and 
3 cultivated  Lotus taxa, the author presents the characteristic tissue features o f the  
calyx, petals, the pollen and the stam en regions, the pod fruit and the seed coat in 
the papilionaceous and pentam erous flower whorl.

In tro d u c tio n

The u n d e r ta k e n  in v estig a tio n  on th e  p rim o rd ia  and  d ev e lopm en t o f 
L otus corniculatus, of its flow er s tru c tu re , th e  flo ral p a rts  and  th e ir  tissu e  
s tru c tu re  in co n ju n c tio n  w ith  th e  p reced ing  s tu d y  on th e  veg e ta tiv e  o rg an s 
( B o r s o s , 1971, 1973 and  1975) b rings th e  in q u iry  on th e  an a to m y  o f w ild  
grow ing and c u ltiv a te d  ta x a  o f th e  b ird ’s-foot trefo il to  a conclusion. T h e  
p re sen t p ap e r sum m arizes the  re su lts  o b ta in ed  and  rep resen ts th e  com p le tio n  
o f th is  s tu d y  series.

O f the  p e r tin e n t lite ra tu re , th e  w ork of H . W .  H a n s e n  (1953) m erits  
special a tte n tio n  w ho, in a sh o rt c h a p te r  o f his p ap e r, discussed o b se rv a tio n s 
m ade on th e  ta x o n  Lotus corniculatus v a r. vulgaris  K och, w ith  respect to  th e  
re la tio n a l aspects  betw een  the  d ev e lo p m en t o f th e  flo ral p a rts , th e ir  e m b ry o l
ogy and  an a to m y .

M ateria l an d  m ethod

Our investigations concerned several wild growing small species, subspecies and  
varieties as well as convarieties:

Lotus corniculatus L. ssp. corniculatus var. corniculatus 
Lotus corniculatus L. ssp. corniculatus var. dabasenis 
Lotus corniculatus L. ssp. hirsutus  (K och) Rothm .
Lotus corniculatus L. ssp. hirsutus  var. hirsutus
Lotus corniculatus L. ssp. hirsutus  var. ciliatus
Lotus corniculatus L. ssp. hirsutus  var. pilosus
Lotus tenu is  W. et К.
Lotus borbasii Ujh.
Lotus corniculatus cv. Wallace, cv. V ik in g , cv. D a n n .
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Longitudinal and cross sectional cuts were taken from the young flower shoot ends 
and buds w ith the em bedding m ethod (S á r k á n y  and S z a l a i , 1966), the preparations were 
studied under light m icroscope and photographed.

Discussion an d  re su lts

The flow er s tru c tu re  of the  b ird ’s-foo t trefo il is pap ilionaceous. The 
single flow ers are in  a cap itu lu m , g en era lly  4 6 flow ers bu ild ing  one cap itu -
lum . T he descrip tion  o f  th e  anatom ical s tru c tu re  of the  flo ral o rgans, se t in 
p en tam ero u s  w horls, follow s the  order o f  a rra n g e m en t b y  p roceeding  from  th e  
o u te r  m em bers to w a rd  th e  inner c o n s titu e n ts  inc lud ing  th e  flow er axis (see 
P h o to g rap h  8, Fig. 1). 1

Fig. 1. Diagram matic drawing of cross section o f bird s-foot trefoil flower hud; a =  ca lyx , 
b =  vexillum , c =  w ings, d =  Carina, e =  ten th  filam ent, f  =  9 adelphous filam ents, g =

carpellum with ovule primordium

1. The axis of inflorescence, w hen  v iew ed  in cross section , ap p ears  ro u n d  
or oval. The o u te r  tan g en tia l cell w alls o f th e  ep iderm is are th ic k 
ened , th e  s to m a ta  s lig h tly  recessed. S u b ep id e rm ally , th e  co rtex  p a ren ch y m a  is 
a b o u t 4 5-seriate w hose cells are ir re g u la r ly  form ed and  in th e  tan g en tia l 
a sp ec t sligh tly  f la t .  T h is parenchym a tissu e  con ta in s in te rce llu la r spaces and  
ch lo rop lasts .

The co lla tera l, open  vascular b u n d le s  are a rran g ed  c ircu la rly  (cross sec
tio n ), in a cen tra l cy lin d er bordered  b y  a m onoseria te  sh ea th  of large cells. 
B etw een  the  in d iv id u a l bundles a p a re n c h y m a to u s  p ith  tissue develops w hose 
en la rg ed  cells c o n ta in  in tercellu lars.

2. The sepal is s im ila r to  the  d ec id u o u s lea f in tissue s tru c tu re . The cells 
o f  th e  ex terna] ep id e rm  are large, th e ir  o u te r  walls incrassa te  and  covered 
b y  cu ticu le . The cell w alls (superior v iew ) of th e  h a iry -ty p e  b ird ’s-foot trefo il 
(ssp . hirsutus) are s lig h tly  sinuous, th o se  of th e  narrow -leaved  b ird ’s-foot 
tre fo il s tra ig h t. T he ep iderm al cells on th e  in n er side are sm aller an d  ta n g e n ti-
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ally e lo n g a ted . S to m a ta  are p resen t on b o th  sides of the  ep iderm is. B etw een  
th e  tw o  ep id e rm al layers is th e  m esophy ll, a spongy  p arenchym a co n sisting  
of po lygonal cells w ith  a ch lo ro p last co n te n t. T he tissue cells are  a rran g ed  
loosely, th e ir  surfaces only p a r tia lly  con tiguous on account of large in te r 
cellu lar passages and  air spaces. A ro u n d  th e  m ain  veins the  m esophy ll is 
3 4 se ria te , b u t a t  m ost 1 2 se ria te  betw een  th e  tw o epiderm al lay ers  a t

Photo 1. Lo tus corniculatus ssp. corniculatus, cross section of calyx and petal (3 .5 x 2 5 ) ;  
ce =  calyx epiderm , sp =  spongy parenchym a, vb =  vascular bundle, pe =  petal epiderm ,

p =  parenchym a, st =  starchy cells

th e  p a r ts  su rro u n d in g  th e  te e th  of th e  ca lyx . A large n u m b er of the  m esophy ll 
cells co n ta in  s ta rch . The co lla tera l v a scu la r bund les are also in th e  m esophy ll 
(see P h o to g ra p h  1).

The sepal s tru c tu re  of Lotus borbasii resem bles th e  do rsiven tra l le a f  ty p e . 
O ver th e  in n e r side of the  ep iderm is th e re  is a 2 — 3-seria te  palisade p a re n c h y m a , 
whose ra d ia lly  e longated  cells are loosly a rran g ed  ow ing to  in te rce llu la r spaces 
(see P h o to g ra p h  2).

3. T he ep iderm al cell of th e  p e ta ls  are isod iam etrica l on b o th  sides of 
th e  lam ella  (see P h o to g rap h s  1 an d  5). A long th e  b o rd e r region of th e  lam in a  
and  th e  claw  o f th e  vexillum , on th e  inner surface and  especially on th e  in 
curv ing  sides, th e  ep iderm al cells are papillose (see P h o to g rap h  6). Also p a p il
lose is th e  o u te r  ep iderm is of th e  w ing o f som e ty p es  (as in the  v a rie tie s  of 
L . corn. ssp. hirsutus) (see P h o to g ra p h  3), fu rth e rm o re  the  ep iderm is o f  all 
pe ta ls  o f L . borbasii (see P h o to g rap h  4). S to m a ta  are ab sen t from  th e  ep id e rm is  
of all five p e ta ls . The m esophyll is 2 4 -se ria te , and  th e re  are num erous in te r 
cellu lar passages betw een  th e  large-sized  polygonal parenchym a cells. The
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Photo 3. Cross section of the petal (ala) of Lotus corniculutus  ssp. hirsutus (3.5 X 25); pa =  epi- 
derm layer of the outer side w ith  papillae, e =  epiderm

m esophyll co n ta in s  co lla te ra l vascu la r b u n d le s , and  cells w ith  a s ta rc h  c o n te n t 
are  frequen t.

4. The p rim o rd ia  o f th e  10 stam en s arise  from  the finger-like o u tg io w th s  
o f  the  rep ro d u c tiv e  g row th  apex . In  th e  course of developm ent, f irs t th e  
a n th e r  p rim o rd iu m  ap p ears , th e n  th e  g ro w th  of the  basal p a r ts  resu lts  in th e
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Photo 4. Cross section of the vexillum  of L o tu s  horbasii (3.5 X 40). Epiderm  layer of both
sides w ith papillae (pa)

Photo 5. Cross section detail o f Lotus corniculalus ssp. corniculatus, flower w ith  wing and 
carinate petal (3 .5 x 1 0 );  W ie =  epiderm of w ing, p =  parenchyma, vb =  vascular bundle, 

st =  starchy cells, ce =  epiderm  of carina

fusion  o f the  p rox im al ends of th e  9 fila m e n ts . The te n th  f ilam en t rem ains 
free betw een  the  carpellum  and  the  p rim o rd iu m  of the  vex illum  causing a 
ty p ic a l d iadelphous a rran g em en t of th e  s tam en s. L a te r th e  coalesced base of 
th e  f ilam en ts  elongates and  su rrounds th e  base of the  o v ary . T he 9 an th e ra s  
becom e erec t and su rro u n d  th e  s ty le . T he filam en t of the  te n th  s tam en  also 
e lo n g a tes .
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Photo 6. Cross section o f Lotus corniculatus ssp. corniculatus flower: epiderm of vexillum  
w ith  papillae and of the 10th filam ent (3 .5 x 2 5 );  p parenchym a, ve  =  epiderm o f vex illum , 
pa =  papillae, pe =  epiderm  of pollen, st =  starchy cells, vb  =  vascular bundle

The ep iderm is o f  th e  filam en t is u n ise ria te , com posed of p o lygona l 
cells rad ia lly , its  su rface  com es ou t w ith  cu ticu la r in c rassa tio n  and  p ap illae . 
Below the ep iderm is is the 2 -  3 se ria te  p a ren ch y m a  rich in in te r-  
cellu lars, its cells a re  po lygonal and  co n ta in  s ta rc h . T here  is a single co lla 
te ra l  vascu lar bu n d le  c en tra lly  (see P h o to g ra p h  6).

The tissue e lem en ts  of th e  nine d iadelphous s tam en s  form  an incom plete  
ring  or cylinder. In  its  cross section , th e  o u te r  ep iderm is is sinuously c ircu la r, 
th e  rec tan g u la r cells are  sligh tly  e longa ted  rad ia lly , th e ir  walls are cu tic u la rly  
incrassa te  and  p ap illo se . The inner ep iderm al cells are tan g en tia lly  e lo n g a ted , 
sm aller and also c u tic u la rly  th ickened . Below  th e  ep iderm is of the o u te r p a r t ,  
th e re  is a single lay e r o f regu la rly  a rran g ed  cells follow ed b y  a p a ren ch y m a  
tissue  of 2 —3-seria te  la rg e r cells rich  in in te rce llu la rs . N ine vascu lar b u n d les  
ru n  th ro u g h  th is tissu e , one bund le  p er one filam en t. T he xylem  of the  v a sc u la r  
bund les faces th e  o v a ry , th e  phloem  is o rien ted  o u tw ard s . The p a re n c h y m a  
tissue (see P h o to g ra p h  7) con ta ins s ta rch .
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The ex o th ec iu m  of the  a n th e rs  is th e  u n ise ria te  ep iderm  w ith  a pap illo se  
o u te r  wall. Below  th is  is the  en d o th ec iu m  o f a p ecu liar s tru c tu re . The cells are 
excep tio n a lly  th ic k , the  rad ia l w alls being  of a rib b ed  incrassa tion . In sid e  are  
th e  in te rm ed ia te  lay er and  th e  ta p e tu m . F o u r pollen  sacs develop in  each . 
A vascu lar b u n d le  runs th ro u g h  th e  connective su rro u n d ed  b y  a b u n d le  o f 
p a ren ch y m a. O n th e  side n ex t to  th e  ad jo in in g  a n th e r, th e  cells of th e  s e p a ra t
ing wall ap p ea r. In  the  course o f dev e lo p m en t, th e  sporangial wall b e tw een  
th e  tw o n e ig h b o u rin g  pollen sacs d is in teg ra te s  an d  th e  m a tu re  an th ers  becom e

Photo 7. Cross section of the adelphous filam ent (3.5 X 25); e =  epiderm, vb =  vascular
bundle, p =  parenchym a

tw o  wide pollen cay ities per a n th e r . The in te rm ed ia te  and the  ta p e ta l layers 
d isap p ear and  th e  oval b inuc lea te  pollen grains are libera ted  (see P h o to 
g raph  9).

5. The in n e rm o st, conical m eris tem  o f th e  rep ro d u c tiv e  apex  gives rise  
to  th e  carpel p rim o rd ia . The carp e llu m  develops from  a single carpel. T he 
ep iderm is consists o f q u ad ra tic  cells w ith  th ick en ed  walls, w ith  cu ticu la r cells 
on its  o u te rp a r t. W ith in  th is, the  m esophy ll evolves p a r tly  from  a single well- 
developed sclerenchym atous cell la y e r  and  p a r t ly  from  an  inner p a re n c h y 
m ato u s 4 —5-seria te  layer. The cells o f th e  la t te r  are polygonal and  ra th e r  t ig h tly  
p acked  w ith  only  few  in terce llu lar spaces an d  it con ta in s tw o large v ascu la r 
b u n d le  groups a t  th e  v en tra l an d  one a t  th e  dorsal su tu res. The in n erm o st 
ep iderm is consists o f q u ad ra tic  cells w ith  in c rassa te  w alls, th o u g h  sm aller 
th a n  those of th e  o u te r  epiderm is (see P h o to g ra p h  10). The p rim o rd ia  o f th e  
tw o  an a tro p o u s ovules adjoin th e  v e n tra l  su tu re  of th e  carpel.

6. The wall tissue  of the m a tu re  pod fru it d iffe ren tia tes  as follows (see 
Fig. 2). E x te rn a lly , th e  ep icarp ium  consists o f in crassa te  cells q u ad ra tic  or
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б.
Photo 8. Cross section , detail flower of Lotus corniculatus ssp. corniculatus, (3.5 X 10); ca =  
calyx, ve  =  vex illum , w i =  wing, c =  carina, an =  anthers, f  =  filam ents, cr =  carpellum,

op =  ovule primordiuin

slig h tly  e lo n g a ted  ta n g e n tia lly , th e ir  o u te r  wall is cu ticu la r. Below  th is , th e  
m esocarp  is com posed  of large, ta n g e n tia lly  e longated  cells w ith  a b ro ad  
lu m en . T hen  follow s a m u ltise ria te , loose p aren ch y m al zone, rich  in  in te r 
ce llu lar passages a n d  w ith  co llateral v a sc u la r  bundles d isp lay ing  a d iversified  
decurrence in  th e  ca rp e lla r wall, th u s , if  view ed in a cross section , a p a r t  of 
th e  bund les show s a long itud inal course. A long th e  v e n tra l su tu re  an d  above 
th e  tw o g roups o f  vascu la r bund les, tw o  sc lerenchym a bun d les  are s itu a te d , 
while opposite ly , a long  th e  co rrespond ing  dorsal su tu re  and  above th e  single 
large vascu la r b u n d le , an  e longated  b u n d le  of sclerenchym a is lo ca ted . The 
tw o groups o f  v a sc u la r  bundles o f th e  v e n tra l su tu re  an d  th e  single group 
of bundles of th e  do rsa l su tu re  th e  m a in  vein  of th e  carpel — have o rig
in a ted  from  th e  fusion  of several co lla te ra l v ascu la r bund les. A t th e  in n er side 
of th e  m eso carp , th e  parenchym al zone jo in s th e  m u ltise ria te  fib rous scleren
ch y m a b y  ra d ia lly  considerab ly  e lo n g a ted  cells. These fib rous lay e r cells w ith  
heav ily  th ic k e n e d  walls a tte n u a te  (in  a cross section) a t  th e  dorsa l an d
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Photo 9. Longitudinal section  of binuclear pollens (3 .5 x 2 5 );  end =  endothecium , pg =  pollen
grains

Photo 10. Cross section, detail of carpellum w ith  ovule primordium (3 .5 x 2 5 );  i =  integu- 
m entum , f  =  funiculus, nu =  nucellus, es =  em bryo sac, e =  epiderm, scl =  sclerenchym a  

bundle, vbg =  group o f  vascular bundles

v e n tra l  su tu re s . The in te rn a l space o f  th e  pod  is filled  ou t b y  th e  spongy  
p a re n c h y m a  tissue, th e  seed pad, whose cells su rro u n d in g  th e  ovule p rim o rd iu m  
are ra d ia lly  considerab ly  elongated. In  th e  in n erm o st region th e  en d o carp  is 
u n ise ria te , w ith  a papillose surface.
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F ig . 2. Cross section, drawing of fruit wall o f bird’s-foot trefoil (120 X); ec =  epicarpium , 
m e =  mesocarpiuin, scl =  sclerenchym a bundle, vb g  =  group of vascular bundles, vb  =  

vascular bundles, f  =  fibrous layer, p =  internal parenchym a layer, enc =  endocarp

sc

F ig . 3. Partial view  o f cross section of seed coat o f bird’s-foot trefoil (240 x ) ;  eu =  cuticule, 
sc =  subcuticule layer, 11 =  light line, Me =  M alpighi cells, il =  interm ediate layer, oscl =  
osteosclereid cells, nl =  nutrient layer, cnl =  collapsed nutrient layer, e =  epiderm , sco =

seed coat, al =  aleuron layer

7. The seed. T he cu ticu le  of th e  te s ta i  ep iderm  is ra th e r  th ick  and  co n 
sists  o f pectin  an d  cu tin e  ( W a t s o n , 1948). T he su b cu ticu la r lay e r of th e  e p i
d e rm  form s th e  ap ica l p a r t  of th e  suberine  M alpighian cells an d  c o n ta in s  
celln lose. The lig h t line is a tra n sp a re n t th in  cu tine  b und le , allow ing a v iew  
o f th e  lo n g itud ina l w alls of th e  M alp igh ian  cells. Below th e  lig h t line, th e  
M alp ighian  cells are  d a rk  yellow, e lo n g a te , sm all in d iam ete r an d  s lig h tly  
in te rm ix e d , th e ir  s lit-like  lum ina b ro ad en  b asa lly . This area is follow ed b y  
th e  su p p o rtin g  ( in te rm e d ia te )  layer, com posed  of large, ligh t, q u a d ra tic  or 
p o lygona l cells w ith  cu ticu la r walls. T he u n ise ria te  osteosclereid  cells a re  
w ide, ligh t, th ick en ed  w ith  pectin  and  cellulose, and  d isp lay ing  n a rro w  in te r 
ce llu la r spaces. N e x t is th e  m u ltise ria te  p a ren ch y m a , th e  so-called n u tr ie n t  
la y e r  whose cells are e x te rn a lly  large, w ide an d  lig h t, in te rn a lly  sm aller a n d  
com pressed  (see F ig . 3).

The ep iderm  of th e  tw o em bryona l co ty ledons consists of ta n g e n t ia l ly  
s lig h tly  e longated  c u tic u la r  cells.

W ith in  th e  ep iderm is is the  u n ise ria te  an d  p a r tly  f ra g m e n ta ted  a leu ro n  
w ith  cellulose c o n te n t. In te rce llu la r passages ap p ea r betw een  th e  cells of th e
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m esophy ll. The ra d ic le , hypoco ty l a n d  p lu m u le  o f th e  em bryo  show a m eri- 
s te m a tic  tissue s tru c tu re  a t re s t. T he h ilu m  appears as a sm all p ro tu b e ra n t  
ro u n d  sp o t in deep recess bordered  b y  th e  s ligh tly  concave apex  of the  ra d ic u la r  
p rim o rd iu m . A n e lo n g a ted  deep p it a t  th e  um bilical ap e rtu re  is bo rdered  b y  
th e  e lev a ted  m arg in  o f th e  ligh t-co lou red  suberine cells. This deep a p e r tu re  
is reg a rd ed  by  a n u m b e r  of au thors as re p re se n tin g  th e  sp lit o f th e  co ty ledons. 
T he re m n a n t o f th e  m icropyle is a sm a ll sem icircle opening , ad jacen t to  th e  
orifice of the  h ilum . B y way of th e  h ilu m  vascu la r bund les are d ecu rren t to  
th e  em bryo .

Sum m ary

T he p re sen t p a p e r  sums up th e  re su lts  o f in v estig a tio n s on th e  tissu e  
d iffe ren tia tio n  o f th e  flo ra l parts  an d  th e  flo ra l shoo t apices of 7 w ild a n d  
3 c u ltiv a te d  Lotus  ta x a .

The an a to m ica l a rch itec tu re  o f th e  flo ra l p a r ts  d isp lay  only  slight d if
ferences am ong th e  v a rio u s tax a  as o p p o sed  to  th e  v eg e ta tiv e  p lan t p a r ts . 
D ifferences are p r im a rily  observable in  th e  s tru c tu re  o f th e  ca lyx  and , to  a 
lesser e x te n t, in  t h a t  o f th e  petals b e tw e e n  th e  w ild and  c u ltiv a ted  ta x a  o f  
Lotus corniculatus ssp. corniculatus as w ell as o f th e  h a iry  ssp. hirsutus ta x a  
and  L . borbasii. B e tw een  the  an a to m ica l s tru c tu re s  o f th e  s tam en  and  th e  
a n th e r  regions no q u a lita tiv e  d ifference could  be observed  am ong th e  t a x a  
s tu d ie d .

T he p en tam ero u s  flow er w horl o f  th e  pap ilionaceous flow ers c h a ra c 
te rizes also b ird ’s-foo t trefo il. The tissu e  s tru c tu re  o f th e  ca lyx  resem bles th a t  
o f an  iso d iam etrica l deciduous leaf, th e  ca ly x  of L . borbasii is d o rsiv en tra l. 
The p e ta ls  and p rim a rily  th e  vexillum  are  papillose in  th e  th ree  varie ties  o f 
ssp. h irsu tus  and  th e  o u te r  epiderm ic la y e r  of th e  vex illum  and  all th e  p e ta ls  
o f L . borbasii. S to m a ta  are absent from  th e  ep iderm  of th e  pe ta ls , cells co n 
ta in in g  s ta rch  are f re q u e n t in the m eso p h y ll. The s tru c tu re  o f th e  9 adelphous 
filam en ts  differs fro m  th a t  of the  t e n th  filam en t; 9 v ascu la r bundles ru n  
th ro u g h  th e  m esophy ll. The cross sec tio n  of th e  an th e rs  ex h ib it a r ib b ed  
in c ra ssa tio n  in th e  ra d ia l  cell walls o f th e  endo th ec iu m . The pollens are b in u - 
c lea te . T he a n a th ro p o u s  ovule p rim o rd iu m  develops in to  th e  single carpe l. 
The co lla te ra l v a sc u la r  bundles of th e  p o d  f ru it  in  th e  m esocarp  developes in to  
a single or tw o large v ascu la r bundle g ro u p s a t  th e  corresponding  v en tra l an d  
dorsal su tu res. A bove th em  sc le ren ch y m a bundles ap p ear. The tissu e  
s tru c tu re  of the  seed co a t is charac terized  b y  th e  ep iderm al cell cuticule co n 
ta in in g  pectine a n d  c u tin e , the cellulose c o n te n t o f th e  suberine M alpighian  
cells, th e  row s of o steosclere id  cells th ic k e n e d  b y  pectine  an d  cellulose, and  th e  
m u ltise ria te  p a re n c h y m a : th e  n u tr ie n t lay e r.
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The present paper com m unicates data on the proliferation of aquatic H ypho- 
m ycetes in the m ontane Morgó stream  (M ts Börzsöny) and on some com m unities 
of species attributable to certain ecological factors. The collected data are based on 
studies conducted for several years. There are tw o well distinguishable com m unities 
w ith  respect to the locus of occurrence. O bservations disclose that one of the chief 
determ inants is the substratum preference of som e fungus species. D ata are also fur
nished on aquatic hyphom ycetous species whose seasonal appearance is closely related  
to  the annual developm ent of w ater tem perature and to fallen leaves.

Introduction

I t  is a well k n o w n  fact th a t  a q u a tic  H y p hom ycetes grow on leaves, tw igs 
a n d  o th e r  decay ing  p la n t p a rts  su b m erg ed  in  w a te r. The m ycelium  developes 
in  th e  decom posing tissue while th e  con id iophores develop on th e  surface of 
th e  su b s tra tu m  an d  spill the  con id ia  in to  th e  w ate r.

A quatic  H y p h om ycetes, to g e th e r  w ith  o th e r  organism s, p la y  a role in 
th e  decom position  o f p la n t p a rts  p r im a r ily  o f  tre e  leaves subm erged  in  w a te r. 
T h is ro le, how ever, has no t been a d e q u a te ly  s tu d ie d  so fa r and  th e re fo re  little  
is k n o w n  ab o u t i t .  I t  is also recognized  th a t  fung i are p resen t m a in ly  in  clean, 
o x y g en -rich  r iv e r  w a te r  (e.g. in m o u n ta in  s tream s) and  th a t  conid ia  w ill, a f te r  
h a v in g  b een  sp illed  in to  the  w a te r , co llec t in  th e  foam . In v es tig a tio n s  b y  
I q b a l  a n d  W e b s t e r  (1973a) rev ea led  th a t  th e  re la tio n  betw een  q u a n ti ty  an d  
th e  species com position  of the spores o f  a q u a tic  H yphom ycetes found  in  foam  
sam ples do no t re fle c t tru e  ra tios p re s e n t in th e  n a tu ra l a q u a tic  en v iro n m en t. 
D a ta  b y  analysis o f th e  foam  sam ples are  th e re fo re  n o t a s a tis fa c to ry  c o n tr ib u 
tio n  in  ob ta in ing  a c lear p ictu re  a b o u t cong lom erates of aq u a tic  H y p h o m y ce tes  
in th e  m o u n ta in  s tre a m  system  u n d e r  d iscussion ; fu rth e rm o re , in some in 
s ta n c e s  these d a ta  m ay  even resu lt in  erroneous conclusions.

C onsidering th e se  findings, co n firm ed  also b y  m y own ob se rv a tio n s, it is 
m y  in te n t  nev erth e less  to  rep o rt o b se rv a tio n s  w hich were based  m ain ly  on 
foam  sam pling  ana ly sis . For I am  co n v in ced  th a t  th e  m ethod  o f foam  analy sis  
y ie ld s va luab le  d a ta  w hich brings us c loser to  th e  p roper u n d e rs tan d in g  of th e  
p ro life ra tio n  of a q u a tic  H y p h o m y cetes  an d  th e ir  seasonal freq u en cy  of o ccu r
ren ce  a lthough  th e  m eth o d  is by  no m eans free o f in h e ren t deficiencies.
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M aterial and  m ethod

In  an earlier p ap er (1 9 7 1 ) I reported  th a t  in  th e  stream  sy stem  (Morgó S tream  in  the  
M ts B örzsön y) the con id ia  o f  som e aquatic  h y p h o m y c e te  sp ec ies are to be found  in  th e  foam  
o f  th e  stream  on ly  a t  cer ta in  section s and o n ly  in  certa in  periods o f  the year. The rep ort w as  
b a sed  on  the in v estig a tio n s  o f  several years during w h ich  tim e  foam  sam ples w ere co llec ted  
m en su a lly . S u b seq u en t in v e st ig a t io n s  along th e  sa m e lin es o f  in q u iry  confirm ed  p rev io u s  
fin d in g s  and con trib u ted  a d d itio n a l d a ta . N e x t  to  fo a m  a n a ly sis  som e species w ere grow n  
in  an  aquarium  and it w as fo u n d  th a t  the  occurrence or non -occurren ce o f  condia  o f  som e fu n g i 
a lon g  certa in  section s o f  th e  stream  is n o t an in c id en ta l e v e n t  b u t a p h en om en on  o f  s tr ic t  
con seq u en ce .

T he fo llow in g  sim p le  m eth od  has b een  em p lo y ed  in  th e  a n a ly sis . A t sectio n s o f  the  
strea m  w here th e  con id ia  o f  som e species occurred freq u en tly  in  th e  foam  subm erged  lea v es  
o f v a r io u s tree sp ec ies in  v a r io u s sta g es o f d eca y  h a v e  b een  co llected . Several sm a ll-s ized  
aquaria  as well as g lass co n ta in e rs  were filled  w ith  w a ter  ta k e n  from  the stream  and th e  sam p le  
le a v e s  p laced  into th e  v e s se ls . B y  m eans o f  an a tom izer , air stream  w as co n sta n tly  a d m itted  
to  th e  w ater.

In ten siv e  con id ia  p r o d u c tio n  have u su a lly  sta r ted  after 5 to  10 days. S p oru la tion  w as  
m o st in ten siv e  in le a f  c u ltu r e s  w h ich  con ta in ed  lea v es  co llec ted  in  th e  w inter and w h ose  
w ater  tem perature w as k e p t  a t  ab ou t 5 °C. O b servation  o f  sp oru la tion  in th e  cu lture ran  c o n 
cu rren tly  w ith  foam  sa m p le  a n a lysis . T he fo llo w in g  con clu sion s were reached.

Characterization o f  the analysed habitat

T he bed of th e  M orgó stream  an d  o f all i t s  tr ib u taries con sist o f  vu lca n ic , eru p tiv e  
rock  (and esite ). T he g r e a te s t  d istan ce  in  th e  stream  sy stem  is 20 km  betw een  th e  ex trem e  
p o in ts  o f  the estu ary  an d  th e  spring of the  Szén  S tream . W ith  th e  ex cep tio n  of a few  se c tio n s , 
th e  stream  is a p rec ip ito u s rap id  current and it s  b ed  is com p osed  a lm ost everyw here o f  rocks. 
T h is h o ld s especia lly  for it s  upper reaches w here th e  stream  runs in  a gorgem  its  b a n k s free  
o f v e g e ta t io n  (F ig . 1). T h e  v a lle y  o f the gorge is overgrow n  b y  Fagus silvatica  w o od s m ix ed  
w ith  C arpinus betulus, w h ile  a t  h igher e lev a tio n s Quercus, F ra x in u s , and Acer species can  also  
be fo u n d  (see F ig. 2 and  m a p ). T he m ain  part o f th e  lea v es fa llin g  in to  the  stream  d erives from  
F agus silvatica  and C arp inus betulus. L ess s ig n if ica n t is  th e  le a f  p ortion  supp lied  b y  other  
tree  species.

A t th e  en tran ce o f  th e  gorge the  v a lley  w id en s and  Fagus and C arpinus are a b ru p tly  
rep laced  b y  A ln u s g lu tin o sa , hem m in g in  th e  stream  as far as its  m ou th  (see F ig . 3) S a lix  
an d  P opulus  species are rep resen ted  by lo ca lly  larger sta n d s. A lon g  th e  low er reach es sh ru b b y  
co m m u n itie s  (Sam bucus n ig ra , Corylus avellana , Acer  sp .) chequer th e  v eg e ta tio n  o f  th e  b a n k s.

Stream  tem p era tu re  during the  year  ch an ges accord in g  to  th e  fo llow in g  t im e  p a tte r n .  
In  D ecem b er and J a n u a r y , w ater  tem p eratu re is b e tw een  0 — 1 °C. In February and  M arch, 
tem p eratu re  does n o t e x c e e d  1— 4 °C. T em perature b eg in s to  c lim b  in A pril and in th e  secon d  
h a lf  o f  th e  m onth  it  m a y  r ise  ab ove 10 °C. A t  th e  sam e tim e, great tem perature f lu c tu a tio n  
ch aracterizes the  w ater  for  A pril and M ay (7 — 15 °C). D uring  the  sum m er m onth s, tem p er a 
ture is re la tiv e ly  h igh  an d  rem ain s a t a co n sta n t le v e l (J u n e  th ro u g h  Septem ber around 18 °C). 
In  Sep tem b er and O cto b er , tem perature drops b elow  10 °C; from  O ctober it  grad u a lly  a p 
p ro a ch es w inter v a lu es .

R esu lts

D istribu tion  o f the species in  the stream system

D uring the course  of earlier o b serv a tio n s it  was assum ed th a t  th e  e x is t
ing  differences b e tw een  the  species com position  o f a q u a tic  H y p h o m y cetes  a t  
v a rio u s stream  sectio n s are m ost p ro b ab ly  due to  th e  q u a n tita tiv e  an d  q u a li
ta t iv e  com position  o f th e  lea f su b s tra tu m  p re sen t in  th e  w ater. S im ilar o b se r
v a tio n s  were re p o rte d  b y  I q b a l  and  W e b s t e r  (1973/b) on the aq u a tic  H y p h o 
m y cetes  found in  th e  s tream  of th e  E x e te r  region. A ccording also to  these
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Fig. 1. U p p er reaches o f  th e  M orgó S tream  in  th e  b eech  region

a u th o rs  some species of aquatic  H y p h o m y ce tes  show  preference for th e  leaves 
o f  ce rta in  tree  species.

My stu d ies  m ade in the  M orgó s tre a m  system  p o in t in d ica te  th a t  th e  
com position  of th e  stream  b ank  v e g e ta tio n  an d  changes in  th e  com position  
along th e  s tre a m  determ ine the  com position  o f aq u a tic  H y p h o m y cetes  in  th e  
re spec tive  h a b i ta t  or, a t least, th e  freq u en cy  of occurrence of some species.

In  th e  u p p e r  reaches of th e  s tre a m  (see m ap sketch  F ig 2) th e  m ass 
of th e  subm erged  leaves is c o n tr ib u te d  b y  Fagus silvatica  an d  C arpinus betu- 
lus. O ccurrence o f th e  Quercus le a f  is v e ry  ra re  and  th e  lea f ra tio  of th e  o th e r  
species is even low er. Of the tw o species ch a rac te riz in g  th e  u p p e r sec tion  
(Dactylella aquatica  and  M onotosporella tuberculata), th e  fo rm er occurs m ore 
fre q u e n tly  on th e  Fagus leaves, a t  tim es  in  m asses (see F igs 4 -  5).

The la t te r  y ields spores copiously  b o th  on Fagus leaves and  also on 
Quercus sp ., C arp inus betulus, T ilia  sp. (F igs 6 — 7). The a b u n d a n t re p re se n ta 
tio n  o f conidia o f b o th  of these species in  th e  foam  can be exp la ined  on th e
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Fig. 2. Sketch  m ap  o f  th e  stream  sy stem , w ith  th e  m o st freq u en t p la n t species a long th e  b an k s

basis  of su b s tra tu m  preference. Since F agus  leaves are uncom m on in th e  low er 
reach es, th is  m ig h t w ell be the  reason  o f th e  absence th e re  o f Dactylella aqua- 
tica  an d  M onotosporella tuberculata. A lth o u g h  Quercus leaves occur m ore 
fre q u e n tly  th a n  F agus  along th e  low er reaches, M onotosporella tuberculata  
cou ld  no t be fo u n d , even  th o u g h  i t  w as co n cu rren tly  f req u en t on leaves in  
th e  u p p er reaches.

This raises th e  question  on th e  role o f th e  o th e r ecological fac to rs  besides 
th e  various ty p es  o f  su b s tra tu m , an d  b y  th e  sam e to k en  i t  inv ites care w ith  
re sp e c t to  th e  accep tan ce  of c rite r ia  u p o n  w hich su b s tra tu m  p reference  of 
a g iven species is ju d g e d . In  case o f Dactylella aquatica and  M onotosporella
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Fig. 3. Low er reaches o f  th e  M orgó S tream  in  the  Alnetum

tuberculata , cu ltu re  experim en ts h av e  co rro b o ra ted  the inferences d raw n  from  
th e  analysis o f foam  sam ples. A t th e  sam e tim e  it  has also been p ro v ed  th a t  
th e  q u a n tita tiv e  re la tions of som e species p re se n t in  th e  foam  are n o t  tru e  
reflec tio n s of th e  ac tual va lues. A lthough  conid ia  of Dactylella aquatica  
ch arac terize  th e  u p p e r reaches th e ir  q u a n tita tiv e  rep re sen ta tio n  in  th e  foam  
is re la tiv e ly  low . A t th e  same tim e , how ever, con id ia  develop in g rea t n u m b e rs  
on F agus  le a f  frag m en ts  co llected  here (F igs 4 — 5). Several h u n d re d s  of 
con id ia  m ay  be p re se n t along 1 2 cm len g th  of a leaf-vein  while o n ly  a sm all
p o rtio n  of th e  con id ia l mass accu m u la tes  in th e  foam .

In  c o n tra s t to  th e  species c ited  above, con id ia  of M onotosporella tubercu
lata develop on leaves more sp a rse ly  an d  in  sm aller num bers (Figs 6 7), b u t
th e ir  occurrence is m ore freq u en t in  th e  foam  th a n  th a t  o f Dactylella aquatica. 
This difference is p ro b ab ly  p a r tly  re la te d  to  th e  a ffin ity  of the  con id ia  to  a ir 
bubb les  (the sm ooth-su rfaced  con id ia  as com pared  to  the  rough-surfaced  con i
dia).
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Figs 4— 5. C opiously sp o ru la tin g  Dactylella aquatica  on  th e  veins o f  sk ele ta l Fagus silvatica 
le a v e s  co llected  in  th e  u p p er  reach es, (200 X  )

U n fo rtu n a te ly , I have insufficient c u ltu re  resu lts for an a d e q u a te  ex 
p la n a tio n  of the  occu rrence  here of species f re q u e n t a t the  lower reaches. M ajor 
p o rtio n  of the  su b m erg ed  lea f m ateria l a t  th is  section  is c o n tr ib u te d  b y  A ln u s
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F igs 6— 7. Sp oru lation  o f  Monotosporellci tuberculata  on  sk ele ta l F agus  and Quercus leaves  
co llec ted  in  the  upper rea ch es , (330 X )

Fig. 8. Sp oru lation  o f  Clavariopsis aquatica on Fagus silvatica  lea v es co llec ted  in the upper
reaches
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glutinosa. The species fre q u e n t an d  a t  tim es appearing  in  m asses (e.g. Tricla- 
d iu m  angulatum , Tetracladium  m archalianum ) along th is  reach  were seen on ly  
one or tw o tim es to  grow  on A ln u s , Quercus and  Acer leaves, and  th e n  only  
in  re la tiv e ly  sm all n u m b ers  an d  never in  m asses as found  in  th e  foam  sam ples.

In  th e  follow ings, I  in d ica te  th e  occurrence of som e species a long  th e  
s tre a m  on a m ap (F igs 10— 15). As we p roceed  from  m ap to  m ap th e  changes 
ta k in g  place in  th e  course o f th e  y e a r  can  also be braced . I  have  n o t in d ica ted  
th e  conidia of all species occurring  a t  a given section a t  a given tim e . The 
g rap h ica l signaling  of con id ia  a t  th e  low er an d  upper reaches signifies th e  m ost 
c h a ra c te ris tic  species p re se n t d u rin g  a g iven  season a t th e  p a r tic u la r  s tream  
sec tio n , as in d ica ted  b y  th e  collected  foam  sam ples. The foam  sam ples w hich 
se rv ed  for th e  basis o f com parison  w ere collected a t  th e  low er a n d  u p p e r 
reach es on th e  sam e d ay . I t  is u n fo r tu n a te  th a t  d a ta  on th e  w ell d isting u ish ab le  
reach es, d istin c t also h y  th e  occurrence o f conidia, to  allow  inferences on how  
fa r  th e  conidia of som e species tra v e l d o w n stream  and  on th e  degree o f t r a n s i
tio n  in to  th e  species c o m m u n ity  o f th e  low er reaches.

In  th e  case o f a ra p id ly  flow ing m o u n ta in  brook like th e  M orgó S tream  
one m igh t ex p ec t th a t  th e  g rea t p o rtio n  of conidia l ib e ra te d  a t th e  u p p e r 
reaches w ould be t r a n s p o r te d  fa r  dow nstream . H ow ever, m y  in v es tig a tio n s  
d isclosed th a t  th e  con id ia  o f species f re q u e n t a t th e  u p p e r  reaches are  n o t 
t ra n sp o r te d  too  fa r  from  th e ir  original p o in t b y  the  c u rre n t. E .g . con id ia  of 
Dactylella aquatica , M onotosporella tuberculata, and  of A nguillospora  crassa, 
ch a ra c te ris tic  o f th e  u p p e r  reaches, occur only in re s tr ic te d  num bers in  foam  
sam ples ta k e n  3 4 k m  d o w n stream , w hile th e y  are p ra c tic a lly  a b se n t from
th e  sam ples ta k e n  a t  th e  low er reaches.

I  m en tion  4 spores c h a ra c te r is tic  of th e  lower an d  th e  u p p er reaches, 
re spec tive ly , w hich are n o t know n am ong th e  aqua tic  H y p h o m y ce tes , b u t  th e ir  
reg u la r  occurrence in  a given period  or a t  a given place is c h a rac te ris tic . T hey  
are  as follows:

a) Monotosporella tuberculata  Gönczöl
b) T e tra ra d ia te  con id ium  (p ro b ab ly  Clavatospora sp .? )
c) T rirad ia te  con id ium , Y -shaped
d) T e tra ra d ia te  organ ism  (its fu n g a l origin is n o t c e rta in ) (F ig . 9).

J a n u a r y — F e b ru a ry  (F ig . 10)

U pper reaches: M onotosporella tuberculata  occurs th e  m ost o ften , a m o u n t
ing  to  ab o u t one h a lf or m ore of th e  to ta l  conidia. S im ilarly , th e  conid ia  show n 
in Fig. 9/b are also fre q u e n t, ap p earin g  m ostly  to g e th e r w ith  those o f  Alato- 
spora acum inata. C h arac te ris tic  to  th is  period are som e q u ad rirad ia l conid ia  
p re sen t in g rea t n u m b ers  (Lem onniera  aquatica, L . terrestris, Articulospora  
tetracladia), a lth o u g h  less a b u n d a n tly  th a n  th e  tw o p reced in g  species. D acty
lella aquatica occurs less freq u en tly .
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Low er reaches: O f th e  p rev ious species, M onotosporella  ab sen t from  the  
conidial co m m u n ity , on ly  one or tw o rep re sen ta tiv es , a t  th e  m ost, can be 
found  per foam  sam ples Lem onniera  aquatica an d  L . terrestris ap p ea r m ore 
freq u en tly , b u t th e  tan g e  of freq u en cy  ch arac te ris tic  to  th e  u p p er reaches was 
ap p ro x im a ted  only  once d u rin g  th e  en tire  period  o f in v estig a tio n . H ow ever, 
Triclad ium  angulatum  occurs in  g rea te r q u an titie s , en tire ly  ab sen t from  the

O 10 20  30  u .v

Fig. 9. C onidia from  th e  M orgó S tream : a) Monotosporella tuberculata G önczöl; b) T etra- 
rad ia te  con id iu m  (Clavatospora sp .? );  c ) T riradiate con id iu m ; d) T etrarad ia te  organism  (its

fu n g a l orig in  is not certa in )

u p p er reaches. H ere i t  am o u n ts  to  1/3 of all conid ia . A b ou t th e  sam e ra tio  
of occurrence is show n b y  Clavatospora stellata, p re se n t also a t th e  u p p er 
reaches b u t  m ore in freq u en tly .

Conidia o f H eliscus aquaticus  also ajipear fre q u e n tly , w ith  a frequency  
sim ilar to  th a t  o f Triclad ium  angulatum . On som e occasions, I found  i t  in o u t
s tan d in g ly  h igh ra tio s  (20 50%  o f all conidia in  th e  F e b ru a ry  sam ples of
1970— 1972).

March—April (Fig. 11)

U pper reaches: th e  con id ia  o f M onotosporella tuberculata  can  still be 
found  in  large q u a n titie s , b u t  Anguillospora crassa ch a ra c te ris tic  o f the  spring  
species co m m u n ity  also ap p ears . E a rlie r it  was rep re se n te d  only b y  one or tw o 
spores in  th e  foam  sam ples. The m u ltip le -b ran ch ed  con id ia , less freq u en t th a n  
th e  p receding  tw o species, a p p ea r ab o u t th is  tim e , th e y  m ost p ro b ab ly  belong 
to  Speiropsis irregularis.

Low er reaches: th e  freq u en cy  of occurrence of T riclad ium  angulatutn  
an d  H eliscus aquaticus rem ain s a b o u t th e  sam e as in  th e  prev ious m o n th . This 
period  is ch a rac terized  b y  T ric lad ium  gracile an d  th e  Y -shaped  conidia resem 
bling  those  of T . gracile (F ig . 9).
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C h aracteristic  con id ial a sso c ia tio n s  a t th e  upper and low er reach es o f  th e  M orgó Stream  during  
different periods o f  th e  yea r  (F ig s 10— 15). Fig. 10. J a n u a ry — F eb ru ary
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Fig. 11. M arch— A pril
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The num ber o f th e  Clavatospora stellata  con id ia  d im inishes, b u th  th e ir  
absence becom es consp icuous only in th e  sam ples collected in A pril.

M ay— J u n e  (F ig .  1 2 )

U pper reaches: th e  dom inan t species are  Anguillospora crassa and 
M onotosporella tuberculata. The q u a n tity  o f  conid ia  of T riclad ium  splendens 
is sign ifican t, as well as a Heliscus-Uhe o rgan ism  (conid ia?) w hich, accord ing  
to  observations m ade fo r several years, ap p ea rs  in th e  foam  ab o u t th is  tim e  
(F ig . 9d).

Low er reaches: th e  m ost strin k in g  change in th e  conidia co m m u n ity  is 
th e  com plete d isap p ea ran ce  of Clavatospora stellata  (in Ju n e ) and  th e  increasing  
n u m b ers  of Tetracladium  m archalianum  (ch iefly  in Ju n e ).

J u ly — A u g u s t— S e p te m b e r  (F ig . 13)

U pper reaches: d u rin g  these th ree  su m m er m on ths th e  conidia of all 
species found so fa r  are  rep resen ted  in th e  foam  sam ples, b u t  in sm aller in d iv id 
ual num bers. E sp ec ia lly  the  conidia o f M onotosporella tuberculata decrease 
as com pared  to  w in te r  coun ts.

A t the  sam e tim e  th e  p red o m in an t tw o  species of th e  sum m er conidia 
co m m u n ity  of th e  lo w er reaches are Tetracladium  m archalianum , occurring  in 
m asses (spo ru la tion  m ax im u m  is in A ugust an d  S ep tem ber), and  Clavatospora 
tentacula, app earin g  p u n c tu a lly  in Ju ly .

O ctober (F ig .  1 4 )

The s tream  is a ffec ted  b y  tw o s ig n ifican t changes: w a te r tem p e ra tu re  
d rops s ign ifican tly  (below  10 °C) and le a f  d ep osition  com m ences. Conidia found  
in b o th  low er and  u p p e r  reaches occur in  g rea t num bers.

U pper reaches: Monotosporella tuberculata  can be found  again  in m asses 
an d  A nguillospora crassa  is still r a th e r  fre q u e n t. C oncurren tly , Lem onniera  
aquatica, L . filifo rm e  a n d  Flagellospora curvula  co n stitu te  th e  m ajo r conidia 
m ass in one of th e  tr ib u ta r ie s .

Conidia of M argaritispora aquatica also ap p ea r in g rea te r num bers in  the  
foam  sam ples a b o u t th is  tim e.

Low er reach es: Tetracladium  m archalianum  is still f req u en t, th e re  are 
m an y  Tricladium  angu la tum  and  Flagellospora curvula  still appears in m asses.

N ovem ber— D e c e m b e r  (F ig . 15)

U pper reach es: Lem onniera aquatica, L . terrestris, a te tra ra d ia te  conidi urn 
(Fig. 9b; observed  in  th e  J a n u a ry  and  F e b ru a ry  com m unity ), as well as M onoto
sporella tuberculata  o ccu r ch a rac te ris tica lly  in  a p p ro x im a te ly  id en tica l p ro p o r
tio n s. The conidia o f  M argaritispora aquatica  occur also re la tiv e ly  freq u en tly .
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Fig. 12. M ay— Ju n e
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Fig. 14. October
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L ow er reach es : the  conidia o f  Tetracladium  m archalianum  d im in ish  
sh a rp ly , h u t T riclad ium  angulatum  is still f re q u e n t. Clavatospora stellata  
ap p ears  in  N ov em b er and  becom es m ore freq u en t in  D ecem ber.

U n fo rtu n a te ly , I have few d a ta  availab le  on o th e r stream  system s for 
ju s tif iab le  com parison . N evertheless, th e  sporad ic  d a ta  im ply  th a t  changes in 
th e  v e g e ta tio n  o f th e  stream  banks are  follow ed b y  q u a lita tiv e  an d  q u a n t i 
ta tiv e  changes in th e  species co m m u n ity  o f a q u a tic  H yphom ycetes.

T he aq u a tic  H yphom ycetes c o m m u n ity  in a n o th e r  stream  of th e  n e ig h 
bouring  M ts Pilis d iffered conspicuously  from  th e  specific d is tr ib u tio n  an d  
range p a t te rn  discussed so far. The m ost s trik in g  difference was th e  presence 
of the  sam e specific conidia, b u t in  a w holly o th e r  com position. In  a foam  
sam ple ta k e n  a t a single po in t I found  an  associa tion  of conidia o f species 
w hich n ev e r ap p ea red  to g e th e r in th e  M orgó S tream  (Tetracladium m archali
anum , T riclad ium  angulatum , M onotosporella tuberculata). These th ree  species 
are in v a ria b ly  d isassocia ted  in th e  M orgó S tream : th e  first tw o in th e  low er 
reaches th e  th ird  in  th e  u p p er reaches (see m aps). The com position  o f th e  
w oody v e g e ta tio n  a long  the s tream  b a n k  was also d iffe ren t. The s tream  b an k s  
of th e  in v e s tig a te d  sec tion  of several k ilom eters a re  dom in a ted  by  Quercus sp . 
c o n s titu tin g  th e  m a jo r  portion  of leaves, and  n o t occurring  in such h igh  p ro 
po rtio n s along th e  M orgó S tream .

T his and  som e o th e r sporadic in v estig a tio n s su p p o rt in m y op in ion  th e  
h y p o th es is  th a t  th e  specific and  q u a n tita tiv e  com position  of aq u a tic  H y p h o 
m ycetes p a r t ic ip a tin g  in the  decom position  of le a f  l i t te r  is the  fu n c tio n  of 
th e  s tre a m  b an k  v eg e ta tio n .

Seasonal occurrence

B esides d is tr ib u tio n  in the w a te r, th e  m aps also p o rtra y  seasonal change 
in th e  species com m unities of the s tre a m . In  th e  course of m y in v es tig a tio n s  
it was n o t  m y p u rpose  to  estab lish  e x a c t num erica l ra tio s  of the  in d iv id u a l 
species, b u t  th e  freq u en cy  by  w hich th e ir  conidia (m asses, sporad ic, ra re ) can  
be found  in  foam  sam ples and how th e se  p ro p o rtio n s change during  th e  y ea r. 
E v en  if  th e  foam  sam ples do no t e x a c tly  re flec t th e  ac tu a l q u a n tita tiv e  ra tio s  
in th e  w a te r , th e y  do represen t in m y opinion — th e  tre n d  of changes.

M y o b serv a tio n s , although  b ased  on the a n a ly sis  foam  sam p les, cor
roborate th is  s ta te m e n t since th e y  are in m an y  cases greatly  sim ilar to  th e  
resu lts ob ta in ed  b y  an a lyses o f w ater sam ples m ade b y  I qbal and W e b s t e r  
(1973/b).

T hese au th o rs  (1973/b) s ta te  th a t  th e  sp o ru la tio n  peaks of n u m ero u s  
aq u a tic  H y p h o m y ce te s  coincide w ith  th e  a u tu m n a l le a f  deposition  o f decid i- 
ous tre e s , while th e re  are some species whose sp o ru la tio n  peaks fall in o th e r
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p erio d s of the  y ea r. In  th e  follow ings, I d iscuss som e species w hich  ex h ib it 
s im ila r life h istories.

I q bal  and  W e b s t e r  (1973/b) s ta te  t h a t  “ The ab u n d an ce  o f spores of 
Clavariopsis aquatica a n d  Flagellospora curvu la  show  a good co rre la tio n  w ith  
th e  perio d  of le a f  d ep o sitio n  (A ugust th ro u g h  S ep tem b er)” . In  th e  course of 
m y  investig a tio n s I  o bserved  th a t  th e  o ccu rrence  of Clavariopsis aquatica is 
u n p re d ic ta b le , a lth o u g h  th e re  were years  w hen  I  could observe a sp o ru la tio n  
p e a k  a t  th e  end of th e  w in te r  season an d  in  th e  sp ring  (Fig. 8) (M arch th ro u g h  
M ay) as well. C onversely , th e  spo ru la tio n  p e a k  of Flagellospora curvula  in four 
successive years (1970 73) occurred  in O cto b er, the  m ost in ten siv e  period
o f le a f  deposition . T he a m o u n t of its con id ia  a t th a t  tim e equalled  a p p ro x im a te ly  
h a lf  o f all conidia. L a te r  its  q u a n tity  s ig n ifican tly  dropped an d  in  su b seq u en t 
m o n th s  th e  conidia o ccu rred  only spo rad ica lly . A secondary  co nsiderab ly  sm all
e r sp o ru la tio n  peak  could  be observed in  F e b ru a ry  M arch.

I t  was estab lish ed  concern ing  T ric lad ium  gracile th a t  it is n o t a p rim ary  
co lo n iza to r, its sp o ru la tio n  peak  does n o t coincide w ith  a u tu m n  lea f deposi
t io n , and  th a t  its  con id ia  can be found in g re a te r  qu an tities  only  in  D ecem ber 
th ro u g h  April ( I q ba l  and  W e b s t e r , 1973/b). I have o bserved  th e  sam e 
p h en o m en o n  w ith  re sp ec t to  m ateria l fo u n d  in H u n g a ry : for severa l successive 
y e a rs  Tricladium  gracile  appeared  in sam ples collected in F e b ru a ry , sam ples 
co llec ted  in M arch co n ta in ed  am ple con id ia , b u t  la te r  only som e specim ens 
o ccu rred . R are ly  d id  one or tw o conidia occur during  the  follow ing m on ths.

A species m u st be m en tioned  whose con id ia  frequency  d isp layed  th e  h igh 
degree of re g u la rity  w ith  respect to  a n n u a l changes (1969— 1974). This is 
Clavatospora stellata w hose seasonal change of frequency  show ed a fine co r
re la tio n  w ith  changes in  su b s tra tu m  a n d  in w a te r  te m p e ra tu re .

A ccording to  m y  in v estiga tions, Clavatospora stellata is d e fin ite ly  a w in te r 
species whose sp o ru la tio n  is s tim u la ted  b y  low  w a te r te m p e ra tu re s  (1 — 5 °C). 
T h e re  is no obvious v a ria n c e  in th e  freq u en cy  of its  occurrence betw een  th e  
lo w er an d  u p p er reach es , b u t  it  is alw ays m ore freq u en t in th e  low er reaches. 
I t  is th e  m ost fre q u e n t du ring  the  w in te r m o n th s  (D ecem ber th ro u g h  M arch), 
b eg in n in g  April it  becom es ra re r  and  from  J u n e -  Ju ly  till O cto b er it  becom es 
a v e ry  rare c o n s titu e n t o f th e  conidial co m m u n ity . I have fovmd no conidia 
as a ru le  in these  m o n th s . I t  reap p ea red  in  sam ples collected b y  th e  end  of 
O c to b er and in N o v em b er, and  becam e increasing ly  m ore fre q u e n t in th e  
p rog ressively  cooling w a te r. This seasonal p a tte rn  is dep ic ted  b y  th e  g rap h  
(F ig . 16) w here th e  chang ing  num bers o f con id ia  of Clavatospora stellata d u ring  
th e  y e a r is p lo tte d  a g a in s t the  per c en t ra tio  of to ta l conidia.

I t  is in te re s tin g  to  no te  th a t  th e  conid ial p roduction  of Clavatospora stel
lata  follows th e  w a te r  tem p e ra tu re  f lu c tu a tio n s  so sensitive ly  th a t  d u ring  
te m p e ra tu re  drops in  M ay — b y  no m eans a rare  even t in  H u n g a ry  — th e  
A p ril decrease in spore num bers is su sp en d ed , indeed it can  even increase
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tem p o ra rily . This is illu s tra te d  also b y  th e  break in th e  declin ing  b ra n c h  of th e  
cu rve.

An en tire ly  d ifferen t p ic tu re  is p resen ted  by  th e  course of th e  annual 
p ro d u c tio n  o f Tetracladium  m archalianum , one of th e  m ost w idely  sp read  
m em bers of a q u a tic  H y p h o m y ce te s  an d  one of th e  com m onest species also 
in  th e  Morgó S tream , b u t — as m en tio n ed  in an earlie r p a p e r (G ö n c z ö l , 1971) 
— on ly  in  th e  low er reaches. In  th e  u p p er reaches o f th e  stream  sy stem , in 
th e  beech h o rn b eam  area , i t  does n o t occur.

Fig. 16. Sporulation of Clavalospora stellata  during the year as related to the total number 
of conidia (based on foam  sample analysis)

The an n u a l course of conidia p ro d u c tio n  in th e  low er reaches d isp layed  
in  3 consecutive y ears  (1969— 1971), a reg u la rity  s im ila r to  th a t  of Clavato- 
spora stellata, b u t  of a reverse  tr e n d . The increasing n u m b e r of spores was 
co rre la ted  w ith  increasing  w a te r te m p e ra tu re s  (Fig. 17). D uring  th e  w in te r 
m o n th s  (N ovem ber th ro u g h  A pril) o f th e  three su b seq u en t years th e  spores 
w ere ex trem ely  ra re  in  th e  foam  sam p les , th en  becom ing  g rad u a lly  m ore fre 
q u e n t in  M ay an d  Ju n e , it  reach ed  th e  la te  sum m er a u tu m n  m axim um  (A ugust 
th ro u g h  O ctober). In  th e  in stance  o f th is  species, sp o ru la tio n  canno t be re la ted  
to  lea f deposition  d u ring  th e  a u tu m n  season since sp o ru la tio n  has reach ed  its  
p eak  2 3 m on ths earlier. The a ssu m p tio n  th a t  am ple con id ia  p ro d u c tio n  was
p ro m o ted  by  w a te r te m p e ra tu re s  a b o u t or above 10 °C, w hile it  was re ta rd e d  
b y  m uch  low er w a te i te m p e ra tu re , seem s well accep tab le . This hyp o th esis  is 
su p p o rte d  by  th e  fac t th a t  th e  d rop  in  w a te r tem p e ra tu re  in O ctober th ro u g h  
D ecem ber was followed by  a decrease in the  num ber o f conid ia , even th ough  
th e  le a f  su b s tra te  of th e  s tream  is th e  rich es t in th is  period . I t  is very  p robab le  
th a t  Tetracladium  m archalianum  is n o t  one of the p rim a ry  tha llu s  colonizers, 
s im ila rly  to  Tricladium  gracile, b u t  in  opposition to  th e  la t te r  its conidia
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p ro d u c tio n  is no t s t im u la te d  b y  low w a te r  te m p e ra tu re s . In  th e  following 
y ea rs  (1972 1973), a s lig h t dev ia tion  in sp o ru la tio n  from  ea rlie r levels was
ev in ced  by  Tetracladium  m archalianum , if  com pared  to  ea rlie r observations. 
In  w in te r  (beginning w ith  N ovem ber) conidia frequency  did  n o t reach  the very  
low  level observed d u r in g  th is  period in p rev ious years, an d  it  d id  not reach  
th e  earlie r observed fre q u e n c y  ch arac te ris tic  o f th e  spring an d  th e  beginning 
o f su m m er (April th ro u g h  Ju ly ) . O nly sam ples ta k e n  in  A u g u st and O ctober 
d isp lay ed  the freq u en cy  level corresponding  to  th e  average values found in

F ig. 17. Sporulation of Tetracladium  m archalianum  in relation to the to ta l number of conidia 
in  1971— 73 (based on foam  sam ple analysis)

sev era l years. The w e a th e r  in b o th  w in te rs w as also u n u su a l. A fter a p ro 
tr a c te d  and m ild a u tu m n  only  in mid J a n u a ry  did a b rie f cold period set in 
an d  the  w ater o f th e  s tre a m  froze only for som e days. P rev io u s w inters lasted  
longer, w ith re p e a te d  long cold periods.

Summary

The results o f  o b se rv a tio n s  o b ta in ed  h ith e rto  can he g rouped  according 
to  tw o  view poin ts: d is tr ib u tio n  of th e  species in th e  s tream  sy s tem  and seasonal 
occurrence. W ith  re g a rd  to  d is trib u tio n , tw o well d isting u ish ab le  alliances of 
species can he reco g n ized , species w hich in term ing le  n o t o r on ly  to  a sm all 
e x te n t :  one in th e  u p p e r  reaches, th e  o th ers  in th e  low er reaches. The form er 
is th e  fungus g roup  co n sis tin g  of Dactylella aquatica, M onotosporella tuberculata 
a n d  Anguillospora crassa , each d is tr ib u te d  w idely  in th e  s tre a m  section of th e  
beech  area. T he l a t t e r  is th e  fungus g roup  ch arac te rized  b y  Tetracladium  
m archalianum  an d  T ric lad ium  angulatum  o f the low er reach es ranging in th e  
s tre a m  section a long  th e  A lnetum  s tan d .
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W hile Dactylella aquatica an d  M onotosporella tuberculata , cha rac teris tic  
to  th e  u p p er reaches grow accord ing  also to  cu ltu re  ex p e rim en ts  on leaves 
peculiar to  th is  reg ion , Tetracladium  m archalianum  and  Triclad ium  angulatum , 
cha rac teris tic  to  th e  low er reaches, do n o t grow  in co rrespond ing  m asses on 
leaves freq u en t in  th is  section  (A in u s , Sa lix , Acer, P opu lus), as it  could have  
been expec ted  on th e  basis on th e ir  conidia freq u en cy  in  th e  foam  sam ples.

The clear d iffe ren tia tio n  o f th e  tw o species com m unities is in m y  
view  — ex p la in ab le  in  th e  d is tin c t sep a ra tio n  of th e  w oody  v eg e ta tio n  along 
th e  stream  b an k s . A lthough  I have only  in su ffic ien t d a ta  from  the  in v estig a 
tio n  of o th e r s tre a m s, th e  find ings h ith e r to  o b ta in ed  in d ica te  th a t  in th e  case 
of stream s w here th e  species co m m u n ity  o f  th e  acco m p an y in g  v eg e ta tio n  
differs from  th a t  o f  th e  M orgó S tream  sy stem , th e re  th e  species com m unity  
of aq u a tic  H y p h o m y ce tes  is also d ifferen t.

F u r th e r  s tu d ie s  w ould be necessary  to  assess th e  linkage  betw een th e  
various fungus species and  th e  v a rio u s ty p es o f su b s tra te  a n d  th e n  to  e s tab lish  
th e  e x te n t o f m od ifica tion  b y  e n v iro n m en ta l fac to rs.

O bservations concern ing  seasonal changes can he su m m arized  as follows. 
Conidial p ro d u c tio n  in th is  s tream  system  and  in some o th e r  stream s is con
tinuous during  th e  yea r. This is u n d e rs ta n d a b le  in th e  lig h t o f the  fac t th a t  
th e  aq u a tic  H y p h o m y ce tes  have a su b s tra te  availab le  d u rin g  th e  whole y e a r 
a su b s tra te  consisting  of a th ick  accu m u la tio n  o f leaf l i t te r  especially  in th e  
deeper va lley  floors, w hich supplies the  s tre a m  bed  w ith  le a f  m ateria l co n 
tin u ously .

There is no d o u b t th a t  the  species com position  of th e  fu n g a l com m unities 
an d  th e  freq u en cy  o f  th e  species change seasonally . A ccord ing  to  m y o b se rv a 
tions, q u a n tita tiv e  an d  q u a lita tiv e  changes in  th e  species com position  are n o t 
rap id  b u t  g rad u a l an d  requ ire  a p ro ta c te d  period  (1 to  2 m o n th s). Only some 
of th e  causes a ffec tin g  these  changes are know n, and  fu r th e r  studies are 
requ ired  to  c la rify  th e  effects o f th e  annual course of te m p e ra tu re , the cond i
tio n  of th e  s u b s tra te , and  o f th e  role of o th e r  ecological fac to rs .
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N E W  SCENEDESMUS SPECIES  
FROM TH E D A N U B E  AT B U D A P E S T

By

T. H o r t o b á g y i

(Received May 2, 1975)

Four new Scenedesmus species are reported from  the collections made in the  
Budapest section o f the river Danube in 1971— 1972. The author dedicated the new  
species to H ungarian hydrobiologists (dr. Árpád B e r c z ik , dr. István  K iss, dr. Gábor 
Sz e m e s , dr. Gábor U h e r k o v ic h ).

1. Scenedesmus Berczikii H o rto b . n. sp.

Figs 1 -2

Cells elongate cy lindrica l, o u te r walls o f ex trem e  cells s ligh tly  convex. 
Cells touch ing  one a n o th e r  over 3/4 surface. Poles dom e-like, convex. M em brane 
covered w ith  sm all, b u t  well d iscernible p ap illae . Poles covered w ith  1 or 
2 la tero -ap ica lly  s itu a te d , cap-like, irreg u la rly  sh ap ed , scabrous or sm ooth  
th icken ings, occasionally  ex ten d in g  over la te ra l sides as fa r  as o th e r pole, 
especially  on ex trem e  cells. P apillae  on poles g en era lly  b igger. One p a rie ta l 
ch lo rop last inc lud ing  a well developed p y ren o id . C ap-like th icken ings well 
d iscernible even on coenob ia  w ith  p lastid s . Cell d im ensions 10.5 1 3 x 3 —4.7 ц.

D anube, S ep t. R are .
Cell shape s im ila r to  Scenedesmus ecornis (R alfs) Chod. I ts  g ran u la ted  

m em brane in d ica tin g  re la tio n s w ith  S. granula tus  W . e t  W . The new  species 
differs from  b o th  th e se  species and  subspecific ta x a  b y  its  1 or 2 large, sh ie ld 
like, scabrous th ick en in g s.

2. Scenedesmus K issii H o rto b . n. sp.

Figs 3 — 5

Coenobia w ith  4 or 8 cells, cells oval-ellipso idal, to u ch in g  one a n o th e r 
over a sm all su rface  on ly , co n stitu tin g  loose coenob ium . Cell d im ensions 
9 — 1 2 x 5 .6  8 ц. Pole o f each  cell w ith  one v e ry  th in , s lig h tly  a rcu a te , ra re ly
s tra ig h t, sharp ly  p o in te d  spine of equal len g th ; len g th  o f sp ine 7 —11 /*. I n te r 
m ed ia te  cells som etim es w ith  a sp ine. Cells in c lu d in g  one well developed 
p y ren o id . M em brane n o t sm ooth .
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V 1

F igs 1— 2. Scenedesm us B erczikii Hortob. n. sp.

I  have observed tw o ab n o rm al coenobia. In  one (F ig . 4) o f th e m , tw o 
in te rm e d ia ry  cells tu rn e d  90° from  th e  p lane of the  ex trem e  cells, an d  in one 
cell w ith  only one spine developed . T he o th e r abnorm al coenob ium  (Fig. 5) 
h a d  only  th ree  cells closely ad h erin g  to  each  o ther, re su ltin g  in e n tire ly  sm ooth  
w alls. On one of th e  poles n o t one b u t  tw o spines developed .

D anube, M ay. R are
To th is  species belongs “ Scenedesm us quadricauda  (T u rp .) B réb . v a r . 

biornata  K iss”  described  b y  I s tv á n  K iss  in 1939 (Col. 237 238)). The cell
d im ensions of th is  species are 7 .2 — 1 0 .5 x 3 —4.5 p . I ts  e x tre m e ly  th ic k  spines 
ju s t ify  its separa tion  as a form .

Owing to  the  cell shape an d  d eve lopm en t of spines, th e  new  species comes 
close to  S. ellipticus (W . e t W .) C hod. H ow ever, i t  d iffers from  th e  la t te r  
b y  th e  d ifferen t shape an d  th e  spines hav ing  developed on ev e ry  pole.

3. Scenedesmus K issii H o rto b . f. crassispinosus (K is s )  H o rto b . com b. n .

[(Scenedesm us q u a d ric a u d a  (T urp .) B réb. v a r. b io rn a ta  K iss in  Folia  
C ryp togam ica  2/4. col. 237 — 238, T ab . X V , Figs 21, 26)].
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F igs 3 — 4. Scenedesmus K is s ii  H ortob. n. sp.

Acta Botanica Academiae Scientiarum Hungaricae 21, 1975



268 HORTOBÁGYI, T.

Cell dim ensions 7.2 — 1 0 .5 x 3  — 4.5 /л. Spines as long as cell or som ew hat 
longer, s trik in g ly  th ick . O ccasionally  in te rm ed ia ry  cells w ith o u t spines. 
K isszék , Ju n e  Ju ly

T h is form  differs from  th e  n o m in a te  species by  its s tr ik in g ly  th ick  spines-

4. Scenedesm us Szem esii H o rto b . n . sp.

Figs 6 7

Cells cy lindrical, to u ch in g  each  o th e r  over th e ir  e n tire  len g th . O u ter 
w alls of ex trem e cells convex . Cell d im ensions 11.5 — 1 3 x 4 .5  — 5.2 /л. Poles 
o f ex trem e cells ad o rn ed  w ith  one v e ry  th ic k , sho rt (1 .8 —2.2 p) b lu n t pegs 
p o in tin g  o u tw ard ; th e y  have  developed  in  one of th e  d iagonals of th e  coeno- 
b iu m  on th e  fro n ta l p a r t ,  th ere fo re  w ell discernible; in th e  o th e r  d iagonal, 
a t  th e  back , these  pegs are  h a rd ly  p e rcep tib le , th o u g h  th e y  m ay  be seen in 
a superio r view . B eside th em , one la rg e r pap illa  is fo rm ed . Cells covered only 
on one side w ith  a m ucous, s tro n g ly  e lev a ted  ban d . These are  c learly  percep tib le  
in a fro n ta l view  on th e  ex trem e  cells, while on the  o th e r  cells th e y  can best 
be view ed from  above. P a r ie ta l ch lo ro p last including one large py reno id .

D anube, A ugust. V ery  ra re .
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F igs 6— 7. Scenedesmus Szem esii Hortob. n. sp.

The new species differs from  all o th e r  Scenedesmus species b y  its  sh o rt, 
s q u a t , b lu n t p ro jec tions and  the th ic k  m ucous b an d  d ecu rren t only  on one 
side o f the  cell.

5. Scenedesmus U herkovichii H o rto b . n . sp.

F ig . 8

E longate , cy lind rica l cells, to u c h in g  one an o th e r over th e ir  3 /4 — 4/5 su r
face. Poles dom ed. Cell dim ensions 12.3  1 5 x 2 . 5  — 4 /л. Poles o f ex trem e  cells
w ith  one o u tw ard -p o in tin g , a rc u a te -u n d u la te , s trik in g ly  th ick , b lu n t, 16 18 ц
long  spine each. B o th  ex trem e and  in te rm ed ia ry  cells w ith  one row of papillae 
on long itu d in a l axis. P ap illae  locally  coalescing. On th e  poles of in te rm e d ia ry  
cells m ucous spines w ith  wide b ases and  small sp ines, or den tic les m a y  be 
observed . Cells enve loped  in  1 — 1.5 /л th ic k , grooved m ucous sh ea th . P a rie ta l 
ch lo ro p last including one well devi loped  pyrenoid.

D anube, A ugust. Rare.
T he new species w idely d iffers from  all o th e r Scenedesm us b y  its  th ick  

an d  a rcu a te , b lu n t ex trem e  spines, th e  grooved m ucous sh ea th , th e  row  of 
p ap illae , the  po lar m ucous spines a n d  by  the  e longa tc ly  shaped  cells.
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D IA G N O SE S

1. Scenedesmus Berczikii Hortob. n. sp.

Figs 1— 2

Cellulae elongate cylindricae, sese cca. parte 3/4 superficiei lateralis attingentes, 10.5—  
1 3 x 3 — 4.7 /z, pariete extrorso cellularum extim arum  forte parum convexo, polis sem iglobose 
rotundatis, membrana granulis distinctis, circa polos majoribus, cooperta; polis 1 vei 2 incras- 
sationibus, pileiform ibus, m agnis, obliquis, ad polos cellularum extim arum  plerumque m ajori
bus, nonnunquam  fere polos vicinos attingentibus. Chloroplastis parietalis, cum  pyrenoida  
unica, bene evoluta. D una, IX . Raro.

Species haec nova forma cellularum et coenobiorum Scenedesm um  ecornem  (R alfs) 
Chod. in m entem  revocat. M embrana granulata eius propinquitatem  cum  Scenedesmo granu- 
lato  W . et W . indicat. A specibus supradictis et taxonibus eorum minoribus incrassationibus 
1 vel 2 ad polos d ispositis, m agnis, bene evolu tis, scutelliform ibus, verrucosis bene distinctus.

2. Scenedesmus K issii Hortob. n. sp.

Figs 3— 5

Cellulae ovales, ellipsoïdes, superficie parva sese attingentes, 9— 1 2 x 5 .6 — 8 ц , m em 
brana non levi, coenobia laxa formantes; in polis om nibus spinis singulis, longitudine aequa- 
libus, tenuissim is, parum arcuatis, raro rectis, 7— 11 f l  longis, acutatis ornatae, Chloroplastis 
parietalis, pyrenoida bene evoluta . Duna, У. —  Raro.

Propter formám cellularum  et partim  spinarum Scenedesmus ellipticus (W . et W .) 
Chod. ei proxim us. Ab eo forma cellularum et spinis longis gracilibus, in om nibus polis dispo
sitis d istinctus.

3. Scenedesmus Kissii Hortob. f. crassispinosus (K iss) H ortob . com b. n.

M agnitúdó cellularum  7.2— 1 0 .5 x 3 — 4.5 [i. Spinae polorum sunt m agnitudinis cellu
lae, aut paulisper longiores, conspicue crassae. Nonnunquam  cellulae interm ediae non habent 
spinas. —  K isszék, V I—V II. —  Fig.: Folia Cryptogamica 2/4. Tab. XV. F igs 21, 26.

Cum specie discrepat suis spinis, conspicue crassis.

4. Scenedesmus Szem esii Hortob. n. sp.

Figs 6 — 7

Cellulae cylindricae, m axim a parte longitudin is sese attingentes, 11.5— 1 3 x 4 .5 —5.2 /n; 
cellulae extim ae lateribus extrorsis convexis, in polis appendicibus singularibus crassis, trunci- 
form ibus, 1.8— 2.2 longis, extrorsis, apice late rotundatis, superne v isu  om nibus sim ul obser- 
vabilibus, a latere secundum  unum  diagonalem  tantum  dispositis, secundum  alterum  pariter 
haud conspicuis, praeter eas granulis singulis majoribus ornatae. Cellulae m ediae om nes in uno 
latere coenobii, cellulae autem  extim ae in latere extrorso cristis longitudinalibus, singulis 
m ucilagineis, satis crassis, valde altis, in cellulis extim is etiam  e latere, in cellulis ceteris 
superne visu conspicuis. Chloroplastis parietalis, in eo pyrenoida unica bene evoluta.

D una, V III. Rarissim e.
Species nostra appendicibus cellularum  extim arum  brevibus, crassis, trunciform ibus 

et cellulis cristis singularibus, longitudinalibus, in uno latere tantum  dispositis, m ucilagineis, 
valde em ergentibus ab om nibus taxonibus generis Scenedesmus bene distincta.

5. Scenedesmus Uherkovichii Hortob. n. sp.

F ig. 8

Cellulae elongate cylindricae, parte 3 /4— 4/5 longitudinis sese attingentes, 12.3—  
1 5 x 2 .5 — 4 fi, polis valde rotundatis; cellulae om nes indum ento 1— 1.5 ц  crasso, m ucilagineo, 
fibrilloso  in cellulis extim is a latere etiam conspicuo coopertae, deinde seriebus singulis longi-
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tudinalibus, m edianis granulorum  in nonnullis locis conniventibus instructae. Cellulae coeno- 
biorum  extim ae polis spinis singulis, extrorsis, inclinatis-undulatis, exim ie crassis, obtusis, 
16— 18 f i  longis arm atae. Cellulae m ediae polis sp in is-denticulis m ucilagineis, ad basin dila- 
ta tis  ornatae. Chloroplastis parietalis, pyrenoida bene evoluta.

Duna, V III. Raro.
Species nostra sp in is crassis, inclinatis, obtusis, extim is, indum ento mucilagineo, fibril- 

loso, deinde seriebus granulorum  longitudinalibus, spinis m ucilagineis polorurn atque cellulis 
elongatis ab om nibus taxonibus descriptis generis Scenedesmus bene distincta.

*

Species novae superius descriptae in honorem hydrobiologorum  egregiorum  Hungáriáé: 
dr. Árpád B e b c z i k , dr. Istv á n  K iss , dr. Gábor S z e m e s  et dr. Gábor U h e r k o v i c h  nomi- 
natae sunt.
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THE INFLUENCE OF MONOCHROMATIC BLUE 
AND RED LIGHT ON THE ELECTRON MICROSCOPE 

STRUCTURE OF CHLOROPLASTS
By

I. H o r v á t h , F . K á l m á n  and E . A. T i t l y a n o v *

DEPARTMENT OF BOTANY, JÓZSEF ATTILA UNIVERSITY, SZEGED 
•PHOTOSYNTHESIS DEPARTMENT, FAR EAST OCEANOBIOLOGICAL INSTITUTE OF THE ACADEMY OF

SCIENCES, USSR

(R eceived Septem ber 17, 1975)

Pepper p lants cultivated in near-monochrom atic blue and red ligh ts generally 
exhibit parallel growth betw een the ex ten t o f granulosity o f  chloroplasts, the number 
o f grana-vesicles and the increm ent o f wavelength. The photosynthetic  production  
is primarily dependent on granularity.

Introduction
T he e lectron  m icroscope s tru c tu re  of th e  ch lo ro p last is s ig n ifican tly  

a ffec ted  by  ligh t. B est know n is th e  effect w hich lig h t in te n s ity  ex e rts  on the  
dev e lo p m en t of g rana  an d  s tro m a  th y lak o id s  ( P r i o u l , 1973; B r a n g e o n , 1973).  
D ep ic ted , th e  c h a ra c te r  of th is  e ffec t y ields an  o p tim u m  curve  w hich , how 
ev er, is su b jec t to  m od ifica tion  dep en d in g  on w h e th e r i t  is an  exp ression  of 
shade  or ligh t ecop lan ts or i t  re flec ts  th e  n u m b er of ch lo ro p lasts  p re se n t in 
th e  v a rio u s tissue cells.

N e x t to  s tru c tu ra l differences, lig h t in ten s ity  in fluences th e  q u a n tity  
o f p h o to sy n th e tic  p ig m en t system  as w ell as its q u a lity . I t  is w ide ly  recognized 
th a t  low er ligh t in te n s ity  increases th e  q u a n tity  of ch lo ro p h y ll b while it  
red u ces th e  caro teno id  co n te n t (G r a h l , 1972).

T em p era tu re , besides lig h t in te n s ity , also g rea tly  in fluences g ranum  
d ev e lo p m en t. In  th e  in stan ce  of so y b ean  a g rea te r n u m b e r  an d  size la rger 
g ran a  develop a t h igh te m p e ra tu re  a n d  in  lower ligh t in te n s ity  ( B a l l a t i n e  
an d  F o r d e , 1970). O f th e  m odes of lig h t effects, less w ell-know n is th e  role 
q u a lity  p lays on th e  ch lo rop last s tru c tu re , since co n ten t analy sis  can  on ly  be 
u n d e r ta k e n  in near-m o n o ch ro m atic  lig h t. The s tu d y  o f th is  effect is im p o r
t a n t  b ecause , as described  in  ou r ea rlie r p a p e r ( H o r v á t h  an d  Sz a l a y , 1974),  
en erg y  m ig ra tion  induced  b y  th is  w av e len g th  influences p h o to sy n th e tic  p ro 
d u c tio n , as assays con d u c ted  in  near-m o n o ch ro m atic  lig h t d em o n stra te .

Materials and methods
Near-m onochrom atic ligh t was produced by Zeiss m anufactured m etal interference

filters.
Considering the absorption spectrum  o f  chlorophyll a and b, the follow ing interference 

filters w ith  m axim um  transm ission were utilized: 425, 450, 475, 650 and 675 nm. Two pigm ent 
com ponents absorbed energy in widely varying ratios from the light transm itted by these 
filters.
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For light source a ha logen  lam p o f 1 kW  was used and infrared rays were filtered through  
a 10 cm  thick running w ater layer. For control, p lants were grown under this lamp. L ight 
energy was the same un der the filters and at the control points: 7.2 • 1 0 ~ 3 cal cm -2 m in -1 . 
Illum inance was rendered for 12 hrs during the day, n ig h t tim e tem perature was ab. 20°C 
and 28 °C in the day tim e.

W hite peppers from  th e  region of K eszthely were used as assay plants. The filters were 
placed on double-walled culture boxes where the p lants grew in sand. The alternate walls 
o f th e  culture boxes were perforated. Aeration was thus ensured and lig h t penetrated the inner 
space o f the box only th ro u g h  th e  interference filters. (The walls o f each box facing each other 
were o f black colour.)

The plants were exam in ed  when they  were 1 4  days old. (Owing to the sm all-sized  
interference filters, the p lan ts could n o t be grown for a longer period.) P igm ent content o f  
th e  sem inal leaf was determ ined ( H o r v á t h  and S z a l a y , 1 9 7 4 ) ,  i .s  tissue structure exam ined  
b y  ligh t microscope and th e  structure of the chloroplasts by electron microscope.

For the electron m icroscopic analysis sm all pieces were taken  from  5 seminal leaves 
and fixed  in 3% glutaraldehyde. After 3 hrs of fixation  the segm ents o f tissue were washed  
in  phosphate buffer and postfixed  in 2% K M n 04. In the ethanol dehydrated m aterial was 
em bedded in durcupan ACM.

Ultrathin sections were stained w ith uranyl acetate and lead cytrate and exam ined  
w ith  100B type JEM  electron  microscope.

W ith respect to  th e  electron microscope structure of the chloroplast, primary stress 
was laid on ratio determ ination  betw een the grana and strom a as well as the number of vesicles 
build ing the grana.

Results and discussion

The g rana  ra t io  w as estab lished  on th e  basis o f th e  cross section  b y  
ca lcu la tin g  the  g ran a-o ccu p ied  area  for th e  e n tire  cross sec tio n  in percen tage. 
T h is  is of course a re la tiv e  n u m b e r b u t  i t  re f le c ts  w ell th e  g ra n u la r ity  of th e  
p las tid s .

P lan ts  g row n  a t  w aveleng ths of 450 a n d  475 n m  h ad  ch lo rop lasts o f 
w eak  g rana  s tru c tu re  an d  th e  g ran a  vesicles n u m b e r g en era lly  lay  betw een  
2 — 5 (P lates I  an d  I I ) .  P la s tid s  o f p lan ts  ra ised  in  lig h t o f 425 nm  w aveleng th  
co n ta in ed  2 6 p ro la m e lla r  bodies, w hereas th e y  w ere lacking from  o th e r
sam ples sub jec ted  to  th e  id en tica l assay  cond itio n s.

P lastids o f p la n ts  ra ised  in  ligh t o f 650 an d  675 nm  revealed  b e tte r  
developed  g rana  a n d  th e  n u m b e r of vesicles la y  s ig n ifican tly  h igher, be tw een  
6 an d  12 (P la tes I I  a n d  I I I ) .

A ccording to  th e  line of progress, th e  fo llow ing n u m erica l resu lts  w ere 
o b ta in ed  (Table 1):

T ab le  1

W avelength
Participation ratio 

of grana in %
Dry weight of a 

single plant in mg

450 nm 11.6 5.2

475 nm 17.5 5.5

675 nm 23.3 6.5

425 nm 23.9 7.0

650 nm 38.3 8.1
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Plate I .  1 : P lastids o f  plants raised in ligh t o f 425 nm w avelength (m agnification 20 000). 
2: 450 nm (m agnification 20 000). Explanation: a =  grana, b =  prolamellar body, c =  m ito 
chondria, d =  cytoplasm , e =  cell wall, f  =  endoplasm atic reticulum , g =  deformed grana
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Plate I I .  3: Plastids o f p lan ts raised in ligh t o f  475 nm wavelength (m agnification 20
4:  650 nm (m agnification 20 000)
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Plate I I I .  5: P lastids o f plants raised in ligh t o f 675 nm wavelength (m agnification 20 000)
6: control (m agnification 20 000)
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i. 0

30

dry weight in mg

Fig. 1. Relationship betw een  the participation ratio of the grana and the dry weight
of plants

I t  can  be asce rta in ed  t h a t  th e  g ra n u la rity  o f  ch lo rop lasts  an d  th e  d ry  w eigh t 
o f p lan ts , re sp e c tiv e ly , a re  in  close re la tio n sh ip  w hich is n ea rly  linear b e 
tw een  them  (F ig . 1).

The resu lts  in d ic a te  th a t  the  n u m erica l increase o f  th e  vesicles b rings 
a b o u t an acce lera ted  p h o to sy n th e tic  a c t iv i ty . N ex t to  th e  n u m b er of vesicles, 
th e  grana ra tio  is th e  m ost im p o rta n t; i t  even  seem s th a t  th is ra tio  is th e  
p rim a ry  fac to r w h ich  stim u la tes  p h o to sy n th e tic  a c tiv ity . The p lan ts  grow n 
u n d e r  the filters o f  425 and  675 nm  e x h ib ite d  g rea t n u m erica l difference con
cern ing  th e ir g ra n a  vesic les, w hereas th e  p a r tic ip a tio n  ra tio  o f the  grana an d  
also of the d ry  w e ig h t is alm ost of co rresp o n d in g  va lue .

R E F E R E N C E S

B a l l a t i n e , J. E. M. and F o r d e , B. J. (1970): The effect o f light in ten sity  and tem perature  
onjplant grow th and chloroplasts ultrastructure in soybean. Am er. J .  Bot. 57 , 1150 — 
1159.

B r a n g e o n , J. (1973): E ffe c t of irradiance on granal configurations of Zea m ays bundle  
Sheath Chloroplasts. Photosynthetica 7 , 365 — 372.

G r a h l , H. and A l o y s i u s , W. (1972): Die V ariabilität der Grösse der Photosyntheseeinheit 
bei Licht- und Schattenpflanzen. U ntersuchungen zur P hotosynthese von experim en
tell induzierten L ich t- und Schattentypen v o n  Sinapis alba.

H o r v á t h , I. and S z a l a y , L. (1974): P hotosyn thetic  production and wavelength-dependent 
energy m igration. A cta  Biochim. et B iophys. Äcad. Sei. H ung. 10 , 123 — 128.

P r i o u l , J. L. (1973): E clairem ent de croissance et infrastructure des chloroplastes de Lolium  
multiflorum L am . R elation avec les résistances du transfert de C 0 2. P hotosynthetica  
7, 3 7 3 -3 8 1 .

Acta Botanica Academiae Scientiarum Hungaricae 21, 1975



Acta Botanica Academiae Scientiarum Hungaricae , Tomus 21 ( 3 —4 ) ,  p p .  279  — 287 (1975)

CRYOBIOLOGICAL R E SE A R C H E S  
IN  T H E  HIG H  TATRA II.

By

E . K o l

BOTANICAL DEPARTMENT, HUNGARIAN NATURAL HISTORY MUSEUM, BUDAPEST 

(R eceived February 21, 1974)

The first part of the stu dy  was published in the A cta Bot. H ung., 1975, 21: 
1— 2. The present part sum m arizes the known m icroorganism s of the snow surfaces 
in the H igh Tatra, their conditions of occurrence and the various cryobiotopes. The 
snow vegetation  o f the H igh T atra is highly diverse, m icroorganism s inhabiting rem oved  
regions occur also here. Owing to  its central position , th e  H igh Tatra is an aerobio- 
logically im portant centre, harbouring not only cryobionts o f the Northern H em i
sphere, but also some of the Southern Hemisphere. The third period of cryobiological 
investigations in the High Tatra is also discussed.

The snow microorganism s of the H igh Tatra 
and their geographical distribution

In  T able 3, d a ta  re la te d  to  the  cond itions o f  occurrence o f m icro 
organism s fo u n d  so fa r on th e  snow  spots and  th e  snow  fields o f th e  H igh 
T a tra  are given accord ing  to  lo ca lity , a ltitu d e , a u th o r , p H , colour o f snow , 
frequency , cryobiological c h a ra c te r  and  d is tr ib u tio n .

I t  appears from  th e  T ab le  t h a t  a to ta l  o f 67 m icroorgan ism s have so fa r 
been  know n from  th e  snow  su rfaces of th e  H igh T a tra ,  p a r t ly  from  lite ra tu re , 
an d  p a r tly  from  the in v es tig a tio n s  of K o l .

A m ong th e  67 species, th e re  are  2 Chrysophyta, 35 Chlorophyta , 22 Cyano- 
p h y ta , 5 F ung i an d  B acteriophyta , 34 of the  species are cry o b io n ts , 9 species
are cryophilous an d  24 species are  of a cryoxenous ch a ra c te r .

A m ong th e  species of a c ryoxenous ch a rac te r, cyanophytes p red o m in a te ; 
these  arrive to  th e  snow -surface p ro b ab ly  from  th e  neighb o u rin g  rock  w alls. 
A m ong the  c ry o b io n ts , th e  ch lo ro p h y tes  are th e  p re p o n d e ra n t ones.

There are algae w hich  p ro p a g a te  in  ce rta in  a reas  so m uch a b u n d a n tly  
th a t  th e y  cause cry o sesto n  co lo u ra tio n s. Such is C hlam ydom onas n iva lis  causing  
red  snow (B au ./W ille ; P l. I ,  F igs 4 — 6), one of th e  m ost w ide-sp read  cryob io n ts  
is Chlamydomonas sanguinea  L ag . (P a r t . I ., P l. I , F igs 42 47). Scotiella tatrae
K ol (P a rt I ., P l. I , F igs 30, 36), causing p ink  snow  in  th e  T a tra  M ounta ins,
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has so fa r  been know n  on ly  from  th a t  reg ion . C hlam ydom onas flavovirens  
R o s ta f . and  Chlam ydom onas rosta fin sk ii S ta rm ach  e t  K av eck a  (P a r t  I., Pl. I, 
F igs 51 54) cause yellow  sesto n  d isco lou ra tion . The yellow  and  red  snow  bloom s
are  ch a rac te ris tic  sesto n  colours in  th e  snow  o f th e  G ran ite  T a tra . Chrom ulina  
ettlii H in d ák  causes yellow ish-b row n snow  co loura tions.

A charac teris tic  co loured  snow  of th e  lim estone reg ion , o f th e  Bela 
L im esto n e  Alps, is th e  g reen  snow  caused  b y  K oliella  tatrae (K o l/H in d ák ; 
P l. I ,  F igs 23 — 29) an d  b y  Carteria gyoerffy i Kol (PI. I, F igs 1 — 9).

B lack  snow c h a ra c te r is tic a lly  occurs in th e  snow  of th e  T a tr a  M ountains. 
I t  is caused  p a rtly  b y  ca rb o n iza tio n , p a r t ly  b y  Chlorobacteria a n d  o th e r b a c te 
r iu m  species.

A num ber of algal species live exclusively  in  th e  T a tra  M oun ta ins, for 
ex am p le  Carteria g yo er ffy i  K ol (P l. I , F igs 1 —8), C hlam ydom onas rosta finskii 
S ta rm a c h  e t K av eck a  (P l. I ,  F igs 51 — 54), Chlam ydom onas fla vo v iren s  R ostaf. 
A n kistrodesm us long issim us  v a r . rosta finsk ii K ol, Scotiella tatrae K ol (Pl. I, 
F igs 31 — 33), C osm arium  subspeciosum  v a r. schaarschm idtii K ol, Cryptomonas 
fr ig o r is  H indák , C hrom ulina ettlii H in d ák . F o r th e  tim e being , th ese  can he 
co n sid ered  as endem ic p la n ts  o f th e  H igh  T a tra .

The H igh T a tra , h av in g  a cen tra l positio n  in E u ro p e , h a rb o u rs  a num ber 
o f  a lgae w hich occur on th e  snow  fields o f E u ro p e , N o rth  A m erica  and  also 
o th e r  d is ta n t regions, fo r exam ple  Chlam ydom onas n iva lis, Trochiscia cryo- 
p h y la , Troch. n ivalis, Tetraedron valdezii, R aphidonem a n iva le , Chlamydo
m onas sanguinea, Scotiella cryophila, K oliella  tatrae. Chionaster bicornis Kol, 
one o f th e  ch a rac te ris tic  snow  fungi o f N o rth  A m erica an d  even  of A laska, 
occurs also in the  T á tra .

N ivicolous a lgae, so fa r  know n only  from  th e  snow  surfaces of th e  
C a rp a th ia n s  can also be fo u n d  in  th e  T a tra , e .g . Carteria gyoerffy i K o l , R a p h i
donem a tatrae v a r. fogarasiensis  K ol, and  o th ers . On th e  o th e r h a n d , there  are 
also som e species en d em ic  a lm o st only  in  th e  N o rth e rn  H em isp h ere : Chionaster 
n iva lis  (Bohl.) W ille, Ch. bicornis and  o ther.

B ipolar m icroorgan ism s also live in th e  T a tra ;  th e y  have  b een  found so 
fa r  on th e  snow surfaces o f th e  N o rth e rn  an d  S ou thern  H em ispheres. Such are 
R aphidonem a nivale  L ag erh ., Scotiella n iva lis  (Chod.) F r its c h , Selenotila 
n iva lis  L agerh ., Trochiscia n iva lis  L agerh ., Chlam ydom onas sanguinea, Meso- 
taen ium  berggrenii (see T ab le  3).

As fa r as aerob io logy  is concerned , th is  v a r ie ty  in  th e  snow  v ege ta tion  
o f th e  T a tra  and th e  d iffering  origins of the  m em bers of th e  snow  algal associa
tio n  as well as th e ir  d is tr ib u tio n  in d iffe ren t d irections can be exp la ined  b y  
th e  ce n tra l position  o f th e  T a tra .

A num ber o f species is also found  am ong th e  snow  algae o f th e  T a tra  
w h ich  are endem ic in  th e  m o u n ta in s  ly ing  n ea r to  i t ,  n am e ly  in th e  C ar
p a th ia n s , or in th e  B a lk an  M ountains.
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R ecent cryobiological researches in the Tatra; 
the third period of cryobiological researches

The th ird  perio d  w hich can also be called th e  m o d ern  age of c ry o b io 
logical researches b eg an  w ith  th e  e x am in a tio n  of th e  p h y sica l and  chem ical 
ch a rac te ris tic s  of h a b ita ts . The d e te rm in a tio n  of th e  p H  v alue  of snow in th e  
H igh T a tra  w as begun  b y  K ol  in 1932 (see th e  C hap te r on p H  m easu rem en ts). 
She carried  ou t p H  and  te m p e ra tu re  m easu rem en ts o f ice and  snow in th e  
Alps in 1933, and  a t vario u s po in ts of th e  R ocky M o un ta ins in N orth  A m erica 
in 1936. She classifies th e  cryobio topes on th e  basis of th ese  p H  m easu rem en ts 
(see K ol  1968. 26).

M easurem ents o f th e  pH  values o f cry obiotopes w ere con tinued  in v a r i 
ous p a r ts  of th e  w orld : H . F u k u s h im a  in  J a p a n  (1953), and  in the  A n ta rc tica  
(1959); R . K . G a r r i e  in  N orth  A m erica : O lym pic N a t. P a rk , M t. R a in ie r 
N a t. P a rk , and  in  o th e r  m o u n ta in s  (1965): W . H . T hom a s  in  the  Sierra N ev ad a , 
C alifornia (1969); G. E .  F ogg  in  th e  snow  fields o f th e  A n ta rc tica  (1959);
S. E u r o l a  in  F in la n d  an d  in  th e  S p itzbergen  ( K o l — E u r o l a  1973); J .  P .  
P e t e r s o n  in the  C arstens M ountains o f New G uinea (1973).

In  1833, Ch o r u s  carried  ou t lig h t m easu rem en ts  in connection  w ith  
cryobiological researches in the  Ju n g fra u  Pass ( K ol  1968); o thers have also 
con d u c ted  p H  an d  o th e r  m easu rem en ts in  connection  w ith  q u a n tita tiv e  snow  
v eg e ta tio n  e x am in a tio n s  since th a t  tim e : G. B. F ogg  (1970) in th e  A n ta rc tica ; 
W . H . T h o m a s  in th e  S ierra  N evada, C alifornia (1969); S. E u r o l a  in F in lan d  
an d  in  th e  S p itzbergen  ( K ol  E u r o l a  1973); J .  P . P e t e r s o n  in the  C arstens 
M ounta ins of N ew  G uinea.

As regards th e  cu ltiv a tio n  of snow7 m icroorgan ism s, an d  o b ta in in g  th e  
pu re  species cu ltu res  A. E . F l in t  Avas th e  f irs t  to  succeed in  cu ltiv a tin g  som e 
algal c ry o b io n ts , on one o f th e  island  g roups of the  A n ta rc tic a , from  th e  green 
snow  collec ted  on th e  B ailey  Islands ( K o l — F l in t  1967). G. E . F ogg  carried  
o u t cryobio logical, physio logical q u a n tita tiv e  researches an d  se t up c u ltiv a 
tions in th e  O rkneys. S t e i n  and B r o o k e  (1964) cu ltiv a te d  Sphaervllopsis rubra 
S te in  e t  B rooke, an  alga from  th e  snow  surfaces o f th e  S eym our N a t. P a rk  
in  B ritish  C olum bia; J .  S t e i n  (1963) cu ltiv a te d  C hrom ulina chionophila  S te in  
from  the  snow  o f B ritish  C olum bia.

Tt is a w elcom e phenom enon  th a t  cryobiological researches to d ay  have 
ta k e n  a g rea te r  im p e tu s  in  the  H igh T a tra . W . H . T h o m a s  (1970) carried  ou t 
v a rious m easu rem en ts , researches, q u a n tita tiv e  analyses, an d  se t up cryoalga 
cu ltiv a tio n s in th e  S ierra  N evada, C alifornia.

Physio logical, coenological, cryophysiological researches and  cryoalga 
cu ltiv a tio n s  have begun .

In  th e  H igh T a tra , H i n d a k  succeeded in c u ltiv a tin g  p u re  s tra in s  of one 
ch a rac te ris tic  alga of th e  green snow  in th e  Bela L im estone  Alps, nam ely
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Table 3

The d istribution o f  the microorganism

Microorganisms Locality Author

A l g a e
C h ry so p h y ta
C hrom ulina ettlii H indák 12 н
C ryptom onas frigoris  Jav. et H indák 31 J - H

C h lo ro p h y ta
V o l v o c a l e s

Carteria gyoerffyi Kol 5 К4, Р, к
Carteria n ivalis  var. minor Kol 11 К,
Chlamydomonas flavovirens Rostaf. 24, 27 Be, P, Ps, R
C hlamydomonas n ivalis  (Bau.) W ille 1 - 4 ,  7 - 1 1 ,  1 2 - К , К „  К 5, К г>_ 9,

23, 2 4 - 2 7 ,  29 .1. М. Р. В. S
Chlamydomonas rosta finskii Starm ach et K avecka 2, 25 J, Н, St
Chlamydomonas sanguinea  Lagerh. 12, 21 К 8, Kjj
F ortiella  scrobiculata Pascher 1, 2, 3, 4 К „  К-
Haematococcus lacustris (Girad) R ostaf. =  Chlamy-

domonas nivalis (B au.) W ille. 2, 27 Р, и
Pterom onas n ivalis  Chod. = Scotiella n ivalis

(Chod.) Fritsch 2, 3 Kj, Sch
P r o t o c o c c a l e s

A nkistrodesm us longissim us (Lem m .) W ille var.
rosta fin sk ii Kol. 1, 11 К„ к 3, к 7

A nkistrodesm us tatrae Kol =  Raphidonem a tatrae
K ol =  Koliella tatrae (K ol, Gyorffy) Hindák 1, 5 Kj, к 4, н

Scenedesmus cf. bijugatus (Turpin) Kg. 25 St
Oocystis gigas var. borgei Lemm. f. nivicola  Kol 12, За к
P leurococcus vulgaris var. cochaerens W ittr. 5, 7, 13, 14, 15, За К , К 9, Sch
Scotiella cryophila Chod. =  Pteromonas cryophila

Chod. 2, 26 Ps, К
Scotiella n ivalis  (Chod.) Fritsch =  Pterom onas

n iva lis  Chod 2, 3, За, 7, 11, 14, К , К „ К 5, К „  Р,
20, 22, 23, 29 Si

Scotiella tatrae Kol 10 к.
Tetraedron valdezii Kol За, 5, 7 ,1 2 - 1 6 ,1 9 к. к 8
Trochiscia nivalis Lagerh. 22 Si
Trochiscia cryophyla  Chod. 13 к
Scotiella norvegica Kol f. m inor Kol 13 К 9

U l o t r i c h a l e s
Gyoerffyella tatrica Kol =  Gyoerfyella tatrae K ol =

Gyoerffyella rotula (Hohni) Marv. 1, 2, 11 К „  Kä, К ?, Р
H orm id iopsis crenulata (K g.) Heering 11 к?
K oliella  tatrae (Kol in Gyorffy) Hindák 11, 12, 14 К, К-, К 8, к 9
K oliella  tatrae, var. fogarasensis (Kol) Hindák 11 К7
Raphidonem a brevirostre Scherffel 2, 3, За, 12, 14 к, к „  к 5, к 8
R aphidonem a nivale Lagerh. 1, 3, За, 6, 7, 12, К . К,. К 5, К 8

13, 15, 1 7 - 2 0
Raphidonem a sabaudum  f. tatrica Kol 11, 12 К 8
Raphidonem a longissimus var. rosta fin sk ii K ol =

Ankistrodesm us longissim us var. ro s ta fin sk ii. Kol 1 к„ к 5
Stichococcus n ivalis  Chod. 11, 12, 13 к, к.. к 8
U lothrix flaccida  Kg. 1 Kj, k 5
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in  the snow  o f  the H igh  Tatra

Character of the snow Occurrence Type of 
the 

micro- 
org.

Distribution
Altitude pH Colour Granité Lime

stone

1600 5.1 y —br ra cb ra ra
2000 r cb ra — —

1 7 0 0 -1 8 0 0 6.5 —6.0 g C cb ra
1500 — b — — cb ra — _
1880 — y — — cb

1680, 2000, 2180 5 .5 - 5 .4 г, b — — cb c c c

2000 — У ra _ cb ra _ _
1950 5.5 Г ra _ cb ra ra —

1340, 2180 5 .5 —6.0 — ra — ex ra — —

— - r c - cb c c c

1680, 2150 5.5 r, b - - cb c c — ■

1340, 1800 5.5 b r ra cb ra - —

1340, 1500 6.5 —6.0 g ra c cb c ra ra
— — y ra — cb ra — —

1700 5.5 b ra — cp ra — —
1700, 1950 5.5 b c ra cp c c ra

2180 5 .5 - 5 .4 Г ra — cb ra ra ra

1340, 2180 6 .5 - 5 .4 r, g, b , p c ra cb c c c

2000 5 .5 - 4 .4 r, p ra _ cb ra
1800, 2700 5.5 g ra — cb ra ra ra

2000 — ra — cb ra ra ra
— — b ra — cb ra ra ra

1950 5.5 b ra — cb ra ra —

1340, 2180 6 .5 —5.5 r, g ra ra cp ra
1500 — — ra — ex ra — —

1340, 1500 6.5 —5.5 g ra c cb c ra ra
1500 — ra — cb ra ra —

1710, 2180 5.5 Г ra — cb ra ra —
1340, 1680, 1710, 6.5 —5.4 r, g c ra cb c c c

2250

1500 — — ra - cb ra - —

1340 6.5 —6.0 g _ ra cb ra _ _
1500 5.5 b ra — cb ra — —
1340 6 .5 - 6 .0 g ra ex ra
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Table 3 (co n t.)

Microorganisms Locality Author

C o n j u g a l e s  
D e s m i d i a c e a e  

A ncylonem a nordenskiöldii Berggr. 25 St
C osm arium  subspeciosum  Nordst. var. schar schmid- 

tia n u m  Kol 2 К,
Cylindrocystis brebissonii var. minor W est, et 

W est. 11, 12 к 7, к н
M esotaenium  berggrenii (W ittr.) Lagerh. 16 к
M esotaenium  macrococcum  var. micrococcum (K g.) 

G. et W. West. 11, 12 к 7. к 8

Cyanophyta
Aphanocapsa nivalis Lagerh. 1 к,, к 5
Chalothrix parietina  (N eeg.) Thur. 11 к.
Chroococcus rufescens (B réb.) Näg. 2 к. к 5
Chroococcus scherffelianus Kol 2 к, к,5
Gloeocapsa alpina  Näg. 1, За, 15, 19, 28 К. К ,. К 5, К 8, R
Gloeocapsa kuetzingianum  Näg. 1, 12, За к. к,. к 5, к 8
Gloeocapsa magna (Bréb.) Kg. За к
Gloeocapsa m uralis Vig. За к
Gloeocapsa ralfsii (H arv.) Lemm. 1, 2, 3, 7, 11, 12, к, к,, к 3, к ;. к 8

Gloeocapsa ralfsiana  (H arv.) Kg. =  Gloeocapsa 
ra lfsii (Harv.) Lemm.

15, 16, 19, 20, За 

22, 28 Si, R
Gloeocapsa sanguinea (A g.) Kg. 2, За, 13, 19 к, к,, к 5
Gloeocapsa turgida (K g.) Hollerbach 25 St
Gloeothece fuscolutea  Näg. За к
Nostoc fuscescens Fritsch 2

к,. к 7Petalonema densum  (A. Br.) Mig. 2
P horm idium  fr ig id u m  Fritsch 1 к ,
Romeria cryophyla Kol 11, 13 к 7. к 8
Siphononem a polonicum  (R ac.) Geitler status 

pleurocapsoides 11 К7
Stigonema hormoides (Lagerh.) Ag. За к
Stigonema mam illosum  (L yngb.) Ag. 12, За к. к 8
Scytonem a minor (Schm idle) Lemm. 1 к,, к 3
Scytonema minor var. istvan ffiana  Kol 4 к 1- к -,
F u n g i
A sterothrix raphidioides (Reinsch) Printz 11 Кт
Chionaster bicornis Kol За. 10. 11. 15, 16, К . К 6, К 7, Si

Chionaster nivalis (B ohl.) W ille
19, 20, 22 

1, 3, 4, 8, 9, 1 0 - К . К,, к.„ К ;, Si,
20, 22, 29, За Sch

Gyoerffyella rotula (H ohn.) Marvanová =  Gyoerffy- 
ella tatrica Kol 30 м

Selenotila nivalis Lagerh. 1, 16 К. К;

B a c t e r i a
Sorochloris aggregata var. nivicola Kol 12 Ks
Chlorobacteria sp. 11, 12, 14, За К. К-, к 8

A bbreviations in Table 3 see p. 287.
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Character of the snow Occurrence
Type of 

the 
micro- 

org.
Distribution

Altitude PH Colour Granite Lime
stone

У r, r a c b r ,  r a c c

218 0 5.5 г r a - c p r — —

1500 5.5 b r a ___ c p ra
— — b r a — c b ra c c

1 3 4 0 - 1 6 8 0 5.5 b r a - e x r a — -

1340 6 .5  — 6.0 g r a c p r a ra
1500 — — r a — e x ___ ___ ___

2180 5.5 r r a — e x ___ ___ ___

2180 5.5 г r a — c p ___ ___ ___

1 3 4 0 - 1 7 1 0 5 . 0 - 5 . 5 g> b c c c b r a r a ___

1 3 4 0 - 1 7 1 0 5.5 b r a — e x r a ___ ___

1700 5.5 b r a — e x r a ___ ___

1710 5.5 b r a — e x ___ ___ ___

1 3 4 0 - 1 7 1 0 6 . 5 - 5 . 5 Г, b ,  g c ra cp c c c

___ r ra ex
1 7 0 0 - 2 1 8 0 5.5 — 5.4 г c ra ex c ra ra

— — y ra r ex ra —

2180 5.5 b ra — ex ___ ___ ___

2000 5.5 Г ra — ex ___ ___ ___

2180 5.5 Г ra — ex ___ ___ ___

1340 6.5 g ra ra ex ___ ___ ___

1 5 0 0 - 1 9 5 0 — b ra — ex - - -
1500 ___ _ ra ex
1700 5.5 b ra — ex ___ ___ ___

1700 5.5 1) ra — ex ___ ___ ___

1340 6.5 g ra — ex ___ ___ ___

2047 — — ra — ex — — —

1500 ra ex
1 3 4 0 - 2 2 8 0 5.5 Г , P ra — cb ra ra ra

1 3 4 0 - 2 1 8 0 6 . 6 - 5 . 5 g> b c c cb c ra ra

1800 ra ex ra
1 3 4 0 - 1 7 0 0 6.0 —5.5 g* b ra ra cb ra ra ra

1700 5.5 b ra cp ra
1 5 0 0 - 1 7 1 0 5.5 b ra ra cb ra ra ra
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K oliella  tatrae (K ol) H in d á k . T hen J a v o r n ic k y  and  H i n d a k  c u ltiv a te d  Chro- 
m u lin a  ettlii H in d ák , causing  th e  yellow ish-b row n c ryoseston  co lou ra tions in  
th e  T a tra . T hey also succeeded in  p u re  cu ltiv a tio n s  o f Cryptom onas frigoris  
J a v o rn ic k y  H in d ák , a ch ry so p h y te . T h e y  ca rried  o u t cryoecological, p h y sio 
log ical, optical and  o th e r  researches; an d  K o m a r e k , H i n d á k  and  J a v o r 
n i c k y , a t various p o in ts  of the  H igh  T a tra :  1. in th e  V alley  P od  S ikou; 
2. in  th e  V alley o f Z m szla  Velki Z n rz la ; 3. in  th e  V alley  M alá S tid en á  D olina; 
4. in  th e  V alley T r is tá rs k á  D olina ( K o m a r e k — H i n d á k — J a v o r n ic k y  1973).

S um m ary

The paper m en tio n s  67 m icroorgan ism s from  th e  snow  surfaces o f th e  
H ig h  T a tra ;  am ong th e m , 34 are c ry o b io n ts , 9 of cryoph ilous a n d  24 o f cryo- 
x en o u s ch a rac te r (see T able  3). T he m icroorgan ism s of tw o k in d s of red , one 
p in k  and  one yellow ish-b row n, tw o k in d s  of yellow , and  tw o k in d s o f  green 
cryosestone  co lo u ra tio n s are know n. I t  can  be s ta te d  th a t  th e  c ry o v eg e ta tio n  
o f  th e  H igh T a tra  is rich  in  species. F ro m  an  aerobiological p o in t o f v iew , • 
th e  H igh T a tra  is s ig n ifican t, its lo ca tio n  is c en tra l, and  th is  is how  th e  ra th e r  
fa r-reach in g  geograph ica l d is trib u tio n  o f snow  alga species o f th e  T a tra  M oun
ta in s  is exp la inab le .

On the  basis o f K o l ’s p H  m easu rem en ts , th e  p H  v alue  o f th e  snow  fields 
in  th e  G ran ite  T a tra  is betw een  5.5 an d  5.2, and  these  pH  values are c h a ra c 
te r is tic  of the red  an d  p ink  snow colours. The pH  value o f th e  snow  surfaces 
in th e  L im estone T a tra ,  th e  Bela L im estone  Alps lies b e tw een  6.5 an d  6.0, 
th e se  pH  values are  ch a rac te ris tic  o f th e  green cryoseston (see T ab le  2).

In  th e  course o f  cryobiological research es, th ree  periods can  be d is tin 
gu ish ed : 1. th e  o b se rv a tio n  of coloured  snow s; 2. m orphological, tax o n o m ica l 
an d  cytological re sea rch es  of the algae causing  coloured snow s, an d  in  general 
o f th e  m icroorgan ism s liv ing on snow  an d  ice surfaces; 3. investig a tio n s of th e  
p hysica l and  chem ical ch a rac teris tic s  o f cryob io topes; q u a n ti ta t iv e ,  p h y sio 
log ical, ecological, a n d  op tica l e x a m in a tio n s ; cu ltiv a tio n  o f cryo-m icroor- 
gan ism s and  th e  s e t t in g  up  of p u re  cu ltiv a tio n s .

C ryobiological researches in th e  H ig h  T a tra  a rea  belong  in  th e  th ird  
p erio d . K ol to o k  p H  m easu rem en ts (see T ables 1 and  2), K o m a r e k , H i n d á k  
a n d  J a v o r n ic k y  co n d u c ted  cryo-ecological, physio logical, an d  o p tica l r e 
search es in to  snow  co lou ra tio n s; an d  th e y  set up cu ltiv a tio n s of th e  new  species 
C ryptom onas fr ig o r is  H in d ák  Ja v o rn ic k y  an d  C hrom ulina ettlii H in d á k ; th e  
la t te r  from  the  yellow  and  yellow ish-brow n cryoseston  of th e  T a tra  M ountains. 
H i n d á k  also succeeded  to  o b ta in  a pu re  c u ltiv a tio n  of Koliella tatrae, causing  
th e  green snow in th e  T a tra .

The au th o ress  sum m arizes in  T ab le  3 th e  m icroorganism s of the  v e g e ta 
tio n  know n so fa r  in  th e  T a tra . The T ab le  reveals th a t  a n u m b er of b ip o la r,
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alp ine , a lp in e-a rc tic  m icroorganism s live in  th e  snow of th e  T a tra . A ccord ing  
to  K o l ’s classification , th e  c ry o v eg e ta tio n  o f th e  T a tra  belongs in  th e  th ird  
u p p e r c ry o v eg e ta tio n  ty p e  ( K o l  1968). Som e endem ic snow  alga species also 
belong here , to g e th e r w ith  species w hich  live also in the  snow  fields o f  N o rth  
A m erica , A laska, and  even in  th e  A n ta rc tic a .

Abbreviations in  Table 3*

1— 31 =  Locality of collections (snow sam ples); G =  Gu t w in sk i 1909, G y , =  Gy o r f f y  
1927a, Gy 2 =  Gy o r ffy  1927b, Gy 3 =  Gy o r f f y  1928, H =  H in d á k  1963, H t =  H in d á k  
1969, J — H  =  J a vo rn icky  et H in d á k  1970, К  =  K ol in mscr, K t =  K ol 1928, K 2 =  K ol 
1927, K 3 =  K ol 1927a, K 4 =  K ol 1949, K 5 =  K ol 1948, K e =  K ol 1965, K 7 =  K ol 1966, 
K 8 =  K ol 1967, K 9 =  K ol 1968, K 10 =  1969, M =  Marvanová— Marva n— R ű z ic k a  
1969, P =  P a r y s k i 1951, Ps =  P o sp is il  1950, R  =  R o sta fin sk i 1881, 1927, Sch  =  Sc h e r f - 
f e l  1910, Si =  Sie m in sk a  1951, S ij =  Sie m in s k a  1956, St =  Starmach  et K a v eck a  1966; 
cb =  cryobiont, cp =  cryophilous, ex  =  cryoxenous, r =  red, b =  black, g =  green, y  =  ye l
low, p =  pink, br =  brown; ra =  rare, c =  com m on

* Table 1 and 2 see in part 1
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COMPARATIVE ALGOLOGICAL STUDIES 
IN SOME SOIL TYPES OF THE MÁTRA MOUNTAINS

By

Zs. P . K omáromy

BOTANICAL DEPARTMENT OF THE NATURAL HISTORY MUSEUM, BUDAPEST 

(R eceived July 15, 1975)

The m ost frequently occurring soil types have been exam ined algologically  
in the H ungarian Central M ountains — thus also in the Mátra Mts. The results allowed  
to make certain inferences as far as the species com position of the algal flora of some 
soil types and the connection betw een soil factors and algal flora are concerned. By  
using culture m ethods, o f the 120 soil samples 35 species o f algae have been identified  
with the follow ing distribution: 16 green algae, 11 chrysophyceae and 8 diatom s. No 
blue-green algae were encountered.

W hen F r a n c é  (1913) c rea ted  th e  concept “ e d a p h o n ”  analogous w ith  
p lan k to n , he in fa c t gave nam e to  a ll beings liv in  g in  an d  on th e  surface of 
th e  soil. As ecological know ledge developed  it  w as g ra d u a lly  recognized th a t  
th e  surface o f th e  soil an d  th e  su b te rra n e a n  en v iro n m en t m ean  tw o d iffe ren t 
h a b ita ts  p rim arily  ow ing to  lig h t ecology. C onsequen tly , th e  concep t o f ed a 
phon  had  to  be re s tr ic te d  to  liv ing  beings in h ab itin g  th e  soil itself. E l e n k i n  
(Эленкин. 1936) an d  H o ll e r b a h  (Голлербах, 1936) u se d  th e  w ord ed ap h o n , 
ecologically q u ite  co rrec tly , in  connection  w ith  b lu e -g reen  algae a lread y  in 
th is  re s tric ted  sense.

Since algological li te ra tu re  w as already  h am p ered  w ith  term inological 
p rob lem s, th e  d efin itio n  of te rm s becam e necessary . In  his s ta n d a rd  soil algo
logical w ork, J. B .  P e t e r s e n  (1935), accepting  F r it s c h ’s (1922) m ore or less 
delim ited  algal co m m u n ities , c o n s tru e d  them  in to  a sy stem  based  p rim arily  
on th e  w a te r su p p ly  o f th e  h a b ita t .  H ollerbah  a n d  S h t in a  (Голлербах и 
Штина, 1969), in th e ir  soil algological handbook , su rv ey ed  and  com pared  
th e  earlier c lassifications an d  on th e se  bases e la b o ra te d  such a sy s tem  w hich 
inc luded  all n o n -a q u a tic  algal com m unities, p recisely  d e fin in g  th e  c h a ra c te r 
istics of the  u n its , w h a t th e y  called  cenoses, and  th e  m ean in g  of th e  concept.

The w ord “ c o m m u n ity ”  used  b y  P e t e r s e n  (1935) and  “сообщества 
водорослей” an d  “ценозы водорослей” an d  “группировки водорослей” and  
th e  algal synusium  ( H o l l e r b a h  a n d  S h t in a , 1969) re fe r to  th e  fa c t th a t  
th e  species com position  of th e  algal flo ra  of the  soil is n o t ran d o m  b u t defined  
an d  ch arac terized  b y  th e  b io tope  an d  th e  assoc ia tion . The expressions in 
v a rious techn ica l l i te ra tu re  m ean  “ co m m u n ity ”  in  th e  b ro ad  sense of th e  
w ord , and  th e y  are  n o t id en tica l w ith  th e  concept “ asso c ia tio n ”  as u sed  b y  
B r a u n -B l a n q u e t  (1932) and  b y  Du R ietz  (1930, 1936).

Acta. Botanica Academiae Scientiarum Hungaricae 21, 1975



290 P. KOMÁROMY, ZS.

Soil algology, as an  in d ep en d en t b ra n c h  o f soil b io logy , w ith  its  special 
f ie ld , m eans of re search  an d  its  ta sk s , developed  a t  th e  end  o f th e  1820s, la te r 
th a n  th e  o th e r b ran ch es  o f  soil b iology. One o f th e  reasons fo r th is  was th a t  th e  
p ra c tic a l  im portance  o f  soil algae in m icrobio logy  was fa r  sm alle r th a n  th a t  
o f  th e  o th e r su b te rra n e o u s ly  liv ing o rgan ism s. A n o th e r re a so n  was th a t  it 
w as believed  for som e tim e  th a t  th e  m etabo lism  of th e  a u to tro p h ic  algae was 
im p o ssib le  in the  soil, a n d  th u s  th e y  o ccu rred  in th e  soil o n ly  in  th e  form  of 
sp o re s .

In  the  last f if ty  y e a rs  our know ledge g rad u a lly  in c reased  as fa r  as the  
d is tr ib u tio n  of soil a lgae  an d  th e ir  role in  th e  life of th e  soil are  concerned. 
I t  w as found  th a t  th e y  are  ex trem ely  w idespread  and  of p a ra m o u n t im portance  
in  th e  biological d eco m p o sitio n  of rocks an d  in various b io log ical processes 
e n a c te d  in  the soil. C o n seq u en tly , th e  soil algae are rea l e lem en ts  of the  eco
sy s te m , and  th e ir  im p o rta n c e  and  role v a ry  accord ing  to  th e  g iven ecosys
te m .

The association , as th e  u n it o f v eg e ta tio n , com prises severa l s tra to - 
cenoses in the  soil. T he soil has a un ified  ecology and  a s tab le  species com bina
tio n , an d  m ay consist o f  severa l synusia , i.e. b ac te ria l, ac tin o m y ce tic , algal, 
e tc .,  alliances.

The soil algal co m m unities m ay  ap p ea r as th e  co m p o n en ts  of various 
associa tions or in d e p e n d e n tly  (e.g. on rocks, n a tro n  fla ts , d e se rts ), m ain ly  in 
d e f in ite  specific com p o sitio n , th e  species are assum ab ly  in te rco n n ec ted  w ith  
one a n o th e r and w ith  th e ir  en v iro n m en t, th e re fo re , th e y  are b e s t be regarded 
as synusia .

T he specific re sea rch  m ethods of soil algology developed  th ro u g h  the  
im p ro v em en t and  a p p ro p r ia te  ap p lica tion  o f th e  p reva iling  m eth o d s in soil 
b io lo g y  and soil sciences. T he d irec t q u a lita tiv e  and  q u a n ti ta t iv e  m ethods 
in v a r ia b ly  m ean th e  d ire c t m icroscopic ex am in a tio n  of th e  soil: th e  soil sam ples 
a re  t re a te d  to  yield p re p a ra tio n s  su itab le  fo r m icroscopic s tu d ie s  ( H o ll e r b a h , 
1969; T ch an , 1952).

The taxonom ic  id e n tif ic a tio n  of algal species can only  be done b y  ind irect 
m e th o d s , since m ost soil algae can be id en tified  only b y  k n o w in g  all in te r 
m e d ia te  stages of d ev e lo p m en t. E n rich m en t cu ltu res, an d  c u ltu re s  ob ta ined  
b y  d ifferen t liquid c u ltu re s  inocu la ted  in to  cu ltu re  m edia assis t in  recognizing 
th e  s tages of d ev e lo p m en t ch a rac te ris tic  for th e  species.

C ultures m ust be ap p lied  also in cases w hen  only  a sm all n u m b e r  of algal 
cells occurs in the  soil an d  th e  d irec t analysis is unfeasib le . In  su ch  cases, how 
ev e r, we should h e a r in  m ind  th e  fact th a t  th e  algae deve loped  in cultures 
do n o t reflect the  p rev a ilin g  conditions found  in n a tu ra l com m u n ities . Tlius 
th e  lis t of algae rece iv ed  b y  various cu ltu re  procedures c a n n o t he used to  
d isco v er the q u a n tita tiv e  regu la rities of an algal co m m u n ity  in n a tu ra l condi
tio n s , though  m ay  be su itab le  for th e  com parison  of d iffe ren t soil types as
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to  th e ir  algal flo rae , an d  for an in q u iry  in to  the  d is tr ib u tio n  of the  in d iv idua l 
species per soil ty p e .

The s tu d y  of epi- an d  su b te rran ean  algal com m unities a t  th e  level of ou r 
p resen t know ledge com prises tw o closely re la ted  steps. F ir s t ,  the  alga species 
in h a b itin g  th e  ex am in ed  soil ty p e  have to  be know n, an d  on ly  a fte r th is  m ay  
a s tu d y  of th e  re la tio n sh ip  betw een  th e  q u a n tita tiv e  co n d itions of algal com 
m u n ities  and  th e  en v iro n m en ta l factors be launched .

In  th e  p re sen t s tu d y  I propose to  a t te m p t on th e  basis of algal lists, 
o b ta in ed  d u ring  earlie r investiga tions, to  algologically  cha rac terize  and com 
p a re  some of the  m ost freq u en tly  occurring  soil ty p es in th e  M átra  M ountains.

Material and method

The sample plot o f the soil algological investigations lie along the highway connecting  
Mátraháza and G alyatető, rem oved several kilom etres from each other in the subm ountaine  
beech forest where the m ost characteristic and m ost frequently occurring soil types are found.

Since the selected sam ple plots are in the zonal beech forest, there are no macroclimatic 
differences This region has a poor shrub level, nor is the grass cover very rich in species. 
Under such conditions, it m ay well be expected that the experienced algological differences 
result primarily from soil and m icroclimatic differences.

Table 1

Comparative table o f  soil types and associations occurring in  the sample plots

Sampling place Soil type Association

Kislipót Mt. nonpodzolized acidic brown 
forest soil

D eschampsio-Luzulo- Fagetum

Bagolykő I. clay lessivated brown forest M elitti-Fagetum  (caricetosum pilosae)

Bagolykő II. mull-ranker M ercuria li-T iliaetum
Párád (R am an-type) brown earth M elitti-Fagetum  (caricetosum pilosae)

During the investigations I compared only the 0— 5 cm upper soil layer, because in 
m y experience this layer harbours the m ajority o f algae. The depth distribution of soil algae 
would require another study and be published separately.

The soil samples were taken by an UNGER-type bacteriological soil borer (see Fig. 1 ), 
applying the random sam pling m ethod. In the unscrewable head-part o f the soil borer num 
bered m etal cylinders (capsules) may be inserted. The capsules, together w ith their rubber 
caps, were degerm inated in a steam  sterilizátor prior to sam pling. The soil sample is re
covered together w ith the capsule, and sealed air-tight by the help o f a rubber cap at both  
ends. Accordingly, a large number of soil samples could be carried back to the laboratory, 
in a com paratively small place and in safety.

Sampling was repeated from March to October once a m onth in 1973 and 1974 (a total 
of 120 sam ples were taken in 16 occasions). The soil samples were placed on the next day in 
sterile Petri dishes and, having sprinkled them  with sterile water, put on shelves. On the sur
face of the moist soil and on the inner sides of the dishes green alga coats appeared in a m atter  
of a few weeks.

The identification of the alga species was made partly from these soil cultures (enrich
m ent cultures), and partly by the help of liquid and agar cultures obtained from the 
purification of the initial material.
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T ab le  2

The results o f  physica l and  chemical analyses 
o f  the exam ined soil types (0  — 5 cm layer) (Cf. K ovács 1975)

Basic study data

Soil type

brown earth
clay lessivated 
brown forest 

soil
mull-ranker

nonpodzolized 
acidic brown 

forest soil

pH in water 6.2 5.9 6.4 4.2

Humus % 10.9 9.0 23.3 10.9

by 6.5 4.7 10.4 9.5

Mech. comp.

< 0 .0 0 2 30.5 10.8 4.0 9.4

0 .0 0 2 -0 .0 2 33.8 53.4 50.5 54.5

0 .0 2 -0 .2 25.1 25.0 13.7 6.2

0 .2 < 10.6 10.8 31.8 29.9

Ul mm

To the liquid cultures D e t m e r  solution (diluted to 1 : 3 )  and B o l d  solution were added. 
In the case of agar cultures I alw ays used D etm er solution w ith 1.5% agar-agar.

In order to compare the algal flora of different soil types, I m ade use of m athem atical 
statistica l m ethods. The m ost su itab le biom etrical m ethod proved to be the one which makes 
it  possible to compare tw o experienced frequency distributions, using several classes ( S v á b , 
1967).
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During the investigation s all four types o f soil have been compared to each other, in 
each case the sum m arized results of the soil sam ples originating from  two-two sam pling p lots  
have been grouped in the same class. The classes refer to the cultured algal species derived  
from the individual soil types, and the experienced frequency value of the individual algal 
species corresponds to their occurrence in the soil sam ples taken from the exam ined sam pling  
plot.

W hen calculating significance, the value o f / 2 was obtained from —

4 ' <y2 na2
aj  +  bj na  -)- nb
na ( na  V

na -f- nb \  na nb )

where aj =  frequency value in one of the soil types
bj =  frequency value in the other soil type
na  =  sum of frequency values in one of the soil types
nb =  sum  of frequency values in the other soil type
The z 2 values thu s obtained was compared to the values of / 2 ( S v á b  l.c.) at the actual 

degree of freedom  (D F  к — 1, where к  equals the num ber of classes, i.e. the number of species 
in the tw o soil types). The algal floras of the tw o soil types were considered to be different 
when the significant difference (SD) was P%  5 or smaller.

brown earth 
(Ramann-type brown 

forest soil )
clay lessivated 

brown forest soil mull-ranker soil
brown forest 
nonpodzolized 
acidic soil

Chlorophyta 

Xantophyta

EZD Bacillariophyta 

Cyanophyta

natron soil 
(Orosháza)

brown forest soil of a 
calciphilous oak forest 

(Buda Hills)
Fig. 2. The percentual proportion of the divisions of algae compared to one another in som e 
soil types collected in th e  Mátra Mountains, and the further comparison of these data to  

those of a natron soil and of a brown forest soil in a calciphilous oak forest

The algological characterization o f  the examined soil types

The soil of th e  v a rio u s  associations, as th e  p ro d u c t an d  su b stra te  o f th e  
ecosystem , changes acco rd ing  to  associa tion , each of th em  harbours a m ore 
or less d iffe ren t a lgal flo ra . The terrico lous algae can be s tu d ied  only u n d e r  
the  m icroscope in a lab o ra to ry  in c o n tra s t  to  th e  flow ering  and  v ascu la r 
c ryp togam ie  p la n ts , because the  cu ltu re  m e th o d  app lied  here h a rb o u rs  a
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n u m b e r o f possib ilities for e rro r, th e re fo re  th ese  resu lts  shou ld  he used w ith  
cau tio n .

D u rin g  cu ltu re , th e  d ifferen t algal species do no t develop w ith  th e  sam e 
in te n s ity , there fo re  th e  p revailing  q u a n ti ta t iv e  conditions in th e  v a rio u s  
c u ltu re s  are n o t ch a rac te ris tic  o f n a tu ra l  cond itio n s. The freq u en cy  o f a g iven  
species in  n a tu re  m ay  be in ferred  from  its  occurrence p e r soil sam ple. To d raw  
conclusions as fa r  as th e  algological “ p ro d u c tiv i ty ”  of a soil ty p e  is concerned  
we sh o u ld  consider th e  ra tio  of th e  a c tu a lly  co llec ted  and th e  algologically  p o sitive  
sam ples. (A m ong th e  soil sam ples d raw n  in  cu ltu re  there  are alw ays som e w hich  
do n o t  y ie ld  an y  appreciab le  a m o u n t o f a lgae even a fte r a p ro longed  b reed in g , 
th e se  are considered  “ n eg a tiv e”  sam ples.)

T ak in g  in to  acco u n t w h a t has been  sa id  above, firs t th e  m ost fre q u e n tly  
occu rrin g  algal species are lis ted  in  th e  follow ing analyses th e n  those  fo u n d  
in  a t  le a s t tw o soil sam ples b u t  in  less th a n  h a lf o f all sam ples, and  f in a lly  
th o se  w hich have been  ascerta ined  on ly  in  one sam ple on ly .

The algological characterization o f  brown earth

T he b ro w n  e a r th  (Ram m  art's b row n  fo re s t soil) is w idesp read  in  th e  o ak , 
h o rn b eam -o ak  and  beech forests o f th e  H u n g a ria n  C entral M ounta ins. A t th e  
ex am in ed  localities, th e  area is m oist an d  th e  m icroclim ate cool owing to  th e ir  
low  s itu a tio n s . The soil is m oist th o u g h o u l th e  year. To ab o u t a d e p th  o f 
20 cm , th e  soil, w ith o u t its lit te r  layer, is a b lack , c rum bling  “ A ” level. A cco rd 
ing  to  la b o ra to ry  ex am in a tio n s, th e  u p p e r  10 cm has a hum u s co n ten t o f a b o u t 
1 0 % , th is , how ever, rap id ly  decreases dow nw ard . Soil reac tio n  is w eak ly  
acid ic  (p H  6.2, g rad u a lly  decreasing  d o w nw ard ). (Cf. also K o v á c s , 1975.)

T he m icroscopic p ic tu re  of th e  soil cu ltu res  shows a w ide sp ec tru m  of 
species. In  th e  d iffe ren t sam ples m an y  species were found  side by  side, am ong  
th e m  som e species occurred  in  large in d iv id u a l num bers. T he follow ing species 
o ccu rred  in every  sam ple and  in c o m p a ra tiv e ly  g rea t m asses: B otrydiopsis m inor  
(S chm idle) C hod., Chlam ydom onas sp p ., Chlorococcum hum icolum  (N aeg.) 
R ab en li., M onodus subterranea B. P e te rse n , Pleurochloris anom ala  Jam es an d  
Vischeria stellata (Chod.) Pasch . (F igs 3, 4).

T he follow ing species ap p eared  m ore ra re ly , in  less th a n  h a lf o f th e  
sam p les: B otrydiopsis intercedens P a sch ., Chlorella vulgaris B eyerinck , Cocco- 
m yxa  d ispar  Schm idle, Ellipsoidion oocystoides Pasch ., Chlorhortnidium  sp p ., 
Keratococcus bicaudatus Pasch ., N ephrodiella  brevis Y ischer, Pseudochlorella 
subsphaerica  Reisigl, Stichococcus bacillaris Naeg. and  Trochiscia reticularis 
(R ein isch) H ansg .

T he ch a rac te ris tic  cells o f B otryd iopsis  intercedens P asch , w ith  iron- 
in c ru s ta tio n , and  th e  re ticu la te ly  th ic k e d  w alls of Trochiscia reticularis (R e i
nisch) H ansg . (Fig. 3) were found  o n lv  in th is  soil ty p e .
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Fig. 3. Some characteristic and widespread soil algae from Mts Mátra. 1 .1. Chlorococcum hum i- 
colum  (N aeg.) Rabenh.; 2. Chlam ydom onas interm edia  Chod.; 3. Chlamydomonas pe terfii Gerl.; 
4. Chlorhorm idium  fla cc id u m  (K ütz.) F őtt; 5. Oocystis asym m etrica  W. W est; 6. Trochiscia

reticularis (Reiniseh) Hansg.

The algological characterization o f  clay lessivated brown forest soil

T his is th e  m ost w ide sp read  soil ty p e  n o t on ly  in  th e  M átra  M ounta ins 
h u t also in the  whole o f th e  H u n g a ria n  N o rth e rn  M ounta ins. I t  occurs in  the  
oak, ho rn b eam -o ak  an d  in th e  beech  zones, too . A m ong  th e  ex am in ed  soil 
ty p es o f th e  M átra  M oun ta ins it  is th e  m ost com pact soil ty p e  w ith  th e  low est
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a m o u n t of hum us. O w ing to  th e  so u th ern  ex p o sitio n  of th e  sam ple p lo t, its  
m icroclim ate  is d ry  an d  w arm , the  soil desiccates quickly . A t th e  foo t o f th e  
trees  devoid of a l i t te r  co v er, th e  soil f re q u e n tly  cracks. T he u p p e r 0 5 cm
la y e r  is a dark  b row n, loose “ A 0”  level. Below  it ,  we find  level “ A j” , of a lig h t 
b ro w n  colour and  o f a p o ro u s s tru c tu re  m ixed  w ith  rocks, follow ed fu r th e r  
dow n b y  level “ A.,” , lig h te r  b row n and of a m ore com pact s tru c tu re . A ccording 
to  la b o ra to ry  e x a m in a tio n s , th e  h ighest h u m u s co n ten t is fo u n d  in  th e  u p p e r 
5 cm  lay er (9% ), th e  q u a n t i ty  of which ra p id ly  decreases w ith  d e p th  and  in 
th e  5 15 cm lay er its  a m o u n t hard ly  reach es 1% . Soil reac tio n  is w eakly
acidic (p H  5.9, b u t  in  lev e l “ А г”  i t  decreases to  4.9). (Cf. K ová cs  1. c.)

The algological p ic tu re  o f th e  cu ltu res w as ch a rac te rized  b y  th e  c lav a te  
sp inous cells o f V ischeria stellata  (Chod.) P asch . I t  occurred  in  a lm ost every  
sam ple  and  its in d iv id u a l n u m b ers  surpassed tho se  o f any  o th e r species th ro u g h 
o u t th e  year (Fig. 4).

B otrydiopsis m inor  (Schm idle) Chod. an d  Chlam ydom onas interm edia  
C hod. appeared  in  few er sam ples and  in sm alle r in d iv idua l num bers (Figs
3, 4).

Some o th e r species, as Chlorococcum humicolurn  (N aeg .) R ab en h ., 
H antzsch ia  am phyoxis  (E h r .)  G run. and  P in n u la r ia  spp . ap p ea red  ra re ly , 
in  one sam ple on ly . I n  cognizance of th e  r ich  d ia tom ous flo ra  o f th e  m ull- 
ra n k e r  soil above th e  sam p lin g  p lo t, P in n u la r ia  borealis E h r ., P. interm edia  
L ag e rs t, and P . obscura K rassk e  were p ro b a b ly  w ashed dow n b y  ra in  w a te r 
to  th is  lower area.

The algological characterization o f  m ull-ranker soil

Owing to  th e  e ffec t o f th e  steep  n o r th e rn  slope on th e  exam ined  p lo t, 
soil m otion  is q u ite  p ro n o u n ced . The to r re n tia l  ra in w a te r , th e  con tinuous 
passag e  of sm aller o r la rg e r  anim als c o n tr ib u te  to  the  dow nw ard  m otion  of 
th e  soil. On sm all a rea s  covered  w ith  v e g e ta tio n  and  a t the  foo t o f trees the  
m o tio n  is slower an d  th e  cool a n d  m oist soil rich  in n u tr itiv e  m ateria ls , 
accum ula tes (in som e p laces  to  a d ep th  o f 40 80 cm ). In  consequence of the
m icroclim ate , th e  soil te m p e ra tu re  is by  4 5 °C low er th a n  elsew here, i.e. on th e
ridge . As a resu lt o f th e  con tinuous and  slow  m ixing, th e  soil is hom ogenous 
in all sam ples, no levels are  to  be found. Im m e d ia te ly  below  level “ A ” , th e  
p a re n t  rock ap p ears . T h e  hum us of the  30 60 cm th ick  soil lay e r is m u ll
like , b lack  in colour, loose in  s tru c tu re , an d  m o ist even in  th e  d rie s t period 
o f th e  year. A ccording to  lab o ra to ry  e x am in a tio n s , th e  soil is poor in  clay , 
r ich  in  hum us (23% ), th e  soil reac tion  w eak ly  acidic (p H  6.2 6.5). (Cf.
K ov á cs  l.c.)

The a lgaflo ristic  p ic tu re  of the  m u ll-ran k er soil is c h a ra c te ris tic : large 
m asses of m oving d ia to m s  are p resen t. In  m o st o f the  sam ples Vischeria stel-
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3.

Fig. 4. Som e characteristic and widespread soil algae from Mts. Mátra. II. 7. Vischeria stellata  
(Chod.) Pasch.; 8. Pleurochloris anomala Jam es; 9. B otryd iopsis m inor  (Schmidle) Chod.; 
10. Chlorocloster terrestris Pasch.; 11. H antzschia  am phyoxis  (E hr.) Grun.; 12. P in n u la ria  

borealis Ehr.; 13. N avicu la  vaucheri B. Petersen; (10 /m i =  =  10 mm in the picture)

lata  (Chod.) P asch ., H antzschia  am phyoxis  (E h r.)  G run . an d  N avicula vaucheri 
B. P e te rsen  w ere q u ite  com m on, th o u g h  N avicu la  borrichii B. P e te rsen , P in 
nularia in term edia  L ag e rs t, and  P. obscura K rasske  likew ise occurred in m a n y  
sam ples an d  in  co m p ara tiv e ly  large in d iv id u a l n u m b ers  (Fig. 4).

On th e  o th e r  h a n d , Chlorococcum hum icolum  (N aeg.) B ab en h ., Dactylo- 
coccus sp ., H eterotrhix exilis  Pasch ., C hlorhorm idium  flacc id u m  (K iitz .) F o t t ,  
N ephrodiella brevis Y ischer, Oocystis asym m etrica  W . W est occured in sm all 
in d iv idua l n u m b ers  an d  each  in one sam ple  only.

N avicu la  vaucheri B . P etersen  an d  N . borrichii B . P e te rsen  w ere e n 
coun tered  o n ly  in th is  ty p e  of soil.

Acta Botanica Academiae Scientiarum Hungaricae 21, 1975



2 9 8 P. KOMÁROMY, ZS.

The algological characterization o f the nonpodzolized acidic brown forest soil

T he u p p er acidic soil, rich  in  m u ll-h u m u s, differs b o th  in co lour an d  in 
s tru c tu re  from  th e  la y e r  im m ed ia te ly  below  it .  The th in  b lack  u p p e r “ A 0”  
level (0 3 cm ), rich  in  ro o ts  an d  m ycelia  is sh a rp ly  delim ited  from  th e  low er,
yellow , rocky  “ A j”  level. A ccording to  la b o ra to ry  ex am in a tio n s, th e  u p p er 
0 3 cm  lay er is rich  in  hum u s (22% ), ac id ic  in  reac tion  (p H  4 .0), c layey
(10 20% ) b u t poor in  calcium . Owing to  its  h ig h  hum us co n ten t, it  is genera lly
m o ist. (Cf. K ovács  l.c.)

T he a lgaflo ristica l p ic tu re  of th e  soil cu ltu res  shows large m asses of 
in te r tw in n in g  filam en to u s  green algae an d  g re a t num bers of th e  green  globules 
o f  C hlam ydom onas  co lonia an d  of th e  cells o f Chlorococcum hum icolum  (N aeg.) 
R a b e n h .T h e  follow ing species also o ccu rred  in  a lm ost every  sam ple an d  gen era l
ly in  large in d iv id u a l n u m b ers: C hlorhorm idium  flaccidum  (K ü tz .)  F o tt ,  
C hlorhorm idium  crenulatum  (K iitz .) K orn ., som e o th e r Chlorhorm idium  and  
C hlam ydom onas  species, to g e th e r w ith  M onodus subterranea B. P e te rse n  and  
Chlorococcum hum icolum  (N aeg.) R a b e n h . (F igs 3, 4).

Chlorocloster terrestris P asch ., Pseudochlorella subsphaerica  R eisigl, Sticho- 
coccus bacillaris N aeg ., E llipso id ion  oocystoides Pasch, were en co u n te red  in 
som e o f th e  sam ples on ly , in  sm all or in  m o d e ra te  num bers.

The follow ing species ap p eared  o n ly  in  one sam ple each  an d  in  a v e ry  
sm all in d iv idua l n u m b ers : Chlam ydom onas interm edia  C hod., Coccomyxa dispar  
S chm id le , Chlorhorm idium  nitens  (H ansg .) K o m ., Pleurochloris anom ala  Ja m e s , 
Tribonem a m in u s  (W ille) H azen , Vischeria stellata  (Chod.) P asch ., H antzschia  
am phyoxis  (E h r.) G ru n ., N avicu la  m utica  K iitz . and P in n u la ria  borealis E h r .

T hree species w ere found  only  in  th is  ty p e  of soil: Chlorocloster terrestris 
P a sc h ., C hlorhorm idium  nitens  (H ansg .) K orn , and Tribonem a m in u s  (W ille) 
H azen .

The m a jo rity  o f th e  species o ccu rrin g  in  th e  soil sam ples ta k e n  in  th e  
M á tra  M ountains belong  in th e  genera  o f Chlorophyceae an d  Xanthophyceae. 
In  one of m y ea rlie r s tud ies concern ing  th e  R u d a  H ills, I re ach ed  th e  sam e 
conclusion  ( K o m á r o m y , 1969a, 1969b).

S im ilar re su lts  were found  b y  H i n d á k  (1970) in th e  C zechoslovakian  
lio rn b eam -o ak  zones. H o l l e r b a h  an d  S h t i n a  (1969), co lla tin g  th e ir  own 
re su lts  and  num erous l ite ra tu re  d a ta , cam e to  th e  conclusion th a t  in  th e  soils 
o f  th e  te m p e ra te  fo rest zones m ain ly  g reen  algae are found , p rim a rily  species 
o f  C hlam ydom onas, Coccomyxa, Chlorella, C hlorhorm idium , Stichococcus, Chloro
coccum  and  Pleurococcus.

A ccording to  S h t i n a ’s (1961) d a ta ,  th e  b iom ass p ro d u ced  b y  th e  algae 
in th e  various fo res t soils is m uch sm alle r (20 kg/lia) th a n  in  th e  fie ld  soils 
(300 kg/ha).

The p e rcen tu a l d is tr ib u tio n  of th e  algal divisions occurring  in  th e  exam ined
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T able  3

The experienced frequency distribution o f  cultured algae, 
occurring in  some soil types o f  the subm ountane beech zone o f  the M átra M o u n ta in s

Species

C h lo ro p h y ta

Chlamydomonas intermedia  Chod. 
Chlamydomonas pe terfii Gerl. 
Chlamydomonas sp.
Chlorella vulgaris Beyerinck  
Chlorhormidium fla cc id u m  (K ütz.) F őtt  
Chlorhormidium crenulatum  (K ütz.) Kom . 
Chlorhormidium nitens (Hansg.) Kom. 
Chlorhormidium  sp.
Chlorococcum hum icolum  (Naeg.) Rabenh. 
Coccomyxa dispar Schmidle 
Dactylococcus sp.
Keratococcus bicaudatus Pasch.
Oocystis asymmetrica  W. W est 
Pseudochlorella subsphaerica Reisigl 
Stichococcus bacillaris Naeg.
Trochiscia reticularis (Reinisch) Hansg.

X a n th o p h y ta

B otrydiopsis intercedens Pasch. 
Botrydiopsis m inor (Schmidle) Chod. 
Chlorocloster terrestris Pasch.
Ellipsoid ion oocystoides Pasch.
Heterothrix exilis  Pasch.
M onodus subterranea B. Petersen  
Nephrodiella brevis Vischer 
Pleurochloris anomala Jam es 
Pleurochloris meringensis Vischer 
Tribonema m inus  (W ille) Hazen 
Vischeria stellata (Chod.) Pasch.

B a c illa r io p h y ta

H antzschia am phyoxis (Ehr.) Grun. 
N avicula borrichii B. Petersen  
N avicula vaucheri B. Petersen  
N avicula mutica  K ütz.
P innularia  borealis Ehr.
P innularia  intermedia  Lagerst.
P innularia  obscura Krasske 
P innularia  sp.

Total

Clay Nonpodzoliz-
Brown lessivated Mull- ed acidic
earth brown ranker soil brown forest

forest soil soil

0 3 0 1
0 0 1 0

16 1 1 5
1 0 1 0
1 1 1 4
1 0 0 2
0 0 0 1
0 0 0 4
7 2 2 5
1 0 0 1
1 1 2 0
1 0 0 1
0 0 1 0
1 0 1 2
2 0 0 2
1 0 0 0

4 0 0 0
11 3 0 0

0 0 0 1
1 0 0 2
0 0 1 0

11 0 0 4
2 0 1 0
7 0 0 ]
3 0 1 0
0 0 0 1

12 6 4 1

0 2 4 1
0 0 1 0
0 0 5 0
2 0 0 1
0 1 0 1
0 1 1 0
0 1 1 0
0 1 1 0

20 12 18 20

soil ty p es  is show n in a circle d iag ram . F o r co m p ara tiv e  purposes, I also p re se n t 
K is s ’ a lgaflo ristica l d a ta , o b ta in ed  in 1972, from  th e  n a tro n  soil o f th e  
loess region in B ék és— C sanád (O rosháza), as well as m y  own, o rig in a tin g  
from  1969, from  a calciphilous oak  fo rest on brow n fo rest soil (Fig. 2).
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The quantitative exam ination o f algal species occurring 
in  the different soil types

D u rin g  the  co m p ariso n  o f th e  algal flo ras  o f th e  d iffe ren t soil types 
I a t te m p te d  to  resolve w h e th e r  th e  com bined occurrence of c e r ta in  soil types 
an d  algal species is c o in c id e n ta l or the  in d iv id u a l algal species s ig n ifican tly  
a sso c ia te  w ith  th e  g iven  soil ty p es .

T he frequency d is tr ib u tio n  of algal species p er soil ty p e  is show n in 
T ab le  3. The resu lts o f sign ificance  ca lcu la tions are given in T ab le  4.

T able 4

The results o f  sign ificance  calculations on the experienced frequency d istribution  
o f  algal species cultured fro m  different soil types

Compared soil types X2 DF SD P% values

Mull-ranker brown earth 73.6 28 0.1
B row n earth — brown forest nonpodzolized acidic

soil 57.0 26 0.1
Brown forest nonpodzolized acid ic soil — mull-

ranker 52.9 31 1.0
Clay lessivated brown forest soil — brown forest

nonpodzolized acidic soil 35.8 24 5.0
Clay lessivated Jirown forest soil — mull-ranker 26.8 20 10.0
Clay lessivated brown forest soil — brown earth 37.4 25 10 .0

If , according to  in te rn a tio n a l p rac tice , we accep t th e  lim it value of the  
s ig n if ican t difference as SD P %  5, th e n  th e  algal com m unities of tw o soil 
ty p e s  are d ifferent fro m  each  o th e r if  th e  o b ta in ed  value is sm alle r th a n  or 
ju s t  reaches P %  5.

In  evaluating  th e  ta b u la te d  d a ta  we m a y  estab lish  th a t ,  a p a r t  from  tw o 
cases, there  is a s ig n if ic a n t difference b e tw een  th e  algal com m unities of the 
d iffe re n t soil ty p es .

The m u ll-ranker so il, th e  brow n fo rest nonpodzolized  acid ic  soil and  the  
b ro w n  ea rth  s tro n g ly  d iffe r from  one a n o th e r  on th e  basis o f lab o ra to ry  
ex am in a tio n s (cf. K o v á c s  l.c .). In  the  algal f lo ra  of th e  tw o p a irs  o f soil typ es: 
m u ll-ra n k e r—brow n fo re s t soil and  th e  b row n  forest nonpodzolized  acidic 
soil brow n forest so il, s ign ifican t d ifference of 0 .1%  was fo u n d , assum ably  
co nnec ted  w ith  v a rio u s  soil ch a rac te ris tic s .

Of course, th e  id e n tic a l level of s ig n ifican t differences does n o t preclude 
t h a t  the  com ponents o f  an  algal co m m u n ity  be d ifferen t, ex cep tin g  Vischeria 
stellata  (Chod.) P asch , w h ich  occurred  in  g re a t frequency  in  all th re e  soil types.

B oth  th e  m u ll- ra n k e r  and  th e  clay  less iv a ted  b row n  fo res t soil differ 
s im ila rly  of the  p rev io u s  ones in severa l soil fac to rs fu n d a m e n ta lly  from
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th e  brow n f  ire s t nonpodzolized  acid ic soil. The algal flo ra  of these  soils shows 
sig n ifican t difference as fa r as th e  frequency  d is tr ib u tio n  of th e  in d iv id u a l 
species is concerned . The d ifferences m ay be ex p la in ed  b y  th e  differences in 
th e  frequency  d is tr ib u tio n , e .g . Chlorococcum hum icolum  (N aeg.) R aben li., 
Chlorhorm idium  fla cc id u m  (K ü tz .)  F ő tt ,  Vischeria stell ata (Chod.) P asch ., 
H antzschia  am phyoxis  (E h r.) G ru n . On the  o th e r h a n d , th e re  are species w hich 
occur only in one ty p e , or in th e  o th e r  tw o ty p es o f soil, e.g. Chlorhormidium  
crenulatum  (K ü tz .) K om ., C hlorhorm idium  nitens  (H ansg .) K orn., Chlorhormi
d iu m  sp ., Keratococrus bicaudatus P asch ., Stichococcus bacillaris N aeg., Chloro- 
closter terrestris P asch ., E llipso id ion  oocystoides P asch  M onodus subterranea 
B. P e te rsen  in th e  acid ic fo rest soil, while Dactylococcus sp ., P in n u la ria  in ter
m edia  L agerst., P in n u la ria  obscura  K rasske and  P in n u la r ia  sp. occur only 
in  th e  o th e r tw o ty p e s  of soil (cf. T ab le  3).

P aralle l w ith  th e  increase o f hydrogen  ion c o n c e n tra tio n  of the  soil, 
th e  role of the  su b te rra n e a n  fun g i rap id ly  increases, while th e  b a c te ria  and  
o th e r  m icroorganism s re tre a t th e  back g ro u n d  ( B o h u s  and  B a b o s , 1973). 
S im ilarly , th e  terrico lous ac tin o m y ces  reach  th e ir  h ig h est p ro d u c tiv ity  in 
acid ic soil (M cL e n n a n  e t  ah , 1954; B r o w n , 1958). In  th e  b row n fo rest n o n 
podzolized acidic soil th e  algal f lo ra  is m uch rich e r co m p ared  to  th e  o th e r 
soil ty p es , and  especia lly  th e  Chlorhorm idium  species p red o m in a te .

The m u ll-ran k er soil an d  th e  c lay  lessivated  b ro w n  fo rest soil differ from  
each  o th e r  in num erous ecological factors (hum us and  m oistu re  c o n ten t, 
te m p e ra tu re , soil a c id ity , soil cover, biological a c tiv ity , e tc .) (cf. K ovács  l.c.). 
T he tw o exam ined  areas are a d ja c e n t (the n o rth e rn  an d  so u th e rn  slopes of 
B ago lykő), the  tw o soil ty p es m e e t each  o ther. R a in  w a te r  ru n s dow n from  
th e  m u ll-ran k er soil rich  in d ia to m s, an d  the flow ing  w a te r  carries num erous 
algal cells w ith  it w hich  se ttle  a t  th e  lower points fo r a sh o rte r  or longer period 
of tim e . W hen com paring  th e  algal flo ras of the  tw o  soil ty p es , no sign ifican t 
d ifference could be found , ow ing to  th e  m ixing of th e  flo ras. C onsequently , 
w hen  com paring  tw o soil typ es fro m  an  algological p o in t of view , one should  
avoid  th e  inv estig a tio n  of sam ple p lo ts  m eeting  in  space.

I  d id  n o t ex p ec t an y  essen tia l difference be tw een  th e  b row n  e a r th  and  
th e  clay  lessivated  b ro w n  fo rest soil as fa r as th e  algal flo ra  was concerned 
(see T able 3). The tw o ty p es o f soil are close to  each o th e r in several ch a rac 
te ris tic s  (cf. K ovács  l.c.). E v en  th e  vascu la r v eg e ta tio n  of th e  tw o sam pling 
p lo ts , ly ing  several k ilom etres from  each  o ther, is v e ry  sim ilar (M elitti- Fagetum  
associa tion  caricetosum pilosae  facies). A p ronounced  difference occurs only 
in w a te r  supp ly , re flec ted  in th e  r ic h e r  algal flo ra  o f th e  b row n  e a r th . B o th  
in th e  n u m b er of th e  soil sam ples a n d  in the  m ost f re q u e n tly  occurring  species, 
th e  tw o soil types are iden tica l: C ham ydom onas sp., Chlorococcum hum icolum  
(N aeg.) R ab en h ., B otrydiopsis m inor  (Schm idle) Chod., Vischeria stellata 
(Chod.) Pasch .
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T he following in ference  can be d raw n from  these  in v es tig a tio n s : th e  algal 
co m m u n ities  of d iffe ren t soil ty p es w ith  d iverg ing  ecological ch a rac teris tic s  
d iffe r from  one a n o th e r to  a degree asce rta in ab le  for th e  d ifference betw een 
th e  ecological ch a ra c te ris tic s  o f th e  in d iv id u a l soil ty p es .

The analysis of the exam ined soil types 
with respect to the occurrence o f algal species

I f  the  algal co m m u n itie s  of th e  various soil ty p es are ex am in ed  w ith 
re sp e c t to  the species co n cern ed  (see Table 3), in th e  species m ay  be relegated  
in to  th re e  large groups.

T he firs t group in c lu d es species occurring  in  ev e ry  ex am in ed  soil type  
(1 1 .4 %  of the  to ta l n u m b e r) . To th is  ca teg o ry  belong Chlorococcum hum icolum  
(N aeg .) R abenh., C hlorhorm idium  flacc idum  (K iitz .) F o tt ,  Vischeria stellata 
(C hod.) Pasch, and H antzsch ia  am phyoxis  (E h r.) G run . A m ong th e m , Vischeria 
stellata  (Chod.) P asch , a n d  Chlorococcum hum icolum  (N aeg.) R ab en h . com m only 
in h a b i t  nonaquatic  b io to p e s . T hey  n o t only  ap p ea r on an d  in th e  soil, b u t are 
f re q u e n tly  found on th e  tru n k s  of trees , on l i t te r , on stones, on fallen  pieces 
o f b ranches and even on  board in g s as well. On th e  o th e r h an d , Chlorhormidium  
fla c c id u m  (K iitz.) F o t t  a n d  H antzschia am phyoxis  (E h r.) G run . m ay  be en 
co u n te red  bo th  in a q u a tic  an d  in n o n aq u a tic  com m unities.

The frequency  o f  algal species p er soil ty p e  is n o t th e  sam e. A ccording 
to  m y  investiga tions, th e  m ost freq u en tly  occurring  algal species per soil type  
w ere as follow: Chlorococcum hum icolum  (N aeg.) R ab en h . in b row n forest 
soil, Chlorhormidium fla c c id u m  (K iitz .) F o t t  in  acidic soil, Vischeria stellata 
(C hod.) Pasch, in b ro w n  fo rest soil and  in clay le ss iv a ted  b row n  forest soil, 
H antzsch ia  am phyoxis  (E h r.)  G run. in  m u ll-ran k er soil. Species assigned to  
th is  group occurred in m ore  th a n  h a lf o f all exam ined  soil sam ples. A ccordingly 
th e se  species should n o t  be regarded  as specific for th e  soil ty p e s  concerned.

Species occu rrin g  in  tw o  or a t m ost in  th ree  soil ty p es , com prise th e  
second  group. T hey  a re  ch a rac te ris tic  te rrico lous organism s in  th e  M ts M átra . 
In  investiga ting  th e ir  freq u en cy  per soil ty p e , it m ay  be s ta te d  th a t  in some 
o f th e  soil types th e y  occu r freq u en tly  (p resen t in a b o u t h a lf  o f th e  sam ples) 
w hile in others th e y  o ccu r only  spo rad ica lly  (only in  one sam ple). Thus, e.g. 
B otrydiopsis m inor  (S chm idle) Chod., M onodus subterranea  B . P etersen , 
Pleurochloris anom ala  Ja m e s  and  Pleurochloris m eringensis V ischer occur in 
b ro w n  ea rth , the v a rio u s  species of d ia tom s in m u ll-ran k er soil: in co n trast to  
th e se , Chlorhormidium  species, Stichococcus bacillaris N aeg. an d  M onodus sub
terranea  B. P e te rsen  occu r in acidic soil, w hereas Chlam ydom onas intermedia  
C hod. and B otryd iopsis m inor  (Schm idle) Chod. are f re q u e n t in  clay  lessivated  
b ro w n  forest soil.

The fact th a t  th e se  species are freq u en t in  one ty p e  o f soil and occur
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sp o rad ica lly  in th e  o th e r  suggests th a t  species ch a ra c te ris tic  of the  soil ty p e s  
should  be so u g h t am ong  th em  (see T ab les 3 an d  4). A b o u t 60%  of th e  species 
found in th e  ex am in ed  soil ty p es belong  in to  th is  g roup .

The th ird  g roup  includes species occu rrin g  only  in one ty p e  o f soil. T h e ir 
frequency  is genera lly  low , ap p earin g  in  one sam ple on ly  (28.5%  of th e  to ta l  
n u m b er of species). L ittle  is know n concern ing  th e  occurrence of Trochiscia  
reticularis (R ein isch) H ansg ., Oocystis asym m etrica  W . W est and  of Chlorhorm i- 
d ium  nitens  (H ansg .) K orn, in  th e  soil. On th e  o th e r h an d , H eterothrix ex ilis  
P asch , is a f re q u e n t soil alga, b u t  th e  o th e r  m em bers o f th e  genus live ex c lu s iv e 
ly  in a q u a tic  b io to p es. M any N avicu la  species are te rrico lous, b u t N a vicu la  
borrichii B. P e te rsen  an d  N avicula  Vaucheri B. P e te rsen  do no t belong to  th e  
freq u en tly  o ccu rrin g  species. I t  is qu ite  like ly  th a t  these  species, th o u g h  ra re ly  
and  for o n ly  a sh o rt period  of tim e , are  a b u n d a n t, b u t  on th e  basis o f th e  
exam ined  soil sam ples th e y  are n o t su itab le  for th e  ch a rac te riza tio n  o f  soil 
ty p es.

Summary

In  cognizance o f th e  soil ecological c h a rac te ris tic s  concerning th e  e x a m 
ined soil ty p e s  (cf. K ovács  1975 and T ab le  2) th e  follow ing conclusions can  be 
d raw n as fa r  as th e  re su lts  o f th e  soil algological investig a tio n s are concerned .

a) T he brow n fo rest nonpodzolized  acid ic soil, w ith  its  slow n u tr ie n t  
cycle an d  low  biological a c tiv ity , is r ich e r in  species th a n  th e  m u ll-ran k e r soil 
w ith  its  good n u tr ie n t  cycle and  high b io logical a c tiv ity . 55%  of th e  species 
in th e  acid ic soil, and  70%  of them  in th e  m u ll-ran k e r soil were occu rrin g  
spo rad ica lly , i.e . th ese  species occurred  on ly  in  one soil sam ple. In  th e  acid ic 
soil, 20%  of th e  to ta l  n u m b er of species, in  th e  m u ll-ran k er soil 16% , w ere 
found  w hich  o ccu rred  in m ore th a n  h a lf  o f th e  to ta l  n um ber of sam ples. 
These d a ta  im p ly  th a t  th e  algal com m unities reach  s im ila rly  to  the  te rrico lo u s  
actinom yces an d  fung i, th e ir  h ighest species an d  in d iv id u a l num bers in  th e  
acidic soil ty p es.

b) Soil-ecologically  d ifferen t b u t  sp a tia lly  a d ja c e n t soil ty p e s  h av e  
sim ilar te rrico lo u s algal com m unities.

c) F lo ris tic a lly  an d  soil-ecologically sim ilar b u t  sp a tia lly  sep a ra te d  soil 
typ es (sam p lin g  [îlots ly ing  several k ilom etres from  one ano ther) have  again  
sim ilar algal c o m m u n itie s .

d) In  th e  course o f the  algological analysis  of d iffe ren t soil types I  fo u n d  
th a t  the  m a jo rity  of species com prising th e  terrico lo u s algal com m unities are 
ch a rac te ris tic  epi- and  su b te rran ean  algae, an d  th a t  th e ir  frequency  p e r soil 
ty p e  is n o t th e  sam e.

e) The m a jo rity  o f algal species o rig in a tin g  from  soil sam ples co llec ted  
in th e  M átra  M o un ta ins belongs to  genera o f th e  div isions Chlorophyta  an d
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X a n th o p h y ta . T his f in d in g  corresponds w ith  earlie r observ a tio n s accord ing  
to  w h ich  the  algal f lo ra  of fo rest ecosystem s is generally  of th e  Chlorophyta- 
ty p e , w hile the  algal flo ras  of ro ck y  an d  fie ld  ecosystem s are of the  Cyano- 
p /iy ia -ty p e .
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SPORE MORPHOLOGICAL STUDIES 
ON RECENT EUROPEAN ENCALYPTA SPECIES

B y

M. JÁRAI-KOMLÓDI and S. ORBÁN

DEPARTMENT OF PLANT TAXONOMY AND ECOLOGY, EÖTVÖS LORÁND UNIVERSITY, 
AND BOTANICAL DEPARTMENT OF THE NATURAL HISTORY MUSEUM, BUDAPEST

(R ece iv ed  O ctob er 22, 1974)

C om p reh en sive spore m o rp h o lo g ica l in vestiga tion s o f  E u ro p ea n  E ncalypta  sp ec ies  
h a v e  b een  carried o u t w ith  th e  aid  o f  lig h t  and scanning e lec tro n  m icroscop y . T h e  d is 
t in c t  m orp h o log ica l d ifferences o f  sp ores w ith in  the gen u s m a y  allow  the  su p p o s it io n  
th a t  th e  rece n t c la ssifica tion  o f  th e  E ncalyp ta  genus or e v e n  th e  Encalyplaceae  fa m ily  
co n ta in s  som e tax o n o m ica l and p h y lo g e n e tic a l u n certa in ties . D eta iled  p a ly n o lo g ic a l  
d escrip tion  o f th e  spores o f  n in e E n ca lyp ta  species is g iv en  w ith  a v iew  to  so lv e  th e se  
ta x o n o m ica l q u estio n s. The ta x o n o m y  o f  Encalyptaceae is y e t  in co m p lete ly  u n d ersto o d  
and furth er  p a lyn o lo g ica l research  co v er in g  the  entire fa m ily  is  needed .

In tro d u c tio n

I t  has b een  well know n fo r a long tim e th a t  th e  spores of d iffe ren t 
E nca lyp ta  species have very  d is tin c t differences b o th  in  size and in c h a ra c 
te ris tic s  v isib le  even  u n d e r th e  l ig h t m icroscope (LM).

S tu d y in g  th e  m o rp h o lo g y  o f re c e n t moss spores ( B oros J á r a i - K om- 
lÓd i , 1975) a w ell-m arked  c o n tra s t is to  be found b e tw een  th e  tw o ex am in ed  
E n ca lyp ta  species (E . ciliata, E . streptocarpa). These species h igh ly  d iffer from  
each  o th e r  in  size, in  s tru c tu re  a n d  also in  o rn a m e n ta tio n . These m o rp h o 
logical d issim ilarities have d raw n  o u r a tte n tio n  to  th is  genus.

In  o rd er to  c o n tr ib u te  to  som e e x te n t to  the e lu c id a tio n  of som e ta x o 
nom ical an d  palynological questions in  th is  group, th e  a u th o rs  have d ecided  to  
ca rry  ou t a co m p ara tiv e  spore m orpho log ica l exam in a tio n s of recen t E u ro p e a n  
E nca lyp ta  spores.

N o t a d e q u a te ly  illu s tra ted  c o m p ara tiv e  spore m orpho log ical w orks of 
th is  genus th o u g h  some descrip tions a n d  illu stra tions h av e  been p u b lish ed  
so fa r  b y  v a rious au th o rs  (E r d t m a n , 1957; 1965; Savic z-j u b it z k a ja  S m ir 
n o v a , 1970; D ic k so n  1973; B oros  — J á r a i -K omlódi, 1975).

T he p re se n t s tu d y  does no t h a v e  only  taxonom ical b u t  pa laeo b o tan ica l 
s ign ificance, too . N am ely , th e  ex am in ed  species are m ain ly  d is tr ib u ted  re c e n tly  
in a rc tic -a lp in e  an d  circum borcal reg ions and  it  can be supposed  th a t  th e se  
species w ere w ide-sp read  during  th e  ages w hen a co lder c lim ate  p rev a iled , 
th u s , fossil spores o f E ncalypta  are e x p e c te d  to  come fo rw ard  from  the  P le is to 
cene an d  even from  older s tra ta .
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Some records o f  fossil spores are a lre a d y  know n , e.g. th o se  of Encalypta  
rhabdocarpa  from  th e  L a te  P leistocene of A lask a  (D ic k s o n , 1973), E . cf. vul
garis  from  the L a te  P le is to cen e  of S iberia (A bram ov a  e t a l., 1965), and En- 
calyptosporites p liocen icus  from  the Neogene o f  H u n g ary  ( N a g y , 1968). P re 
su m a b ly  the o ldest f in d in g  o f fossil spores o f  E ncalypta  w as found in the  
D ev o n ian  of C anada i f  th e  spores described as E m phanisporiteÈ  in  fact belong 
to  th e  Encalypta  genus ( E r d t m a n , 1969).

In  addition  to  th e  fossil spores, w ell-p reserved  m acrofossils of Encalypta  
h a v e  been e n co u n te red  in  P leistocene s t r a ta ,  for exam ple , m acrofossils of 
E . a lp ina  in D e n m a rk  ( H e s s e l b o , 1910), E . vulgaris in  in te rg lac ia l s tra ta , 
o f  W eim ar (Gams 1932), E . rhabdocarpa in  severa l localities o f  E n g land  (W a r 
r e n , 1912; J e s s e n , 1949), an d  in Po land  (S z a f r a n , 1952), an d  som e unrecogniz
ab le  species of E n ca lyp ta  in  E ng land  (D i c k s o n , 1964).

All these f in d in g s  allow  to  suppose th a t  th e  fossil spores o f  o th e r E nca lyp
ta  species, are also to  be  expected  from  th e  P leistocene a n d  even from  the  
o ld e r geological s t r a ta .  F o r  th is  reason i t  m a y  also prove u sefu l to  stu d y  th is 
genus from  the p a la e o b o ta n ica l po in t of v iew .

The palyno log ica l p a r t  o f th is p ap e r is th e  w ork of M. JÁ r a i-K omlódi, 
w hile  th e  hryological p a r t  was com piled b y  S. O r b á n . T he p ho tom icrog raphs 
h a v e  been tak en  b y  M. JÁr a i-K omlódi.

Material and methods

Spore m ateria l w a s o b ta in ed  from  the H erb a riu m  o f th e  H u n g a r ia n  N atural H isto ry  
M u seum  an d  the H erb a riu m  o f  A . B o r o s , d ep o sited  a t  the  sam e p lace .

For the lig h t m ic r o sc o p y  (LM ) the spore sa m p les  were a c e to ly z e d  ( E r d t m a n , 1952) 
an d  m oun ted  in  g lycerin  j e l ly .  A  Carl Zeiss N U  P h o to m icro sco p e  w as u se d  w ith  p lanachrom ate  
X 100 (N .A . 1.30) o b je c t iv e . T w e n ty  m easu rem en ts o f  spore size w ere m a d e  on  each sam ple.

For the sc a n n in g  e lectron -m icroscop ic  s tu d y , th e  m ateria l w as a lso  aceto lyzed , th en  
c o a te d  w ith  ev a p orated  g o ld . T he scanning e lec tro n  m icrographs (S E M G ) were taken  w ith  
th e  ISM -50 scanning e le c tr o n  m icroscope (SE M ) a t th e  E ö tv ö s  L oránd  U n iv ers ity , B u d a p est. 
W e w ish  to thank  V era  T a k á c s  for sk ilfu l te c h n ic a l a ssistan ce  in  ta k in g  SEM Gs.

The term in o lo g y  fo llo w s  th a t  o f E r d t m a n  (1970).

Results and discussion

1. Taxonom y , d istrib u tio n  and ecology o f  the genus E nca lyp ta

The genus E n ca lyp ta  belongs to  th e  o rder of Pottiales, suborder o f 
E ncalyptinales  an d  to  th e  fam ily  of Encalyptaceae  (w ith tw o  genera: E ncalypta  
an d  Bryobrittonia). T h e  la tte r  is re la te d  to  E ncalypta  b y  its spo rophy tic  
ch a rac te rs  b u t w ell sep a rab le  from  it b y  th e  g am eto p h y tic  cha rac ters . St e e r e  
(1953) s ta ted  t h a t  th e  genus Bryobrittonia  has belonged to  Encalyptaceae. 

M ostly on th e  b asis  o f sporophy tic  ch a ra c te rs  E n ca lyp ta  can be d iv ided
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in to  sections. C oncerning th e  d iffe ren t divisions o n ly  th e  m ost im p o rta n t ones 
are  re ferred  here. N ees  e t al. (1827) described  sec tions I . Aperistom ae  
an d  I I .  Peristomae, based  obv io u sly  on the  absence o r presence o f peri- 
s to m iu m . C. M ül l er  (1848—49) an d  L i n d b e r g  (1879) se p a ra te d  th e  sections 
o f  Rhabdotheca and  Psilotheca  on th e  basis of th e  c h a ra c te r  of spore capsule.

K i n d b e r g  (1897) e s ta b lish e d  five sections consid erin g  b o th  th e  fo rm er 
div isions and  m an y  o th e r c h a ra c te rs  of sp o ro p h y te : 1. Streptotheca , I I .  D iplo
lepis, I I I .  Rhabdotheca, IV . P yro m itr iu m , V. X a n th o p u s . This lias essen tia lly  
been  used u n til to d a y  b u t  th e  o rd e r of th e  sections has been  changed  b y  the  
d iffe ren t au th o rs .

F o r exam ple th e  K i n d b e r g ’s division was m odified  b y  B ro t h e r u s  
(1924) as follows: I . P yro m itr iu m , I I .  X anthopus, I I I .  Rhabdotheca, IV . Diplo- 
lepis, V. Streptotheca. P o d p e r a  (1954) again m odified  th e  d iv ision  of E nca lyp ta  : 
I . P yrom itrium , I I .  Rhabdotheca, I I I .  X anthopus, IV . D iplolepis, V. Strepto
theca.

These d ifferen t div isions m ay  have supposed ly  been  estab lish ed  on the  
basis  of ce rta in  phy logenetic  reaso n s connected  w ith  th e  s tru c tu re  of th e  peri- 
s to m iu m . In  section  P yro m itr iu m  th e re  is no p e ris to m iu m  an d  th e  sam e applies 
to  som e species of section  Rhabdotheca, while th e  o th e r  species o f th is  section  
h av e  a single-row  p eris to m iu m . B o th  in section  D ip lo lep is  and  Streptotheca  
th e  species have double-row  peris to m iu m .

In  th is  p ap er none of th e se  divisions was used . W e g rouped  th e  species 
accord ing  to  ce rta in  p rinc ip les o f  spore m orphology . A tte n tio n  is d raw n  to  
th e  m orphological sim ilarities a n d  differences am ong  th e  exam ined  species. 
B u t i t  is h a rd ly  possible to  m ake a n y  fu r th e r  divisions since only  th e  E u ro p ean  
species of genus have been  in v e s tig a te d . So, we h av e  to  w a it w ith  ou r tax o - 
nom ical suggestion  u n til th e  spore m orphological s tu d y  o f  th e  w hole fam ily  
w ill have been  carried  ou t. In  th is  case th e  re la tio n sh ip  o f th e  genera E nca lyp ta  
an d  Bryobrittonia  or those of th e  d iffe ren t species w ill be solved ra th e r  on th e  
basis  of phy logenetic  reasons th a n  in  th e  d ifferen t c lassifica tions used  so far.

The chrom osom e n u m b ers  o f  six  ou t of nine in v e s tig a te d  species are 
kn o w n : E ncalypta  a lp ina  14, E . rhabdocarpa 26, E . procera  27 (St e e r e , 1954); 
E . vulgaris  26 (Vis o t s k a y a , 1967; S mith  -  N e w t o n , 1968); E . ciliata  13 (A n d e r 
so n  Cr u m , 1958; S mith  — N e w t o n , 1968); E. a ff in is  13 (A n d e r s o n -  Cr u m , 
1958).

The E ncalypta  species liv ing  also in E urope are m a in ly  d is tr ib u te d  in th e  
n o r th e rn  hem isphere of th e  w hole w orld. The species have  c ircum boreal or 
b o rea l-a rc tic  range, in h a b it a lp in e , subalp ine and  m o n ta n e  regions. Some of 
th e m  have d is jo in t a rea  in  A u s tra lia  and  S ou th  A frica .

The E ncalyp ta  species m a in ly  live on lim estone an d  o th e r  k inds o f rocks 
c o n ta in in g  lime (andesite , b a s a lt ,  gabbro , m arl, do lom ite) ra re ly  on lim e- 
de fic ien t rocks (g ran ite , gneiss), also on hum ous debris in  clefts of rocks and
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o n  calcareous soils a n d  sed im en ts  (loess, loam , sand). T h ey  are  know n as 
x e ro p h y te , m eso -xerophy te  an d  m esophy te , heliophilous, helio-sciophilous 
a n d  ra re ly  as sciophilous species.

2. D escription o f species investigated

Encalypta ciliata (H ed w .) H offm . (F igs 1-—9)

S y n o n y m : E. laciniata  L in d b .
A rea: C ircum boreal, d isjo in t in  A u stra lia  and S o u th  A frica . M ainly in  m o u n ta in o u s regions. 
E c o lo g y :  M esophyte, h e lio -sc io p h ilo u s , sax i-terrico lou s, s lig h t ly  a c id o p h ilo u s . M ostly  on soils

an d  rocks rich in  lim e , so m etim e s on lim e -d e fic ien t h a b ita ts , to o .
S p ore form ation: S p orogon ia  are regu larly  d evelop ed . F o ssil spores are ra rely  to  be exp ected . 
C y to ta x o n o m y : D ip lo id , n  =  13.

S pore m orphology:
Size: Mean v alue  37 p m ,  size range 40 -3 4  pm .
Shape and  s t ru c tu re :  Spores sphero idal. T rile te . L aesu ra  arm s often 

in d is tin c t, n a rro w , n o t-th ick en ed , one arm  a b o u t 6 p m  long. 
Exine a b o u t 2 p m  th ick , co n ta in in g  a v e ry  d is tin c t “ sex inous” 
and a “ n e x in o u s”  p a r t.

O rn am en ta tio n : T h ere  are g rea t d ifferences in  o rn a m e n ta tio n  betw een 
the tw o faces o f th e  spore. The o u te r  p a r t  of ex ine e x h ib its  a very  
ch a rac te ris tic  ap p earan ce  form ing  in  th e  d ista l face a large (10 
12 pm  in  d ia m e te r)  cen tra l “ b ro ch u s”  w ith  5 — 6 ra d ia l  m urus-like 
arm s ru n n in g  to  th e  am b. On SEM Gs o f spores i t  is well visible 
(a lready  a t  X 6000 m agnifica tion) th a t  th e  b o tto m  o f “ b rochus” 
is finely  p i t te d .  A rm s form  5 7 m arg ina l m eshes. T he b re a d th  of
m uri a b o u t 5 — 7 p m , th e  h e igh t a b o u t 4 p m . In  th e  p rox im al face 
m uri grow  th in n e r  in to  w rinkles ru n n in g  to  th e  c e n tra l p a r t and 
are a m a lg a m a te d  in to  a large cen tra l shield in  th e  m idd le  of which 
the  tr i le te  m a rk  can be seen. N ear the  am b a sy s tem  of abou t 
10 14 m u ru s-lik e  arm s and  o f several m arg ina l m eshes develop.
In b o th  faces o f th e  spore sexine consists of irreg u la rly  angular, 
u n ited  v e rru ca -lik e  elem ents.

L ocality : The B ü k k  M ts, n ea r S zarv ask ő  (H u n g a ry ); A . B oros, 1960/ 
102352.

Encalypta rhabdocarpa Schw aegr. (F igs 10— 23)

S y n o n y m : Leersia rhabdocarpa  L indb.
A rea: C ircum boreal, a rc tic -a lp in e . M ostly  in alp ine reg ion , som etim es in  low er zones, to o . 
E c o lo g y :  X erop h yte , h e lio p h ilo u s , sax ico lou s, ca lc ip h ile . On h um us in  c le fts  o f  lim eston e and  

calcareous rocks (r ich  in  lim e).
S p ore form ation: S p o ro g o n ia  are regu larly  d ev elop ed . F o ssil spores are h a rd ly  to  be exp ected . 
C y to ta x o n o m y : D ip lo id , n =  26.

Acta Botanica Academiae Scientiarum Hungaricae 21, 1975



SPORE MORPHOLOGICAL STUDIES ON ENCALY'PTA SPECIES 309

Figs 1— 9. Encalypta ciliata  (H e d w .)  H offm . 1— 2. P rox im al face , LM G  (xlO O O ). 3— 4. D ista l 
face LM G  ( X 1000). 5. Group (p ro x im a l and d ista l face), L M G  ( X 250). 6. P ro x im a l face , 
SE M G  ( X 2000). 7. P ro x im a l face , cen tra l p art, SEM G  ( X 6000). 8. D ista l fa ce , SE M G  ( X 2000). 

9. D ista l face, cen tra l brochus, SE M G  (X 6 0 0 0 )
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F ig s  8 - 9
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F ig s 10— 23. Encalypta rhabdocarpa  Schw aegr. 10 — 11. P roxim al fa ce , L M G  (xlOOO). 
1 2 — 14. D ista l face, L M G  (x lO O O ). 15. Group (p rox im al and d ista l fa ce), L M G  ( x 2 5 0 ) .  
16. P ro x im a l face, S E M G  ( X 2 0 0 0 ). 17. P roxim al fa ce , cen tra l sp h ero id s, S E M G  ( X 10 000). 
18. P ro x im a l face, cen tra l sp h ero id s , a part o f  ap erture, S E M G  ( X 6000). 19. P roxim al face, 
c e n tr a l spheroids and n a n o g ra n u le s , SE M G  ( X 10 000). 20. P rox im al face , a w rink le jo ining  
w ith  th e  central spheroids, S E M G  ( X 6000). 21. P rox im al face , cen tra l p a rt o f  wrinkles, 
S E M G  ( X 10 000). 22. D is ta l fa c e , SE M G  ( X 2000). 23. D eta ils  o f  o rn a m en ta tio n  in d istal

face, SE M G  ( x l O  000)
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F ig s  1 6 - 1 7
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F ig s  1 8 — 19
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F ig s  2 0 - 2 1
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F igs 22 - 2 3
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Spore m orpho logy :
Size: M ean va lu e  48 pm , size range  50 46 pm .
Shape an d  s tru c tu re :  Spore sp h ero id a l b u t on th e  prox im al face f l a t 

ten ed . C ry p to tr ile te . Sclerine o f th e  d is ta l face is ab o u t 5 -7  pm  
th a t  of th e  prox im al face is a b o u t 2 — 3 pm  th ick , processes in 
cluded.

O rn a m e n ta tio n : T here  are d is tin c t d ifferences in o rn am en ta tio n  b e tw een  
th e  tw o  faces o f the  spores. T he d is ta l face is reg u la rly  and  densely  
covered  w ith  ra th e r  uniform  hem ispherica l bubble-like e lem en ts  
severed  b y  sm ooth  in te rs tices . These v e rru cae  are la rgest (d ia 
m e te r  a b o u t 7 pm ) in the  c e n tre  of th e  d is ta l face and  becom e 
sm aller (4 pm ) on app roach ing  th e  edge of th e  d is ta l face of spores. 
In  SEM , in  th e  cen tre  of the  p ro x im a l face densely  spaced reg u la rly  
shaped  gem m a-like spheroids are visible w hich are u sua lly  less 
th a n  1 p m  in  d iam eter. T hey  cover a c ircu la r a rea  (d iam eter ab o u t 
4 — 5 pm ) w h ich  is the  supposed  place of a p e r tu re  w here a tr ile te -  
m ark  can  occasionally  be seen . In  th e  LM it u su a lly  looks like on ly  
a fine ly  d o tte d  circle. F ro m  th is  cen tra l p lace 5 7 in d is tin c t
(1 3 p m  b ro a d  and high), ir re g u la rly  s itu a te d  w rinkle-like a rm s
ru n  to  th e  edge of the  p ro x im a l face, ra d ia lly  (some of th e m  
p ara lle l) a n d  coalesce w ith  th e  te rm in a l v erru cae  of the d ista l face.

L o ca lity : S ör-T röndelag , K ongsvoll, n ea r r iv e r  D riv a  (N orw ay); P . 
O l s s o n , 1883 /101599.

Encalypta brevicolla B ru c h  (F ig s  24— 41)

S y n o n y m s: E . longicolla v a r . brevicolla B. S. G ., Leersia brevicolla L indb .
A rea: C ircum boreal, b o rea l-a rctic , in  sub alp in e reg ion .
E c o lo g y : X e r o p h y te , h e lio p h ilo u s , sax ico lou s, in d ifferen t. On c la ssic  so ils in  c lefts an d  on

w alls o f  rock s (r ich  or poor in lim e).
Spore fo rm a tio n : S p orogon ia  are regularly d e v e lo p e d . F ossil spores are n ot to  be e x p e c te d .
C y to ta x o n o m y  : ?

Spore m orpho logy :
Size: M ean v a lu e  42 pm , size range  4 8 — 36 pm .
Shape an d  s t ru c tu re :  Spores s lig h tly  tr ia n g u la r , som ew hat f la tte n e d  on 

th e  p ro x im a l face. C ry p to tr ile te . E x ine  is ab o u t 1 —1.5 pm  in  
th ick n ess  a n d  w ith  elem ents is a b o u t 6 pm  th ic k  in  th e  d ista l an d  
2 pm  in th e  p roxim al face.

O rn a m e n ta tio n : T h ere  are d istin c t d ifferences in  o rn am en ta tio n  b e tw een  
th e  tw o  faces of the  spores. T he d is ta l face reg u la rly  and  d ense ly  
covered  w ith  elongate, n o t co n flu en t occasionally  too th -like  v e r 
ru cae , w hich  are about 4 pm  in  d iam e te r an d  ab o u t 4 — 6 p m  in 
len g th . T he p roxim al face o f spores h a rd ly  o rn am en ted . The ab o u t
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F igs 24— 41. E ncalyp ta  brevicolla B ruch. 24— 27. P ro x im a l face, L M G  (x lO O O ). 28— 29. D is 
ta l fa ce , L M G  ( X 1000). 30— 31. L ateral v ie w , L M G  ( X 1250;. 32— 33. D ista l fa ce , LM G  ( X 250). 
34 . P ro x im a l face , S E M G  ( X 2000). 35. W rin k le  jo in in g  w ith  th e  term in a l verrucae o f  th e  
d is ta l  face , SE M G  ( X 6000). 36. T he cen tra l p a rt o f  proxim al face, S E M G  ( x  10 000). 37. 
P r o x im a l face , S E M G  ( x 2 0 0 0 ) .  38. Central p a r t o f proxim al face, S E M G  ( X 3500). 39. D is ta l  
fa c e , S E M G  ( x 2 0 0 0 ) .  40. D ista l fa ce , S E M G  ( X 2000). 41. D eta ils o f  th e  d ista l fa ce  w ith  

to o th -lik e  verru cae , S E M G  ( X 6000)
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Figs 3 0 -  34
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Figs 3 3 - 3 6
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Figs 3 7 - 3 9

Acta Botanica Academiae Scientiarum Hungaricae 21, 1975



3 2 2 JÁRAI-KOMLÓDI, M -ORBÁN, S,

F igs 4 0 —41
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2 pm  b ro ad  and high v e rru cae  u su a lly  form  a g roup  on ly  in  th e  
cen tre  of proxim al face. E le m e n ts  here are crow ded an d  so m ew h at 
co n flu en t. Som etim es th e y  are  s itu a te d  along a tr i le te  m ark , b u t  
m ore o ften  th ey  cover it.

L o ca lity : P o h jo is-P o h jan m aa , n e a r  M uhos. L eppin iem i (F in lan d ); T . 
U l v i x e n , 19661102284.

E ncalyp ta  vu lgaris H edw . (F ig s  42— 55)

Synonym : E . extinctoria  Lindb.
Area: Circumboreal, disjoint in Australia. M ostly on plains and m ountains o f medium height, 

rarely in alpine regions, too.
E cology: X erophyte, heliophilous, terri-saxicolous, calciphile. Mostly on lim estone and cal

careous soils, but also on debris of other kinds of rocks (dolom ite, basalt, andesite), 
and on sedim ents (loess, loam, sand) containing lime.

Spore formation: Sporogonia are regularly developed. Fossil spores m ay hardly be expected.
C ytotaxon om y: D iploid, n =  26.

Spore m orpho logy :
Size: M ean v alue  36 pm , size ran g e  40 -3 2  pm .
Shape an d  s tru c tu re : Spores sp h ero id a l, f la tten ed  on th e  p rox im al face. 

C ry p to trile te . Exine is a b o u t 1 1.5 pm  th ick  an d  w ith  e lem en ts
ab o u t 7 pm  th ick  in th e  d is ta l a n d  2 —3 pm  in th e  p ro x im al face. 

O rn a m e n ta tio n : There are d is tin c t d ifferences in o rn a m e n ta tio n  b e tw een  
th e  tw o  faces of the spores. T he d is ta l face is reg u la rly  an d  densely  
covered  w ith  ra th e r  un ifo rm , e lo n g a te  verrucae. T h e ir d iam e te r  is 
a b o u t 4 pm , length  5—6 pm . V errucae  becom e g rad u a lly  sm aller 
p roceed ing  from  the  cen tre  o f th e  d is ta l face to w ard  th e  p ro x im al 
face. U n d e r X 10,000 m ag n ifica tio n , in  SEM th e  surface of th ese  
v e rru cae  is n o t sm ooth . T hey  are  densely g ran u la ted  w ith  n a n o 
granu les.
The cen tre  of the p rox im al face is covered b y  sm all (1 —1.5 pm  
in d iam ete r) spheroids se p a ra te d  from  each o ther. These cover th e  
place o f  ap e rtu re . A round  th e m  som e bigger (4 5 pm ) v e rru cae
sim ilar to  those of d is ta l face are  usually  sc a tte re d . F rom  th is  
cen tra l p lace, 15 20, h a rd ly  2 p m  wide and  h igh  w rinkles are
ru n n in g  to  th e  edge o f th e  spore an d  jo in ing th e re  th e  m arg in a l 
verrucae  o f th e  d ista l face.

L o ca lity : The N o rth  Borsod K a rs t, n e a r  A ggtelek, on th e  M t. B arad la - 
te tő  (H u n g ary ); Á. B o r o s , 1928/101780.

E ncalyp ta  affinis (H e d w .)  fil. W eb. et M ohr (F ig s  56— 67)

Synonym s: E . apophysata  Nees et H ornsch., Leersia a ffin is  Lindb. 
Area: Circumboreal, alpine.
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Figs 42— 55. E ncalyp ta  vulgaris Hedvv. 42 —46. Proxim al face, L M G  (xlOOO). 47— 49. D istal 
face, LM G  (xlOOO). 50. Group (proximal and distal face), L M G  ( X 250). 51— 52. P roxim al 
face w ith small spheroids and large verrucae in the central part, S E M G  ( X 2000). 53. Central 
part of proximal face, S E M G  ( X 6000). 54. D ista l face, S E M G  ( X 2000). 55. D etails o f distal 

face w ith elongate verrucae covered by nanogranules, SE M G  (x 6 0 0 0 )
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Figs 5 1 - 5 3
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Figs 54—55
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F igs 56— 67. E ncalyp ta  a ffin is  (H edw.) fil. Web. et Mohr. 56. Proxim al face, L M G  ( X 1000). 
57— 58. Spore tetrads showing the proxim al faces of spores, L M G  (xlOOO). 59— 61. D istal 
face, L M G  (X  1000). 62. Group (proxim al face and lateral view ), L M G  ( x 2 5 0 ) .  63— 64. P roxi
mal face, w ith irregularly arranged groups of confluent verrucae, S E M G  (x 2 0 0 0 ) . 65. D etails 
of proxim al face, S E M G  ( X 6000). 66. D ista l face, SE M G  ( X 2000). 67. Details o f distal face,

S E M G  (X 6000)
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Figs 63 — 65
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Figs 66 — 67
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E cology: M esophyte, helio-sciophilous, saxicolous, indifferent. On hum ous rocks and in clefts
o f rocks (rich or poor in lime).

Spore form ation: Sporogonia are regularly developed. Fossil spores are hardly to he expected.
C ytotaxonom y : Diploid, n =  13.

Spore m orpho logy :
Size: M ean va lu e  38 pm , size ran g e  4 0 — 32 pm .
Shape and  s tru c tu re :  Spores su b tr ia n g u la r , more or less f la tte n e d  on 

th e  p ro x im al face. C ry p to tr ile te . E x ine  in  the  d is ta l face is a b o u t 
5 pm  in  th ick n ess  and  a b o u t 2 p m  th ic k  in th e  p ro x im a l face w ith  
processes.

O rn a m e n ta tio n : T here  are d ifferences in  o rn am en ta tio n  b e tw een  th e  tw o  
faces o f th e  spores. E xine o f  th e  d is ta l face consists o f v e rru cae , 
m ore or less an g u la r in  th e ir  cross section  and  irreg u la r  in  shape , 
size (1—4 p m  in d iam eter) an d  a rran g em en t. The surface of v e r 
rucae u su a lly  sm ooth . The p ro x im a l face of spores are h a rd ly  an d  
v e ry  u n ev en ly  o rn am en ted . T he surface of th is  face is sm ooth , an d  
v e rru cae  fo rm  only a few  irre g u la rly  a rranged  groups. E lem en ts  
here are u su a lly  con flu en t an d  m ore irregu lar b o th  in  shape an d  
size th a n  in  th e  d ista l face. In  th e  centre o f th e  p ro x im al face 
from  tim e  to  tim e a tr ile te  m a rk  is visible.

L o ca lity : L ule L ap p m ark , K v ik k jo k k  (Sw eden); H j .  M ö l l e r , 1923/
102292.

E n caly p ta  longicolla  B ru c h  (F igs 68— 91)

Area: Circumboreal, arctic-alpine. M ostly in alpine zone, but in arctic region in  lower zones, too .
E cology: X ero-m esophyte, heliophilous, saxicolous, calciphile. On lim estone covered w ith

hum ous soils.
Spore form ation: Sporogonia are regularly developed. Fossil spores are hardly to be expected.
C ytotaxonom y: ?

Spore m orpho logy :
Size: M ean va lu e  80 pm , size ra n g e  88 — 64 pm .
Shape and  s tru c tu re : Spores sp h ero id a l, c ry p to trile te . E x ine  in th e  d is ta l 

face is a b o u t 4 pm th ick  a n d  in  th e  p roxim al face a b o u t 2 — 3 pm , 
processes inc luded .

O rn a m e n ta tio n : There are n o ticeab le  differences in  o rn a m e n ta tio n  b e 
tw een  th e  tw o  faces of spores. E xine in the  d is ta l face consists o f 
big f la t  an d  en tire ly  co n flu en t v e rru cae  w hich e x h ib it an irreg u la rly  
c racked  su rface w ith  a n g u la r  m eshes in d iffe ren t op tica l cross 
sections.
In  th e  cen tre  of th e  p ro x im a l face the  o rn a m e n ta tio n  consists of 
v e rru cae  sim ilar to  those  o f th e  d ista l face b u t  these  are la rg e r 
an d  less con fluen t. T hese e lem en ts  becom e m ore an d  m ore f la t-
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Figs 68— 91. Encalypta longicolla Bruch. 68— 71. Series o f optical cross sections, L M G  
(x 2 5 0 ) .  72— 73. Proxim al face, LMG  (xlOOO). 74— 77. Proxim al face (optical cross sections), 
L M G  (xlOOO). 78— 80. Proximal face, L M G  (xlOOO). 81. D istal face, L M G  (xlOOO). 82— 84. 
D istal face. Irregularly cracked pattern of certain optical sections, L M G  (XlOOO). 85. D istal 
and proxim al face, S E M G  ( X 400). 86. Proxim al face, SE M G  (xlOOO). 87. Central part o f  
proxim al face w ith aperture, SEM G  ( X 3000). 88. Central verrucae in proxim al face, S E M G  
( X 6000). 89. Marginal part of proximal face w ith flattened , confluent elem ents, SE M G  
( X 3000;. 90. D etails o f distal face with large, fla t, entirely confluent verrucae. SEM G  ( X 6000).

91. Distal face, SE M G  (xlOOO)
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Figs 74—77
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Figs 78 — 81
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Figs 82—85
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Figs 8 6 - 8 8
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Figs 89 — 91
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ten ed  app roach ing  th e  edge o f p roxim al face an d  fin a lly  e x h ib it 
a coalescent, irreg u la rly  c rack ed  surface. A m ong th e  ce n tra l ver- 
rucae , som etim es an  irreg u la rly  shaped  open ing  o f ap e rtu re  can 
be seen.

L o ca lity : The B av arian  fo re lan d  of A lps, on th e  M t. K irch s te in  (G er
m an y ); T h . H e r z o g , 19201102286.

Encalypta alpina S m ith  (F ig s  92— 103)

Synonym s: E . commutata  Nees et H ornsch., E . caucasica Rupr., Leersia a lp ina  Lindb.
Area: Circumboreal. In Europe and in North Am erica in alpine zone, bu t in the arctic region  

in lower zones, too.
E cology: M esophyte, saxi-hum icolous, heliophilous, calciphile. On hum us, in th e  clefts of 

calcareous rocks, on lim y stones in bogs, in arctic mires.
Spore form ation: Sporogonia are regularly developed, fossil spores m ay be expected  in peaty  

deposits of bogs.
C ytotaxonom y: Diploid, n =  14.

Spore m orpho logy :
Size: M ean value 32 pm , size ran g e  28 —36 pm .
Shape and  s tru c tu re : Spores sphero ida l-sub  tr ian g u la r. K a ta le p t . E x ine  

is ab o u t 2 pm  th ick .
O rn a m e n ta tio n : The tw o faces o f th e  spores are som ew hat d iffe ren t from  

each  o th e r b u t owing to  th e  d e lica te  o rn am en ta tio n  an d  concealed  
ap e rtu re  th is  difference is in d is tin c t in LM. E x in e  consists of 
sm all (ab o u t 1 pm  in d iam ete r) an g u la r g ranu les com posed o f 
nanog ran u les  and  v a ry in g  b o th  in size and shape. In  th e  d ista l 
face elem ents evenly  an d  densely  spaced , several o f th e m  occasion
ally  tig h tly  a tta c h e d  to  each  o th e r. In  the  prox im al face e lem ents 
are sim ilar — b o th  in size an d  shape — to  those o f th e  d is ta l face, 
b u t  irreg u la rly  and  g rad u a lly  less spaced . In  the  cen tre  o f th e  p ro 
x im al face elem ents are  densely  spaced , b u t in  th e  d is ta l face 
th e y  are iso la ted  from  each  o th e r. A m ong th em  an  irreg u la rly  
shaped  opening can occasionally  be seen. A few (3— 5) sh o rt, very  
in d is tin c t w rinkle-like arm s are ra d ia lly  runn ing  from  th e  cen tre  
to  th e  edge of p rox im al face.

L o ca lity : The T a tra  M ts., on th e  M t. Z adn ie  J a tk y  (C zechoslovakia); 
Á .  B o r o s , 19Щ 101601.

Encalypta procera L in d b . (F ig s  104— 111)

Area: Circumboreal, boreal-arctic.
E cology: M esophyte, heliophilous, terri-saxicolous, calciphile. On lim estone and calciferous 

rocks, on w et, hum ous habitats, too. On the rocks in alpine meadows and mountain  
tundras.

Spore form ation: Sporogonia are developed. Fossil spores m ay be expected in sedim ents o f 
alpine m eadows and wet tundras.

C ytotaxonom y: D iploid, n =  27.
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Fies 92— 103. E nca lyp ta  alpina  Sm ith. 92— 94. Proxim al face, L M G  ( X 1000). 95— 97. D ista  
face, L M G  (xlOOO). 98. Group, L M G  ( x 2 5 0 ) .  99. Proxim al face, S E M G  (X 2 0 0 0 ). 100. Ver
rucae of proxim al face, S E M G  ( X 10 000). 101. Verrucae o f central part in proxim al face, 
S E M G  (X 6000). 102. D istal face, S E M G  ( X 2000). 103. Granules formed by clusters of nano

granules in d ista l face, S E M G  (x 6 0 0 0 )

Acta Botanica Academiae Scientiarum Hungaricae 21, 1975



SPORE MORPHOLOGICAL STUDIES ON ENCALYPTA SPECIES 339

Figs 99 — 101
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Figs 1 0 2 -1 0 3
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Figs 104— 111. E nculyp ta  procera Bruch. 104— 108. Different optical cross sections. Overlaid  
gemmae can be seen, LM G  ( X 1000). 109. Cf. proxim al face, S E M G  ( X 3000). 110— 111. D e
tails, showing the separate granules com posed of nanogranules, S E M G  ( X 6000; X 10 000)
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Spore m orpho logy :
Size: M ean v alue  20 pm , size ran g e  24 —18 pm .
S h ap e  and  s tru c tu re : Spores sp h ero id a l, a f te r  acetolyzes o ften  w rinkled , 

collapsed. K a ta le p t. In  th e  cen tre  o f  cf. p rox im al face a th in n er- 
w alled “ le p to m a ”  like a rea  suggests th e  place o f an  ap e rtu re . 
P ro b ab ly  ow ing to  th e  so m ew h at th ic k  exine (ab o u t 0.6 — 0.8 pm ) — 
th ick er th a n  th a t  o f E . streptocarpa  — it  is ra re ly  opened .

O rn a m e n ta tio n : Sexine show s a d e lica te , reg u la rly  a rra n g e d , densely  
g ran u la ted  p a tte rn ,  s im ila r in  b o th  faces of th e  spore . E lem en ts 
are sm all, irreg u la rly  sh ap ed , se p a ra te  granules, com posed  o f n a n o 
granules. T hese processes are  occasionally  overlaid  w ith  sca tte red , 
ab o u t tw ice o r th ree  tim es la rg e r (0 .6— 1.0 pm ) sp h ero id a l gem m ae 
w hich are loosely a tta c h e d  to  th e  surface.

L o ca lity : N ear S v a tsu m  (N orw ay); E . R y a n , 1892/32852.

Encalypta streptocarpa H edw . (F ig s  112— 121)

Syn onym s: E . contorta Lindb., Leersia contorta Lindb.
Area: Circumboreal.
E cology: X erophyte, heliophilous, terri-saxicolous, calciphile. On lim estone and on calcifer-

ous rocks and soils, on open and half-shaded habitats.
Spore formation: Sporogonia are developed. Fossil spores are not to be expected . 
C ytotaxonom y: ?

S pore  m orphology:
Size: M ean va lu e  12 pm , size ran g e  13 — 7 pm .
Shape and  s tru c tu re : Spores sp h ero id a l s ligh tly  p lan e-co n v ex . D ue to  

th e  th in  exine (ab o u t 0.5 p m  th ic k ), a f te r  p re p a ra tio n  o ften  ru m 
pled , collapsed. K a ta le p t. In  th e  cen tre  of p lane face th e re  is a 
th in n er-w a lled  lep to m alik e  area  or som etim es a tr ia n g u la r  or 
c ircu la r opening.

O rn am en ta tio n : In  LM, even  a t  X  1000 m agn ifica tion  sex ine shows only  
a v e ry  delica te  d o tte d  p a t te rn  due to  th e  m inu te  g ran u les , sim ilar 
in  b o th  faces. G ranules are som ew hat an g u la r in  cross sections 
p ro b a b ly  com posed o f n an o g ran u le s . In  SEM  i t  can  be seen th a t  
some (3 — 5) granu les o ccasionally  coalesce in to  sm all, m ore or less 
reg u la rly  w inding  row s show ing a fin g erp rin t-lik e  p a tte rn .

L ocality : T he T a tra  M ts., n e a r  H rab u sice  (C zechoslovakia); Á .  B o r o s , 

1958/102146.

Conclusions

On the  basis o f spore m orpho logy  th e  exam ined  spores o f th e  E ncalypta  
genus can be d iv ided  in to  th ree  ty p es .

The f irs t spore ty p e  com prises th e  E . ciliata, w hich  seem s to  be well 
s e p a ra te d  from  ev ery  o th e r species b y  th e  v e ry  ch a rac te ris tic  m orphology  in
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F igs 112— 121. E n ca lyp ta  streptocarpa  Hedw. 112— 118. D ifferent optical sections, L M G  
( X 1000). 119. F ingerprint-like pattern, SE M G  ( x 3 0 0 0 ) .  120. The sam e, SE M G  (хбООО).

121. The same, SE M G  ( x  10 000)
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b o th  fac ol its spores as th e  ce n tra l b ro ch u s , th e  w ell-developed m urus-like  
a rm s, th e  m arg ina l m eshes and  th e  tr ile te  m a rk  w hich is m ost o f all developed  
here.

T he second spore ty p e  com prises th e  E . rhabdocarpa, E . vu lgaris, E . 
brevicolla, E . a ffin is , E . longicolla  m a in ly  based  on th e  s im ilarities in  th e ir  
o rn a m e n ta tio n  and  c ry p to tr ile te  a p e r tu re . The o rn a m e n ta tio n  in  th e  d is ta l 
face o f  all th e  five species is com posed  o f th e  sam e e lem ents an d  has s im ila r 
fe a tu re s . The s tru c tu re  an d  th e  o rn a m e n ta tio n  of the  p ro x im al face e x h ib it 
th e  sam e ty p e  in  th e  case o f E . rhabdocarpa, E . brevicolla, E . vulgaris and  
E . longicolla ; n am ely , all o f th e m  h av e  a c e n tra l ap e rtu re  covered  w ith  v e rru cae  
from  w here w rinkle-like arm s ra d ia lly  ru n  to  th e  edge of th e  p ro x im al face 
an d  coalesce w ith  th e  te rm in a l v e rru cae  o f  th e  d ista l face. O nly  E . a ffin is  
d iffers from  th is  group in  th e  o rn a m e n ta tio n  of its p ro x im al face: i t  has no 
w rink les an d  cen tra l v e rru cae  a t  all, on its  sm ooth  surface th e  m ore or less 
co n flu e n t v erru cae  form  on ly  a few  irre g u la rly  a rran g ed  groups. O n th e  
c o n tra ry  of th e  s im ila rities m en tio n ed  above th e  species w ith in  th is  g roup  
can  w ell be se p a ra te d  to  som e e x te n t. T h u s, E . rhabdocarpa has w e ll-sep ara ted , 
re g u la r ly  shaped , gem m a-like, sm o o th  sphero ids in th e  cen tre  of th e  p ro x im a l 
face. In  th e  d is ta l face sp hero ida l o r hem isphero idal b u b b le -lik e , se p a ra te d  
v e rru c a e  can be seen. E . brevicollis has m ore or less coalescen t v e rru cae  w ith  
sm o o th  surface in  th e  cen tre  o f th e  p ro x im a l face. V errucae o f its  d is ta l face 
are  e lo n g a te , n o t co n flu en t, occasionally  to o th -lik e . In  th e  cen tre  o f th e  p ro x i
m al face o f E . vulgaris th e re  are la rge , n o t  con fluen t, e longate  v e rru cae  beside 
th e  sm all sphero idal ones. V errucae o f th e  d is ta l face are e longate  and  se p a ra te . 
In  b o th  faces verrucae  are n o t sm o o th  h u t  covered w ith  n an o g ran u les . E . longi
colla has m ore or less co n flu en t v e rru c a e  in  th e  cen tra l p a r t  o f th e  p ro x im al 
face an d  differs from  th e  o th e r species o f th is  group in  th e  v e ry  u n d is tin c t 
w rink les. V errucae o f th e  d is ta l face are f la tte n e d  and en tire ly  co n flu en t w hich 
is ch a ra c te ris tic  on ly  for th is  species. B y  its  large size (80 pm ) its  sp o res  dif
fer from  an y  o th e r E nca lyp ta  species in v es tig a ted  so far.

The th ird  spore ty p e  com prises E . a lp ina , E . procera an d  E . streptocarpa. 
All th ree  have k a ta le p t spores o rn a m e n te d  by  granules. N one of th e m  has 
d is tin c t d ifferences be tw een  th e  p ro x im a l and  d ista l faces. In  th is  group 
E . a lp in a  is th e  tra n s itio n a l ty p e  — to  som e e x te n t b e tw een  th e  second 
a n d  th ird  groups. N am ely , th is  species has some differences b e tw een  th e  two 
faces o f its  spore and  th e  s tru c tu re  o f its  p rox im al face is s im ila r to  th a t  of 
E . longicolla. I ts  spores an d  g ran u les  are essen tia lly  la rg e r th a n  th o se  of E . 
procera  an d  E . streptocarpa. The la s t  tw o  species, E . procera  an d  E . streptocarpa. 
are  sim ilar to  each o th e r hav in g  no differences betw een  th e  tw o  faces o f th e ir  
spores. T hey  differ, how ever, from  each  o th e r as follows: E . procera  h as  tw ice 
la rg e r spore th a n  E . streptocarpa  an d  as a ru le its g ranu les do n o t coalesce 
fo rm in g  fin g erp rin t-lik e  p a t te rn  w hich  is cha rac teris tic  for E . streptocarpa.
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This paper contains the caloric values of the dom inant species in an oak forest 
(Quercetum petraeae-cerris) as w ell as the energy content o f the phytom ass of this eco
system . Caloric values have been measured for several fractions of the same species 
and for various layers (trees, shrubs, herbs) of the stand. A decrease in caloric values 
can be observed m oving from  the trees to the herbs; values measured are 4657 (trees), 
4476 (shrubs) and 4379 cal/g (herbs). There is no significant deviation  betw een the 
caloric values o f diverse species o f the same layer but leaf and bark caloric values 
differ rather considerably depending on the species. On the contrary wood values 
constitute a more uniform range. The energy content of the dom inant species is 113. 
646 X 107 kcal/ha as calculated from  the phytom ass (in dry w eight) and the caloric 
values.

An im portant direction of ecosystem  research embraces the study of energetic 
relations, the qu antitative  description of energy flow and the judgem ent of ecological 
efficiency. Such research necessarily includes the determ ination of sam ple caloric 
values because so quantitative relationships can be expressed w ith  a greater accuracy 
than if only dry weights are considered (Go lley , 1965; L i e t h , 1968; R u n g e , 1971, 
1973, etc.).

The ecosystem  under study  is a 65 years old clim azonal oak forest (Quercetum  
petraeae-cerris) on brown forest soil situated  in the southern part o f the B ükk Mountains 
at an altitude of 300 m above sea level near the village Síkfokút ( J a k u c s , 1973) and 
investigated as “ Síkfokút P roject”  according to the “Man and Biosphere” .

In the first part of our energy flow  studies we determ ined the caloric values 
for several fractions of the dom inant species as well as the energy content of the eco
system ’s phytom ass.

M ethods

Caloric value m easurem ents were carried out at three layers (trees, shrubs and herbs). 
The tree and shrub sam ples were collected  betw een October 21 and 30, 1974. The samples 
of the tw o oak species were obtained from three felled trees, those of the shrubs from 5 felled 
individuals. The herbaceous sam ples were taken between May 26 and June 31, 1974 using 
both the m onolithic and the individual sam pling m ethods. The sam ples were dried at 85 °C, 
then ground, or com m inuted and fin a lly  pelleted . Combustion heat of the sam ples was de
term ined by an adiabatic bom b calorim eter in pure oxigén of 20 atm  pressure. The calorimeter 
w as calibrated with benzoic acid. Errors due to the ignition wire, the cotton  thread and 
the c igarette paper into which the tab lettes were packed were corrected. H ow ever, because 
o f its low  value, no consideration was given  to the additional tem perature increase due to 
the sulphuric and nitric acids evolving during com bustion. At least three parallel measure
m ents were made per sam ple type. The caloric values are given for dry and ash-free dry 
w eight (L i e t h , 1968; R u n g e , 1971; etc.). The ash content has been determ ined by heating  
at 500 °C while the tem perature was increased stepwise.

* “ Síkfőkút Project”  No. 19.
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T ab le  l a

Calorie value and  ach content o f  oak species

(n =  number of m easurem ents, s* =  standard deviation  o f m ean values)

n cal/g
dry weight 8Ï ash % cal/g ash-free 

dry weight

Quercus petraea
leaf, shade-adapted 5 4627 32.8 6.5 4947

light-adapted 5 4832 41.3 6.1 5144

tw ig 0  <  1 cm 4 4646 47.2 3.7 4830

branch 0  1 —10 cm

wood 3 4732 21.1 1.0 4789

bark 4 4264 30.3 9 0 4689

trunk

wood 4 4747 19.9 0.5 4768

bark 4 4443 16.7 10.4 4959

root 3 4494 26.5 6.9 4829

fruit 3 4654 8.1 2.6 4780

Quercus cerris
leaf, shade-adapted 5 4807 27.0 6.2 5126

light-adapted 5 4945 22.9 5.4 5229

tw ig 0  <Ç 1 cm 4 4629 55.1 5.3 4893

branch 0 1 —10 cm

wood 3 4664 31.7 1.3 4728

bark 4 4282 24.0 8.3 4669

trunk

wood 3 4735 16.9 1.1 4787

bark 7 4659 24.0 8.4 5081

root 3 4574 19.3 4.6 4793

fruit 3 4510 8.1 2.1 4605

R esults

Caloric values

The caloric v a lu es  of th e  various frac tions o f th e  in d iv id u a l species are 
lis te d  in Tables l a ,  l b ,  lc .  T he follow ing ch a rac te ris tic s  can  be po in ted  ou t. As to  
th e  green p a rts  (trees  a n d  sh ru b s leaves, liv ing  p a r ts  o f herbs) caloric values 
are  decreasing from  th e  tre e  lay er tow ard  th e  herb aceo u s one: m ean values 
are  4803 for th e  oak  species, 4364 for th e  sh rubs an d  4334 cal/g for the  herbs. 
H ig h er caloric va lu es  w ere found  for the  lig h t-a d a p te d  oak leaves th a n  for 
th e  sh ad e-ad ap ted  ones. R e la tiv e ly  g rea t d ifferences w ere found  betw een  th e
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T ab le  l b

Caloric value and ash content o f  shrub species 

(n =  num ber of measurem ents, s* =  standard deviation  of mean values)

■

eal/g
dry weight

S - asli %
eal/g ash-free 

dry weight

Cornus mas 

leaf 5 3 9 8 7 3 7 .1 1 4 .0 4 6 3 5

bark (stem , branch) 4 4 5 4 0 1 6 .4 1 0 .0 4 9 9 3

wood (stem , branch) 3 4 6 6 9 1 1 .3 0 .7 4 7 0 1

root 4 4 4 4 9 1 3 .0 8 .3 4 8 4 8

Cornus sanguinea

leaf 5 4 1 1 9 2 7 .4 14 .1 4 7 9 6

bark (stem , branch) 5 4 7 3 6 2 6 .9 6 .3 5 0 5 8

wood (stem , branch) 3 4 6 1 1 2 8 .1 0 .6 4 6 3 4

root 3 4 3 6 7 1 5 .0 8 .3 4 7 6 1

Acer campestre

leaf 6 4 3 5 4 3 .0 1 0 .3 4 8 5 1

bark (stem , branch) 5 4 2 2 6 2 7 .7 9 .7 4 6 8 3

wood (stem , branch) 4 4 6 3 5 1 6 .7 1 .2 4 6 8 9

root 4 4 3 7 7 4 3 .2 1 0 .0 4 8 6 1

Acer tataricum

leaf 6 4 4 7 0 6 1 .2 5 .6 1 4 7 3 6

bark (stem , branch) 5 4 4 2 8 6 3 .5 7 .5 4 7 8 4

wood (stem , branch) 3 4 6 1 0 2 9 .4 0 .6 4 6 3 4

root 3 4 3 0 8 3 2 .1 5 .8 4 5 7 5

Ligustrum  vulgare

leaf 5 4 6 8 8 3 7 .6 9 .0 5 1 4 9

bark (stem , branch) 4 4 5 5 2 5 3 .7 4 .9 4 7 9 1

wood (stem , branch) 4 4 6 2 1 3 1 .8 0 .7 4 6 5 3

root 4 4 5 3 8 2 8 .6 6 .8 4 8 7 3

E onym us verrucosus

leaf 5 4 5 6 4 4 5 .9 9 .5 5 0 4 1

bark (stem , branch) 5 4 7 4 9 2 3 .8 6 .3 5 0 8 1

wood (stem, branch) 3 4 7 1 7 9 .0 0 .7 4 7 4 9

root 3 4 6 1 4 1 9 .8 8 .1 5 0 2 3

9 Acta Botanica Academiae Scientiarum Hungaricae 21, 1975
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T ab le  l e

Calorie value and ash content o f  herbs 

(n =  number of m easurem ents, s* =  standard deviation of m ean values)

n
cal/g

dry weight
s -

X ash %
cal/g ash-free 

dry weight

Poa nemoralis

aboveground, living 3 4 3 8 0 3 1 .3 6 .0 4 6 6 1

aboveground, dead 3 4 3 8 2 1 5 .0 8 .7 4 7 9 8

belowground 3 4 4 7 2 4 5 .9 1 1 .0 5 0 1 4

M elica  uniflora

aboveground, living 3 4 2 8 3 4 .3 8 .1 4 6 6 5

aboveground, dead 3 4 2 5 4 3 2 .0 1 2 .2 4 8 5 0

belowground 3 4 4 2 9 8 .5 7 .6 4 7 9 5

D actylis polygama

aboveground, living 3 4 2 4 2 2 0 .1 1 2 .4 4 8 4 7

aboveground, dead 3 4 0 5 9 4 0 .5 1 5 .8 4 8 2 2

belowground 3 4 2 6 7 4 7 .3 1 0 .8 4 7 8 9

Carex michelii

aboveground, living 3 4 3 4 3 3 .5 9 .0 4 7 1 8

aboveground, dead 3 4 3 8 5 2 1 .5 1 0 .6 4 9 0 4

belowground 4 4 3 5 3 7 .3 8 .3 4 8 3 7

C arex montana

aboveground, living 3 4 2 2 2 3 .1 8 .4 4 8 2 7

aboveground, dead 3 3 9 4 0 7 3 .5 1 4 .7 4 6 1 4

belowground 3 4 4 6 8 7 7 .5 6 .3 4 7 6 4

le av es  of various species in  th e  sh ru b  la y e r  (the  tw o Cornus species hav ing  
th e  low est values) a fa c t p a r tly  acco u n ted  fo r by  th e ir  d isp a ra te  ash co n ten ts  
as th e  caloric va lues o f  th e  ash-free d ry  w eigh ts differ less. H ow ever w ith in  
th e  herb  and th e  tree  lay ers , resp . le a f  va lu es  are m ore hom ogeneous.

As far as th e  w ood is concerned , no  sign ifican t d ifferences ex ist b e tw een  
species or w ithin species be tw een  p a r ts  (b ran ch es, stem s) o f d iffe ren t d iam ete r. 
R e le v a n t values fall b e tw een  4600 an d  4750  cal/g and , in  genera l, lie below  
o r app roach  closely th o se  o f leaves.

B ark  caloric v a lu es  differ co n sid e rab ly  in th e  species s tu d ied  rang ing  
fro m  4200 to  4700  cal/g . As a ru le , w ith in  species th e  b a rk  values lie below  
th o se  of the w ood, how ever th e  values o f ash-free b a rk  are h igher, the  p rim ary  
rea so n  being p re su m a b ly  th e  h igher ash  co n te n t. W ith  th e  tw o  oak species, 
th e  caloric value of th e  b a rk  increases p ara lle l w ith  th e  d ia m e te r  of th e  w oody 
p a r ts  being th u s  low er for t h e  b a rk  of b ran ch es  th a n  of stem s. R u n g e  (1973)  
h as called a tte n tio n  to  a c o n tra ry  te n d e n c y  in  the  b a rk  of b irch  and  sp ruce.
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T ab le  2

Phytom ass (as dry weight) and its energy content (kcal/ha)

t/ha ХЮ7 kcal/ha kg/ha ХЮ5 kcal/ha kg/ha X10‘ kcal/ha

Quercus petraea Acer campestre Car ex michelii
foliage 3.78 1.788 foliage 199.07 8.668 aboveground living 22.41 9.733
branch 51.02 23.366 stem -J- branch 1311.11 58.632 aboveground dead 12.51 5.486
stem 110.91 52.372 root 753.13 32.964 belowground 36.18 16.046
root 27.11 12.183 2263.31 100.264 71.10 31.265

192.82 89.709

Quercus cerris Acer tataricum Carex montana
foliage 0.89 0.434 foliage 46.10 2.061 aboveground living 5.34 2.363
branch 8.05 3.641 stem  -j- branch 331.12 15.122 aboveground dead 3.82 1.507
stem 29.53 13.981 root 173.05 7.455 belowground 12.21 5.454
root 6.37 2.914 550.27 24.638 21.37 9.324

44.88 20.970

Total: t/ha X 107 kcal/ha Cornus mas Poa nemoralis
trees 237.660 110.679 foliage 185.28 7.387 aboveground living 68.95 30.201
shrubs 6.242 2.794 stem +  branch 1905.54 86.987 aboveground dead 33.88 14.847
herbs 0.395 0.173 root 675.17 30.037 belowground 85.53 38.251

244.297 113.646 2765.99 124.412 188.36 83.299

C. sanguinea M elica uniflora
foliage 29.79 1.227 aboveground living 32.59 13.959
stem  -f~ branch 146.67 6.858 aboveground dead 55.28 23.517
root 119.65 5.225 belowground 14.42 6.387

296.11 13.310 102.29 43.863

Ligustrum  vulgare Dactylis polygama
foliage 15.57 0.730 aboveground living 4.52 1.917
stem  +  branch 71.09 3.283 aboveground dead 3.51 1.423
root 162.15 7.358 belowground 4.25 1.815

248.81 11.371 12.28 5.155

E u. verrucosus
foliage 7.39 0.337
stem  -\- branch 26.90 1.267
root 83.94 3.873

118.23 5.477
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G rea t d ifferences can  be observed  also be tw een  tb e  caloric values o f  th e  
roo ts of d iffe ren t species. I t  is in te re s tin g  fu rth e rm o re  th a t  oak acorns do n o t 
claim  a h igh ra n k  w ith  respect to  caloric va lu e .

A verag ing  th e  in d iv id u a l frac tions caloric  v a lues are o b ta ined  fo r th e  
d o m in an t species in  cal/g . Trees: Quercus petraea  4652, Quercus cerris 4672; 
sh ru b s: Cornus m as  4498, Cornus sanguinea  4495, Acer campestre 4430, A cer  
tataricum  4477, L ig u stru m  vulgare 4570, E u o n ym u s verrucosus 4632; h e rb s : 
Carex m ichelli 4397, Carex montana  4363, Poa nem oralis 4422, D actylis po ly -  
gam a  4198. O b v iously  species belonging to  th e  sam e genus have n ea rly  id e n 
tica l caloric v a lu es . O n th e  o th e r h a n d , m o v ing  to w ard  the  g round la y e r  a 
decrease in  caloric va lu es  becom es a p p a re n t  since fo r trees  4647, sh rubs 4476, 
herbs 4379 cal/g  a re  th e  m eans. W ith  th e  ex cep tio n  o f slight d ifferences our 
m easu rem en ts  agree fa irly  well w ith  co m p arab le  d a ta  (O v in g t o n  H e i t - 

k a m p , 1960; G o l l e y , 1961; R u n g e , 1973, e tc .).

Energy content o f  phytom ass

T he en erg y  c o n te n t of the  p h y to m a ss , ca lcu la ted  in keal/ha for lay e rs , 
species an d  fra c tio n s , has been derived  fro m  th e  caloric values and  th e  p liy to - 
m ass (reg a rd ed  as d ry  w eight). R esu lts  are  su m m arized  in Table 2. T ree  an d  
sh rub  p h y to m a ss  is e s tim a te d  by  reg ression  analysis on th e  basis o f m e a su re 
m en ts  ta k e n  on felled  sam ples (KÁRÁSZ, 1974; B - P a p p , 1974), d a ta  on th e  p h y to 
m ass o f he rb aceo u s v eg e ta tio n  have been  ta k e n  over from  the  co m m u n ica tio n  
o f J a k u c s  an d  P a p p  (1974).
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N E W  OR LITTLE K N O W N  
E P IP H Y L L O U S LIVERW O RTS I.

C O LO LEJEUN EA FROM TRO PICAL AFRICA  

By

T. P ócs
DEPARTMENT OF BOTANY, HO SI MINI! TEACHERS’ COLLEGE, EGER, HUNGARY 

(R eceived August 18, 1975)

Cololejeunea fa d e n ii  spec. nov. from Mt. K enya; Cololejeunea harrisii spec. nov. 
and Cololejeunea jo n es ii spec. nov. from the U luguru M ts., Tanzania, are described. 
The description of the rare C. usambarica E. W. Jones is com pleted. Aphanolejeunea  
runssorensis Steph. is transferred into Cololejeunea and synonym ized w ith C. leonardii 
Vanden Berghen.

This s tu d y  is th e  f irs t p a p e r of a series of tax o n o m ic  observa tions to  be 
m ade on ep iphy llous liv e rw o rts . A lthough th e  av a ilab le  m a te ria l o f A frican  
Cololejeunea w as th o ro u g h ly  rev ised  b y  E . W . J o n e s  (1953, 1953, 1954, 1957, 
1968), m any  new  collectings w ere m ade b y  th e  a u th o r  an d  his colleagues, 
w hich e ith e r m odify  th e  know n  range of d is tr ib u tio n  o f A frican ta x a , or 
co n tr ib u te  new tax o n o m ica l d a ta . W hile one p a r t  o f th e  flo ristica l d a ta  were 
pub lished  in B i z o t —P ó c s  (1974), th is  paper deals w ith  th e  new  ta x a  and  w ith  
tax onom ica lly  scarcely  know n or m isplaced species.

New taxa

C ololejeunea faden ii Pócs sp. nov . (F ig s  1— 22)

Planta parva, autoica, flavo-virens, foliicola: ad folium  Pteridophytum  caespites den- 
sos, diametro 4— 10 m m  form ans. Caules ad 5 mm longi, 30 fim  crassi, cum  foliis 0.5— 0.6 mm  
lati. P lanta heterophylla: folia m agna 300— 350 fim  longa, 150— 180 fim  lata, apicibus acuta; 
folia parva 100— 150 fim  longa, 70— 100 fim  lata, saepe in caulibus propriis disposita. Lobus 
dorsaliter et ad marginem gem m as 16-, 18-, vei 20-cellulares gerens. Gemmae marginales ad 
superficiem  lobi directae. Lobus e cellulibus isodiametricis (10— 18 fim  diam .), parietes aequa- 
liter tenues, extrorse m am illatos habentibus, constructus. Lobulus partem  1/2 ad 3/4 fere 
longitudinis lobi adaequans, in foliis m agnis bene evolutus, cellulis, carina excepta, levibus. 
D ens apicalis elongatus, bicellularis. D ens proximalis priori vicinus, valde hum ilis, obtusus 
et saepe introrsus, non visibilis. Papilla hyalina non visibilis. Bracteae fem ininae 180— 250 firn 
longae. Perianthium  400 firn longum , 200— 250 //in latum , pyriform e, brevirostratum , 5-cari- 
natum , carinis inter se aequalibus. Cellulae perianthii m am illato-spinosae. Sporangium globo- 
sum , diametro 180 firn. E laterae 160 firn longae. Androecea in ram ulis pseudapicalibus, longi- 
tudine perianthium  superantibus, orta, bracteis in 3— 5 jugis. Bracteae foliis sterilibus sim iles, 
distantes. Antheridia solitaria, longe-pedunculata. Speciem novam  in honorem  A. J. et R. B . 
F a d e n , collectorium eius prim orum , nom inavi.
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Cololejeunea fa d e n ii  Pócs n. sp. Fig. 1: Shoot apex w ith male spikelet and tw o perianths. 
2— 3: Perianths seen from above. 4: Part o f shoot with one normal and tw o reduced leaves. 
5: M amillosity of lobe. 6: Mamilles in section. 7: Primordium of a discoid gem ma. 8 —9: 
Norm ally developed leaf lobules. 10: Shoot formed by reduced leaves. 11: D iscoid gemma, 
transversal section. 12: G em m ae seen from above. All drawn from the type. Note: the scale 
given  near the figures ind icates 100 /tm (0.1 mm ), divided into tw o halves o f 50— 50 ^m.
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Cololejeunea fa d e n ii  Poes n. sp. Figs 13 — 14: Perianths; a: perianth m outh, b: edge of 
carene. 15: Transversal section of stem. 16: Open perianth w ith sporophyton. 17: One segm ent 
o f sporangium  wall. 18: Inner cell layer of sporangium  wall. 19: Elateres. 20: Male bracts 
bearing shoot. 21: One m ale bract with an antheridium . 22: Transversal section of an antheri- 
dium. All drawn from the type.
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A re la tiv e ly  sm all, yellow ish  g reen , au to ico u s p lan t, liv ing  in 4 10 m m
la rg e , ro u n d  pa tches on fe rn  leaves. S hoots up  to  5 m m  long, 0.5 0.6 m m  h ro a d ,
d ia m e te r  o f stem  30 fim. The s tem  is com posed  of 1 m ed u lla ry  and  of 5 row s 
o f co rtica l cells. H e te ro p h y llo u s , b ea rin g  large  leaves 300 350 pm  in len g th
an d  150 180 pm  in w id th ; and  sm all, re d u c e d  leaves 100 150 pm  in  len g th
an d  70 100 pm  in  w id th . The red u ced  leaves often  form  se p a ra te , gem m ifer
ous sh o o ts . The lobus o f leaves b ears  b o th  in tram arg in a l an d  m arg in a l discoid 
g em m ae. The la tte rs  are  p e rp en d icu la r to  th e  le a f  surface. T he gem m ae are  
co m posed  of 16, 18 or 20 cells. T he lobus cells are isod iam etric , 10 18 pm  in
d ia m e te r , w ith  th in , ev en  cell w alls, d o rsa lly  m am illa te . T he m am illa  of th e  
cells is conical, a cu te . T he lobu lus is la rge , longer th a n  th e  h a lf  o f th e  lobus. 
T he lobu lus cells are sm o o th  ex cep t th e  keel. The free m arg in  o f th e  lobule is 
a lw ay s  s trong ly  in flex ed , w ith  a well d eve loped , b ice llu lar ap ica l to o th . The 
p ro x im a l to o th  is v e ry  n e a r, sh o rt, ob tuse  or obsolete. H y a lin e  pap illa  is n o t 
v is ib le . The fem ale b ra c ts  are 180 250 p m  long covering 1/2 —-3/4 of th e
400 pm  long, 200 — 250 pm  b ro ad , p y rifo rm  p e rian th . T he p e r ia n th  b ea rs  
5 e q u a l, sharp  or o b tu se  carenes and  a sh o rt beak . All p e r ia n th  cells, especially  
th o se  of th e  carenes, are acu te ly  m am illa te . T he sphaeric sp o ran g iu m  is 180 p m  
in  d ia m e te r , the  e la te rs  are 160 pm  long. T he m ale b rac ts  are  d is ta n t an d  in  
sh ap e  sim ilar to  sterile  leaves, fo rm ing  a seem ingly  apical sp ik e le t, tw ice longer 
th a n  th e  seem ingly la te ra l  p e ria n th . E ach  m ale b ra c t hears one sole an th e rid iu m . 
T he new  species is d ed ica ted  to  its  co llectors.

H o lo type : E a s t  A frica, K en y a , N y a n d a ru a  D istric t. O n th e  S slope of 
M t. K en y a . E p ip h y llo u s in  m o n tan e  ra in  fo re s t rich in tre e  fe rn s; a long  th e  
K a m w e ti tra c k , crossing th e  G a th ib a  R iv e r u p s tream  to  th e  w a te rfa ll, above 
C astle  F o rest S ta tio n , a t  2300 m a ltitu d e . Collected b y  Miss A. J .  E v a n s  
(re c e n tly  Mrs. F a d e n ), M r. R . B . F a d e n ; accom pan ied  by  M essrs. B . K a r i u k i  
a n d  F. S. Mw e n d a , on 31 Ja n u a ry , 1971. s.n . The delica te  liv erw o rt fo rm s 
a lm o s t pure , yellow ish  green p a tch es  on fe rn  leaves belong ing  to  d iffe ren t 
species. I t  is accom pan ied  b y  a few  shoo ts o f Cololejeunea xaverii (L ecout.) 
Е . W . Jones an d  b y  T axile jeunea  conform is  (M ont.) S tep h . T he ho lo type  is 
d ep o s ited  in E G R , iso ty p es are in B P , DSM , ЕА , J E  an d  in  th e  h e rb a riu m  
o f R . B . F a d e n .

The taxonom ic  positio n  o f th is  new  species reflects well th e  d ifficu lties 
se p a ra tin g  Cololejeunea an d  A phanolejeunea. Some ch a ra c te rs , as th e  h e te ro - 
p h v lly , th e  large , in flex ed  lobules, th e  p resence of m arg ina l gem m ae, are  
A phanolejeunea-like , b u t  on th e  o th e r h a n d , th e  re la tiv e ly  large size, th e  
p resen ce  of in tra m a rg in a l gem m ae in  la rg e r  n u m b er an d  th e  shape of th e  
ap ica l to o th  refer to  Cololejeunea , accord ing  to  th e  ch a rac te rs  given in  E v a n s  
(1911) an d  Sc h u s t e r  (1955, 1963). W ith in  th e  genus Cololejeunea the  co m 
p a ra b le  species, sm all-sized  fo r th is  genus, are in  A frica: Cololejeunea m yrian tha  
(H erz .) S. A rnell, w ith  a sim ilar p e ria n th  an d  male in flo rescence, h u t m ore
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a n th e r id ia  p er b ra c t ,  a very  d ifferen t lea f and  cell shape; Cololejeunea d issita  
E . W . J o n e s  w ith  a d ifferen t leaf and  lobule shape  and  w ith  d iffe ren t cells. 
As fa r  as th e  genus Aphanolejeunea  is concerned , th e re  are tw o species d e 
scribed  by  S t e p h a n i  in trop ical A frica and  one from  S ou th  A frica d iagnosed  
b y  S. A r n e l l . O f th e  species described  b y  St e p h a n i , Aphanolejeunea zenkerii 
(S tep h an i 1916: 858) was tran sfe rred  to  Cololejeunea  b y  E . W . J o n e s  (1 9 5 4 : 
420). A phanolejeunea  runssorensis also belong  to  Cololejeunea (see page 371), 
and is n o t re la ted  to  th e  new species. The th ird  one, Aphanolejeunea capensis, 
even  if  it was described  firs t as a Cololejeunea b y  S. A r n e l l  (1953: 161) an d  
la te r  tra n sfe rre d  to  Aphanolejeunea  (S. A r n e l l  1963 : 172), well fulfills th e  
c rite ria  of th e  la t te r  genus and differs from  Cololejeunea fadenii b y  its  m uch  
sm aller size and  b y  th e  lack of in tra m a rg in a l gem m ae. Aphanolejeunea capen
sis, a v e ry  delicate  foliicolous p la n t know n  from  th e  Cape and  T ran sv aa l, w as 
co llected  by  th e  a u th o r  also in E a s t A frica (see page 361).

Cololejeunea harrisii Poes sp. nov . (F ig s  23— 34)

Planta m agnitudine media, pallide olivaceo-virens, foliicola, ad folium P teridophytum  
reptans, caulibus pinnate ram osii, ad 10 mm longis, 70 fim  crassis, una cum foliis 1.2— 1.5 m m  
latis, foliis contiguis ve l subim bricatis, 0.6— 1 mm longis et 0 .4— 0.6 mm latis, suborbiculari- 
bus. Margo lobi cellulis elongatis (25— 40 X 10— 18 fim ), uniseriatis, non hyalinis. Cellulae sub  
margine quadrangulares; mediae lobi hexagonales, diam etro 40— 50 fim ; basales 50— 6 0 x 2 0  
fim . Cuticula levis, cellulae sine triangulis. Lobulus ad partem  2/3 inflatus, margine et apice 
planus. Dens apicalis bicellularis, apice rotundatus, e cellulis isodiametricis constructus. 
Papilla hyalina proxim alis, lateralis. Stylus non visibilis. Dens proxim alis subnullus, hum ilis, 
saepe absens. Perianthia e basi angusta obeordata, com pressa, auriculato planissime d ila tata , 
margine crenulata, ad ostium  cellulis m am illatis; m ature 500— 600 t̂m longa, 400— 500 firn 
lata, bracteis partem  2/3 ad 4/5 longitudinis attingentibus. Sporangia sphaerica, diam etro  
140 firn, elateris 80— 120 firn longis. Androecea lateralia, bracteis in 2— 3 jugis. B racteae  
fertiles cum  1— 2 antheridiis. Gemmae ignotae. Speciem  hanc dedicavi in honorem professoris 
B. J .  H a r r i s , socii mei amicissimi in excursionibus nostris compluribus collectionis gratia  
absolutis.

A m edium -sized , pale olivaceous g reen , au to ico u s p la n t creeping on fe rn  
leaves. Shoot p in n a te ly  b ran ch ed , u p  to  10 m m  long , 1.2 — 1.5 m m  b ro a d . 
S tem  d ia m e te r  70 p m . The leaves are con tiguous or s ligh tly  im b rica te , 0 .6  — 
1 m m  long an d  0.4  0.6 m m  b ro ad , ro u n d ed , w idest n ea r th e  m iddle. T he
m arg in a l cells are e lo n g a ted , form ing  an  u n d is tin c t, M niaceae-like b o rd e r. 
The lobus cells are su b q u ad ran g u la r  below  th e  m arg in , hexagonal w ith  40  
50 p m  d iam e te r in  th e  cen te r o f th e  lobe an d  e lo n g a ted , 50 6 0 x 2 0  p m  a t
th e  le a f  base . The cell w alls are evenly  th ic k e n e d , sm o o th . The lobule is o b o v a te  
2/5 len g th s  of th e  lobe, its  proxim al 2/3 is in fla te d , th e  apical p a r t and m arg in  
are f la t .  The ap ical to o th  is u sually  com posed o f  tw o  ro u n d ed  cells w ith  a 
globose hyaline  p ap illa  a t  the  p rox im al m arg in  o f th e  to o th . The p ro x im al 
to o th  is v e ry  b ro ad  a n d  low, form ed b y  1 — 2 s lig h tly  p ro tru d in g  cells o f  th e  
lobule m arg in , som etim es lacking. T he p e r ia n th s  are  h ea rt-sh ap ed , b ro a d

Acta Botanica Academiae Scientiarum Hungaricae 21, 1975



358 PÓCS, T.

f l

Cololejeunea harris ii Pócs n. sp. Fig. 23: Branching system  w ith perianths and male 
sp ikelets seen from below. 24: Shoot seen from  above. 25: Male spikelet w ith  antheridia. 
26: Open perianth w ith sporophyton. 27: Inner (and outer) cell layers o f  sporangium  wall. 
28: E lateres. All drawn from  the type.
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Cololejeunea harrisii Poes n. sp. Fig. 29: Fem ale bracts w ith young perianth and arche- 
gonium . 30: Mature perianth. 31: Perianth apex; a: perianth m outh. 32: Perianth w ith  devel
oping sporophyton. 33: Perianth seen from  above. All drawn from the type.

Acta Bolanica Academiae Scientiarum Hungaricae 21, 1975



360 PÓCS т.

Cololejeunea h a rr is ii P ócs n. sp. Fig. 34: L eaf structure; a: cells of proximal margin 
of lobe, b: same of antical m argin, c: of lobe apex, d: o f base of lobe, e: median cells of lobe, 
f: cells from postical m argin, g: lobule. All drawn from  the type.
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auricu la te-w inged , f la t ,  ex cep t th e  cen tra l, sp ind le-like in f la te d  p a r t .  T h e ir 
cells, especially  n e a r th e  m o n th , are ro u n d ed  p ro tu b e ra n t, th ere fo re  th e  carenes 
are sligh tly  c ren u la te . The p e ria n th s  are 0.5 — 0.6 m m  long  and  0.4 —0.5 m m  
b ro ad , w ith  b ra c ts  0.4 0.5 m m  in len g th . The d ia m e te r  o f  m a tu re  sp o ran g ia
is 140 /ini. The e la te rs  are 80 120 /m i long w ith  s tro n g ly  sinuous in c rassa ted
walls. The m ale sp ikele ts  are la te ra l on th e  m ain  axis o r on th e  b ranches,fo rm ed  
b y  2 — 3 pairs o f b ra c ts , each  w ith  1 —2 an th e rid ia . G em m ae are n o t seen.

The new species is d ed ica ted  to  prof. B. J .  H a r r is  (A hm adu Bello 
U n iv ersity , Z aria , N igeria), who o ften  accom panied  an d  helped  me in m a n y  
w ays during  m y  s ta y  in  E a s t A frica.

H olo type: E a s t  A frica, T an zan ia , M orogom  D is tr ic t, U luguru  M ts. E pi- 
phy llous on Tectaria  leaves in  m o n tan e  m ossy fo rests w ith  m an y  tree  ferns 
on the  NW  slopes o f th e  L u p an g a  c rest, a t 1800- 2000 m  a ltitu d e , associated  
w ith  Aphanolejeunea capensis (S. A rnell) S. A rnell, co llec ted  b y  T. PÓCS an d  
B. J .  H ar r is , N o. 6130/S, on 14 F eb ., 1970. H o lo type  d ep o sited  in E G R , iso
ty p es  in DSM, B P .

This very  c h a ra c te ris tic  Cololejeunea is qu ite  iso la ted  in  A frica, w ith  its  
p ecu liar lea f m arg in  cells an d  b y  its  com pressed, h e a r t-sh a p e d , au ricu la te - 
w inged p e rian th . T he la t te r  suggests a ff in ity  w ith  som e A sian  m em bers of 
th e  subgenus Lasiolejeunea , b u t  th e  lack  of papillae  p rec lu d es th is  re la tio n . 
T he only A frican species w ith  such  a p e r ia n th , Cololejeunea apiculata  (E . W . 
Jones) Schuster, has a v e ry  d ifferen t, acu te -p o in ted  lobe a n d  a f la t  lobule w ith  
a hyaline pap illa  a t  th e  ap ex  o f an  enorm ous, p lu rice llu la r to o th . The shape 
o f  th e  lobe and lobule and  th e  position  of th e  hyaline p ap illa  show  the  n ea rest 
a ff in ity  w ith  th e  m em bers of th e  Sectio Crenatiflorae w ith in  th e  Subgenus 
Platycolea , b u t w ith  a v e ry  d iffe ren t k ind  o f lea f m arg in .

Cololejeunea jonesii Poes sp. nov . (F ig s  35— 43)

Planta m agnitudine media, autoica, pallide virens, foliicola, in sta tu  juvenili ad folia 
adhaerens, serius laxe applicata. Caulis 40— 50 /on  crassus, regulariter cum  m erophytis bise- 
riatis, cum folils 1 m m  latus, 5— 10 mm longus, colonias diametro 10— 20 m m  formans. Folia  
asym m etrica, subcordata, im bricata, caulem  valde superantia. Lobus 1/3-—3/4 hyaline margi- 
natus: cellulis hyalinis 1— 2 seriatis, subquadrangularibus. Cellulae subm arginales diametro 
10— 20 /m , centrales 18— 32 /im , basales 15— 20 /on, subisodiam etricae, parietibus leves, sine 
trigonis vel trigonis m inim is. Lobulus parvulus, ligulatus vel trianguliform is. Dens apicalis 
elongatus, in longitudinem  2— 5-cellularis, cellulibus 1— 2-seriatis. Papilla hyalina magna, 
subapicalis, proxim alis. Stylus unicellularis, clavatus. Gemmae e 40— 50 cellulis com positae, 
in superficie loborum densissim e evolutae. Perianthia e basi angusta obeordata, compressa, 
bialata, in marginibus cellulis lentiform iter prom inentibus, 500 /an  longa, 400 /an  lata, bracteis 
m ature aequilongia. Androecea lateralia, 2-jugata. Species dedicata in honorem  dr. E .  W . J o n e s , 
auctoris monographiae specierum  Africanarum generis Cololejeuneae.

A m edium -sized , pale green, au to icous p la n t, fo rm ing  1 2 cm large
m a ts  on sclerophyllous, everg reen  leaves. The shoots are  5 - 1 0  m m  long, 
1 m m  b ro ad ; w hen  young , s tro n g ly  app ressed  to  th e  su rface . The stem s are 
40 50 /лп th ick , u su a lly  w ith  tw o cells b ro ad  v e n tra l m ero p h y te s . The leaves
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Cololejeunea jo n e s ii  Pócs n. sp. Fig. 35: Fertile shoot seen from  below, w ith a male 
spikelet and two perianths. 36: Growing point o f shoot apex. The hyaline papillae (h), styli 
(s) and the ventral m erophytes are w ell visible. 37: Two gem m iferous leaves. 38: Discoid  
gem m ae. 39: Mature perianth; a— b: carene edges, c: perianth m outh. A ll drawn from the type.
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Cololejeunea jo n e s ii  Poes n. sp. Fig. 40: L eaf w ith hyaline margin (hm). 41— 42: Leaf 
lohules w ith stylus (s) and hyaline papilla (h). 43: L eaf structure; a: antical margin, b: lobus 
apex, c: lea f base w ith  lobule. All drawn from the type.
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are  asy m m etric  co rd a te , narrow ed  to w a rd s  th e  apex  and h y a lin e -b o rd ered  
fro m  1/3 to  3/4 len g th s  of th e ir  m arg in s . T he hyaline b o rd e r u su a lly  fails to  
re a c h  th e  keel and  is com posed of a single o r double row  o f cells w ith  an  a lm ost 
e n tire  or sligh tly  c ren u la te  m arg in . T he y o u n g  leaves b ea r a la rge , c lav a te , 
u n ice llu la r  s ty lu s. T he lobe cells below  th e  m arg in  are 10—20 p in  w ide, in  
th e  c e n te r  18 — 32 p m  an d  a t th e  base 15 — 20 pm  wide, su h q u a d ra n g u la r  or 
s lig h tly  e longate ly  hexagonal, w ith  sm o o th  walls. The lobule is ex trem ely  
sm all, tr ia n g u la r  o r lig u la te , p ro longed  in to  a uni- or b ise ria te , acu te  to o th  
b e a rin g  a large, p ro x im a l papilla  ju s t  below  th e  apex . The w hole lobulus is 
com posed of 10 — 24 cells and its  len g th  is ab o u t 1/10 o f th e  lobe. D iscoid 
gem m ae a b u n d a n tly  develop on th e  lobe su rface , com posed o f  4 8 —50 cells. 
T he p e r ia n th  is h ea rt-sh ap ed , com pressed , ab o u t 0.5 m m  long  a n d  0.4 m m  
b ro a d . The edge o f  th e  carene is c re n u la te  w ith  len til-sh ap ed , s ligh tly  p ro 
tu b e ra n t  cells. T he p e ria n th  m o u th  is su rro u n d ed  b y  a rch ed , c lav a te  cells. 
T h e  fem ale b rac ts  are as long as th e  m a tu re  p e rian th s , th e ir  lobe is hyaline- 
b o rd e red . The m ale b ra c ts  are in 2 p a irs , a rran g ed  in la te ra l sp ikele ts .

The new  species is ded ica ted  to  D r. E . W . J o n e s  (C om m onw ealth  
F o re s try  In s t i tu te , O xford), m o n o g rap h er o f th e  A frican Cololejeunea.

H o lo type : E a s t A frica, T an zan ia , M orogoro D is tr ic t. K im boza  F o rest 
R eserve  on th e  ca rs tic  p la teau  a t  th e  e a s te rn  foothills of U lu g u ru  M ounta ins. 
E p iph y llo u s in  sem i-evergreen  low land  ra in  fo rest, a t 300 m  a ltitu d e . Collected 
b y  T . P ócs and B. J .  H a r r is , No. 6023/A , on 6 S ep tem ber, 1969. H o lo type  
in E G R , iso types in  B P , G, DSM , E A , H erb ariu m  of E . W . J o n e s .

The species w as reco llected  sev era l tim es a t th e  ty p e -lo c a lity  (PÓCS 
6216/A , 6236/A, 6273/A  in E G R , DSM ), w here i t  is a b u n d a n t, associa ted  w ith  
foliicolous b ry o p h y te s  typ ica l to  A frican  low land ra in  fo rests , as Cololejeunea 
leloutrei, C. p u s illa  e t ssp. obtusifolia, C. furcilobulata , Leptolejeunea q u in ta s ii, 
Caudalejeunea a fricana , Cheilolejeunea a fricana , R adula  flacc id a  and  Calym - 
peres usam baricum  (see B izot  P ócs  1974).

The new  species seems to  be re la te d  to  Cololejeunea auriculata  b y  its  
reduced  lobule, b u t  well differs b y  its  o th e r  lobe and  lobule shape (see E . W . 
J o n e s  1953: 152 154). The lobus is m u ch  n a rro w er to w ard s th e  apex  an d  its
base m uch m ore asym m etric , while th e  lobule ends in a single or double row  
o f cells. The o th e r  com parable species, Cololejeunea bolombensis (E . W . Jo n es) 
S chuste r, th o u g h  w ith  an  asy m m etric  le a f  base , has also a b ro a d , ro u n d ed  le a f  
ap ex  and its  lobule is com posed of m uch  m ore and  of e lo n g a ted  cells (see E . W . 
J o n e s  1953: 155, T i x i e r  1975: 2 8 —33). As in d ica ted  b y  Y a n d e n  B e r g h e n  
(1972: 475) an d  b y  T i x i e r  (l.c.), Cololejeunea bolombensis has a p e r ia n th  w ith  
a beak  and th e  le a f  cuticle is u su a lly  papillose. The n u m b e r of cells in th e  
discoid gem m ae in  C. jonesii is m uch  h igher th a n  in  th e  re la te d  species. T he 
presence of c lav ifo rm  styles an d  th e  b iseria l v en tra l m ero p h y tes  also a p p e a r  
to  be good d is tingu ish ing  ch a rac te rs .
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Other taxonom ical observations

The taxonom ic position  o f  Cololejeunea usambarica E . W . J o n e s  

(see F igs 44 —63)

The a u th o r  pub lished  a new  lo ca lity  o f Cololejeunea p era jfin is  S ch iffn ., 
w ith  its  v a r . elegáns B enedix , from  T an zan ia , U luguru  M ts., M t. L u p an g a  
( B i z o t —P ó cs 1974: 410). The specim en seem ed a typ ica l, b u t on th e  base  of 
an  in d is tin c t v i t ta  was co n v en ien tly  c lassified  here, the  A sian species be ing  
know n from  W est A frica. The o th e r  m em bers of the  subgenus Taeniolejeunea  
rep re se n te d  in  A frica are m ore d iffe ren t. L a te r , th e  sam e p la n t w as fo u n d  
a b u n d a n tly  in a n o th e r ep iphy llous co llection , from  the  N E p a r t  of th e  U lu g u ru  
M oun ta ins, and  its hyaline p ap illa  w as observab le . I t  becam e clear th a t  th is  
p la n t is n o t  Cololejeunea p e ra jfin is  (see F igs 59 — 60, w here it  is co m p ared  
w ith  a ty p ica l V ietnam ese specim en of C. p era jfin is  var. elegáns). W hereas 
th e  hya lin e  p ap illa  o f Cololejeunea elegáns is on the  inner base o f th e  ap ica l 
to o th , th ere fo re  n o t visible, in  o u r p la n t it has a m arginal position  b e tw een  
th e  tw o te e th . On th e  o ther h an d , th e  free m arg in  of the  lobule is com posed 
of on ly  4 — 6 v e ry  e longated  cells. In  C. elegáns, th is  m arg in  consists o f 9 — 
12 m uch sh o rte r , re c tan g u la r cells. The v i t ta  in  our p lan t is in d is tin c t and  
show s a g rad u a l tra n s itio n  in to  th e  papillose lobe cells. In  Cololejeunea elegáns, 
th e  v i t t a  is qu ite  sh a rp ly  defined. E . W . J o n e s ’ p ap er in question  (1968: 571), 
in  w hich he en u m era tes  Cololejeuneas be longing  to  the  subgenus T aen io 
lejeunea, refers to  a p ro b ab ly  A frican  Taeniolejeunea  described b y  St e p h a n i  
u n d e r th e  nam e o f Physocolea vittata  (S t e p h a n i  1916: 873 874). E . W . J o n e s

s tu d y in g  St e p h a n i ’s m ateria l o f th is  species, re jec ted  the  nam e Physocolea — 
Cololejeunea vittata, as a nom en confusion , because he found in th e  S te p h a n i 
H e rb a riu m  (G) th ree  d ifferen t species u n d e r th is  nam e, o rig ina ting  from  th re e  
d iffe ren t localities: tw o of th em  from  th e  U sam b ara  M ts. in  E a s t A frica  an d  
one from  New  G uinea. The lo ca lity  given in S t e p h a n i ’s descrip tion  is “ A frica  
o rien ta lis , U sa m b a ra ” . E . W. J o n e s  in tro d u c e d  a new nam e for th e  specim en  
chosen  from  th e  th ree  p lan ts , describ ing  it  as Cololejeunea usam barica  (E . W
J o n e s  1954: 434 — 435).

S tu d y in g  th e  type-specim en  o f Cololejeunea usambarica E . W . Jo n es  
(Physocolea vittata  S teph . p .p ., G, N o. 17499 ex  H b. L e v i e r  N o. 4530), i t  w as 
fo u n d  on th e  one h an d  th a t  the  p roposa l fo r th e  new nam e was co rrec t, w hile 
on th e  o th e r  h an d  th e  p la n t p u b lish ed  u n d e r  th e  nam e C. p era jfin is  from  th e  
U lu g u ru  M ts. b y  th e  a u th o r is id e n tic a l w ith  Cololejeunea usam barica  E . W . 
Jo n es.

A t th e  sam e tim e , we have to  e s tab lish  th a t  St e p h a n i  h a d  a reaso n  
describ ing  th e  U sam b aran  species as v i t ta te ,  even th o u g h  its  v i t ta  is not 
sh a rp ly  delim ited , b u t  still v isib le in  all s tu d ied  leaves of th e  specim ens.
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Cololejeunea usam barica  E . W. Jones. F ig . 44: Shoot seen from below. 45: Shoot seen 
from  above. 46: L eaves w ith  gemmae (g). 47: L eaf structure; a: antical margin, b: lobule and 
v itta-like cells from lea f base. All drawn from P o es  and H a rris  N o. 6130/Q.
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Cololejeunea usam barica  E. W. Jones. Fig. 48: The position  of gam etangia in the branch
ing system . 49: Male spikelet w ith  antheridia. 50: Perianth w ith  developing sporophyton; 
u: sam e seen from above. 51: Open perianth w ith sporophyton. 52: Sporangium, open stage, 
w ith  a spore. 53: Inner (and outer) cell layers of sporangium wall. 54: Multicellular spore. 
55: Eleteres. 56: D etail o f a perianth w ith  m outh and carene. 57: Perianth m outh. 58: Cells 
from  lower part of perianth. All drawn from  P oes and H a r r is  N o. 6130/Q, EG R.
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Comparison of the leaves o f Cololejeunea p era ffin is  Schiffn. (Fig. 59) and Cololejeunea usambarica  E. W. Jones 
(F ig. 60). 1: Lobules and v itta . in: Leaf margin cells. F ig. 59 is drawn from a specimen collected by J. K o r n a s  N o . 
165, North Vietna m, Crête du Mt. Phan-si-pan, épiphylle sur H ym enophyllacées, 2400 m alt., FG R . Fig. 60 is drawn 
from P o es— L u n g ’w e c h a  N o . 6874/AG.
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Cololejeunea usam barica  E. W. Jones. Fig. 61: Leaf structure; m: margin of lobe apex, 
61: Lobule. 62: Perianths. 63: Male sp ikelet. All drawn from the type.
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TixiER, in his rev ision  o f  th e  A sian  Taeniolejeunea  (1969: 543 594), relegates
species to  the  su bgenus w ith  an  in d efin ite ly  lim ited  v i t ta ,  w ith  tran sitio n s 
to  th e  o th e r lobus cells o r  w ith  only  a v itta - lik e  area  fo rm ed  b y  tran slu cen t 
cells e.g. Cololejeunea cam bodiuna  P . T ix ., C. sphaerodontoides P . Tix.

On the specim ens o f  Cololejeunea usam barica  E . W . Jo n e s , collected in 
th e  U luguru  M oun ta ins, i t  w as possible to  s tu d y  th e  lobe an d  lobu le  in op tim al 
co n d itio n s , fu rth e r  th e  d isco id  gem m ae, th e  positio n  of th e  m ale  and  fem ale 
b ra n c h e s  and o th e r c h a ra c te rs . The sca rc ity  o f th e  ty p e  specim en  did no t 
p e rm it St e p h a n i  a n d  E . W . J o n e s  to  give fu ll descrip tio n s. Therefore an 
a d d itio n  to  the d esc rip tio n s  is given, based  on th e  ty p e  of Cololejeunea usam 
barica  E . W . Jones a n d  o n  th e  m ateria l co llected  b y  th e  a u th o r  in  tw o localities 
fro m  th e  U luguru  M o u n ta in s .

A sm all, a u to ico u s , olive-coloured p la n t, fo rm ing  4 11 m m  m ats on
d iffe re n t d ico ty ledonous a n d  fern  leaves. A p a le , sh iny , t ra n s lu c e n t group of 
v it ta - l ik e  basal cells is a p p e a re n t even th ro u g h  th e  ste reom icroscope. The 
sh o o ts  are 0.6 — 0.85 m m  b ro a d , th e  dim ensions o f leaves: 300 450 pm  long,
180 250 pm  b ro ad . T h e  p o stica l m argin  is s lig h tly  a rch ed  w ith  1 3 conically
p ro tu b e ra n t  cells in  th e  sinus. Lobe cells 7 8 x 1 0  15 pm  a t  th e  apex,
1 0 — 1 5 x 1 5 —20 p m  in  th e  m iddle , w ith  o r w ith o u t sm all tr ig o n es  and  slight 
in te rm e d ia te  th ick en in g s , b u t  in m ost cases h ea rin g  a 3 — 6 p m  broad  hemi- 
sp h ae ric  papilla above th e  c e n te r  o f th e  cells. A t th e  base of th e  lobe a v itta -  
lik e , n o t sharp ly  d e lim ite d  g roup  of large, e lo n g a te  cells is p re se n t. This v itta -  
like  b an d  consists o f 15 -3 0  cells, it  is 3 —5 cells b ro a d  an d  6 8 cells long.
T h e  cells in the v i t t a  a re  12 -2 0  pm  b ro ad , 2 0 —45 pm  long, occasionally  w ith  
nodu lose  in te rm ed ia te  th ick en in g s, a lw ays tra n s lu c e n t, w ith o u t papillae. 
A b o u t ha lf of th e  v i t t a  is covered  by  th e  in f la te d , 120— 150 p m  long lobule- 
T h e  lobule cells are  sm o o th , q u ad ran g u la r, 5 — 8 x 9  — 21 pm . T h e  free m argin  
o f  th e  lobule is fo rm ed  b y  one row  of 4 — 6 n a rro w , e longa ted  cells (dim ensions: 
3 — 9 x 2 5  — 50 pm ). T h e  ap ica l to o th  is fo rm ed  b y  one or tw o  cells, ending in 
a sphaeric  one. T he p ro x im a l to o th  is sh o rte r  an d  m ore a cu te , fo rm ed by  one 
tr ia n g u la r  cell. T he te e th  are close to  each  o th e r  an d  th e  h y a line  papilla  (also 
in  th e  type) is lo c a te d  m arg in a lly  a t th e  p ro x im a l base o f th e  apical to o th  — 
p rac tica lly  in th e  u n ic e llu la r  sinus betw een  th e  tw o te e th . The discoid gem m ae 
(n o t p resen t in th e  ty p e )  are  18 — 20-celled, th e ir  n u m b er is 1 3 per leaf.

The p e rian th s  are  b o rn e  on the  p rox im al p a r t  of b igger b ranches. T hey  
a re  pyriform , d o rso v e n tra lly . n o t even ly  com pressed , 4 5 0 x 3 5 0  p m . The 
p e r ia n th  cells b e a r  la rg e , nodulose trigones an d  n ear th e  p e r ia n th  apex also 
con ical or hem isp h aeric  p ap illae . The sp o rang ium  is 200 250 p m  in d iam eter,
w ith  very  few e la te rs  (1 — 2 p er segm ent). T he e la te rs  are  160— 170 pm  long, 
w ith  relatively  th in , s in u o u s  walls. One m u ltice llu la r spore w as seen  in an open 
spo rang ium  (Figs 52, 54), consisting  of + 4  cells. The spo roderm  is tran s lu cen t, 
v e ry  th in , and o rn a m e n te d  w ith  sm all, ro u n d  groups o f p ap illae . Spore size:
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5 0 x 1 5  fim. T he m ale inflorescence has, as described  b y  E . W . J o n e s , 1 — 2 
a n th e r id ia  p er b ra c t.

On th e  basis  o f the above m en tio n ed  ch a rac te rs , Cololejeunea usam barica  
E . W . Jo n es sh o u ld  be tre a te d  as a m em ber of th e  subgenus Taeniolejeunea, 
w ith in  th e  sec tio n  Leonidentes B ened ix . The on ly  a rg u m en t a g a in s t th is  
assig n m en t is th e  lack  of a s ty lu s .

The k n o w n  d is trib u tio n  of Cololejeunea usam barica  E . W . Jones is : E a s t  
A frica, T a n z a n ia , E a s t U sam b ara  M ts., A m ani B o tan ica l G arden, a t  600 m  
a lt. E p ip h y llo u s  on H ym enophyllaceae  leaves n ea r Sigi stream . Coll. P a n d a 
r a n g  J o s h i , S ep t. 1903, ex H b . L e v i e r  N o. 4530 in  G, F o u n d a tio n  S t e p h a n i  
No. 17499. H o lo ty p u s .

T an zan ia , M orogom  D is tr ic t, U lu g u ru  M ts. N W  slopes of M t. L u p a n g a . 
E p ip h y llo u s  on d iffe ren t d ico ty ledonous leaves in  th e  m ossy fo rest be low  
th e  ro ck y  c re s t, a t  1800—2000 m  a lti tu d e . Coll. T . Poes and  B. J .  H a rr is , 
No. 6130/Q , 14. F eb . 1970. (E G R , B P , DSM u n d e r th e  nam e C. p e ra ffin is  v a r . 
elegáns); N  o f K ino le  sawmill in  su b m o n tan e  ra in  fo res t a t  1070—1100 m  a lt. 
A b u n d a n t on d iffe ren t d ico ty ledonous leaves. Coll. T . Poes and  M. L u n g ’w echa , 
No. 6874/A G , 4 . F eb . 1973 (E G R , B P , DSM).

F ro m  th e  above d a ta , Cololejeunea usambarica  seem s an e lem en t o f  th e  
ra in  fo rests  o f o ld  crystalline m assives in E a s t A frica, sim ilarly  to  th e  ra n g e  
of S a in tp a u lia  species am ong th e  phanerogam s.

Cololejeunea runssorensis (S te p h .)  Poes com b, n o v a  (F igs 64— 70)

B asionym : A phanolejeunea  runssorensis  S teph.
Sp. H ep . 5 (1916): 858.

S y n . nov .: Cololejeunea leonardii V an d en  B erghen 
B ull. J a rd . B ot. N a t. Belg. 41 (1971): 283, Fig. 22.

S tu d y in g  Cololejeunea fa d e n ii  described  above, all possibilities o f co m 
pariso n  w ere ta k e n  in  accoun t, inc lu d in g  all know n A frican A phanolejeunea  
species (page 357). Checking th e  ty p e-sp ec im en  o f Aphanolejeunea runssorensis  
S te p h a n i (G, F o u n d a tio n  St e p h a n i  N o. 17493, from  R uw enzori M ts .) , i t  
becam e im m e d ia te ly  clear th a t  th is  p la n t was a Cololejeunea in th e  s tr ic t  sense. 
N one of th e  g eneric  characters o f A phanolejeunea  is p re se n t in the  p la n t. I t  is 
n o t k now n , w h y  S tephan i re leg a ted  th e  p lan t to  th e  genus A phano le jeunea , 
to g e th e r  w ith  A . zenkerii — a lth o u g h  th e  ty p e-sp ec im en  bears a pencil m a rk  
w hich m ost p ro b a b ly  an ted a tes  th e  in k  m ark  o f Aphanolejeunea  — c lea rly  
in d ica tin g  Colo-lejeunea as a p rev io u s in ten tio n . B o th  are h a n d w ritin g s  of 
St e p h a n i . S im ila rly  to  A phanolejeunea  zenkerii, tra n s fe rre d  b y  E . W . J o n e s  
to  Cololejeunea, th is  species also belongs to  th e  S ubgenus Cololejeunea (S pr.) 
Schiffn ., Sectio  D uvignaudii S c liu st. Therefore th e  above new co m b in a tio n  
is p roposed .
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Cololejeunea runssorensis  (Steph.) Pócs. F ig . 64: Fertile shoot seen from  below. 65: 
M ale spikelet. 66— 67: M ature perianths. 68: P erianth  m outh. All drawn from the type of 
A phanolejeunea runssorensis Steph.
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O n th e  o th e r h a n d , th e  au th o r fo u n d  a g rea t s im ila rity  be tw een  th is  
p la n t  and  the  w ell i l lu s tra te d  descrip tio n  o f  Cololejeunea leonardii Y an d en  
B erg h en  (1971: 283 286, F ig . 1 and  su p p lem en ted  by  1972: 480 481 w ith
F ig . 22). C om paring th e  ty p e s  of these  species, th e ir  fu ll id e n ti ty  was p ro v ed . 
T he lea f  border ju s t  re a c h in g  the  stem , th e  ty p ic a l, 1 — 2-celled, b lu n t ap ica l 
to o th  w ith  the  h y a lin e  p ap illa  a t th e  in n e r  b ase , th e  shape  o f th e  p ro x im al 
to o th , th e  pap illo sity  o f  th e  leaves, an d , f ir s t  o f all, th e  shape  and s tru c tu re  
o f th e  p e rian th , coincide u tte r ly . The on ly  d ifferences are as follow s: th e  p la n ts  
described  as Cololejeunea leonardii b y  Y a n d e n  B e r g h e n  are  sligh tly  m ore 
s len d er th a n  the  ty p e  o f  A phanolejeunea runssorensis. C. leonardii has d isco id  
gem m ae n o t ob se rv ab le  on S t e p h a n i ’s p la n t ;  i t  has no or w eak ly  developed  
trig o n es, w hich are w ell m ark ed  in th e  le a f  cells o f A phanolejeunea  runssorensis. 
A ll these  variab le  v e g e ta tiv e  ch a rac ters  are  n o t to  be ta k e n  in accoun t in  
a specific d e lim ita tio n .

Sum m arizing th e  geographical d is tr ib u tio n  of Cololejeunea runssorensis, 
i t  m ay  be s ta te d  t h a t  i t  is an  epiphyllous e le m e n t of th e  e x tre m e ly  m oist ra in  
fo re s ts  o f the  C en tra l A frican  high m o u n ta in s :

U ganda: R u w en zo ri M ts., W im i,  am o n g s t tree  ferns, coll. E l l io t t  258 ex  
h b  К  in  G, fo u n d a tio n  S t e p h a n i  No. 17493, H o lo ty p u s o f Aphanolejeunea  
runssorensis S teph .

B u ru n d i: D is tr ic t  o f  E d w ard  an d  K iw u  L akes, M t. N yab igondo-T eza 
(M uram vya area), m o n ta n e  forest, 2300 m  a lt . ,  coll. J .  L é o n a r d  5227. T ype  
o f Cololejeunea leonardii Y anden  B erghen , B R , hb . V anden  B erghen ; M abay i 
(B u b an za  area,) dense fo rest a t 1650 m  a lt. Coll. J .  L e w a l l e  N o. 6254, 6259; 
B u g a ram a  (M u ram v y a  area), F icalhoa fo res t, a t  2100 m , coll. L e w a l l e  
N o. 5226.
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ÜBER EINIGE PFLANZEN 
DES WESTLICHEN TIENSCHAN. I.

Von

Sz. P riszter

BOTANISCHER GARTEN DER EÖTVÖS-LORÄND-UNIVERSITÄT, BUDAPEST 

(Eingegangen am  12. 5. 1975)

The author describes a new, one-leaf variety  (var. gran itovii)  of A lliu m  karata- 
viense  Rgl. obtained from the “ Tshatkalskii Zapovednik” nature conservation area 
of the W estern Tien-Shan Mountains. The synonym y and occurrences of Sedum  alberti 
Rgl. and of S . ewersii Ledeb., inhabiting also the W estern Tien-Shan are also clarified. 
S. ewersii var. hom ophyllum  Praeg. is found to grow wild in th a t region; a new, round- 
lea f variety  (var. cyclophyllum ), occurring in the sam e area, is also described.

Im  Sinne des zw ischen den U n iv e rs itä te n  von  B u d a p e s t und  T a sc h k e n t 
b esteh en d en  A u stau sch v e rtrag es  ergab  sich schon  se it 1971 jedes J a h r  eine 
G elegenheit zu r D u rch fü h ru n g  e iner G e län d eu n te rsu ch u n g  fü r U n iv e rs itä ts 
hörer in  M itte lasien . Ü b er die b isherigen  b o tan isch en  E rgebn isse  d ieser sind  
einige P u b lik a tio n e n  b e re its  erschienen ( K o v á c s -L á n g — I s é p y  1972, I s é p y  — 
M é s z á r o s - D r a s k o v it s  1974, P r is z t e r  I s é p y  1974). V orliegend w erden  
einige neue oder w enig  b ek an n te  T ax a  aus d er re ichen  F lo ra  des w estlichen  
T ienschan  e rö r te r t .  In  dieser I .  A b h an d lu n g  w erden  u n te r  1 —4. A lliu m  
karataviense  u n d  einige Sedum -T axa b esp rochen . V erfasser sp rich t fü r  die 
gegebene H ilfe den  H erb a rien  zu L en in g rad  u n d  T a sc h k e n t seinen b e s te n  
D ank  aus. 1

1. Allium karataviense Rgl. v a r. granitovii P risz te r

Die von  R e g e l  im  Ja h re  1874 beschriebene schöne Z w iebelart A lliu m  
karataviense  m it e ig en artig em  H ab itu s  w ird  in  den  G ä rte n  E u ro p as schon se it 
langem  als Z ierp flanze  k u ltiv ie r t. D er n iedrige W uchs, die 2 (seltener 3) g ro 
ssen, b re iten , t ie f  g ead e rten , b läu lich g rü n en  u n d  s itz en d en  B lä tte r , die o b e r
ird ische B la ttsch e id e  sowie der sich an  d er Spitze des n ied rig en  Schaftes e n t 
w ickelnde einzige, v o n  rosaw eissen B lü ten  geb ild e te  grosse B lü te n s ta n d  
ch arak te ris ie ren  diese A rt.

N ordöstlich  von  T asch k en t, im  G eb iet des T sch a tk a lsk ij Z apow ednik  
haben  w ir in  2000 2300 m  H öhe se it 1971 au ch  m eh rere  J a h re  h in d u rch  diese
P fla n z e n a rt e in g esam m elt u n d  ihre Zw iebel im B o tan isch en  G arten  d er 
EÖTVÖS-LoRÄND-Universität zu B u d a p e s t w e ite rg e z ü ch te t. Diese P flan zen  
w eichen jed o ch  von  dem  in den eu ropäischen  G ärten  k u ltiv ie r te n  und  wohl-
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Abb. 1. A lliu m  karataviense  Rgl. var. g ra n ito vii Priszter (ad nat. delin . A. B u csi)

b e k a n n te n  zw e ib lä ttrig en  T yp  d a rin  ab , dass sie lediglich ein  einziges, gu t 
en tw icke ltes B la tt  h e rv o rg eb rach t h ab en . N ich t n u r die gep ressten  E xem plare  
aus dein T ienschan , sondern  auch die in  B lum en töp fen  u n te rg e b ra c h te n  w aren  
jä h r lic h  zu rü ck k eh ren d  e in b lä ttr ig . (U n d  zw ar n ich t die u n e n tw ic k e lte n  J u n g 
p flanzen , sondern  die b lühenden  In d iv id u en .)

P flan zen a rten  m it einem  einzigen B la tt  kom m en ziem lich  se lten  vor. 
In  der Fam ilie  der Liliaceae  g ib t es je d o c h  m ehrere B eispiele h ie rfü r. So b r in 
gen z. B. ein einziges L a u b b la tt  — fa s t s tä n d ig  — die in  P o r tu g a l heim ischen  
Ornithogalum u n ifo liu m  (L.) K er-G aw l. u n d  Scilla m onophyllos L ink , M uscari 
la tifo lium  J .  K irk  aus K leinasien  oder A lliu m  unifo lium  K ellogg h ervo r. A uch
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u n te r  den  m itte la s ia tisch en  A lliu m -A rten  g ib t es m ehere e in b lä ttr ig e , wie z. B. 
A . m onophyllum  V ved., A . sergii V ved ., A . eugenii Y ved . oder A . a lexeianum  
R gl.

A u fg ru n d  des G esagten h a lte n  w ir die im  w estlichen  T ienschan  g e sa m 
m elte  e in b lä ttr ig e  A lliu m  karataviense  fü r  eine neue V a r ie tä t  (cf. P r i s z t e r  in 
B o t. K öziem . 1974 p . 59) und  b en en n en  sie zu E h ren  des Professors der B o ta n ik  
an  d e r U n iv e rs itä t zu T aschken t als v a r . granitovii (A bb. 1). D ieselbe V a r ie tä t  
fan d e n  w ir au ch  im  H erbar des len in g rad e r KoM AROW -Institutes.

Allium karataviense Rgl. var. granitovii Priszter, var. nova

A typo — florendi tempore —  folio unico (30— 40 cm longo et 6—8 cm lato) bene  
differt. H abitat in rupestribus Tien-Schan O ccidentalis, territorio protectionis naturae T schat- 
kalskij Zapovednik dicto, 2000—2300 m .s.m . Specimen descriptum  in herb. Horti B otan ic i 
U niversitatis B udapestiensis conservatur. Legit I. I s é p y , 5 ,  5 .  1 9 7 1 .  Ad honorem professoris 
U niversitatis T aschkent 1. I. Gbanitov  denom inatum .

E x em p lu m  a lte ru m  in m o n te  A k-T asch  ab  I. G. L e v i t s c h e v  e t  L . S. 
K r a s o v s k a j a  25. 5. 1975 lectum  in h e rb a rio  lab o ra to rii s ta tio n is  T sc h a tk a lsk ij 
Z ap o v ed n ik  v id i. Specim ina e x s ic c a ta  in H erb ario  A cadem iae S c ien tia ru m  
I n s t i tu t i  V. L . K o m a r o v  (L en ingrad) v isa :
1. M arg ilan  p ro p e  F erg an a ; leg. N . D e s s i a t o f f , 1913;
2. S ch ach im ard an , A lajskij H re b e t; leg. V. D r o b o v , 1916;
3. ad  riv u m  K a ra  A rtscha, K irg izsk ij H re b e t; leg. R . K a m e l i n , 1969.

2. Sedum alberti Rgl.

In  M itte las ien  ist die von R e g e l  beschriebene A rt Sedum  alberti z iem lich  
v e rb re ite t .  A uch  im  um fangreichen  H erb a riu m  der U n iv e rs itä t zu T a sc h k e n t 
e n th ä l t  aus dem  T ienschan  von d ieser A rt eine sehr re iche K ollek tion . T ro tz 
dem  is t  diese A rt in  der F a c h lite ra tu r  ziem lich k o n fu n d ie r t u n d  in der e u ro 
pä isch en  K u ltu r  fa s t  u n b ek an n t. M eine eigenen E rfah ru n g en  haben  m ich schon  
se it J a h re n  d av o n  üb erzeu g t, dass diese A rt auch  in  M itte leu ro p a  le ich t g ezü ch 
te t  w erd en  k an n .

E s g ib t n u r  w enige w eissblütige p eren n ie ren d e  Sedum -A rten  (die m e is ten  
h ab e n  n äm lich  gelbe B lü ten). D er G rosste il der w eissb lü tigen  Sedum s g eh ö ren  
zu S. album  L. agg ., wie z. B. S. a thoum  DC., S. m icranthum  B ast., S. balticum  
H a r tm ., S . c lusianum  Guss., S. serpen tin i J a n c h ., S. brevifolium  DC. (A bb. 2. с) 
oder S. gypsico lum  Boiss. e t R eu t. (A bb. 2. b). Alle diese T ax a  sind d u rc h  
die s tu m p fe  B la ttsp itz e  ch a rak te ris ie rt. D as kaukasische  u n d  k le inasia tisch e
S. subu la tum  (С. A . M.) Boiss. (syn .: S . acutifo lium  L edeb .; A bb. 2. e) ä h n e lt  
sich d e r A rt S. album , h a t jedoch  zu g esp itz te  B lä tte r . D ie b ish er e rw ä h n te n  
T ax a  s ind  alle v o n  m ittle rem  W uchs u n d  der G rund  ih re r B lä tte r  is t n ic h t  
sp o rn fö rm ig . Von diesen  w eicht die n iedrige (5—6 cm ), d ich trasige A rt S ,
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Abb. 2. Laubblätter einiger weissblühender Sedum-Arten. (Zeichnungen von A. P r is z t e r ) 
a: Sedum  album  L.; b: S . gypsicolum  Boiss. et R eut.; c: S. brevifolium  DC.; d: S. alberti Rgl.; 

e: S. subulatum  (C. A. M.) B oiss.; f: S. gracile C. A. M.
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gracile C. A. M. (A bb. 2. f) ab, deren  dünne B lä tte r  an  der Basis v ie len  
anderen , je d o c h  gelbb lü tigen  S ed u m -A rten  ähn lich  — einen w inzigen S p o rn  
trag en , der sich  dem  Stengel an sch m ieg t. E ine solche sp o rn trag en d e , w eiss- 
b lü tige m itte la s ia tisch e  A rt s te llt au ch  S . alberti Rgl. d a r (A bb. 2. d), je d o c h  
ist diese viel g rösser (10 15 cm ) als S. gracile, u n d  die B la ttsp itze  is t ebenso
a b g e ru n d e t wie die bei S. album  (A bb. 2. a). D em  H a b itu s  nach  e rin n e rt au ch  
S. alberti an  S . album , jedoch  w eich t sie von  d ieser le tz te ren  vor allem  d u rch  
den  Sporn  d er B lä tte r ,  ferner d u rch  ihre geograph ische Iso la tio n  ab.

Zu der B esch re ibung  von S. alberti in G a rten flo ra  (1880) füg te  R e g e l  
auch  eine g u te  A bb ild u n g  bei. Es is t ü b e rra sch en d , dass der h e rv o rrag en d e  
Sedum - u n d  Sem pervitm m -M onograph L. P r a e g e r  diese REGELsche P flan ze  
völlig v e rk a n n t h a t. P r a e g e r  b ra c h te  näm lich  u n te r  dem  N am en S. alberti 
(1921 p. 191) eine m it der A rt S. gracile fa s t völlig ü b ere in stim m ende  P flan zen - 
zeiclinung, m it d er B em erkung, dass “ th e  p la n t illu s tra te d  in G a rten flo ra  
(tab . 1019, fig . 2) as S. alberti is a to ta l ly  d iffe ren t th in g ” . Diese B em erk u n g  
s tim m t an  sich zw ar völlig, doch w ar gerade P r a e g e r  derjen ige, der die 
P flanze  von  R e g e l  m it S. gracile v e rw ech se lte , so wie d a ra u f  bere its  K o m a r o v  
(1939), B e r g e r  (1932) und  F r ö d e r s t r ö m  (1932) gleichfalls h ingew iesen 
h a tte n . L e tz te re r  v e rsah  die in K irg isien  zu e rst von  S c h r e n k  gesam m elte u n d  
als U m bilicus a f f in is  beschriebene P flan ze  m it einem  neuen N am en (Sedum  
schrenkii F rö d .), w as jedoch  überflüssig  w ar.

Die S y n o n y m ik  der im T ienschan  h äu fig  v o rk o m m en d en  A rt S. alberti 
R gl. is t also die fo lgende:

U m bilicus a f f in is  Schrenk ex  F isch , e t  M ey. 1841
Sedum  alberti R egel 1879, non P raeg e r 1921 (Q uod e s t: S. gracile C. A. M.)
Cotyledon a ffin is  (Schrenk) M axim . 1883
Sedum  a ffin e  (Schrenk) H am e t 1929, non  B o reau  1866 (Q uod e s t: 

S. te lephium  L. ssp. com planatum  G ilih. v a r . buxicolum  R . e t C.)
Pseudosedum  a ffin e  (Schrenk) B erger 1930
Sedum  schrenkii F rö d erströ m  1932.

3. Sedum ewersii Ledeb. v a r . homophylluin P raeg .

S. ewersii is t  eine in  M itte lasien  w e itv e rb re ite te  A rt, die auch  in  den 
G ärten  M itte leu ro p as w o h lbekann t is t, da sie w egen ih re r schönen B lü ten , 
ihres n iedrigen  W uchses von  jeh er eine be lieb te  S te in g arten p flan ze  is t. Aus 
ih rem  F o rm en k re is  w ar uns b isher n u r  soviel b e k a n n t, dass P r a e g e r  (1921 p . 
96 — 99) aus einer G a r te n k u ltu r  ihre k le in b lä ttr ig e  Z w ergform  u n te r  dem  N am en  
v a r. hom ophyllum  P raeg . beschrieben u n d  d a rg es te llt h a t.  D er B eschreibung 
nach  ist diese V a r ie tä t  n u r  5 — 8 cm hoch, die sterilen  T riebe sind kau m  kleiner 
als die fe rtilen , die In te rn o d ien  sind k u rz  (0,3 0,5 cm ), die B lä tte r  n ich t
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0 í Z  3 h y c*n
Abb. 3. Sedum ewersii Ledeb. var. homophyllum Praeg. (ad nat. delin. A. Bucsi)

sten g e lu m fassen d , sondern  am G runde  keilfö rm ig , ih r  R an d  is t rö tlich , ih re 
L änge b e trä g t 1,3 1,8, ihre B reite  0,8 1,3 cm. D er B lü te n s ta n d  is t d ich t und
k le in  (A bb. 3). D em gegenüber b e trä g t  die Länge der fe rtilen  T riebe  des T yps 
15 — 30 cm, die d er In te rn o d ien  2 — 2,5 cm , ih re B lä tte r  sind  oval, am  G runde 
herzfö rm ig  u n d  b e d e u te n d  s ten g e lum fassend , 2 3 cm lang  und  2 cm  b re it,
d e r B lü te n s ta n d  is t locker und  grösser (A bb. 4).

Im  H e rb a riu m  von T asch k en t fü r  die F reu n d lich k e it d er K ollegen  
T . A . A d il o v  u n d  M. M. N a b ie v  au c h  an  d ieser Stelle d an k e n d  fan d  ich 
zw ischen den E x e m p la re n  der A rt S. eiversii in  ziem lich grosser M enge die 
v a r . homophyllum  v o r. Dieselbe sah  ich  auch  im  H erb ariu m  v o n  L en in g rad . 
So w ar e inerse its die B eh au p tu n g  ( F r ö d e r s t r ö m  1930 p . 60) w id erleg t, dass 
die v a r. homophyllum  P raeger n u r  eine in  G ärten  vo rkom m ende V a r ie tä t ist, 
d a  ja  sie auch  w ild  v ielerorts v o rk o m m t, and rerse its  b e re ich e rte  sich die 
m itte la s ia tisch e  F lo ra  m it einem  n eu en  T axon . Die S ynonym ik  des T yps und  
d e r V a rie tä t sowie ih re  V erb re itu n g  is t die folgende:

S. ewersii L ed eb . (Syn.: S. altaicum  Stcph .)
v a r. ewersii: W estlicher H im a la ja , A ltai, M ittle re r u n d  W estlicher
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Abb. 4. Sedum ewersii Ledeb. var. ewersii (ad nat. delin. A. B u csi)

11* Acta Botanica Acadcmiae Scientiarum Hungaricae 21, 1975



384 PRISZTER, SZ.

Abb. 5. Sedum  ew ersii Ledeb. var. cyclophyllum  Priszter (ad nat. delin. A. B u csi)
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T ienschan , T ib e t, D schungare i, W estm ongolei, Pam ir-A la i, K ir 
gisien;
v a r. hom ophyllum  P raeg . (syn .: v a r . turkestan icum  h ö rt., S. cyane- 
um  h ö r t ., non  R u d o lp h ): O s tk azach stan  (z. B . U stj-K am en o g o rsk , 
T a rb a g a ta j, D sch u n g arsk ij-A la tau ), O stk irg isien  (P rzew alsk , 
T alas); O stu sb ek is tan  (A ndischan , F e rg an a ); T ad sch ik is tan  (K ara- 
K ul, O stp am ir).

4. Sedum ewersii L edeh. v a r. cyclophyllum P risz te r

Im  B o tan isch en  G arten  der u sbek ischen  A kadem ie  d er W issenschaften  
zu T asch k en t — und se it 1972 auch im B o tan isch en  G arten  der B u d ap este r 
U n iv e rs itä t w ird  aus dem  T ienschan  s tam m en d es  solches S . ewersii k u lt i
v ie rt, das sich m it d er B la ttfa rh e , vo r allem  m it der besonderen  B la ttfo rm  
h e rv o rh eb t: seine S te n g e lb lä tte r  sind k ü rz e r  als die des T yps, sind n ich t 
oval, sondern  b einahe  k re isfö rm ig , ihre F a rb e  is t n ich t b läu lich g rü n , sondern  
gelb lichgrün , ih r R an d  rö tlic h  (A bb. 5). D iese, im  V ergleich zu dem  T yp e tw as 
n iedrigere P flanze  m it k o n s ta n t abw eichender B la ttfo rm  sondern  w ir als eine 
neue V a rie tä t ab :

Sedum ewersii Ledeb. лаг. cyclophyllum  Priszter, var. nova

A typo (var .ew ersii)  fo liis rotundis, brevioribus flavovirentibusque differt. Folia cau- 
lis medii 2 — 2 , 5  cm  longa et lata, am plexicaulia, flavoviridia, margine rubro cincta. H a- 
bitu typo parum hum ilior ( 1 2  — 15  cm). Crescit in Tien-Schan O ccidentali. Specimen de- 
scriptum — anno 1 9 7 1  ex horto botanico Academiae Scientiarum , T aschkent orta — in herbario 
H orti B otanici U n iversitatis Budapestinensis conservatur. Legit Sz. P b i s z t e r  1 8 .  5 .  1 9 7 3 .

Specim ina ex s icca ta  in H erbario  A cadem iae S c ien tia ru m  in s ti tu ti  V. L. 
K om a r o v  (L en ing rad ) v isa :
1. T u rk es tan ia , A slam  B oh; leg. S. K o r s h i n s k y , 1895;
2. F e r g a n a ;  leg. D. L i t v i n o v , 1895;
3. K az a h s ta n : Aulie A tin sk ij u jezd , A lexandrovsk ij H re b e t; leg. I. 1. G r a n it o v , 

1927.

L ITE RATU R
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B o risso va , A. G. (1939): Crassulaceae; in K omarov , V. (red.): Flora U SSR . M oskva — 
Leningrad, 8, 134.

F r ö d e r s t r ö m , H. ( 1 9 3 0  —  3 5 ) :  The genus Sedum L. A system atic essay. 1 — 4 .  Acta Horti 
Gothoburgensis. A ppendix. 5. ( 1 9 3 0 ) ,  7 5  p., 2 8  tab.: 6. ( 1 9 3 1 ) ,  1 1 1  p., 6 5  tab.: 7. ( 1 9 3 2 ) ,  
1 2 6  p., 6 8  tab .; 10. ( 1 9 3 5 ) ,  2 6 2  p., 1 1 5  tab.
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Bestim m ungsbuch der Pflanzen von K asachstan] Alm a-Ata, 1, 477.
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An identification key for 414 “ species” of Streptomyces and Streptovertic illium  
included in the ISP is presented. This dichotom ous key is based on the partly m odified  
m ethods and criteria of ISP . The key m ay help streptom ycetologists to se lect, from  
am ong authentic named organisms of culture collections, typ e  or reference strains for 
sim ultaneous m orphological-cultural and physiological com parisons w ith closely  related  
unidentified cultures, which is the m ost expedient m ethod for sufficiently narrow  
taxonom ic identifications.

T here  is no do u b t th a t  in th e  p re se n t “ f lu id ”  s ta te  of ac tin o m y cè te  
ta x o n o m y  th e  s im u ltaneous com parison  o f an  unknow n s tra in  w ith  a u th e n tic  
n a m e d  cu ltu res  of closely re la te d  species, on th e  basis o f as m any  fe a tu re s  as 
possib le , is th e  m ost ex p ed ien t m e th o d  for a su ffic ien tly  narrow  ta x o n o m ic  
id e n tif ic a tio n . In  1963 Szabó  and  M a r t o n  m ade th e  f irs t a tte m p t a t e la b o ra t
ing  a d iag n o stic  k ey  based  exclusively  upon  the  d a ta  o f a u th e n tic  n a m e d  
c u ltu re s  of species of Streptomyces to  fa c ilita te  the  selection  of re la tiv e ly  few, 
su itab le  a u th e n tic  s tra in s  for s im u ltan eo u s com parisons and  id e n tif ic a tio n  
w ith  u n k n o w n  s tra in s . U sing th e  in fo rm a tio n  acqu ired  from  th e  IS P  s tu d y , 
A r a i  an d  M i k a m i  (1969) p u b lished  an  id e n tific a tio n  k ey  for a n tifu n g a l a n t i 
b io tic  p ro d u c in g  s trep to m y ce te s . In  1972 K ü s t e r  p resen ted  a sim ple d ia g 
n o stic  k e y  fo r th e  c lassification  an d  id en tific a tio n  of 274 nam ed species in 
cluded  in  th e  IS P .

I t  m u st be k e p t in m ind , how ever, w hen  using th e se  id en tif ic a tio n  keys 
an d  e v a lu a tin g  th e  resu lts  of s im u ltan eo u s com parisons betw een  k n o w n  an d  
u n k n o w n  s tra in s  th a t  th ere  ex ists  a w ide ran g e  of v a ria tio n  w ith in  th e  in d iv id 
ua l species. A lthough  ty p e  s tra in s  can  considerab ly  help  us in id e n tify in g  
u n k n o w n  cu ltu re s , th e  p o p u la tio n  species concep t ad v o ca ted  by  Co w a n  (1970) 
seem s to  be m ore rea listic  in  th e  ta x o n o m y  of s trep to m y ce te s  th a n  th e  ty p e  
species concep t tra d itio n a lly  used  fo r describ ing  b a c te ria l species (cf. also 
S za b ó  an d  M a r t o n , 1962; 1964a; 1964b; F l o c k t o n  an d  C r o s s , 1975).
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A nother prob lem  is th e  availab ility  o f th ese  keys for id en tifica tio n  
p u rposes. A new critica l e v a lu a tio n  of c r ite r ia  an d  procedures used in th e  
c h a rac te riza tio n  of ty p e  c u ltu re s  has revealed  t h a t  th e  I S P  m eth o d s for re p o r t
ing  spore mass color, re v e rse  color, and spore c h a in  m orphology  need im p ro v e
m e n t ( S z a b ó  and M a r t o n , 1976). E .g., acco rd in g  to  the  d a ta  given in th e  
I S P  descrip tions ( S h i r l i n g  and  G o t t l i e b , 1968a; 1968b; 1969; 1972) from  
am ong  th e  426 classified  s tra in s  232 (54% ) fa ll w ith in  th e  range  de linea ted  
b y  one wheel of th e  T r e s n e r  - B a c k u s  color w heels, while 194 s tra in s (46% ) 
fall in to  2, 3 or even 4 d iffe re n t color series, re sp ec tiv e ly . C onsequently , w hen 
p re p a rin g  d ichotom ous k ey s  fo r iden tifica tio n  purposes, i t  is ra th e r  d ifficu lt 
to  d ivide s trep to m y ce te s  in to  large groups o r subdiv isions on the  basis of 
th e ir  aerial m ass color d e te rm in ed  by using  th e  T r e s n e r  B a c k u s  system . 
O n th e  o ther h an d , a p rec ise  spore mass co lo r id en tifica tio n  is, qu ite  o ften , 
v e ry  d ifficult oving to  in terferences from  th e  colored su b s tra te  m ycelium  
an d  to  the  dependence o f  th e  aerial mass co lo r on th e  th ick n ess  and d en sity  
o f th e  spore m ass. A réév a lu a tio n  of d a ta  g iven in th e  I S P  descrip tions 
has also ind ica ted  th a t  th e  m orphological c a te g o ry  of R e tin acu liap e rti c an n o t 
be considered as a d is tin g u ish in g  ch arac ter w hich  m ay be used  for p rep arin g  
d icho tom ous keys (cf. also  th e  8 th  ed itio n  o f  th e  B e r g e y ’s M anual, 1975). 
T he large num ber o f te s ts  y ielding d o u b tfu l re su lts  in  ca rb o n  u tiliza tio n  e x 
p e rim en ts  can also co n s id e ra b ly  hinder o u r e ffo rts  to  co n stru c t keys w ork ing  
fo r all species in c lu d ed , consisten tly  w ith  th e  sam e sequences of ch a rac te rs .

The d iagnostic  k e y  p resen ted  below is an  a tte m p t to  use in  every  single 
case such a co m b in a tio n  o f  characters and  th e i r  sequence w hich  m ay p rov ide  
th e  re la tive ly  h ig h est p ro b a b ility  of a co rrec t id en tifica tio n  according to  th e  
descrip tive  c rite ria  u sed .

M ethods

The first step in th e  identification of new  iso la tes or unidentified strains o f Strepto- 
m yces or Streptoverticillium  is their description using th e  minimum descriptive criteria (spore 
chain morphology, spore surface, color of aerial and substrate m ycelia, color in m edium , 
carbon utilization) and m eth ods of ISP (Sh ir l in g  and Go ttl ieb , 1966). The second step is 
the approxim ative taxonom ic identification of the investigated  and described strains using  
the key presented in th is paper. Finally, a sim ultaneous comparison of the strains in question  
is necessary with the ty p e  or reference strain (or strains) o f that (or those) species which shows 
the highest similarity to th em  on the basis of the m inim um  descriptive criteria. Type cultures 
are available in international culture collections.

Analysing, how ever, the IS P  descriptions it  w as found that some methods of the ISP  
needed improvement. For the separation of strains according to their substrate m ycelium  
color a new more com plete system  of color groups offered by us (Szabó and Ma rto n , 1976) 
was already used in th e  preparation of the presented key:

A ) Types  (color groups) o f p igm entation  o f  the substrate m ycelium

1. Yellow-brown (Y-b): The color of the m ycelium  exhibits different hues of yellow  and 
brown in all d iagn ostic  culture media and in all periods of growth; these “yellow - 
brown” colors m ay be shaded by gray in all degrees, from alm ost colorless ligh t gray  
through dirty w h ite  to black.
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2. Y-b -|- red: On at least one diagnostic culture medium and in a certain period of growth, 
the m ycelium  produces red or pink endopigm ents to such an ex ten t that both the  
yellow-brown ground color and the gray shade are entirely obscured and the m ycelium  
becomes red. The red endopigm ents are not pH  sensitive or they  m ay change, in the  
case of a few  strains, from red or pink to the yellow-brow n ground color either w ith  
the addition of 0.05 N  HC1 or, more rarely, w ith the addition of 0.05 N  NaOH (Y-b-—red).

3. Y-b +  blue: Similar to No. 2 above, except that the endopigm ent is blue. This p ig
ment is not a pH  indicator.

4. Y-b blue — red: Similar to No. 2 above, except that the reverse m ycelium  pigm ent 
is a pH indicator changing from blue or blue-violet to red-violet or red.

5. Y-b +  blue — green: Similar to No. 2 above, except that the reverse m ycelium  pigm ent 
is a pH indicator changing from blue, grayish purple or v io let to green or deep green.

6. Y-b -J- green: Sim ilar to No. 2 above, except that the reverse m ycelium  pigm ent is 
green. This endopigm ent is not a pH indicator or, very rarely, Y-b-'-green.

7. Y-b green — red: Similar to No. 2 above, except that the rererse m ycelium  pigm ent 
is a pH indicator changing from green, olive, bluish green or grayish olive to red, pink, 
reddish or purplish brown.

8. Y-b +  red -f- green: Two different, a red and a green, d istinctive  pigm ents can cause 
colorization in the substrate m ycelium  depending on the com position of the diagnostic 
medium em ployed. N either of them  is a pH indicator.

9. Y-b -f- red -f- blue: Similar to No. 8 above, except that the yellow-brow n ground color 
of the substrate m ycelium  m ay be modified to red and/or to blue on the diagnostic 
media. These pigm ents are not pH  sensitive.

10. Y-b -f- blue -j- green: Similar to No. 8 above, except th a t the color of substrate 
mycelium m ay be m odified to blue and/or to green on the diagnostic media. These 
pigments are not pH  sensitive.

11. Y-b +  green -f- blue — red: Similar to No. 8 above, except that the color of the sub
strate m ycelium  m ay be m odified to green and/or to red, v io let or blue depending 
on the com position and pH of the media. The green pigm ent is not pH sensitive.

B ) M orphological sections used in  the key

1. Rectiflexibiles (R ectus-flexibilis)
Straight to flexuous spore chains

2. Spirals (Spira)
Spiral spore chains: short, gnarled, or com pact spirals; extended, long and open spirals; 
open loops, hooks or prim itive spirals o f wide diameter.

3. Verticillus-R ectus-flexibilis 
Verticillate, straight to flexuous

4. Verticillus-Spira 
Verticillate, spirals

The identification key

The d ichotom ous k ey  p resen ted  below  is c o n s tru c te d  fo r th e  classifica
tio n  and id en tifica tio n  of 414 n am ed  ta x a  inc luded  in th e  IS P  and  based  
on th e  IS P  descrip tions o f ty p e  or reference s tra in s. In  consequence  of th e  g rea t 
n u m b er of doub tfu l re su lts  in carbon  u tiliza tio n  te s ts  an d /o r fo r lack  of certa in  
m orphological or c u ltu ra l d iagnostic  fea tu res  th e  ty p e  s tra in s  o f 43 “ species”  are 
n o t included in th e  key . T he n o m en c la tu re , reg ard in g  th e  generic  nam es an d  
specific  ep ith e ts , is id en tica l w ith  th a t  of th e  IS P  d esc rip tio n s. A bbrev ia tio n s 
u sed : Act. =  A ctinom yces; St. — Streptomyces; Stv. =  Streptoverticillium .

C ertain species inc luded  in th e  key  are d esig n a ted  w ith  an asterisk . 
I t  ind ica tes th a t  w hen  s tu d y in g  th e  ty p e  or reference s tra in s  o f these  species 
th e  opinions of IS P  w orkers differed  concern ing  th e ir  one or tw o  diagnostic
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fe a tu re s  w hich w ere, how ever, used  b y  us in c o n s tru c tin g  th e  k ey  for th e ir  
id e n tif ic a tio n . C onsequen tly , th e  p o sitio n  of these species o r, m ore exactly , 
t h a t  o f th e i r  ty p e  s tra in s  in th e  k ey  is questionab le  to  a ce rta in  ex ten t.

Tw o or m ore v e ry  sim ilar or even  iden tica l ty p e  or re ference  s tra in s  de
s ig n a te d  w ith  d iffe ren t specific  e p ith e ts  m ay  be co nsidered  as a “ d is tin c t 
g ro u p ” . The in d iv id u a l g roups w ere n am ed  m ostly  w ith  th e  specific ep ith e t 
o f  th e  o ldest know n species b e long ing  to  th e  group in  q u estio n . P resum ed ly  
th e  m em bers of th e  sam e g roup  are  rep resen ta tiv es  o f  a tru e  species.

1. a . V erticil fo rm a tio n ; spore su rface  sm ooth  or sm o o th  an d /o r w a rty  2 
b. No vertic ils p ro d u ced ; spore surface sm ooth , sm o o th  an d /o r w arty ,

sp iny  or h a iry  ...................................................................................................  28
2. a. Sporophores in  sp ira ls  ................................................................................... 3

b. Sporophores s tra ig h t o r w av y  ..................................................................  5
3. a. D-Glucose, L -a rab in o se ,  D -xylose ,  D-fructose ,  r h a m n o s e ,  sucrose ,

raffinose, i- in osito l ,  and  D -m annito l are all u t i l ized  for growth
St. pallidus R e u sse r .  ISP  5531 

b. N o g r o w th  w i t h  L -a rab in o se ,  sucrose ,  D -xylose ,  D -m a n n i to l ,  r h a m 
nose  a n d  r a f f in o s e  .......................................................................................... 4

4 . a. M ature spore ch a in s  g en era lly  10 to  20 spores p e r  chain
Stv. netropsis (F in la y , H och ste in , Sobin , an d  M urphy) 

B aldacci, F a r in a , an d  Locci. IS P  5259 
b. M ature spore chains genera lly  10 to  50 spores p e r chain

St. flavopersicus O liver, G o ldste in , B ow er, H elper,
a n d  O tto . IS P  5093

5. a. Color of s u b s tra te  m y ce liu m : Y -b  -(- blue <-*- red
Act. liiverticillatus P reo b razh en sk ay a . IS P  5272 

b. Color of s u b s tra te  m ycelium  d ifferent ...................................................  6
6. a. Color of s u b s tra te  m ycelium : Y -b ............................................................  7

b. Color of s u b s tra te  m ycelium : Y -b -)- red ..............................................  22
7. a. M elanoid p ig m en ts  are  n o t  p ro d u ced  in p e p to n e -y eas t- iro n  agar 8

b. M elanoid p ig m en ts  are  p ro d u ced  in p e p to n e -y eas t-iro n  agar . . 13
8. a. P o o r  g r o w th  o n  all c a r b o n  sources  in c lu d in g  D-glucose

Stv. cinnaiiioneum  (B en ed ic t, D vonch , Shotw ell, 
P r id h a m , a n d  L indenfelser) B a ldacc i, F a rin a , an d

Locci. IS P  5005
b. D-Glucose is u t i l iz e d  fo r  g r o w t h  .................................................................. 9

9. a. No grow th  on i-inosito l
Stv. orinoci Cassinelli, G rein , O rezzi, Pennella , and

S an filip p o . IS P  5571
b. i-Inosito l is u tilized  for g ro w th  ...............................................................  10

10. a. S po ru la tin g  aeria l m ycelium  red  or reddish
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St. hachijoensis Y am aguch i. IS P  5114 
b. S p o ru la tin g  aerial m ycelium  gray  or yellow  to  greenish-yellow  11

11. a. Y ellow ish to  greenish yellow  p igm ent in th e  d iagnostic  m ed ia
St. luteoreticuli K a to h  and A rai. IS P  5509 

b. No p ig m en t in th e  d iag n o stic  m edia ....................................................  12
12. a. No g row th  or only tra c e  o f  g row th  w ith  ra ffinose

St. aspergilloides R ao, M arsh , an d  R enn. IS P  5565 
b. R affinose is u tilized  for g ro w th

St. m oro-okaensis N iida, H a m a m o to , T su ru o k a , and
Н ага. IS P  5503

13. a. S poru la tin g  aeria l m ycelium  w ith o u t red d ish  shade .................. 14
b. S poru la tin g  aeria l m ycelium  red  or red d ish  ......................................  17

14. a. S p o ru la tin g  aeria l m ycelium  w hite; m elanoid  p igm en ts n o t fo rm ed  in
ty ro s in e  agar

Stv. olivoreticuli (A ra i, N ak ad a , a n d  S uzuki) B aldacci,
F a r in a , an d  Locci. IS P  5105 

b. S p o ru la tin g  aeria l m ycelium  gray , green or yellow  .....................  15
15. a. L-A rabinose is u tilized  fo r g row th

St. blastm yceticus W a ta n a b e , T an ak a , F u k u h a ra , 
M iyairi, Y onehara, a n d  U m ezaw a. IS P  5029; 

St. caespitosus* S ugaw ara  an d  H a ta . IS P  5603 
b. No g ro w th  or only  tra c e  o f  g row th  on L -arab inose .....................  16

16. a. M elanoid p ig m en ts  form ed in  ty ro sin e  agar
St. albireticuli N ak azaw a. IS P  5051; St. paucisporogenes* 

H ag em an n , N om ine, a n d  Pénasse. IS P  5315 
b. No soluble b row n p ig m en t in  ty ro sin e  agar

Stv. eurocidicum  (O kam i, U ta h a ra , N a k a m u ra , and  
U m ezaw a) Locci, B aldacci, a n d  P e tro lin i B a ld an .

IS P  5604
17. a. M elanoid p ig m en ts  form ed in ty rosine  ag ar .................................... 18

b. N o soluble brow n p ig m en t in  ty rosine  a g a r ......................................  19
18. a. Sucrose is u tilized  for g ro w th

St. kishiwadensis* S hinobu a n d  K a y a m u ra . IS P
5397

b. N o grow th  w ith  sucrose
St. luteoverticillatus Shinobu. IS P  5038 

St. ehim ensis N ak azaw a. IS P  5253
19. a. Sucrose is u tilized  for g ro w th

St. m ashuensis S aw azaki, Suzuki, N a k am u ra , K aw asak i, 
Y a m a sh ita , Iso n o , A nzai, S erizaw a, and  S ek iyam a.

IS P  5221
b. No grow th  w ith  sucrose .............................................................................. 20
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20. a. D-M annito l is u t i l i z e d  for  g ro w th
Stv. rubrireticuli (W a k sm a n  and  H en ric i)  B aldacci.

IS P  5464
b. No g ro w th  w i t h  D -m a n n i to l  .......................................................................  21

21. a. Sp ore chains are  genera lly  short c o n ta in in g  3 to  10 or m ore spores
per chain (S e p ta tu m  group)

St. tropicalensis G u p ta . IS P  5520; Stv. septatum  
L occi, Baldacci, a n d  P e tro lin i B a ld a n . IS P  5577 

b. Spore chains m o d e ra te ly  long w ith  10— 50 spores p e r  chain
Stv. kentuchense (B a r r  a n d  C arm an) B aldacc i, F a rin a ,

an d  Locci. IS P  5052
22. a. M elanoid p ig m e n ts  are p roduced  in p ep to n e-y east-iro n  agar . . 24 

b. M elanoid p ig m e n ts  are  no t p ro d u ced  in p ep to n e-y eas t-iro n  agar 23
23. a. No grow th  w ith  i-inosito l

Stv. ladakanus H a n k a , E vans, M ason, and  D ietz.
IS P  5587

b. i-Inosito l is u tiliz e d  for g row th
Stv. griseoverticillatum  (S h inobu  and  S h im ad a) Locci, 

B aldacci, a n d  P e tro lin i B a ld an . IS P  5507
24. a. D -F ructo se  is u t i l i z e d  for  g ro w th  .........................................................  25

b. No g r o w th  w i t h  D -fruc tose  .........................................................................  26
25. a. Yellow or red , n o t  p H  sensitive so luble  p igm ent in y e a s t-m a lt and

oatm eal ag a r Act. rectiverticillatus K rasil’n ikov  a n d  Y uan. IS P  
5436; Stv. roseoverticillatum* (S h in o b u )  F arin a  and

Locci. IS P  5039
b. P igm ents o th e r  th a n  m elanoids n o t form ed

Stv. hiroshimense (S h in o b u ) F a r in a  an d  Locci. IS P
5037

26. a. M elanoid p ig m e n ts  n o t p roduced  in  ty ro sin e  ag ar
A ct. aureoversales Y u an . IS P  5387 

b. M elanoid p ig m e n ts  form ed in ty ro s in e  agar ...................................  27
27. a. Red p ig m en t in  th e  d iagnostic  m ed ia  is pH sensitive  changing from

brow n to  re d d ish  brow n w ith ad d itio n  of 0.05 IV N aO H  and from  
brow n to  yellow ish  brow n w ith  0.05 N  HC1

St. lilacinus N ak azaw a, T anabe, S h ib a ta , M iyake, and
T ak ew ak a . IS P  5254

b. Yellow to  o ran g e  or reddish  p ig m e n t in th e  m edia  n o t pH  sensitive 
Stv. kashmirense (G u p ta  and  Chopra) Locci, B aldacci,

and  P e tro lin i B a ldan . IS P  5336
28. a. Sporophores s tra ig h t to  flexuous ........................................................... 29

b. Sorophores fo rm  long or sh o rt, loose or com pact a n d  open or closed
spirals or h o o k s an d  loops ......................................................................... 102
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29. a. P ig m en ta tio n  of th e  s u b s tra te  m ycelium : No d is tin c tiv e  p igm ents on
th e  d iagnostic  m edia  (Y -b )  .........................................................................  30

b. Y -b is m odified  b y  d is tin c tiv e  p ig m en ts  ..........................................  85
30. a. M elanoid p ig m en ts  n o t  p roduced  in p e p to n e -y e a s t- iro n  agar . . 31

b. M elanoid p ig m en ts  fo rm ed  in  pep to n e-y east-iro n  a g a r .................  63
31. a. M elanoid p ig m en ts  fo rm ed  in  ty ro sin e  ag a r ..................................... 32

b. M elanoid p ig m en ts  n o t  p roduced  in ty ro s in e  ag a r ......................... 33
32. a. L-A rabinose is u tilized  fo r g row th

Act. badius K u d rin a . IS P  5139
b. No grow th  w ith  L -arabinose

St. griseus (K ra in sk y )  W a k sm a n  an d  H enrici. IS P  
5236; St. ornatus C alot a n d  Cercós. IS P  5307

33. a. Spores sp iny  (Som etim es a few p rim itiv e  sp ira ls m a y  also be seen;
cf. 127. a.)

St. macrosporeus E ttlin g e r , C orbaz, a n d  H iitte r . IS P
5096

b. Spores sm oo th  or sm o o th  an d /o r w a rty  .............................................. 34
34. a. S po ru la tin g  aeria l m ycelium  red  or red d ish  on ce rta in  m edia 35

b. A erial m ycelium  n o t red  or red d ish  .................................................  44
35. a. i-Inosito l is u tilized  fo r g ro w th

St. capreolus H iggens. IS P  5225 
b. No grow th  w ith  i-inosito l .............................................................................  36

36. a. D -M annito l  is u t i l iz e d  fo r  g r o w th  ........................................................... 37
b. No g r o w th  w i th  D -m a n n i to l  ........................................................................  40

37. a. Sucrose is u tilized  for g row th
St. som aliensis (B ru m p t)  W ak sm an  an d  H enrici.

IS P  5267
b. No grow th  w ith  sucrose .............................................................................. 38

38. a. R ham nose  is u tilized  fo r g row th  ............................................................  39
b. No grow th  w ith  rham nose

St. sindenensis N ak azaw a a n d  F u jii. IS P  5255
39. a. M ature spore chains m o d e ra te ly  sh o rt w ith  3 to  10, or som etim es

m ore th a n  10, spores p e r chain
St. pluricolorescens O kam i an d  U m ezaw a. IS P  5019 

b. M ature spore chains c o n ta in  10 to  50 or m ore spores p e r chain
A ct. rubiginosohelvolus K u d rin a . IS P  5176

40. a. R affinose is u tilized  fo r g ro w th
St. exfoliatus (W ak sm an  an d  C u rtis )  W aksm an  and

H en ric i. IS P  5060
b. No grow th  w ith  raffinose  ...........................................................................  41

41. a. L-Arabinose is u tilized  fo r g row th  ....................................................... 42
b. No g r o w th  w i th  L -a rab in o se  ....................................................................  43
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42. a.

b.

43. a.

b.

44 . a. 
b.

45 . a. 
b.

46 . a.

b.
47 . a.

b.

48 . a.

b.
49. a. 

b.
50. a.

b.
51. a.

b.
52 . a.

Sucrose is u tiliz e d  fo r g row th
St. filanientosus O kam i an d  U m ezaw a. IS P  5022 

No grow th w ith  sucrose  (R oseolus group)
St. roseosporus F alcäo  de M orais a n d  D á lia  Maia. 
IS P  5122; Act. roseolus P re o b ra z h e n sk a y a  and

S v esh n ik o v a . IS P  5174 
M ature spore ch a in s  sh o rt w ith  3 to  10, or som etim es m ore th a n  10, 
spores per ch a in

St. roseus (K ra in sk y )  P r id h a m , H esse ltine , and
B en ed ic t. IS P  5076

M ature spore c h a in s  genera lly  long and  flex u o u s w ith  10 to  50 or 
often  more th a n  50 spores p er chain

St. term itum  D uché, H eim , an d  L av o u reu r. IS P  
5329; St. salinonicida R u ck er. IS P  5472

No grow th w ith  rh am n o se  .........................................................................  45
R ham nose is u tiliz e d  for g r o w t h .............................................................  53
No grow th w ith  D -m annito l ....................................................................... 46
M annitol is u tiliz e d  fo r g ro w th  ................................................................ 48
Sucrose is u ti l iz e d  fo r g row th

St. avellaneus B aldacci a n d  G rein. IS P  5554
No grow th w ith  sucrose .............................................................................. 47
D-Xylose is u t i l i z e d  fo r  g r o w t h

St. aburaviensis N ish im ura , K im u ra , T aw ara , Sasaki,
e tc . IS P  5033

No grow th w i th  D-xylose
St. galtieri G oret an d  J o u b e r t .  IS P  5350 

i-Inosito l is u tiliz e d  for g row th
St. alboniger* P o rte r , H e w itt, H esse ltine , K ru p k a , 
L ow ery , W allace, B ohonos, an d  W illiam s. IS P  5043

No grow th w ith  i-inosito l .....................................................  49
Raffinose is u tiliz e d  for g row th

St. kanam yceticus O kam i an d  U m ezaw a. IS P  5500
No grow th w ith  raffinose  ................................................................ 50
No grow th w ith  L -arabinose

Act. streptomycini K ra s il’n ikov . IS P  5200
L-Arabinose is u tiliz e d  fo r g row th  ......................................................... 51
Sucrose is u ti l iz e d  fo r g row th

St. odorifer (R u llm a n n )  W ak sm an . IS P  5347
No grow th w ith  sucrose .....................................................................  52
Short spore ch a in s  co n ta in in g  generally  3 to  10 spores p er chain

St. albidoflavus (R o ssi-D o ria ) W ak sm an  an d  H enrici.
IS P  5455; St. te tan u sem u s ( a u th o r? ) .  IS P  5585
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b. Long  spore  chains con ta in ing  10 to  50 or m ore  spores per cha in  (A eria l  
m yce lium  yellow, greenish-yellow or yellowish-gray) (O chro leucus  
g roup) St. canescens* H ickey , C orum , H idy , Cohen, N ager ,

and  K ropp .  I S P  5001; St. coriofaciens (S c h m id t-  
Thom é, S te ig ler , F ries ,  and  W eidenm üller . IS P  
5485; St. felleus L indenbe in . IS P  5130; St. inter- 
medius ( K rü g e r  em end . W ollenweber) W a k s m a n .  
IS P  5372; St. krainskii* (D u c h é )  P r id h a m , Hessel- 
tine, and B enedic t.  I S P  5321; Act. levoris N ik it in a .  
IS P  5202; St. lim osus L indenbein . IS P  5131; Act. 
ochroleucus N eukirch . I S P  5591; St. sam psonii 

(M illa rd  a n d  B u r r )  W aksm an . I S P  5394
53. a. No grow th  w ith  L-arabinose ....................................................................  54

b. L-A rabinose is u tilized  for grow th  ......................................................... 57
54. a. D-M annito l is utilized for g row th  ......................................................... 55

b. No g ro w th  w ith  D -m annitol .......................................................................  56
55. a. 3 to  10 spores or more p e r  chain

Act. cretaceus ( K r ü g e r )  K rasil’nikov. I S P  5561 
b. 10 to  50 spores or m ore  p e r  chain

St. lipm anii (W a k s m a n  a n d  Curtis) W a k s m a n  and  
Henrici. IS P  5070; St. acidoresistans.* IS P  5540

56. a. No g ro w th  w ith  sucrose
St. om iyaensis U m e z a w a  an d  Okami. I S P  5552 

b. Sucrose is utilized for g row th
St. gelaticus (W a k s m a n )  W ak sm an  and  H enric i .

I S P  5065
57. a. Sporu la t ing  aerial mycelium blue — a t  least  in sectors —  on sa lts-

s ta rch  ag a r  St. orientalis P i t te n g e r  a n d  Brigham. I S P  5040
b. S po ru la t in g  aerial mycelium n ev e r  b lue .............................................  58

58. a. Sucrose is utilized for g row th  ..................................................................  60
b. No g ro w th  w ith  sucrose ..............................................................................  59

59. a. No grow th  w ith  D -m annitol
St. nitrosporeus O kam i. I S P  5023; St. hydrogenans 
L indner, J u n k ,  N esem an n ,  and  S chm id t-T hom é.

I S P  5586
b. D -M annitol is u tilized  for grow th; aerial m yceliu m  w h ite , y e llo w ,  

y e llo w ish -g reen , yellow ish  gray  or gray (P a r v u s  group)
Act. albovinaceus K u d r in a .  I S P  5136; St. alboviridis* 
(Duché) P r id h a m , H esseltine, and B ened ic t .  
IS P  5326; A ct. candidus K ra s i l ’nikov. IS P  5141; St. 
chrysomallus L indenbein . I S P  5128; Act. citreo- 
fluorescens K o ren y ak o ,  K ras i l ’nikov, N ik i t in a ,  an d
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Sokolova. IS P  5265; St. flavogriseus (D u ch é )  
W ak sm an . IS P  5323; Act. fluorescens K o ren y ak o ,  
K ras i l’n ikov, N ik i t in a ,  a n d  Sokolova. I S P  5203; Act. 
globisporus K ra s i l ’n ikov .  IS P  5199; St. griseinus 
W ak sm an . I S P  5047; St. luteolutescens (Y en)  
P r id h am . IS P  5600; St. nigrifaciens W a k sm a n .  IS P  
5071; St. parvus ( K r a in s k y )  W aksm an  a n d  Henrici. 
I S P  5348; St. saprophyticus* nom. dub . I S P  5537; 
St. setonii (M illard  a n d  B u rr)  W aksm an . I S P  5395; 
Act. vulgaris N ik it in a ,  K orenyako , and  K ra s i l ’n ikov. 
I S P  5201; St. w illniorei (E r ik son )  W a k sm a n  and

Henrici. I S P  5459
60. a. No grow th  w i th  i-inositol ...........................................................................  61

b. i-Inositol is u t i l ized  for g row th  ................................................................ 62
61. a. M ature spore cha ins  short  w ith  3 to  10, or sometimes m ore th a n  10,

spores per  cha in
St. griseolus* ( W a k s m a n )  W aksm an  a n d  Henrici.

IS P  5067
b. Spore chains longer  (10 to  50 or m ore  spores)

St. albidus* ( D u c h é )  W aksm an . ISP  5320; Act. 
oligocarbophilus* (B e ije r inck  and v a n  D elden) 
Lan tzsch . ISP 5589; St. microflavus* (K ra in s k y )  

W a k sm a n  and Henrici.  ISP  5331
62. a. Sporu la ting  aeria l  mycelium  g ray

Act. atroolivaceus* P reobrazhenskaya ,  B linov, and  
R yabova . IS P  5137; St. alni* (W o ro n in )  Fiuczek. 
IS P  5557; St. viridogenes* W aksm an . IS P  5454 

b. Sporu la ting  aeria l  mycelium w hite ,  yellow, yellowish- to  greenish- 
gray to  greenish-yellow; no g row th  w ith  raffinose (Cellulosae group) 

St. autotrophicus T a k a m iy a  and T ubak i.  I S P  5011; 
St. baarnensis (D u c h é )  P r idham , H esseltine , an d  
Benedict. IS P  5232; St. cellulosae ( K ra in s k y )  
W ak sm an  and  Henric i .  IS P  5362; Act. griseoloalbus

K u d rin a .  I S P  5468
63. a. Sporu la t ing  aeria l mycelium red  or  redd ish  at least  on certa in

media ......................................................................................................................  64
b. Sporu la t ing  aerial mycelium  n o t  re d  or reddish ........................  68

64. a. i-Inositol is u t i l ized  for g row th (Phaeochrom ogenes  g roup)
St. lincolnensis M ason, Dietz, and  De Boer. IS P  
5355; St. phaeochrom ogenes (Conn) W a k sm a n .  IS P  
5073; St. roseogriseus Routien. IS P  5488; Act.

um brinus Sveshnikova. IS P  5278

Acta Botanica Academiae Scientiarum Hungaricae 21, 1975



A DIAGNOSTIC KEY 01' “SPECIES” OF STREPTOMYCES AND STREPTOVERTICILLIUM 3 97

b. No grow th  w ith  i-in osito l ............................................................................ 65
65. a. D -X ylose is u tilized  for grow th  ..............................................................  66

b. No grow th  w ith  D -xylose ............................................................................  67
66. a. Sucrose is utilized for g row th  (A few spore  chains m ay  te rm in a te

in spirals)
St. polychrom ogenus H ag em an n ,  Pénasse , and  Teillon.

IS P  5316
b. No grow th  w ith  sucrose

Act. roseoviridis P reo b razh en sk ay a .  I S P  5175
67. a. No grow th  w ith  D -fructose

St. xanthophaeus L indenbe in . I S P  5134 
b. D-Fructose is utilized for g row th

St. subrutilus Arai and K u ro d a .  I S P  5445; Act. 
flavotricini P re o b ra z h e n sk a y a  a n d  Sveshn ikova . IS P

5152
68. a. No grow th  w ith  D -m annitol .....................................................................  69

b. D-M annitol is u tilized  for grow th  ......................................................... 73
69. a. Raffinose is uti l ized  for g ro w th  (G ard n e r i  g roup)

St. gardneri (W a k s m a n )  W ak sm an . IS P  5064; 
St. ostreogriseus W hitf ie ld  et al. I S P  5511; 
St. xanthoeidicus Asalii, N aga tsu ,  an d  Suzuki. IS P  5575 

b. No grow th  w i th  raffinose ............................................................................ 70
70. a. R ham nose  is utilized for g ro w th  (F lavoch rom ogenes  g roup)

St. flavochrom ogenes ( K ra in s k y )  W ak sm an  and 
Henrici. IS P  5541; St. venezuelae E hrlich , Gottlieb, 

R urkho lder ,  A nderson , and  P r id h a m .  IS P  5230 
b. No grow th  w i th  rham nose  .........................................................................  71

71. a. No grow th  w ith  D -fructose
St. zaom yceticus H in u m a . I S P  5196; St. albolongus 
T suk iu ra ,  O kanishi,  K o sh iy am a , O hm ori ,  Miyaki,

and  K aw aguch i.  I S P  5570 
b. D-Fructose is utilized for g row th  ...........................................................  72

72. a. Melanoid p ig m en ts  no t p roduced  in ty rosine  ag a r  (Tanash iens is  g roup)
St. purpeofuscus Y am aguch i and  Saburi.  I S P  5283; 
St. tanashiensis H a ta ,  Ohki, a n d  H iguchi. I S P  5195 

b. Melanoid p ig m en ts  formed in ty ros ine  agar
St. showdoensis N ish im ura , M ayam a, K o m a tsu ,  

K a to ,  S h im aoka , and  T a n a k a .  IS P  5504
73. a. Spore surface: S p iny  (Some hooks or loops m a y  be seen on yeast-

m a lt  agar or on oa tm eal agar)
St. thermophilus (G ilb e r t )  W ak sm an  and  Henrici.

IS P  5365
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b. Spore surface: S m o o th  ................................................................................  74
74. a. Sporulating  ae r ia l  m ycelium  gray  ...........................................................  75

b. Sporulating  ae r ia l  m ycelium  yellow, greenish-yellow to  gray ish-
yellow ....................................................................................................................... 80

75 . a. Melanoid p ig m e n ts  fo rm ed  in ty rosine  ag a r  .................................... 76
b. Melanoid p ig m e n ts  n o t  p roduced  in ty ros ine  agar

St. spadicis Brom er, H oehn ,  a n d  McGuire. I S P  5476
76 . a . D -X ylose is u t i l iz e d  fo r  g ro w th  ..................................................................... 77

b. No grow th  w ith  D -xylose
St. achrom ogenes O kam i an d  U m ezaw a. I S P  5028

77 . a. D -G lucose, L -a ra b in o se , D -xylose, D -fru c to se , rh a m n o s e , su c ro se , ra f-
finose, i- in o s ito l, and D -m annitol are all u tilize d  for grow th

St. actuosus P in n e r t ,  N in e t ,  and  P r e u d ’h om m e. IS P
5337

b. No grow th a t  leas t  w ith  one of th e  d iagnostic  ca rb o n  sources 78
78. a. No grow th  w i th  i-inositol ( Im m a tu re  aerial m yce lium  brow nish ,

while the  m a tu r e  one d a rk  gray)
St. bikiniensis* Jo h n s to n e  and  W a k sm a n .  IS P  5581 

b. i-Inositol is u t i l ized  for g row th  ................................................................ 79
79. a. No g row th  on sucrose and  raffinose

St. antibioticus* (W a k sm a n  an d  W o o d ru f f )  W ak sm an
and  Henrici.  IS P  5234

b. No grow th  w i th  rham nose
St. noboritoensis* Isono, Y a m a sh i ta ,  T o m iy am a , a n d

Suzuki. IS P  5223.
80. a. i-Inositol is u t i l ized  for g row th  ................................................................ 83

b. No grow th  w i th  i-inositol ............................................................................ 81
81 . a. R ham nose  is u ti l ized  for g row th

Act. cyaneofuscatus K u d r in a .  I S P  5148 
b. No g ro w th  w i th  rh am n o se  .........................................................................  82

82 . a. L -A rab inose  is u til iz e d  fo r  g ro w th
St. cavourensis Giolitti . I S P  5300 

b. No g row th  w i th  L-arabinose (G riseob runneus  g roup)
St. bacillaris (K ra s i l ’n ik o v )  P r id h a m . I S P  5598; St. 

griseobrunneus ( W a k s m a n )  W a k sm a n .  IS P  5066
83. a. L-A rabinose is u tilized  for grow th  ......................................................... 84

b. No grow th  w ith  L-arabinose
St. m ichiganensis Corbaz, E t t l in g e r ,  Keller-Schierlein,

and  Zähner.  I S P  5015
84. a. No g ro w th  w i th  raffinose

St. gougeroti* (D u c h é )  W a k sm a n  and  Henrici. IS P
5324

Acta Botanica Academiae Scientiarum Hungaricae 21, 1975



A DIAGNOSTIC KEY OF “SPECIES” OF STREPTOMYCES AND STREPTOVERTICILLIUM 399

b. Raffinose is utilized for g row th
Act. aureomonopodiales K ra s i l ’n ikov  a n d  Y u an .  IS P  
5416; St. flavofungini Uri a n d  Békési. I S P  5366; St. 
xanthochrom ogenus* A rish im a, S ak am o to ,  an d  Sato.

I S P  5111
85. a. Color of su b s t ra te  m yce lium : Y-b -(- blue —» green

St. caeruleus (Baldacci)  P r id h a m ,  H esseltine , and
B enedic t.  I S P  5103

b. Color of su b s tra te  m yce lium  different ..................................................  86
86. a. Color of su b s tra te  m yce lium : Y-b -(- red —► green

St. herbaricolor K aw ato  a n d  Shinobu. I S P  5123 
b. Color of su b s tra te  m yce lium  different ................................................... 87

87. a. Color of su b s t ra te  m yce lium : Y-b -(- blue ■«-*■ red  .............................. 88
b. Color of su b s tra te  m yce lium  different ................................................... 89

88. a. Melanoid p igm ents  are p ro d u c e d  in pep tone-yeas t- iron  agar
St. cinereoruber Corbaz, E t t l in g e r ,  Keller-Schierlein, 
and  Z äh n e r .  IS P  5012; St. indigoferus Sh inobu  and  
K aw ato .  I S P  5124; Act. violaceorectus R y a b o v a  and  

P reo b razh en sk ay a .  I S P  5279
b. Melanoid p igm ents  are n o t  p roduced  in pep to n e-y eas t- i ro n  agar

St. californicus (W ak sm an  and  Curtis)  W a k sm a n  
and H enric i .  IS P  5058; St. puniceus F in la y  and

Sobin. I S P  5083
89. a. Color of su b s tra te  m yce lium : Y-b -f- r e d ..............................................  90

b. Color of su b s t ra te  m ycelium : Y-b -|- green .......................................  98
90. a. M ature  spore chains genera l ly  3 to  10 spores p e r  c h a i n ...............  91

b. Spore chains 10 to  50 or m ore  spores per cha in  ..............................  92
91. a. No grow th  w i th  raffinose; L-arabinose is u t i l ized  for g row th

St. griseoluteus Umezawa, H a y a n o ,  M aeda, O gata ,
a n d  O kam i. I S P  5392

b. Raffinose utilized for g ro w th ;  no growth w i th  L-arabinose
St. ram ulosus Ettl inger ,  G ä u m a n n ,  H u t te r ,  Keller- 
Schierlein, K radolfcr ,  N eipp, P relog, a n d  Zähner .

I S P  5100
92. a. Melanoid p igm en ts  are p ro d u ced  in pep tone-yeas t- iron  agar  . . 93 

b. Melanoid p igm ents  are n o t  p roduced  in p ep tone-yeas t- iron  aga r  94
93. a. Melanoid p igm en ts  no t  p ro d u ced  in tyrosine aga r

St. fu lvissim us (Jen sen )  W a k sm a n  an d  Henrici.  IS P  
5593; St. spectabilis Dietz. I S P  5512 

b. Melanoid p igm en ts  formed in  ty rosine  agar (P h a e o p u rp u re u s  g roup) 
St. m elanogenes Sugawara a n d  O n u m a. I S P  5192; 
St. phaeoviridis Shinobu. IS P  5285; St. phaeopurpureus
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S hinobu . IS P  5125
94. a. D-Glucose, L -arab in ose, D -xylose, D -fructose, rliam n ose, sucrose, raf-

finose, i-inositol a n d  D-mannitol are all uti l ized  for g row th
St. moderatus Reusser. I S P  5529; Act. prunicolor* 
R y a b o v a  and  P reo b razh en sk ay a .  I S P  5335 

b. N ot all ca rbon  sources  are u t i l i z e d ......................................................... 95
95. a. No growth w ith  D-xylose St. m isakiensis N akam ura. IS P  5222

b. D-Xylose is u tilized  for growth ................................................................  96
96 . a. N o growth w ith  rliam nose

St. vinaceus (M ayer,  Crane, De Boer, K onopka, 
Marsh, and  E ism a n )  W a k sm a n .  IS P  5257 

b. Rhamnose is u t i l iz ed  for growth .............................................................  97
97. a. N o growth w ith  D -m annitol

Act. roseofulvus P re o b ra z h e n sk a y a .  IS P  5172 
b. D-Mannitol is u t i l iz ed  for growth

St. findcarius (D u ch é )  W a k sm a n  a n d  Henrici. IS P
5322

98. a. No growth w i th  D -xylose
St. gedanensis (Scheele  a n d  P e t ru s c h k y  1897 or 

Löhlein  1909) W a k sm a n .  ISP  5518 
b. D-Xylose is u t i l iz e d  for growth ................................................................  99

99. a. Color of aeria l  m yce lium : Yellow; no g ro w th  w i th  rh am n o se  (Brown
substrate  m y c e l iu m  p igm ent on o a tm ea l  ag a r  is p H  sensitive chang
ing from b ro w n  to  green w ith  add it ion  of  0.05 N  N a O H )

St. coelicolor (M idler)  K u tz n e r  a n d  W aksm an . IS P
5233

b. Color of aeria l  m ycelium : Gray; rh am n o se  is u ti l ized  for growth 100
100. a. No grow th w ith  D -fructose

St. flavovirens ( W a k s m a n )  W a k sm a n  and Henrici.
IS P  5062

b. D-Fructose is u tiliz e d  for grow th  ...........................................................101
101. a. Spore chains s h o r t  w ith  3 to  10 spores p e r  chain

St. scabies ( T h a x te r )  W a k sm a n  a n d  Henrici. ISP
5078

b. Spore chains w i th  10 to  50 spores p e r  chain
Act. fulvoviridis K u c h a e v a ,  K ra s i l ’n ikov ,  Skryabin ,

an d  T ap t ik o v a .  ISP  5210
102. a. Spore surface: S m o o th  or sm ooth  an d /o r  w a r ty  .......................... 157

b. Spore surface  sp in y  or ha iry1 .................................................................... 103
1 Spiny or hairy spore surface may be com bined w ith  w arty surface ornamentation  

or sometimes smooth spores m ay also occur among the spiny or hairy ones. We do not con
sider these particular ty p es  or com binations of types as separate categories of surface orna
m entation available for species differentiation.

Acta Bolanica Academiae Scientiarum Hungaricae 21, 1975



A DIAGNOSTIC KEY OF “SPECIES” OF STREPTOMYCES AND STREPTOVERTICILLIUM 401

103. a. Spore surface: Spiny .........................................................................................104
b. Spore surface: H airy  (o r  h a i ry  to  sp iny)  .............................................. 143

104. a. Color of  su b s tra te  m ycelium: Y -b  .............................................................. 105
b. Color o f  su b s tra te  mycelium  d iffe ren t  ..................................................... 129

105. a. M elanoid p igm ents  p roduced  in pep tone-yeas t- iron  a g a r ..............106
b. M elanoid p igm ents  no t p ro d u c e d  in pep tone-yeas t- iron  aga r  . . 118

106. a. Melanoid p igm ents  n o t  p ro d u c e d  in  tyrosine agar  .......................107
b. M elanoid p igm ents  form ed in ty ro s in e  agar ....................................... I l l

107. a. Sporu la t ing  aerial mycelium  red  or  reddish  a t  leas t  on ce r ta in  m edia
( J a n th in u s  group)

Act. janthinus A rta m o n o v a  a n d  K ra s i l ’n ikov . IS P  
5206; St. therm otolerans Pagano, D onovick , D u tch e r ,

an d  H euser .  I S P  5227
b. Sporu la t ing  aerial mycelium  n o t  re d  or reddish  .............................108

108. a. Sporu la t ing  aerial m ycelium  b lu e  or  bluish a t  least  on ce r ta in  m edia
(C hartreus is  group)

St. chartreusis C alhoun  and Jo h n so n .  IS P  5085; Act.
coerulescens* P reo b razh en sk ay a .  IS P  5146 

b. Sporu la t ing  aerial mycelium  n o t  b lue  or bluish .............................109
109. a. Sporu la t ing  aerial mycelium  g ra y

Act. chrom ofuscus P reobrazhenskaya ,  R y a b o v a ,  a n d
B linov . I S P  5273

b. Sporu la t ing  aerial mycelium w h ite ,  yellow to grayish-yellow  . . 110
110. a. No grow th  w ith  L-arabinose, sucrose, raffinose, rh am n o se ,  and

i-inositol St. roseochrom ogenus (Jensen) W a k sm a n  and  Henrici.
I S P  5463

b. L-Arabinose, sucrose, raffinose, rh am n o se  and  i-inositol are u ti l ized  
for g row th  St. hawaiiensis* Cron, W hitehead , H ooper ,  H e in em an n ,

a n d  Lein. IS P  5042
111. a. Sporu la t ing  aerial m ycelium  red  or  reddish a t  leas t  on certa in

m edia  ......................................................................................................................112
b. Sporu la t ing  aerial mycelium n o t  re d  or reddish .............................115

112. a. No grow th  w ith  rham nose  ......................................................................... 113
b. R h am n o se  is utilized for g row th  ............................................................. 114

113. a. No grow th  w ith  D -m annitol
Act. violascens P reo b razh en sk ay a  a n d  Sveshnikova.

I S P  5183
b. D -M annitol is u tilized  for grow th  (D u rh am en sis group)

St. durham ensis Gordon and  L ap a .  IS P  5539; 
St. alanosinicus T hiem ann  and B e re t ta .  IS P  5606

114. a. N о grow th w ith  sucrose
St. yokosukanensis N a k a m u ra .  IS P  5224
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b. Sucrose is u t i l ized  for g row th (L ong ispo rus  g roup)
St. arenae P r id h a m ,  H esseltine ,  and  Benedict. I S P  
5293; St. cellostaticus H a m a d a .  IS P  5189; Act.

longisporus K ra s i l ’nikov. IS P  5166
115. a. No g row th  w i th  rham nose  ........................................................................ 116

b. R ham nose  is u ti l ized  for g ro w th  ............................................................. 117
116. a. No grow th  w i th  raffinose; spo ru la t in g  aeria l  m ycelium  blue

St. curacoi Cataldi. IS P  5107 
b. Raffinose is u ti l ized  for g row th ;  sp o ru la t in g  aeria l mycelium g ra y  

(F il ip inensis  g ro u p )
St. griseochrom ogenes F u k u n a g a ,  Misato, Ishii, a n d  
Asakawa. I S P  5499; St. filipinensis A m m a n n ,  
Gottlieb , B rock , C arter ,  a n d  W hitfie ld . I S P  5112

117. a. S p oru la t ing  a e r i a l  mycelium is blue a t  least  on certa in  media (B ico lo r
group) St. afglianiensis Sliimo, Shiga, Tomosugi, and  K am o i.

IS P  5228; Act. bicolor P reo b razh en sk ay a .  I S P  
5140; St. lanatus F ro m m e r .  I S P  5090; St. peruviensis

(an o n y m o u s) .  I S P  5592 
b. Sporu la t ing  aeria l  mycelium  is b row nish -g ray ,  grayish yellow ish  

brow n St. ganninycicus H o soya  a n d  Soeda. I S P  5572
118. a. Spo ru la t ing  aeria l  mycelium is red  or redd ish  a t  least on c e r t a in

media ......................................................................................................................  119
b. Aerial m y ce l iu m  no t  red or redd ish  ....................................................... 122

119. a. L-Arabinose is utilized for g ro w th  ..........................................................120
b. No grow th  w ith  L-arabinose ........................... ..................................... .. . 121

120. a. Raffinose is uti l ized  for g row th
Act. m alachiticus P re o b ra z h e n sk a y a  and  R y a b o v a .

IS P  5167
b. No g ro w th  w i th  raffinose (V ariábilis  g roup)

St. arabicus S h ib a ta ,  N a k a z a w a ,  Miyake, In o u e ,  a n d  
Okabori. IS P  5252; St. erythrogriseus F a lcâo  de 
Morais and  D ália  Maia. I S P  5116; Act. variábilis 

P reo b razh en sk ay a ,  R y a b o v a ,  a n d  Blinov. I S P  5179
121. a. Raffinose is uti l ized  for g row th

St. fasiculatus P i t te n g e r  a n d  Nelm s. I S P  5054; St. 
natalensis* S tru y k ,  H o e t te ,  D ros t ,  W aisvisz , V an  

E ek , a n d  Hoogerheide. I S P  5357 
b. No grow th  w i th  raffinose St. albulus R outien . I S P  5492

122. a. Sporu la t ing  aeria l mycelium is b lue or b lu ish  on cer ta in  m edia
St. bluensis M ason, D ie tz ,  a n d  H an k a .  I S P  5564 

b. Aerial m y ce lium  n o t  blue ............................................................................ 123
123. a. Sporu la t ing  aeria l mycelium  is green  or g reen ish  on certa in  m e d ia
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.................................................................................................................................... 124
b. Aerial m ycelium  n o t  green ......................................................................... 125

124. a. M ature  spore chains short  w ith  3 to  10, or som etim es more th a n  
10 spores per chain

St. p rasinus E t t l in g e r ,  Corbaz, a n d  M ütter. IS P  5099 
b. Spore chains  generally 10 to  30 spores per chain

St. hirsutus E tt l in g e r ,  Corbaz, a n d  H ü t te r .  IS P  5095
125. a. No g ro w th  w ith  rham nose  .........................................................................126

b. R h am n o se  is utilized for g ro w th  ............................................................. 127
126. a. No g row th  w ith  L-arabinose; raffinose is u tilized ; aerial m yceliu m

pale y e llo w  or w hite
St. chattanoogensis B urns and  H o l tm a n .  IS P  5002 

b. L-Arabinose is u tilized  for grow th ; no g row th  w i th  raffinose; aerial 
m ycelium  g ray

St. toyocaensis N ish im ura ,  K a tag ir i ,  Sato, M ayam a,
a n d  Shim aoka . IS P  5030

127. a. M ature  spore chains w ith  3 to  10 or  som etim es m ore  th a n  10 spores
per  chain  St. craterifer (M illard  and  B u r r )  W aksm an . IS P

5296; Act. griseorubens P re o b razh en sk ay a ,  Blinov, 
and  R y a b o v a .  IS P  5160; St. macrosporeus E tt l in g e r ,  

Corbaz, and  H ü t te r .  IS P  5096 
b. Spore chains  w ith  10 to  50 or som etim es more t h a n  50 spores per  

c h a i n ........................................................................................................................ 128
128. a. No g ro w th  w ith  raffinose (G riseoflavus group)

St. albaduncus T suk iu ra ,  O kanish i,  Ohm ori, 
K o sh iyam a , M iyam a, M iyaki, K itaz im a ,  and  
K aw aguchi. IS P  5478; St. griseoflavus (K ra in s k y )  
W ak sm an  a n d  H enrici.  IS P  5456; St. lusitanus 
Villax. I S P  5568; Act. rubiginosus P reo b razh en sk ay a ,  
Blinov, a n d  R y ab o v a .  IS P  5177; St. werraensis 

W allhäusse r  a n d  H uber .  IS P  5486 
b. Raffinose is utilized for g ro w th  (p re su m ed ly  all d iagnostic  carbon  

sources are  utilized) (A n tim yco ticus  g roup)
St. antim ycoticus W ak sm an . IS P  5284; St. canus* 
H e inem ann ,  K ap lan ,  Muir, a n d  H ooper.  IS P  5017; 
St. saraceticus* Berger, G oldberg , S te rnbach ,  a n d  
Midler. IS P  5241; St. sparsogenes Owen, Dietz , and  
Camiener. I S P  5356; Act. virido-diastaticus* Baldacci,

Grein, a n d  Spalla. IS P  5249
129. a. Color of  su b s t ra te  m yce lium : Y-b -|- b lue  «-► red ;  m elanoid  p igm en t

form ed in p ep to n e-y ea st-iro n  agar; D -glucose, L -arabinose, sucrose, 
D -xylose, i-in osito l, D -m an nito l, D -fructose, rh am nose and raffinose
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are all uti l ized  fo r  g rowth; color in  m edium : b lue  —► red  (Yiolaceus 
group) A ct. coeliatus K ras i l ’n ikov, Sorok ina , Alferova, and

B ezzubenkova. I S P  5422; Act. coerulatus K ras il’n ikov, 
Sorokina, Alferova, and  B ezzubenkova . IS P  
5424; St. cyaneus (K ras i l’n ikov) W ak sm an . IS P  5108; 
Act. cyanoglom erus subsp. cellulosae K ras il’n ikov, 
Sorokina , Alferova, an d  B ezzubenkova . I S P  5427; 
St. indigocolor (K ra s i l ’n ikov, Sorokina, Alferova, 
a n d  B ezzubenkova)  P r id h am . IS P  5432; St. 
purpurascens Lindenbein . I S P  5310; Act. 
roseoviolaceus Sveshnikova. I S P  5277; St. violaceus 
(Rossi-Doria) W a k sm a n  and  H enric i .  IS P  5082; Act. 
violarus A rtam onova  and  K ras i l’n ikov . IS P  5205; St. 
violatus (A r ta m o n o v a  and  K ra s i l ’n ik o v )  P r id h am .

I S P  5209
b. Color of s u b s t r a te  mycelium differen t ..................................................... 130

130. a. Color of s u b s t r a te  mycelium: Y-b -f- blu ish-green «  red  .................131
b. Color of s u b s t r a t e  mycelium  differen t ..................................................... 132

131. a. Melanoid p ig m e n ts  form ed in pep tone-yeas t- iron  agar
St. viridis (L om bardo -P e lleg r ino )  W ak sm an . IS P

5381
b. Melanoid p ig m e n ts  are n o t  fo rm ed in pep tone-yeas t- iron  agar

St. viridochromogenes ( K ra in s k y )  W a k sm a n  and
Henrici. IS P  5110.

132. a. Color of s u b s t r a te  mycelium: Y-b -f- red  ............................................. 133
b. Color of s u b s t r a te  mycelium different ..................................................135

133. a. No grow th w i th  raffinose
Act. griseoincarnatus P reo b razh en sk ay a ,  R y ab o v a ,  
an d  Blinov. IS P  5274; St. m atensis M argalith ,  B e re t ta ,

a n d  T im bal.  IS P  5188
b. Raffinose is u ti l ized  for g r o w t h ................................................................ 134

134. a. Short spore c h a in s  w ith  3 to  10 or more spores p e r  chain
St. therm odiastaticus (B ergey  e t  al.)  W ak sm an . IS P

5573
b. M oderately long  spore chains of 10 to  50 or m ore  spores per chain 

Act. griseoruber R y ab o v a  a n d  P re o b razh en sk ay a .  
I S P  5275; St. erythraeus (W a k s m a n )  W ak sm an  and

Henrici. IS P  5517
135. a. Color of s u b s t r a te  mycelium: Y-b +  green .....................................136

b. Color of s u b s t r a t e  mycelium different ..................................................139
136. a. Melanoid p ig m e n t s  are no t  fo rm ed  in pep tone-yeas t- iron  agar

St. olivoviridis K uchaeva ,  K ra s i l ’n ikov , S k ryab in ,
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and  T a p ty k o v a .  I S P  5211 
b. M elanoid p igm ents p roduced  in  pep tone-yeas t- iron  a g a r ............ 137

137. a. M elanoid  p igm ents are n o t p rod u ced  in tyrosin e  agar; D -g lu cose,
L -arabinose, sucrose, D -x y lo se , i- in o sito l, D -m an n ito l, D -fru ctose , 
rh am nose and raffinose are a ll u tilize d  for grow th

St. iakyrus deQueiroz a n d  A lbe r t .  I S P  5482 
b. Melanoid p igm ents p ro d u ced  in  ty ros ine  agar ..................................138

138. a. No g row th  w ith  sucrose; ra ff inose  is utilized
St. echinatus Corbaz , E tt l inger ,  G äu m a n n ,  Keller-  
Schierlein, K rad o lfe r ,  Neipp, P relog, R eusser, and

Zähner.  I S P  5013
b. Sucrose is utilized; no g ro w th  w i th  raffinose

Act. m alachitorectus Preobrazhenskaya , M a x im o v a ,
a n d  Blinov. I S P  5333

139. a. Color of  substra te  m ycelium : Y -b  -f- green to  blue (n o t  pH in d .)
Act. cyanoalbus K rasil’n ikov  a n d  Agre. IS P  5198  

b. Color of su bs tra te  m ycelium  d iffe ren t  ................................................. 140
140. a. Color of  su bs tra te  m ycelium : Y -b  -f- green -)- red  (C oeru leo rub idus

g roup)  Act. coeruleorubidus Preobrazhenskaya . IS P  5145;
Act. coeruleofuscus P reo b razh en sk ay a .  IS P  5144; 
St. steffisburgensis subsp. steffisburgensis Dietz . I S P

5547
b. Color o f  subs tra te  m ycelium  d iffe ren t  ..................................................141

141. a. Color of substra te  m yce lium : Y -b  -)- green -|- b lue; m elano id  p ig 
m en ts  are no t  p roduced in p ep tone-yeas t- iron  ag a r

Act. albocyaneus K ras il’nikov and  Agre. I S P  5197 
b. Color of substra te  m ycelium  d iffe ren t;  m elanoid p ig m en ts  are  p r o 

duced ...................................................................................................................... 142
142. a. Color of  su bs tra te  m ycelium : Y -b  +  blue —«• red -f- green

St. regalis R eusser. IS P  5532 
b. Color of su bs tra te  m ycelium: Y -b  f  red  -(- blue

St. bellus M argalith  and  B e re t ta .  I S P  5185
143. a. Color of substra te  m ycelium: Y -b  ........................................................... 144

b. Color of substra te  m ycelium  d iffe ren t  .................................................. 152
144. a. M elanoid p igm ents are p ro d u ced  in pep tone-yeas t- iron  agar  . . 145  

b. M elanoid p igm ents  are n o t  p ro d u c e d  in pep tone-yeas t- iron  aga r  147
145. a. No grow th  w ith  rham nose  a n d  i-inositol

St. lucensis A rcam one ,  B ertazzo li ,  Canevazzi, Di 
M arco, Ghione, and  Grein. I S P  5317

b. R h am n o se  and  i-inositol are  u t i l iz ed  for g r o w t h .............................146
146. a. Aerial mycelium  gray

St. pilosus E t t l in g e r ,  Corbaz, and  H ii t te r .  IS P  5097
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b. Aerial m y c e l iu m  gray  bu t  on c e r ta in  m edia  g ray ish  olive, green ish  
gray or olive g ra y

St. prasinosporus T resner ,  H ay es ,  an d  Backus. I S P  
5506; Act. flavoviridis K ra s i l ’nikov. IS P  5153

147. a. Only D -glucose is  u tilized  for g ro w th ; color o f  aeria l m yceliu m  gray ,
greenish g ray ,  pa le  blue, b lu ish  g ra y

St. pactum B h u y a n ,  Dietz, a n d  Sm ith . IS P  5530; 
St. karnatakensis P in to  a n d  R am asa rm a .  I S P  5345 

b. Carbon u t i l i z a t io n  p a t te rn  is d if fe ren t  ..................................................148
148. a. D -G lucose, L -arab inose, su crose, D -xy lose , i- in o sito l, D -m an nito l,

D-fructose, r h a m n o s e  and  ra ff inose  are  u ti l ized  for growth; ae r ia l  
mycelium g ra y  St. calvus B a c k u s ,  T resner ,  a n d  Campbell. IS P  5010 

b. Not all d iag n o s t ic  C-sources are u t i l ized  ................................................149
149. a. Only ra ff inose  is no t  utilized for  g ro w th  ............................................. 150

b. No g ro w th  w i th  sucrose and  ra f f inose ;  aerial m ycelium  grayish-green
or green ...................................................................................................................151

150. a. Color of  ae r ia l  mycelium  is g ra y
St. flaveolus (W a k s m a n )  W a k s m a n  and H enric i .

I S P  5061
b. Aerial m y c e l iu m  grayish, la te r  b ecom ing  redd ish  grayish b row n  or 

grayish ye llow ish  p ink  on ce r ta in  m ed ia
St. heimi (D u c h é )  P r id h a m ,  H esseltine, and  B ened ic t .

IS P  5328
151. a. Spore surface : S p iny  to  ha iry

St. viridosporus P ark e ,  D avis ,  and  Co. IS P  5243 
b. Spore su rface  h a i ry

Act. acrimycini P re o b ra z h e n sk a y a ,  Blinov, a n d
B yabova . I S P  5135

152. a. Color o f  s u b s t r a te  mycelium: Y -b  -f- yellow or orange red  or
violet; ae r ia l  mycelium  gray; m e lan o id  p igm en ts  are no t fo rm ed  in 
diagnostic m ed ia

Act. viridiviolaceus R y a b o v a  a n d  P reob razhenskaya .
IS P  5280

b. Color o f  s u b s t r a te  mycelium d if fe ren t  .....................................................153
153. a. Color of  s u b s t r a te  mycelium: Y -b  -\- red  green ..............................154

b. Color of s u b s t r a te  mycelium: Y -b  +  green .....................................155
154. a. Melanoid p ig m e n ts  are form ed in pep tone-yeas t- iron  agar an d  in

ty rosine  a g a r  Act. glaucescens P re o b razh en sk ay a .  I S P  5155
b. Melanoid p ig m e n ts  not formed

St. bambergiensis L indner ,  W allhäusser ,  and  H u b e r .
I S P  5590

155. a. D -M annitol an d  D-fructose are u tilized  for grow th; m elanoid  pig-
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m ents are form ed in pep tone-yeast- iron  a g a r ....................................156
b. No grow th  w ith  D -m an n ito l and D-fructose; m elan o id  p igm en ts are 

n o t p rod uced  in p ep to n e-y ea st-iro n  agar
Act. finlayi Szabó, M arton , B u t i ,  and  P á r tá i .  IS P

5218
156. a. M ature spore chains genera lly  10 to  50 spores p e r  chain; aeria l  m y c e 

lium g ray  Act. malachitofuscus P re o b ra z h e n sk a y a ,  M axim ova ,
and  Blinov. I S P  5332

b. M ature spore chains sh o r t ,  generally 3 to  10 spores per chain ; aerial 
mycelium grayish-green or green

Act. griseomycini P reo b razh en sk ay a ,  Blinov, a n d  
R y ab o v a .  IS P  5159; Act. griseostramineus 
P re o b razh en sk ay a ,  K u d r in a ,  R y a b o v a ,  and  Blinov.

I S P  5161
157. a. Color of  su b s t ra te  m yce lium : Y -b2 ........................................................... 158

b. Color o f  su b s t ra te  m yce lium  different .................................................... 212
158. a. Melanoid p ig m en ts  are p ro d u ced  in p ep tone-yeas t- iron  aga r  . . 159 

b. Melanoid p ig m en ts  are n o t  p roduced  in p ep tone-yeas t- iron  ag a r  178
159. a. Color of m a tu re  aerial m yce lium  blue or b lu ish  green .................160

b. Color of  aeria l  m ycelium  differen t ........................................................... 162
160. a. Melanoid p ig m en ts  no t  fo rm ed  in tyrosine ag a r

St. amakusaensis N agatsu , A nsai,  O h k u m a , and
Suzuki. IS P  5219

b. Melanoid p igm en ts  fo rm ed  in tyrosine agar  ....................................161
161. a. D -M annitol is u tilized  for grow th

St. azureus Donovick, P a g a n o ,  and V an d e p u t te .
I S P  5106

b. No grow th  w ith  D -m an n ito l
St. caelestis De Boer, D ie tz ,  W ilkins, Lewis, an d

Savage. I S P  5084
162. a. Aerial m yce lium  red or red d ish  on certain m ed ia  .............................163

b. Aerial m y ce lium  no t  red  or  reddish  (b u t  genera l ly  gray  or g ray ish )
.....................................................................................................................172

163. a. i-Inositol is u ti l ized  for g ro w th  .................................................................... 164
b. No grow th  w i th  i-inositol ................................................................................ 170

164. a. R h am n o se  is utilized for g r o w t h .................................................................. 165
b. No g row th  w i th  rham nose  ............................................................................. 167

165. a. No grow th  w i th  raffinose
St. phaeofaciens Maeda, O kam i, T a y a ,  and  U m ezaw a.

ISP 5367

2 E x c e p t  for stra in  IS P  5261 o f  S t. tub erc id icu s , the  y e llo w -b ro w n  su b stra te  m y ce liu m  
o f  w h ich  m ay  change to  p a le  p in k  w ith  a d d itio n  of 0.05 IV N a O H : Y -b  +  red.
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b. Raffinose is u t i l iz ed  for g r o w t h ................................................................166
166. a. Melanoid p ig m e n ts  are no t  fo rm ed on ty rosine  agar

St. collinus L in d en b e in .  ISP  5129 
b. Melanoid p ig m e n ts  p roduced  (A uran tiogriseus  g roup)

Act. aurantiogriseus P re o b ra z h e n sk a y a .  IS P  5138; 
St. luteogriseus S chm itz ,  Deak, Crook, and  Hooper.

IS P  5483
167. a. Sucrose is u t i l iz ed  for g row th

St. anandii B a tra  a n d  B a ja j .  IS P  5535
b. No growth w i th  sucrose ..............................................................................168

168. a. Raffinose is u t i l iz ed  for g r o w t h ...............................................................169
b. No growth w i th  raffinose (L u r id u s  g roup)

Act. lavendocolor K uch aev a ,  K ras i l 'n ik o v ,  Tap tikova , 
a n d  Gesheva. I S P  5216; Act. lavendofoliae 
K u c h a e v a ,  K ras i l’n ikov , T a p t ik o v a ,  and  Gesheva, 
I S P  5217; Act. luridus K rasil’n ik o v ,  K orenyako , 

Meksina, V aled inskaia ,  and  Vesselov. IS P  5081
169. a. Soluble red  p ig m e n t  m ay  be seen in yeas t-m a lt  ag a r  a n d  sa lts-starch

agar. This p ig m e n t  is n o t  p H  sensitive
St. chromogenus Isono , Suzuki, S aw azak i ,  N ak am u ra ,  
K aw asak i ,  Y a m a sh i ta ,  Anzai, Serizawa, an d

S ek iy am a . IS P  5384
b. No p igm ent or  on ly  a trace  of yellowish b row n in th e  diagnostic 

media St. atrofaciens E hrlich , B a r tz ,  a n d  K nudsen . IS P
5475

170. a. D -X ylose is u tiliz e d  for grow th  ....................................................... 171
b. N o grow th w ith  D -xylose (an d  L-arabinose and r a ffin o se )  (L aven d u lae

group) St. avidinii Stap ley ,  M ata , Miller, D em ny, and
W oodruff. IS P  5526; St. goshikiensis Niida. IS P  
5190; St. griseolavendus Sumiki. I S P  5385; St. la
vendulae (W a k sm a n  an d  C urt is )  W aksm an  and  
H enrici.  IS P  5069; Act. toxytricini P reo b razh en sk ay a  
a n d  Sveshnikova. IS P  5178; St. virginiae 
G ru n d y ,  W h i tm a n ,  R dzok, R d z o k ,  Hanes, and

Sylves te r .  ISP  5094
171. a. No grow th w i th  sucrose

St. cirratus K o sh iy am a , O kanishi,  O hm ori, Miyaki, 
Tsuk iu ra ,  M atzuzak i,  an d  K aw ag u ch i .  IS P  5479 

b. Sucrose is u t i l iz ed  for g row th
St. katrae G u p ta  a n d  C hopra . IS P  5550

172. a. D-G lucose, L -arab inose, D -xylose, i- in o sito l, D -m an n ito l, D-fructose,
rh a m n o se ,  sucrose and  raffinose are all u ti l ized  for growth
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(D ias ta toch rom ogenes  g roup) 
St. bottropensis W ak sm an . I S P  5262; St. diastato
chromogenes (K ra in s k y )  W a k sm a n  and  Henrici. I S P  
5449; St. eurythermus* Corbaz, E t t l in g e r ,  G ä u m an n ,  
Keller-Schierlein, N eipp, Prelog, Reusser, and Zähner .  
IS P  5014; St. griseosporeus N iida  and  Ogasawa. 
IS P  5562; St. neyagawaensis Y a m a m o to ,  N akazaw a, 
Horii, and Miyake. IS P  5588; St. versipellis Oliver, 
P rokop , Sinclair, W arren ,  a n d  W infield. IS P  5491

b. No grow th  w ith  certa in  d iagnostic  C-sources ................................... 173
173. a. D-Mannitol is utilized for g row th  ........................................................ 175

b. No grow th  w ith  D -m annitol .............................................................174
174. a. No grow th  w ith  rliam nose a n d  i-inositol

St. nashvillensis McVeigh a n d  Reyes. IS P  5314 
b. R ham nose  a n d  i-inositol are utilized for g ro w th  (Galilaeus g roup) 

St. galilaeus E tt l in g e r ,  Corbaz, a n d  H iit te r .  I S P  
5481; St. rishiriensis K aw aguch i,  T suk iu ra ,  
Okanislii, M iyaki, O hm ori, Fuy isaw a, and

K o sh iy am a . ISP  5489
175. a. Melanoid p ig m en ts  are no t  p ro d u ced  in ty ros ine  ag a r

St. galbus F ro m m e r .  IS P  5089 
b. Melanoid p ig m en ts  are p ro d u ced  in ty ros ine  ag a r  ....................... 176

176. a. No g row th  w i th  rham nose
St. galbus O kam i and  U m ezaw a. IS P  5480 

b. R ham nose  is utilized for g row th  ............................................................. 177
177. a. Sucrose is u ti l ized  for g row th

St. lavenduligriseus* R outien . IS P  5487 
b. No grow th  w i th  sucrose St. umbrosus S c h m id t-K as tn e r .  IS P  5242

178. a. Color of m a tu re  aerial m ycelium  is red  or redd ish  on certain media
.....................................................................................................................179

b. Aerial m yce lium  no t  red or reddish  ......................................................... 189
179. a. No grow th  w i th  L-arabinose ....................................................................... 180

b. L-Arabinose is utilized for g ro w th  ........................................................... 182
180. a. No grow th  w ith  raffinose and D -m an nito l

St. tenebrarius Higgens a n d  K a s tn e r .  IS P  5477 
b. Raffinose a n d  D-mannitol are u tilized  .....................................................181

181. a. No g row th  w i th  i-inositol an d  sucrose
St. roseo-luteus Bessell. IS P  5240

b. i-Inositol a n d  sucrose are u ti l ized  (S u b s tra te  m yce lium  yellow to  
yellowish b ro w n  on the d ignostic  m edia , b u t  it  is p H  sensitive (!) 
changing from  yellow to p ink  (Y-b red) w ith  add i t io n  of 0.05 N  
N aO H ) St. tubercidicus* N a k a m u ra .  IS P  5261
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182. a. Raffin ose is utilized for g r o w t h ................................................................ 183
b. No grow th  w i th  raffinose ............................................................................184

183. a. D -G lucose, L -arabinose, D -x y lo se , i-in osito l, D -m an n ito l, D -fru ctose , 
rham nose, sucrose and ra ffin ose  are all u tilized  for grow th  
(G ram in ofacien s group)

St. graminofaciens C harney, F isher ,  C urran , 
M achlowitz, a n d  Tytell.  IS P  5559; St. misionensis* 
Cercós, E ilberg , Goyena, Sou to , V au tie r ,  and  
W iduczynsk i.  IS P  5306; St. ochraceiscleroticus 
(K u zn e tso v )  P r id h am . IS P  5594; St. vinaceus-drappus

A n onym ous .  IS P  5470
b. No grow th  w i th  i-inositol a n d  sucrose

Act. fumanus S vesh n ik o v a .  I S P  5154
184. a. No grow th  w ith  D -m an nito l ............................................................................185

b. D -M annitol is u tilized  for g ro w th  .............................................................187
185. a. i-I nositol is utilized for growth

St. chryseus* (K ras i l ’nikov, K o ren y ak o ,  and  N ik it ina )  
P r id h am . I S P  5420; St. helvaticus (K ra s i l ’n ikov , 

K o re n y a k o ,  a n d  N ik it ina )  P r id h a m . IS P  5431 
b. No g ro w th  w ith  i-inositol ............................................................................186

186. a. No g ro w th  w i th  D-xylose
Act. roseolilacinus P reo b ra z h e n sk a y a  and  

S veshn ikova . IS P  5173
b. D-Xylose is utilized for grow th (Fradiae group)

Act. cremeus K udrina .  IS P  5147; St. fradiae* 
(W a k sm a n  a n d  Curtis) W a k sm a n  and  Henrici.

I S P  5063; St. roseoflavus Arai. I S P  5536
187. a. i-Inositol is utilized for g ro w th  (P l ica tu s  group)

St. humidus N akazaw a, S h ib a ta ,  T an ab e ,  a n d  
Y a m a m o to .  IS P  5263; St. plicatus A nonym ous.

IS P  5319
b. No g row th  w ith  i-inositol ........................................................................... 188

188. a. No g row th  w ith  rh am n o se  (Therm ovio laceus g roup)
St. griseofuscus Sakam oto , K o n d o ,  Y u m o to ,  and  
A rish im a. I S P  5191; St. thermoviolaceus subsp. 
thermoviolaceus* (H enssen )  H enssen  and  Schnepf.

IS P  5443
b. R ham nose  is utilized for g ro w th  (Griseoviridis g roup )  Act. alborubidus* 

K u d r in a .  IS P  5465; Act. daghestanicus Sveshnikova. 
IS P  5149; St. griseoviridis A nderson , E hrl ich , 
Sun, a n d  R urkho lder .  IS P  5229; St. rosa Reusser.

IS P  5533

Acta Botanica Academiae Scientiarum Hungaricae 21, 1975



A DIAGNOSTIC KEY OF “SPECIES” OF STREPTOMYCES AND STREPTOVERTICILLIUM 411

189. a. M atu re  aerial mycelium  green  or greenish (Green color series in the
T resner-B ackus  sys tem ) on ce r ta in  m edia  ........................................ 190

b. Aerial mycelium gray , yellow (Y ellow  color series in th e  T resne r-  
B ackus  sys tem ) or w hite  .............................................................................. 192

190. a. No grow th  w ith  D -m an nito l
St. psammoticus Yirgilio and  Hengeller. I S P  5341 

b. D-Mannitol is utilized for g ro w th  ......................................................... 191
191 . a. No grow th  w ith  sucrose a n d  D -xy lose

St. catenulae Davisson and  F in lay . I S P  5258 
b. Sucrose and  D -xylose are  u til ized  for growth

St. chrestomyceticus* Canevazzi and  S co tt i .  IS P  
5545; Act. olivaceoviridis P re o b ra z h e n sk a y a  an d

R y ab o v a .  I S P  5334
192. a. D -G lucose, L-arabinose, D -xy lose , i- in o sito l, D -m annitol, D -fru ctose ,

rh am n o se ,  sucrose, and  raffinose are  all utilized for g ro w th  . . . 193
b. No g ro w th  w ith  certa in  d iagnostic  carbon sources ........................194

193. a. M atu re  aerial mycelium gray  (P a rv u l lu s  group)
Chainia nigra T hirum alachar .  IS P  5302; St.
canarius V a v ra  a n d  Dietz. IS P  5528; St. chibaensis 
Suzuki, N a k a m u ra ,  O kum a, a n d  T o m iy am a .  I S P  
5220; St. corchorusii A hm ad and B h u iy an .  IS P  
5340; St. libani* Baldacci and  Grein. I S P  5555; St. 
lydicus* De Boer, D ietz , Silver, and  Savage . IS P  
5461; St. nigellus Prokop. IS P  5490; St. 
olivaceiscleroticus P r id h am . IS P  5595; St. parvullus 
W ak sm an  a n d  G regory. IS P  5048; St. pristinaespiralis 
M ancy, N in e t ,  a n d  P re u d ’hom m e. IS P  5338; St. 
thermoflavus* (K u d r in a  and  M axim ova) P r id h a m .

IS P  5574; St. thermovulgaris H enssen . I S P  5444 
b. Aerial mycelium white or w h i t t i sh  (Sclerotialus g roup)

St. purpurogeniscleroticus P rid h am . IS P  5271; St.
sclerotialus P r id h am . I S P  5269

194. a. M atu re  aerial mycelium  g ray  ...................................................................... 195
b. M atu re  aerial mycelium w hite  or yellow  (Yellow color series in  th e

T resner-B ackus  sys tem ) ................................................................................... 205
195. a. No g ro w th  w ith  i-inositol ................................................................................ 196

b. i- Inos i to l  is utilized for g ro w th  .................................................................... 199
196. a. R h a m n o se  is utilized for g row th

St. endus A nderson  and  Gottlieb . ISP 5187 
b. No g ro w th  with  rham nose  ..............................................................................197

197. a. R affinose  is utilized for g row th
St. griseoplanus B ackus ,  Tresner, and Campbell. I S P  5009
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b. No g row th  w i t h  raffinose ........................................................................... 198
198. a. No grow th  w i th  sucrose

St. halstedii ( V a k s m a n  a n d  Curtis)  W ak sm an  a n d
Henrici. IS P  5068

b. Sucrose is u t i l iz e d  for growth (A ureofaciens  g roup)
St. aureofaciens D u g g ar .  IS P  5127; St. viridifaciens 

G ou rev i tch  a n d  Lein. IS P  5239
199. a. No grow th  w i th  rham nose ......................................................................... 200

b. R ham nose  is u t i l ized  for g row th  ............................................................. 202
200. a. No grow th  w ith  L-arabinose ........................................................... 201

b. L-Arabinose is utilized for g row th  (A lbofaciens group)
St. albofaciens T h iru m a la c h a r  and B h a t t .  IS P  5268; 
St. capuensis B aldacc i ,  F a r in a ,  Locci, and  R ágn i.

I S P  5402

201. a. No grow th  w i th  raffinose
St. thernionitrificans Desai and  Dhala. IS P  5579 

b. Raffinose is u t i l ized  for growth (N igrescens  g roup)
Act. nigrescens S v eshn ikova .  IS P  5276; St. sioyaensis 
Nishimura, O k am o to ,  M ay am a , O htsuka , N a k a j im a ,  

Taw ara, S h im o h ira ,  and  Shiinaoka. I S P  5032

202. a. No g ro w th  w i th  raffinose ..........................................................................203
b. Raffinose is u t i l ized  for g r o w t h ................................................................204

203. a. No g ro w th  w i th  sucrose (Olivaceus g ro u p )
St. nodosus T re jo . IS P  5109; St. olivaceus 
(W aksm an) W a k s m a n  an d  Henrici. IS P  5072; St. 
pulcher R outien .  I S P  5566; St. rochei B erger,  

J a m p o ls k y ,  a n d  Goldberg. IS P  5231 

b. Sucrose is u t i l iz ed  for growth (A lbogriseo lus  group)
St. albogriseolus B en ed ic t ,  Shotwell, P r id h a m ,  
Lindenfelser, a n d  H a y n e s .  IS P  5003; St. tendae 
E ttlinger,  Corbaz, a n d  H ii t te r .  IS P  5101; Act. 
mutabilis P re o b ra z h e n sk a y a  and  R yabova .  I S P

5169

204. a. No grow th  w ith  D -m annitol
St. naraensis* O k u d a ,  Asliino, Egaw a, and  Suzuki.

I S P  5508

b. D -M annitol is u tilized  for grow th
St. melanosporofaciens A rcam one, B ertazzoli ,  

Ghione, and  Scotti. IS P  5318
205. a. No g ro w th  w ith  D -xylose

St. paraguayensis (d e  A lm eida) W aksm an . ISP 5567
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b. D -X ylose is u tilized  for grow th  ....................................................... 206
206. a. R h am n o se  is uti l ized  for g r o w t h ..............................................................208

b. No g row th  w i th  rham nose  ......................................................................... 207
207. a. No grow th  w ith  D -m annitol

Act. albohelvatus* K ra s i l ’n ik o v ,  K o ren y ak o ,  and
N ikitina .  IS P  5410

b. D -M annitol is u tilized  for grow th
St. albus (R oss i-D oria )  W a k s m a n  an d  Henrici.  IS P  
5313; St. almquisti (D u c h é )  P r id h a m , Hesseltine, 
and  B ened ic t .  IS P  5447; St. aminophilus 
W ooldridge. IS P  5186; St. cacaoi (W aksm an)  
W ak sm an  a n d  Henrici. I S P  5057; St. citreus 
W a k sm a n  a n d  Henrici. I S P  5364; St. diastaticus 
(K ra in sk y )  W ak sm an  a n d  H enric i .  I S P  5496; St. 
rangoon (Erickson) P r id h a m ,  Hesseltine, and

B enedic t.  I S P  5452
208. a. No grow th  w ith  D -m annitol

Act. aurigineus* K ras il’n ikov ,  K o ren y ak o ,  and 
N ik itina . ISP 5417; Act. flavidovirens* K u d rin a .

IS P  5150
b. D -M annitol is u tilized  for grow th  ................................................. 209

209. a. No grow th  w ith  i-inositol ............................................................................210
b. i-Inositol is u ti l ized  for g ro w th  ................................................................211

210. a. Sucrose is uti l ized  for g row th
St. spheroides Wallick, H a rr is ,  R eagen , R uger,  and

W oodruff .  IS P  5292
b. No grow th  w i th  sucrose

St. anulatus (B eije r inck)  W a k sm a n .  IS P  5361; St. 
niveus* S m ith ,  Dietz, Sokolski, and  Savage. IS P

5088
211. a. No grow th  w i th  sucrose

Act. longisporus-flavus* K ra s i l ’n ikov . IS P  5165; St. 
minutiscleroticus (T h iru m a la c h a r )  P r id h am . IS P  
5301; St. sulphureus* (G asp e r in i)  W ak sm an . ISP 
5104; St. pseudogriseolus O k am i a n d  U m ezaw a. IS P

5026
b. Sucrose is u ti l ized  for g row th

St. flocculus* (D uché)  W a k sm a n  an d  Henrici. IS P
5327

212. a. Color of s u b s t ra te  m ycelium : Y-b -f- green blue (M elanoid  p ig
ments no t  fo rm ed  in d iagnostic  m edia; p re su m e d ly  all d iagnostic  
carbon sources are utilized) St. vastus Szabó a n d  M arton . I S P  5309
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213.

214.

215.

216.

217.

218.

219.

220.

221 .

222.

223.

224.

Acta

b. Color of s u b s t r a te  m ycelium  different ....................................................213
a. Color of s u b s t r a te  m ycelium : Y-b -f- red  ................................................ 214
b. Color of s u b s t r a te  m ycelium  different .....................................................232
a. Melanoid p ig m en ts  n o t  fo rm ed in p ep tone-yeas t- iron  ag a r  . . . .  215
b. Melanoid p ig m e n ts  p roduced  .............. 224
a. No grow th w ith  D -m an nito l ..........................................................................216
b. D -M annitol is u tilize d  for grow th  .............................................................. 218
a. No grow th w ith  D -fructose

St. fragilis A nderson , E hrlich , Sun, a n d  Burkholder.
IS P  5044

b. D -Fructose is u tilized  for grow th  ............................................................... 217
a. No growth w i th  raffinose

St. spiroverticillatus Sh inobu .  IS P  5036
b. Raffinose is u t i l ized  for g row th

St. bobili (W a k sm a n  and  C urt is )  W a k sm a n  and
H enric i .  IS P  5056

a. No growth w ith  L-arabinose St. murinus From m er. ISP 5091
b. L-Arabinose is u ti l ized  for g row th  .........................................................219
a. Short spore ch a in s  con ta in ing  3 to  10 (or more th a n  10) spores per

c h a i n .........................................................................................................................  220
b. Long spore cha ins  co n ta in ing  10 to  50 or more spores p e r  chain 221
a. No grow th w i th  i-inositol

St. luteofluorescens S h in o b u .  IS P  5398
b. i-Inositol is u tilized  for growth

Act. aurantiacus (R oss i-D oria )  K ra s i l ’n ikov. IS P  
5412; St. poonensis (T h iru m a la c h a r )  P r id h am . IS P  
5596; St. riniosus (Sobin , F in lay ,  a n d  K an e )

W a k sm a n .  IS P  5260
a. No grow th w i th  rham nose

Act. aureoverticillatus K ras il’n ik o v  and  Yiin 
Chi-sheng. IS P  5080; St. platensis* P it te n g e r  and

G ott l ieb . IS P  5041
b. Rham nose  is u ti l ized  for g r o w t h ............................................................. 222
a. Orange or red  soluble p igm ent in certa in  d iagnostic  m edia  . . 223
b. No soluble p ig m e n t  St. roseiscleroticus P r id h a m .  IS P  5303
a. No grow th w i th  i-inositol

St. nogalater* B h u y an  a n d  Dietz . IS P  5546
b. i-Inositol is u ti l ized  for g row th

St. griseoaurantiacus (K ras i l’n ik o v  and  Y uan)  
P r id h a m . IS P  5430; St. minoensis N ishim ura . IS P

5031
a. No grow th  w ith  D -m a n n it o l .......................................................................225
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b. D-Mannitol is utilized for grow th .........................................................227
225. a. Raffinose is utilized for g row th

Act. kurssanovii P re o b razh en sk ay a ,  K u d r in a ,  
R y ab o v a ,  a n d  Blinov. IS P  5162 

b. No g row th  w ith  raffinose ........................................................................... 226
226. a. D-Xylose, rham nose, i-inositol and L-arabinose are utilized for growth

St. griseoruber Y am aguch i a n d  Saburi. I S P  5281 
b. No g row th  w i th  D -xylose, rh am n o se ,  i-inositol a n d  L-arabinose

St. colombiensis* P r id h a m , Hesseltine, a n d  Benedict.  IS P  5558
227. a. Pseudo-ver t ic i l la te  b ranch ing  is com m on

St. nobilis Baldacci,  Locci, a n d  Fa r ina .  IS P  5441
b. Pseudo-vertic il la te  b ranch ing  v e ry  rare  ............................................... 228

228. a. D -G lucose, L-arabinose, D -xy lose , i-in osito l, D -m an nito l, D -fructose, 
rham nose, sucrose and ra ffin ose  are all u tilize d  for grow th  . . . 229  

b. N o grow th  w ith  certain  carbon  s o u r c e s ...................................................231
229. a. Short spore chains con ta in ing  3 to  10 or m ore  spores per  chain

Act. violochromogenes A rta m o n o v a  an d  K ras i l’n ikov .
IS P  5207

b. Spore cha ins  contain ing 10 to  50 or more spores per  chain . . 230
230. a. No soluble p igm ent;  spore cha ins  con ta in ing  10 to  50 spores per

chain; aeria l  mycelium  gray
St. resistomycificus Lindenbein . IS P  5133 

b. Soluble p ig m e n t  red or lavender;  spore chains con ta in ing  more th a n  
50 spores p e r  chain; aerial m yce lium  red

Act. cinnabarinus R y ab o v a  a n d  P reo b razh en sk ay a .
I S P  5467; St. coralus Dietz. I S P  5256

231. a. R ham nose  a n d  i-inositol are u ti l ized  for g ro w th
St. naganishii Y am aguch i a n d  Saburi.  IS P  5282 

b. No g row th  w ith  rham nose  a n d  i-inositol
Act. varsoviensis K ury low icz  a n d  W oznicka. ISP 

5346; St. vinaceus Jones.  ISP 5515
232. a. Color o f  s u b s t ra te  mycelium: Y -b  -f- green3 .................................... 233

b. Color of s u b s t ra te  mycelium  differen t ...............................................  238
233. a. Melanoid p igm en ts  are fo rm ed  in p ep tone-yeas t- iron  agar

St. regensis G u p ta ,  Sobti,  a n d  Chopra. IS P  5551

3 T here are tw o  “ sp ec ies”  o f  S tr ep to m y ces , n o t in clu d ed  in  th is  determ in ing  k e y , in  
th e  case o f  w hich  the  co lor  o f  su b strate m y ce liu m  varies b etw een  b lu e  and  green (th is p ig m e n t  
is n o t  p H  in d icator or is  m odified  on ly  v ery  s lig h tly ):
1. St. ipomoeae (P erson  an d  M artin) W aksm an  an d  H enrici. S tra in  IS P  5383 produces in co m 
p le te  sp ira ls o f  1 or 2 tu r n s , sm ooth  spores, b lu e aeria l m y celiu m ; it  u tilizes all d iagn ostic  car
b o n  sou rces b u t does n o t  produce m ela n o id  p ig m e n ts .
2. S t. mirabilis R u s c h m a n n . S tra in  IS P  5553 p r o d u c e  sp ir a l s p o r o p h o r e s , s m o o th  s p o r e s ,  
g r a y  a e r ia l m y c e liu m , m e la n o id  p ig m e n ts  in  p e p t o n e -y e a s t - ir o n  a g a r  b u t  n o t  in  ty r o s in e  a g a r ;  
u t i l iz e s  D -g lu co se , L -a r a b in o se , i- in o s ito l ,  D -m a n n ito l .  D -fr u c to se  a n d  r h a m n o se .
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b. Melanoid p igm ents  are n o t  fo rm ed  in pep to n e-y eas t- i ro n  agar 234
2 3 4 . a. D -G lucose, L -a rab in o se , D -xy lose , i- in o s ito l, D -m a n n ito l, D -fru c to se ,

rh a m n o se , su c ro se  a n d  r a f f in o s e  a re  a ll u til iz e d  fo r  g ro w th
St. violaceoniger (W a k sm a n  a n d  C urt is )  W ak sm an

a n d  H enric i .  IS P  5563
b. No grow th  w i th  ce r ta in  d iagnostic  C-sources ....................................235

235 . a. No grow th  w ith  L -arabinose and D -m annitol
St. xantholiticus (K o n e v  an d  T sy g a n o v )  P r id h am .

I S P  5244
b. L -A rab in o se  a n d  D -m a n n ito l a re  u til iz e d  ..............................................236

236 . a. Sucrose a n d  raffinose are u ti l ized  for g row th  (N o  g ro w th  on i-inositol
and  rh am n o se )  St. recifensis de Morais, de L im a ,  a n d  Maia. ISP

5115
b. No g row th  w ith  sucrose a n d  raffinose .................................................. 237

237. a. R h am n o se  is u tilized  for g ro w th ,  spore chains  c o n ta in in g  10 to  50
o r m o re  sp o re s  p e r  c h a in

St. argenteolus F r ie d ,  P e r lm an ,  L ang lykke , an d
T itu s .  IS P  5226

b. No g row th  w i th  rham n o se ;  spore ch a in s  con ta in ing  3 to  10 spores 
per  chain  St. rutgersensis (W a k sm a n  an d  C urt is )  W ak sm an

an d  Henric i .  IS P  5077
238. a. Color o f  su b s t ra te  m y ce lium : Y -b  -)- blue (N o m elano id  p igm ents  in

p e p to n e -y e a s t- iro n  a g a r )
St. am bofaciens Pinnert-S ind ico .  IS P  5053 

b. Color of  su b s t ra te  m yce l iu m : Y -b  -f- red  — blue4 .......................... 239
239. a. Melanoid p igm en ts  are  p ro d u ced  in p ep tone-yeas t- iron  agar . . 240 

b. Melanoid p igm en ts  n o t  p ro d u ced  in pep tone-yeas t- iron  agar; red  to
b lu e  p ig m e n t in  th e  m e d iu m  is p H  se n s itiv e , sh o w in g  th e  sa m e  c h a n g e s  
n o te d  fo r  th e  re v e rse  m y c e liu m  p ig m e n t; a e r ia l m y c e liu m  g ra y  to  
g ra y ish  so m e tim e s  m o d if ie d  b y  r e d  o r b lu e  ow in g  to  th e  in te r fe re n c e  
w ith  th e  r e d  o r  b lu e  c o lo re d  s u b s t r a te  m y c e liu m ; D -glucose, L -a ra b 
in o se , D -m a n n ito l, D -fru c to se , D -xylose, rh a m n o s e , a n d  i- in o s ito l 
a re  u ti l iz e d  fo r  g ro w th  (V io la c e o ru b e r  g ro u p )

St. caesius (K ra s i l ’n ikov, Sorokina , Alferova, an d  
B e z z u b e n k o v a )  P r idham . IS P  5419; St. coelescens 
(K ra s i l ’n ikov ,  Sorokina, Alferova, a n d  B ezzu b en k o v a )  
P r id h a m . I S P  5421; Act. cyanocolor K ras il’n ikov , 
Sorok ina , A lferova, and  B ezzubenkova .  IS P  5425; 
Act. cyanogenus K ras il’n ikov , S o rok ina ,  Alferova,

4 The yellow-brown substrate m ycelium  color of strain ISP 5194 o f St. racem ochrom o- 
genus m ay be m odified in some areas by a pigm ent varying betw een blue and green. This 
pigm ent is a pH indicator changing from  grayish green, blue or v io let to reddish gray.
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and B ezzubenkova .  I S P  5426; St. lazureus  
(K ras i l ’n ikov , Sorok ina , Alferova, and B e z z u b e n k o v a )  
P ridham . I S P  5433; St. lividans (K r a s i l ’n ik o v ,  
Sorokina, A lferova, a n d  B ezzubenkova)  P r id h a m .  
IS P  5434; Act. violaceolatus K rasil’n ikov, S o ro k in a ,  
Alferova, a n d  B ezzubenkova .  IS P  5438; St. 
violaceoruber (W a k s m a n  a n d  Curtis) K u tz n e r  a n d

W aksm an . I S P  5049
240. a. D -G lucose, L-arabinose, D -xy lose , i- in o s ito l, D -m annitol, D -fru ctose ,

rham nose ,  sucrose and  raffinose are all u ti l ized  for g row th  . . . 241  
b. No grow th  w ith  certa in  d iagnostic  carbon  sources ........................242

241. a. S ho r t  spore chains w ith  3 to  10 or, som etim es  more t h a n  10, spo res
per chain ; yellow or yellow-brown p ig m e n t  in the  m edia  n o t  p H  
sensitive Act. violaceochrom ogenes (K ra s i l ’n ikov)  R y a b o v a

a n d  P re o b ra z h e n sk a y a .  I S P  5181 
b. Spore cha ins  10 to  50 spores per  chain ; no  p igm en t in th e  m e d iu m  

or w hen p ig m en t  is p resen t  i t  is b lue  <— red ( p H  sen s i t iv e )  
(M assasporeus  group) St. m assasporeus Shinobu and  K a w a to .

I S P  5035;
St. tauricus ( I v a n i t s k a y a ,  U p ite r ,  Sveshnikova, a n d

G auze)  P ridham . I S P  5560
242. a. R h am n o se  is utilized for g row th  ............................................................. 243

b. No g row th  w i th  rham nose ......................................................................... 244
243. a. S h o r t  spore chains  w ith  3 to  10 or m ore spores per chain; no g r o w th

w ith  i- in o sito l, D -m annitol and raffin ose
St. cyaneogriseus (Y e n )  P ridham . I S P  5534 

b. M atu re  spore chains generally 10 to  50 spores p e r  chain; no g ro w th  
on sucrose, D-mannitol and  raffinose. U ti l iza t ion  of i-inositol is 
doub tfu l  Act. lateritius Sveshnikova. I S P  5163

244. a. D-M annitol is utilized for g row th
St. capoamus Gonçalves de Lima, A lbert ,  a n d  

Gonçalves de L im a. I S P  5494 
b. No grow th  w i th  D-mannitol ....................................................................... 245

245. a. Sucrose is u ti l ized  for growth; m a tu re  aeria l m yce lium  red ; no soluble
p ig m en t  (T h e  blue p igm ent of  s u b s t ra te  m ycelium  is no t  a lw ays  
p resen t .  W h e n  p resen t ,  i t  can be in ten s if ied  from  grayish green to  
g ray ish  b lue or  violet by 0.05 N  N a O H  or to  redd ish  gray by  0.05 N  
HC1) St. racem ochrom ogenus4 Sugai. I S P  5194

b. No grow th  w i th  sucrose; m a tu re  aeria l m y ce lium  gray; blue —» re d  
soluble p ig m e n t

Act. litm ocidini R y a b o v a  a n d  P re o b ra z h e n sk a y a .
IS P  5164
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Changes in the quantity o f eleven different elem ents present in atm ospheric  
precipitation carried by canopy throughfall onto the soil have been studied in a clim ate  
zonal oak forest in 1974. The study was based on m onth ly m easurem ents of the quantity  
of nutrient m aterials present in the collected water sam ples under the com m unity  
foliage of Quercus pelraea. Quercus cerris, Quercus petraea and Cornus m as, Qu. petraea  
and Acer campestre. For each elem ent, the degree o f enrichm ent has been m easured, 
taking atm ospheric precipitation as a basis. By knowing the quantity of water, the  
degree of canopy density and concentration, the quantity  o f minerals present in the  
throughfall arriving on 1 hectare of forest soil could be established (per elem ent, on 
a m onthly or annual basis).

In troduction

One of th e  m a in  purposes  of ex tensively  p u rsu e d  research p rogram m es 
in ecosystems in th e  p as t  decade has been a cognition of th e  mineral cycles. 
I t  is only re cen t ly  t h a t  th e  s tu d y  of the  n u tr ie n ts  th e  in p u t  b ranch  of th e  
n u tr ie n t  cycle deposited  from the  a tm osphere  b y  th e  w ay  of p rec ip i ta t ion  
in the  ecosystems is becom ing  of increasing in te res t .  M a d g w i c k  and  O v i n g t o n  

(1959), N y e  (1961), C a r l i s l e  e t  al. (1966), L i k e n s  e t  al. (1967), R a p p  (1969), 
D e n a e y e r - D e  S m e t  (1969), U l r i c h  et al. (1971), R e i n e r s  (1972), G u b a r e v a  

(1973) and others  h av e  measured the  q u a n t i ty  of n u t r ie n ts  in p rec ip ita tion  
received b y  th e  va r io u s  ecosystems and inves t iga ted  th e  role of vege ta t ion  
played in en rich ing  th e  m ineral con ten t  of ra inw ate r .  Q uan ti t ie s  of the  m ost  
im p o r tan t  n u t r ie n ts  carried  b y  rainfall into th e  c lim ate  zonal forest eco
system  of the  t e m p e ra te  zone has been s tud ied  b y  O v i n g t o n  (1968). A l l e n  

e t  al. (1968) po in t  o u t  t h a t  the  q u a n t i ty  of m inerals  p re se n t  in ra inw ate r  can  
be of special s ignificance in the n u t r ie n t  cycle of ecosystem s, especially in 
n u tr ien t-poo r  areas. S imilar investigations have also been  conducted  in v a r i 
ous parts  of H u n g a ry  ( K o z á k  and  M é s z á r o s , 1971a, b) chiefly  with the p u r 
pose to assess a tm ospher ic  pollu tion  and  from agrochem ical points  of view.

* “ Síkfőkút P roject” No. 17.
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P re c ip i ta t io n  w ater  i tse lf  carries a ce r ta in  q u a n t i ty  of n u t r ie n ts  o b ta in ed  from 
a irb o rn e  dus t,  gases, e tc .  whose c o n te n t  o f  b ioelements undergoes significant 
ch an g es  once th e y  gain excess to  the  ecosystem . In forests r a in w a te r  falling 
on fo liar surfaces, b ra n c h e s  and s tem s w ashes off the  d u s t  a n d  concu rren tly  
leaches a p o r t ion  of th e  n u t r ie n t  e lem ents  from them  ( T a m m , 1958; S t e n l i d , 

1958; T u k e y , 1970; etc .) .  As a resu lt ,  ra inw a te r  is a lready  en r iched  in n u t r ie n t  
e lem en ts  to  a certa in  e x t e n t  when  i t  a rr ives  on  the soil surface.

A significant p o r t io n  of  the  n u t r ie n ts  is recycled in to  th e  soil of the  forest 
eco sy s tem  by  means of le a f  l i t te r ,  its decom position  and p rec ip i ta t io n ,  respec
t iv e ly .  D u v i g n e a u d  e t  al. (1971) d e m o n s t ra te d  th a t  in te m p e ra te  zone forests 
th re e - fo u r th s  of the to ta l  a m o u n t  of c ircu la t ing  minerals is r e tu rn e d  to  the  soil 
w i th  le a f  l i t te r ,  th roughfa ll ,  an d  s tem flow . According to  C a r l i s l e  e t  al. (1967), 
D u v i g n e a u d  et al. (1971) and  N e b e  (1973), 5 0 %  of the  to ta l  a m o u n t  of  p o ta s 
s ium  arrives into th e  soil w ith  can o p y  th roughfa ll  and  s tem flow  annually .  
A la rge  portion  of m ag n es iu m  finds its w a y  back  to  th e  soil in  th e  sam e way. 
In  th e  case of calcium a n d  sodium, th e  re tu rn  th rough  l i t te r  and  its decom 
pos it ion  is of g rea ter  s ignificance.

Since the u n d e rs ta n d in g  of th e  n u t r ie n t  cycles of  forest  ecosystem s 
re q u ire s  complex and  m ulti levelled  inves t iga t ions ,  the ir  s tu d y  is com parta -  
m e n ta l iz e d  and th e  re su l ts  sub seq u en t ly  in te rre la ted .

Description o f study site

O ur s tu d y  is an  in teg ra l  p a r t  o f  th e  studies in th e  MAB P rog ram m e 
( J a k u c s , 1973), concern ing  the  com plex investiga tions of fo re s t  ecosystem s in 
H u n g a ry .  Inves t iga t ions  were carried  o u t  in  a 65 to  70 y ears  old, c lim ate  zonal 
o ak  forest  of hom ogeneous s tan d ,  located  in the  hilly land  be tw een  th e  G reat 
H u n g a r ia n  Plain and  th e  N o r the rn  m o u n ta in  range (Quercetum petraeae-cerris) 
(S ík főkú t Project) .  Quercus petraea  d o m in a tes  in th e  foliage level (84% ), 
followed by  Qu. cerris (16% ). C anopy  density  is 80%,, th e  average  tree  
h e ig h t  17.3 m, average  t r u n k  d iam e te r  20 cm, average n u m b e r  of  trees  per  
h e c ta re  816. The sh ru b  level is also well-developed: e.g. Cornus m as, Acer 
cam pestre , Acer ta taricum , L igustrum  vulgare  occur in masses. S t ru c tu ra l  d a ta  
a n d  de ta iled  ch a ra c te r iz a t io n  of the  en v iro n m en t  and c lim ate  are supp lied  by  
J a k u c s  and  (1973) J a k u c s  et. al. (1975).

Methods

Atmospheric precipitation and throughfall water samples were collected biw eekly, 
at tim es weekly, (on 23 sam pling occasions), betw een February 27 and Decem ber 4, 1974, in the 
experim ental area covering 1/4 hectare (“ B ” square). An account on the am ount of precipitation  
(canopy throughfall and stem flow ) arriving on the forest floor as well as on interception and its
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annual changes had been given in an earlier study (Szabó 1975). In the investigation period the  
am ount of precipitation was 595.3 mm according to our m easurem ents.

Input precipitation was captured in a trough made of polyester with a collecting surface  
o f  2000 cm2 placed on the top of a tower 25 m high, and water was trapped in a black-coloured  
plastic container. Troughfall was captured by 14 troughs, o f identical dimensions as the former 
one, applied in four com binations; 5 collectors under Qu. petraea , 3 collectors under Qu. cerris , 
3 collectors under Qu. petraea +  Cornus m as and 3 collectors under Qu. petraea -{- Acer cam p - 
estre. A nylon filter o f 1 mm mesh size was placed in front o f the drainage orifice o f the c o l
lectors, in order to block the way of macroscopic litter, tw igs and invertebrates. After each  
sam pling, thym ol was put into the collectors to prevent the proliferation of m icroorganism s, 
since they incorporate nitrogen and phosphorus present in water. The iodine treatm ent su ggest
ed by H ero n  (1962) is generally em ployed as a preventive m ethod but this treatm ent is rather  
com plicated.

In every instance 500 ml well hom ogenized water sam ple was taken and stored in a dark 
refrigerator until chem ical processing. E lem ents present in the precipitation water sam ples 
collected at each sam pling point were determ ined m onthly. Prior to analysis, the m onth-old  
water samples were m ixed in a ratio based on the quantity o f each sam ple filtered and analysed  
w ith  respect to the following elements: K , Ca, Na, Mg, Fe, Mn, Zn, S 0 4-S, P 0 4-P, N 0 3-N , 
K je l d a h l -N , and Cl. Cations have been determ ined by a UNICAM  SP 1900 type atom ic  
absorption spectrophotom eter, at the In stitu te  for Inorganic Chemistry. K ossuth U n iversity , 
Debre cen.

Organic-N was measured by K je l d a h l  digest. The N H 3 content of the sam ple was 
distilled through a m odified P a rnass— W a g n er  apparatus into saturated H 3B 0 4 solution and 
m ixed (Groak) indicator and the N H 3 determ ined through titration  w ith HC1.

D eterm ination o f the total phosphate content: the forms of phosphorus present in the  
water sample were first converted into orthophosphate by K je l d a h l  digest, then the m ixed  
reagent (H 2S 0 4 +  am m onium  m olybdate +  SbCl3 am ydosulphonic acid was added as a 
reagent followed by the addition of ascorbic acid as the reducing agent. Colorimetry was per
formed w ith a SPE K O L  Spectrophotom eter on 665 nm wavelength.

Nitrate was also determined by colorim etry. The N 0 3 ions turn yellow in the presence 
of N a-salicilate in acidic medium. Colour in tensity  was measured on 420 nm wavelength.

The quantity o f sulphate was measured again by the colorimetric m ethod. S 0 4 ions 
were precipitated in a known quantity of BaC l2 solution, then the rem nant of Ba was photo
m etrically measured w ith  the aid of K 2C r04 solution on 400 nm  wavelength.

Chloride was determ ined by OP-C1-7112-D type chloride selective electrode and pH  
m ea su rer .

Results and discussion

C oncen tra t ion  changes of the  ana lysed  e lem ents  is shown in F igures 1/a, 
b and  c. The q u a n t i t y  of the  n u t r ie n t  e lem ents  deposited  by  canopy th ro u g h -  
fall has been ca lcu la ted  for 1 hec ta re  forest floor, on th e  basis of th e  cover 
m ap  and  the  respec tive  density  values. T hey  were as follows: 27%  for Qu. 
petraea , 13%  for Qu. cerris, 20%  for Qu. petraea  -(- Acer campestre, 2 0 %  for 
Qu. petraea  +  Cornus mas. Cover values  ind ica te  t h a t  in the  ex p e r im en ta l  
forest  the  open a rea  is 20%  of the  to ta l  surface where th e  to ta l  mineral co n 
t e n t  o f  the  u n in te rc e p te d  p rec ip ita tion  reaches the  soil. T hus ,  when ca lcu la ting  
th e  grand  to ta l  o f  m ineral q u a n t i ty  received b y  1 hec ta re  of florest floor, 2 0 %  
was added  to  th e  a m o u n t  presen t in the  th roughfa ll  (80%  canopy  cover).* 
The end result per  e lem ent (the four experim en ta l  com bina tions  on an  an n u a l

* Mineral conten t o f the stem flow will be discussed in a later paper.
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F ig . la .  Changes in K , F e, Mn, and Zn concentrations (in mg/liter) in canopy throughfall 
and in atmospheric precipitation; A l =  Quercus petraea; A2 =  Quercus cerris; B1 =  Qu. 

petraea and Acer cam pestre; B2 =  Qu. petraea and Cornus mas; 3 =  atm ospheric
precipitation

basis)  is i l lustra ted  in  Fig. 2. The an n u a l  g ran d  to ta l  of n u t r i e n t  e lem ents  in 
a tm o sp h e r ic  p rec ip i ta t io n ,  th roughfa ll ,  an d  in the  20%  of u n in te rc e p te d  p re 
c ip i ta t io n  is su m m arized  in Fig. 3.

A so-called en r ich ing  factor has  been  ca lcu la ted  for each e lem ent,  w hereby  
th e  enr ichm en t level o f  each e lem en t  in th roughfa ll  is co m p ared  w ith  the  
q u a n t i t y  present in incident rainfall.

Table 1 sum m arizes  the  changes in th e  n u tr ie n t  con ten t  of a tm ospheric  
p re c ip i ta t io n  and of canopy  th roughfa ll  (in all four inves t iga ted  com bina tions)  
ex p ressed  in kg /ha ,  as well as th e  d ifferences (between th ro u g h fa l l  an d  a t 
m ospheric  p rec ip i ta t ion )  and the  e n r ic h m e n t  factors per  m o n th  and per 
y e a r .  An e n r ich m en t  fac tor  less t h a n  1 ind ica tes  th a t  the  co n cen tra t io n  level 
o f  th e  element in c a n o p y  th roughfa ll  was smaller th a n  t h a t  o f  the  level of 
c o n c e n tra t io n  a tm o sp h e r ic  p rec ip i ta t ion .
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F ig . lb. Changes in Ca, Mg, Na concentrations (in mg/liter) in canopy throughfall and in 
atm ospheric precipitation. For numerical designation see Fig. la

Potassium

D uring the  period  of in v es t iga t ion ,  the  am o u n t  of  p o ta ss iu m  in a tm o s
pheric  p rec ip ita tion  was 7.43 k g /h a .  This q u an t i ty  is h igher  t h a n  m easured  
b y  M a d g w i c k  and  O v i n g t o n  (1959) (2.8 k g /ha /annum ) an d  is closer to  the  
d a t a  su b m it ted  b y  W i l l  (1959) (2.35- 10.42 k g /h a /a n n u m )  who conducted  
m easu rem en ts  in N ew Zealand. T h e  measured p o ta ss iu m  c o n te n t  o f  canopy 
th ro u g h fa l l  in the  inves t iga ted  o ak  forest for the  per iod  of inves t iga t ion  — 
was 27.016 kg/ha, app roach ing  th e  value measured b y  C a r l i s l e  e t  al. (1966), 
n a m e ly  28.14 k g /h a /a n n u m  also in  a Quercus petraea  forest.  The increase of 
p o ta ss iu m  con ten t  in canopy  th roughfa ll  is very  s ign if ican t ,  19.587 kg/ha, 
rep resen t in g  th e  h ighes t value am o n g  all m acroelem ents  (Fig. 2).

28.51 kg /ha  po tass ium , carried  by rainwater, has  reached  the  soil of the
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F ig . le .  Changes in S 0 4-S, to ta l-N , P 0 4-P , and Cl concentrations (in m g/liter) in canopy 
throughfall and in atm ospheric precipitation. For num erical designation see Fig. la

eco sy s tem  (canopy th ro u g h fa l l  20%  u n in te rc e p te d  p rec ip i ta t io n )  during 
th e  pe r iod  of e x am in a t io n  (Fig. 3).

O ur m easurem ents  y ie lded  m ax im um  values w ith  re sp ec t  to  p o ta ss iu m  
c o n cen tra t io n  in canopy  th ro u g h fa l l ,  one m ax im u m  value for th e  sum m er and 
one aga in  for the  a u tu m n ,  n o t  including, however, th e  o u t s t a n d in g  value 
m e a su re d  in April w hen  all o th e r  investiga ted  e lem ents  ind ica ted  a significant 
level height, a fact w h ich  w as re la ted  to  the  e x t ra o rd in a ry  low  am o u n t  of 
p rec ip i ta t io n  (3.3 m m ). T h is  m a x im u m  M ill no t  he considered in th e  case of any 
o f  th e  o ther  elements.

Increase in the  p o ta s s iu m  con ten t  of canopy  th roughfa ll  is b e s t  i l lus tra ted  
b y  th e  enrichm ent fac to rs  (Table 1). The level o f  en r ic h m e n t  is h ighest in the 
m o n th s  of Ju ly , A u g u s t  a n d  N ovem ber during  which t im e  th e  po tassium  
c o n te n t  o f canopy th ro u g h fa l l  has increased b y  te n  to  th i r ty fo ld .  This phenom 
e n o n  is probably  s t r ic t ly  re la te d  to  the  fact t h a t  r a in w a te r  read ily  leaches
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F ig. 2. D istribution of minerals arriving penetrating the soil; 1 =  Quercus petraea; 2 =  Quer- 
eus cerris; 3 =  Qu. petraea and Acer cam pestre; 4 =  Qu. petraea and Cornus m as;

5 =  direct penetration into the soil

po tass ium  from  fully  developed leaves a n d  from  those  beginning to  tu r n  
yellow. A ccord ing  to  T u k e y  (1970), th e  a m o u n t  of leached  po tassium  is on ly  
5 %  in th e  case o f  young  leaves, leached p o tass ium  can  am o u n t  to  8 0 %  from  
senescent leaves, despite  the  fact th a t  developing  leaves possess a larger a m o u n t  
of  the  e lem ent.

The changes of  po tassium  c o n te n t  in c a n o p y  th roughfa ll  of Qu. petraea  
and  Qu. cerris concurs w ith  the  changes of  p o tass ium  concen tra t ion  in a tm o s 
pheric p rec ip i ta t io n s  (Fig. la ) .  In  the  case of  Qu. petraea, en r ichm en t is s ignif
ican t  u n ti l  th e  beginning  of August.  T he  m ost l ike ly  exp lana tion  lies in th e  
differences of  lea f  m orphology  and  s t ru c tu re  b e tw een  th e  two tree  species. 
D ev ia t ion  is less in th e  case of t ree -sh ru b  com bina tions  of the  tw o  species; 
beginning  w ith  J u n e ,  the re  is p rac t ica l ly  no m ark ed  difference in th e  p o ta s 
sium c o n te n t  o f  c an o p y  throughfa ll .  C om pared  w ith  th e  quan ti t ies  o f  p o t a s 
s ium  leached  only  from  tree  foliage, w a te r  falling th ro u g h  th e  canopies of  also
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th e  tw o  shrub  species is more sign if ican tly  enriched . The la rges t  a m o u n t  of  
p o ta s s iu m  reaching th e  forest floor w ith  c an o p y  th roughfall  was in J u n e  
(6.782 kg/ha); sl ightly  less was m easu red  in M ay  (6.560 k g /ha ,  F ig . 2). T he  
p o ta s s iu m  con ten t  o f  c a n o p y  th roughfa ll  fo r  M ay  and  J u n e  was nea r ly  as 
h igh  in a Qu. petraea  fo res t ,  m easured  b y  C a r l i s l e  e t  al. (1966). A n increase 
cou ld  be observed a g a in  in O ctober  (5.255 kg/ha).  This m igh t  he exp la ined  
also b y  the  high level o f  p rec ip i ta t ion  in O ctober ,  1974 (194 m m  a tm ospheric  
p rec ip i ta t ion ) .

C alcium

Although in a tm o sp h e r ic  p rec ip i ta t io n  on ly  Ca among th e  ca t ions  occurred  
in  th e  greatest  a m o u n t  17.40 kg /ha  in th e  inves tiga tion  period  th e  Ca- 
c o n te n t  of canopy th ro u g h fa l l  was only 23.28 kg /ha . The increase was therefore  
on ly  5.88 kg/ha (Table 1). A nd  26.76 k g /h a  Ca has  reached th e  soil (Table 1). 
T he  C a-content o f  c a n o p y  th roughfa ll  on th e  forest floor ex h ib i ted  a s te a d y  
t r e n d  increase u n ti l  t h e  end  of the  su m m e r  and  has reached  m a x im u m  level 
in  A u g u s t  (6.371 k g /h a ) ;  a f te r  an in te rm e d ia te  decrease in Sep tem ber ,  Ca- 
c o n te n t  had  again inc reased  by  O ctober  (4.357 kg /ha , Fig. 2). This las t  increase 
can  be re la ted  also w i th  th e  h igher a m o u n t  of  p rec ip ita tion .

I n p u t  Ca (17.40 kg /ha)  during  th e  inv es t ig a ted  period was considerab ly  
h ig h e r  th a n  t h a t  c i ted  b y  C a r l i s l e  e t  al. (1966) (7.3 kg /h a /an n u m ),  and  as 
m e a su re d  by  M a d g w i c k  and  O v i n g t o n  (1959) (11 kg /h a /an n u m ).  Ca-enrich- 
m e n t  shows a s ign if ican tly  smaller ra te  in  canopy  th roughfa ll  th a n  does 
p o ta ss iu m . M ax im um  e n r ich m en t  (sixfold) w as registered  also in J u ly  and  
A u g u s t ,  especially in  th e  case of th e  co m b in a t io n  Qu. petraea  -f- Cornus m as. 
A ccord ing  to N e e e  (1973), th e  increase of  Ca concen tra t ion  d u r ing  the  su m m er  
is p ro b a b ly  owing to  d u s t  being w ashed  off  b y  ra in w a te r  f rom  the  leaves. 
B y  th e  end of the  v eg e ta t io n  period, in N o v em b er ,  Ca co n cen tra t ion  of c a n o p y  
th ro u g h fa l l  shows a s light increase, owing p ro b a b ly  to  the  loss of Ca from  
th e  dead  leaves. T here  is no considerable difference be tw een  th e  C a-con ten t  
in th e  p rec ip ita tion  fa l len  th ro u g h  th e  canopies  of Qu. petraea  and  Qu. cerris. 
T h e  C a-content of th ro u g h fa l l  for b o th  t ree  an d  shrub  com bina tions  an d  its 
level are always h igher .  The canopy  th ro u g h fa l l  of Qu. petraea -\- Acer cam- 
pestre  is always h ig h er  in C a-con ten t un ti l  J u n e ,  th a n  t h a t  falling th ro u g h  
Q u. petraea  -f- Cornus m as. This p h en o m en o n  can be ad equa te ly  accoun ted  for 
b y  th e  higher C a-co n ten t  in th e  leaves o f  th e  tw o  shrub species t h a n  in those 
o f  th e  trees ( P a p p  L. ined.).

M agnesium

Magnesium occurs in considerable q u a n t i t y  b o th  in a tm ospheric  p re c ip i ta 
t io n  and  in canopy  th roughfa ll .  D uring  th e  inves tiga tion  period, a tm ospheric  
p rec ip i ta t ion  con ta in ed  2.31 kg /ha  Mg, c a n o p y  th roughfall  4.55 kg/ha, m ak in g
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Fig. 3. Bioelem ent content o f atm ospheric precipitation (a) and rainfall reaching the soil
(b) in kg/ha

a d ifference of 2.24 k g /h a  (Table 1). D u rin g  the  tim e o f s tu d y , 5.01 k g /h a  Mg 
a rriv e d  w ith  ra in w a te r  on th e  soil (F ig . 3). There is little  in fo rm a tio n  in  l i te ra 
tu re  on th e  in v es tig a tio n  of M g-co n ten t; C a r l i s l e  e t al. (1966) m easu red  
4.63 k g /h a /an n u m  in a tm ospheric  p re c ip ita tio n . Mg c o n cen tra tio n  in  can o p y  
th ro u g h fa ll (Fig. 1) show s changes s im ila r to  those in C a-co n ten t, b u t  o f lower 
v a lu es . C oncen tra tion  m ax im a were reach ed  in the  sam e periods; th e  high 
va lu es  reg istered  in th e  sum m er were p ro b a b ly  the  re su lt o f h igher d u s t p o llu 
tio n , an d  m axim um  values m easu red  in  N ovem ber p ro b a b ly  ow ing to  the  
ex ten s iv e  leaching o f Mg from  th e  leaves.

I f  th e  four co m bina tions are co m p ared , no g rea t difference b e tw een  th e  
M g-con ten ts of canopy  th ro u g h fa ll o f th e  tw o tree  species can he no ticed . 
Mg en rich m en t in  th e  th ro u g h fa ll of tree  sh rub  com binations is m ore sign if
ic a n t, especially  in th e  case of Qu. petraea  -f- Cornus mas. The g rea te s t a m o u n t 
o f Mg p resen t in can o p y  th ro u g h fa ll has reached  th e  soil in  J u ly  an d  A u g ust,
0.876 an d  0.883 k g /h a , resp ec tiv e ly ; th is  am o u n t again increased  a fte r  a s e t
b a c k  in  S ep tem ber, to  0.823 k g /ha  in  O ctober. M axim um  Mg en rich m en t was 
m easu red  in th e  can o p y  th ro u g h fa ll o f Qu. petraea -f- Cornus mas in  J u ly , 
th e  en rich m en t fac to r th e n  was 13.
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Sodium

D uring th e  s tu d y  p erio d , th e  sodium  c o n te n t in can o p y  th ro u g h fa ll was 
1.84 kg /h a  (Table 1). M ax im u m  N a q u a n t i ty  in  can o p y  th ro u g h fa ll occurred  
in  M ay (0.596 k g /h a), a n d  a f te r  a decrease in  su m m er i t  again  increased to  
0.318 kg/ha in O cto b er. T h is  la te r  increase can  be ex p la ined  p a r t ly  by th e  high 
level o f p rec ip ita tio n  in  O c to b er and  p a r t ly  b y  th e  m o b ility  o f th e  m onovalen t 
N a  ions which are le a c h e d  m ore easily  from  th e  dy in g  leaves d u rin g  the  a u tu m n  
th a n  a t any o th e r tim e  o f th e  v eg e ta tio n  period . C anopy th ro u g h fa ll m anifests 
a lesser degree of N a e n ric h m e n t th a n  th e  o th e r  e lem en ts su rveyed  prev iously . 
All fou r com binations ex am in ed  ex h ib it a s im ila r tre n d  in  th e  changes of N a 
c o n te n t in canopy th ro u g h fa ll. N a -co n cen tra tio n  in b o th  a tm ospheric  p re 
c ip ita tio n  and can o p y  th ro u g h fa ll h ad  th e ir  m ax im a in  J u ly . The a n n u a l 
developm ent of N a -c o n te n t o f th e  canopy th ro u g h fa ll in all fou r com binations 
show s close sim ila rity .

M anganese

In  the  in v e s tig a te d  period , th e  M n-co n ten t o f a tm o sp h eric  p rec ip ita tio n  
w as only 0.17 k g /h a , b u t  w ith  th ro u g h fa ll 1.39 k g /ha  has reached  th e  soil 
(T able  1); the  g re a te s t a m o u n t was found  in  O cto b er (0.318 kg/ha).

The highest e n r ic h m e n t level o f Mn w as m easu red  in  Ju n e  and  J u ly , 
an d  again in O ctober a n d  N ovem ber (en rich m en t fac to rs  be tw een  25 an d  70). 
E n ric h m e n t in Mn is p ro b a b ly  the  resu lt of leach ing  th e  le a f  tissues (T u k e y , 
1970). The d ev e lo p m en t o f co n cen tra tio n  va lu es  is m ore or less sim ilar to  th a t  
o f th e  cations d iscussed  so far.

Zinc  and iron

B oth  su b stan ces occur only  as trace  e lem en ts  in ra in w a te r . R a in w a te r 
fa lling  th rough  th e  fo liage was increased in zinc co n ten t to  a sign ifican t m easure 
(e.g . th e  en rich m en t fa c to r  was higher th a n  100 in Ju ly ) , b u t  its am o u n t is 
s till ve ry  low in th ro u g h fa ll. The sam e holds fo r iron . D u rin g  th e  en tire  period  
o f  investiga tion , 0.21 k g /h a  Zn and  0.18 k g /h a  Fe have  reach ed  th e  fo res t 
floor by  way of c a n o p y  th ro u g h fa ll. On th e  o th e r  h an d , a tm ospheric  p re c ip ita 
tio n  has con tained  0.13 k g /h a  Zn and  0.09 k g /h a  Fe (Table 1).

Su lpha te-su lphur ( S O ^ S )

P lan ts cover a considerab le  p o rtio n  of th e ir  su lp h u r req u irem en t from  
ra in w a te r  (Ol s e n , 1957; W h i t e h e a d , 1964). T he ecosystem  stud ied  received  
17.83 kg/ha S 0 4-S d u r in g  th e  in v estig a ted  p erio d , an d  th is  am o u n t has sign if
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ic a n tly  increased b y  th e  passage of w ater th ro u g h  foliage to  th e  soil: 46.07 kg 
per ha su lp h a te -su lp h u r  was m easured  in the  th ro u g h fa ll (Table 1). The largest 
q u an titie s  of su lp h a te -su lp h u r  arrived  on th e  soil in M ay an d  O ctober: 13.886 
an d  13.971 kg /h a , re sp ec tiv e ly .

The changes in SO ,-S c o n te n t in canopy  th ro u g h fa ll fo r all four com bi
n a tio n s were closely re la te d  to  th e  S 0 4 ion c o n c e n tra tio n  in a tm o sp h eric  
p rec ip ita tio n . C om paring  th e  com binations, it  can  be s ta te d  th a t  ra in w a te r  
fa lling  th ro u g h  th e  foliage o f sh rubs also scarcely  show ed a higher level of 
en rich m en t. The S 0 4-S c o n te n t is higher for Qu. petraea  can o p y  of th ro u g h fa ll 
th a n  for Qu. cerris u n til  A u g u st, b u t th is  difference d isap p ears  la ter.

The S 0 4-S co n te n t of ra in fa ll passing th ro u g h  th e  foliage o f the  tw o k inds 
o f trees and  sh ru b s in d ica tes  no essential difference.

C oncerning th e  en tire  period  (Fig. 2), it  can  be s ta te d  th a t  th e  S 0 4-S 
c o n te n t o f th ro u g h fa ll was considerable, especially  in  th e  case of Quercus 
petraea  -)- Cornus mas (15.06 kg/ha).

Total-nitrogen content

In  n a tu ra l ecosystem s, th e  n itrogen  c o n te n t rece ived  th ro u g h  a tm o s
pheric  p rec ip ita tio n  is of especial im portance . As a lre a d y  m entioned  u n d er 
“ M ethods” , th e  KjELDAHL-nitrogen and  n itra te -n itro g e n  c o n te n t of the  w a te r 
sam ples was d e te rm in ed  an d  th e  sum  of these tw o re p re se n te d  th e  to ta l n i tro 
gen co n ten t in th e  p re sen t case. NO..-N co n ten t of th e  f irs t  sam ples has also 
been  m easured , b u t  because  of its low presence su b se q u e n t m easurem ents 
have  no t been m ade. In  th e  in v estig a ted  period , 20.09 k g /ha  to ta l-N  was 
received  by  th e  ecosystem , 17.56 kg/ha organic-N  and  2.53 k g /h a  N 0 3-N. This 
N -co n ten t is s ig n ifican tly  h ig h er th a n  th a t  m easured  b y  K ozák  and  Mészáros  
(1971a) for the  1968 -70 m ean  (14.6 kg /h a /an n u m ). On th e  o th e r  han d , canopy  
th ro u g h fa ll co n ta in ed  on ly  17.28 kg/ha, th a t  is 14.95 k g /h a  organic-N  and  
2.33 kg/ha N 0 3-N  (T able 1).

The q u a n tity  o f to ta l-N  in canopy th ro u g h fa ll w as in  som e cases less 
th a n  in  a tm ospheric  p re c ip ita tio n . This is well i l lu s tra te d  b y  th e  curves d e p ic t
ing  co n cen tra tio n  levels (F ig . lc ) ,  in  these in stances th e  en rich m en t factors 
w ere less th a n  1. T h erefo re , canopy  th roughfa ll was n o t en riched  in N, b u t 
ra th e r  im poverished . Ca r l is l e  e t al. (1966) an d  N ih l g Àrd  (1970) have 
observed  the  sam e ph en o m en o n  during  th e ir  in v es tig a tio n s  in  oak  and  beech 
fo rest. The decrease is p r im a rily  describable to  th e  a b so rp tio n  of adsorp tion  
o f  m ain ly  inorgan ic-N  com pounds (e.g. n itra te  com pounds) b y  the  lea f su r
faces from  the  ra in w a te r  (S t e n l i d , 1958). N ex t to  th e  e x tre m e ly  high values 
o f n itrogen  in A pril, th e  m ax im u m  N -co n cen tra tio n  of can o p y  th ro u g h fa ll was 
m easu red  in M ay. E n ric h m e n t fac to rs were be tw een  2.3 — 4 .8 . This increase 
in  M ay was held on ly  for o rgan ic  n itrogen  w ith  re sp ec t to  th e  tw o N form s
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a n d  i t  is p robab ly  closely  re la te d  to  th e  ca te rp illa r g ra d a tio n  ta k in g  place 
in  M ay. A nalyses of c a te rp illa r  ex c rem en ts  in d ica ted  th a t  th e  refuse con ta ined  
la rg e  q u an titie s  of o rg an ic -n itro g en  an d  th a t  th is  value w as re flec ted  in the 
M ay m axim um .

Phosphate-phosphorus  ( P 0 4-P)

A tm ospheric  p re c ip ita tio n  co n ta in ed  re la tiv e ly  l i ttle  q u a n titie s  of 
p h o sp h o ru s: 1.32 k g /h a  in th e  in v es tig a tio n  period ; can o p y  th ro u g h fa ll 
en rich ed  the  soil by  2.08 k g /h a  (T able 1). The h ighest en ric h m e n t reg istered  
fo r can o p y  th ro u g h fa ll w as m easu red  in M ay, w hich, s im ila rly  to  th e  n i t
ro g en  en rich m en t, w as p ro b a b ly  caused  b y  ca te rp illa r g ra d a tio n  since the 
P 0 4-P  co n ten t of th e  e x c re m e n t w as also high.

B o th  a tm o sp h eric  p re c ip ita tio n  and  canopy th ro u g h fa ll show ed an 
in c rease  in co n c e n tra tio n  for J u ly  (in th e  sum m er en ric h m e n t w as higher). 
In  N ovem ber a second  e n ric h m e n t m ax im um  also a p p ea red .

Chlorine

A lthough it be longs am ong th e  m acroelem ents, chlorine p lays an insignif
ic a n t role as a m inera l n u tr ie n t . In  th e  s tud ied  period  12.60 k g /h a  chlorine 
a rr iv ed  in the ecosystem  w ith  ra in fa ll. This q u a n tity , if  co m p ared  to  th a t  in 
m a ritim e  litto ra l a reas (100 200 k g /h a /an n u m ), is in sig n ifican t ( R a p p , 1969).
12.88 k g /ha  chlorine w as m easu red  in  d u rin g  th e  in v es tig a tio n  period  (Table 1). 
C onsequen tly , v e g e ta tio n  has n o t c o n tr ib u te d  s ig n ifican tly  to  th e  increase 
o f C l-con ten t of ra in w a te r .

The four co m b in a tio n s o f p re c ip ita tio n  arriv ing  to  th e  soil show  sim ilar 
te n d e n c y  w ith  re sp ec t to  change in  C l-conten t (Fig. 1/c): th ro u g h fa ll o f the 
tw o  sh rub  species is en rich ed  to  a g rea te r  degree th a n  can o p y  th ro u g h fa ll no 
in te rc e p te d  by  sh ru b  foliage.

Summary

The paper deals w ith  one b ra n c h  of m ineral cycle in th e  Quercetum  
petraeae-cerris fo rest e co sy stem : th e  m ineral con ten t o f can o p y  th ro u g h fa ll 
g e tt in g  in to  the  sy s tem  as m easu red  for 1974.

W e have m easu red  th e  q u a n t i ty  of eleven e lem en ts p re se n t in  a tm o s
p h e ric  p rec ip ita tio n  an d  can o p y  th ro u g h fa ll. B y know ing  th e  am o u n t of 
p re c ip ita tio n , th e  c o n c e n tra tio n  levels an d  canopy  d e n s ity  we have com puted  
th e  am o u n t of the  n u tr ie n t  m a te ria l p re sen t in  canopy th ro u g h fa ll th a t  reaches 
1 h e c ta re  of the  fo re s t floor a rea  (F e b ru a ry  27 th ro u g h  D ecem ber 4, 1974): 
27.017 kg p o tassium , 23.28 kg  calc ium , 4.55 kg m agnesium , 1.84 kg n a tr iu m ,
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1.39 kg  m anganese , 0.21 kg zinc, 0.18 kg  iron , 45.07 kg  su lp h a te -su lp h u r, 
17.28 kg to ta l n itro g en , 12.88 kg  ch lorine an d  2.08 kg p h o sp h a te -p h o sp h o r.

P o tassiu m  an d  su lp h u r c o n tr ib u te s  m o st s ig n ifican ty  to  th e  en rich m en t 
o f can o p y  th ro u g h fa ll (en rich m en t m a x im a  were reached  in  A ugust an d  
N ovem ber). The e x te n t  o f  e n rich m en t w ith  respect to  p re c ip ita tio n  w as fo r 
p o ta ss iu m  1.2 — 30.1, ca lcium  1.1 6.4, m agnesium  1.1 13.0, m anganese
2.2 70.9, su lp h u r 1 .2 -  8.0, p h o sp h o ru s 1 .4 — 11.0 fold. N itro g en  and  p h o s
p h o ru s  en rich m en t m ax im a coincide w ith  ca te rp illa r g ra d a tio n  occurring  
in  M ay.
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Table 1

Date

27. II - 1 3 .  I l l

13. I I I - 2 4 .  IV

24. IV 22. V

22. V 19. VI

19. VI 31. VII

31. V II 29. VIII

29. VIII 2. X

2. X  30. X

30. X 4. X II

2  27. II 4. X II

Bioelement content o f rainfall and throughfall in an oak-forest (Quercetum petraeae-cerris). (2 7  F ebr.-

precipitation; В =  throughfall (1 =  Quercus petraea;  2 =  Qu. cerris; 3 =  Qu. petraea  +  Acer cam pestre; 4 =  Qu. petraea  +  Cornus m as); 13(1 - 4 ) - A
Г elem ent concentration of throughfall in mg/1 ]
L e lem en t concentration of rainfall in mg/1 J ’

b =  enriching factor

4 Dec., 1974) — in kg/ha

= D ifference between throughfall and rainfall; a =  b ioelem ent content in kg/ha; 

=  not analysed

Rainfall type
Rainfall

quantity,
mm

К Ca Mg Na Mn Zn Fe S04-S Total-N Cl P04 P
a 1) a b a 1 b a b a b a b a b a b a b a b a b

A 4.3 0.044 0.210 0.022 0.016 0.004 0.0013 0.0014 0.329 0.182 0.163 0.0175
B -l 0.018 1.5 0.078 1.3 0.009 1.4 0.009 2.2 0.003 2.9 0.0006 1.7 0.0011 3.0 0.131 1.4 0.073 1.5 0.039 0.8 0.0047 2.3
B-2 3.6 0.011 1.8 0.045 1.5 0.005 1.5 0.007 3.3 0.002 3.1 0.0003 1.4 0.0005 2.7 0.072 1.5 0.042 1.6 0.023 1.0 0.0023 2.1
B-3 0.014 1.6 0.053 1.3 0.005 1.3 0.005 1.5 0.002 2.8 0.0002 1.1 0.0006 2.3 0.098 1.6 0.061 1.8 0.029 0.9 0.0036 2.5
B-4 0.011 1.2 0.064 1.1 0.005 1.2 0.005 1.5 0.002 2.2 0.0003 1.0 0.0009 3.1 0.080 1.2 0.059 1.6 0.028 0.8 0.0021 2.0

B(1 —4) - A - 0.7 +  0.010 +  0.030 +  0.002 +  0.010 +  0.005 +  0.0001 +  0.0017 +  0.052 +  0.053 - 0 .0 4 4 +  0.0062

A 3.3 0.083 0.360 0.047 0.018 0.003 0.0009 0.0002 0.517 0.300 0.0113
B -l 0.089 9.8 0.129 2.7 0.026 5.2 0.006 2.1 0.007 18.9 0.0006 4.3 0.0007 31.4 0.148 1.5 0.097 1.7 0.0127 5.8
B-2 1.4 0.027 2.4 0.069 1.4 0.012 1.6 0.002 1.2 0.002 4.4 0.0002 1.4 0.0002 6.0 0.057 0.8 0.032 0.8 n.a. 0.0021 1.4
B-3 0.047 13.0 0.086 4.0 0.017 7.8 0.003 2.3 0.003 16.3 0.0003 4.4 0.0004 27.3 0.146 2.6 0.075 2.3 0.0075 6.2
B-4 0.059 10.5 0.091 2.9 0.018 5.6 0.004 2.4 0.005 18.9 0.0004 4.8 0.0004 27.0 0.163 3.9 0.081 3.1 0.0093 9.7

B(1 4) - A 1.9 A 0.139 +  0.015 +  0.026 0.003 f  0.014 4  0.0006 +  0.0015 - 0.003 — 0.015 +  0.0203

A 78.6 1.320 1.359 0.110 0.369 0.079 0.0212 0.0078 4.027 2.227 1.616 0.1439
B-l 2.016 8.9 0.517 2.4 0.174 9.3 0.188 2.9 0.089 6.8 0.0071 1.9 0.0121 8.4 3.954 5.7 1.308 3.4 0.646 2.3 0.1681 7.1
B-2 60.9 0.638 4.1 0.243 1.4 0.078 5.9 0.136 3.3 0.033 3.4 0.0045 1.7 0.0050 5.6 1.750 3.6 0.800 3.1 0.384 1.9 0.0497 2.9
B-3 2.126 11.5 0.575 3.0 0.183 11.9 0.111 2.1 0.092 8.4 0.0058 1.9 0.0103 9.3 4.555 8.0 1.507 4.8 0.610 2.6 0.1929 9.6
B-4 1.780 9.3 0.404 2.0 0.147 9.2 0.161 3.0 0.095 8.4 0.0065 2.1 0.0094 8.3 3.627 6.2 0.739 2.3 0.519 2.2 0.2312 11.0

B(1 4) A - 1 7 .7 +  5.240 +  0.380 +  0.470 +  0.227 +  0.230 +  0.0027 +  0.0290 +  9.859 +  2.127 +  0.543 +  0.4981

A 104.6 4.182 1.589 0.167 0.261 0.010 0.0366 0.0523 2.214 2.084 2.149 0.1150
B-l 2.917 3.6 0.808 2.6 0.218 6.7 0.090 1.8 0.088 43.6 0.0206 2.9 0.0275 2.8 1.746 4.1 0.731 1.8 0.838 2.0 0.0696 3.1
13-2 81.0 0.660 1.4 0.310 1.8 0.094 5.1 0.036 1.2 0.046 40.7 0.0111 3.1 0.0066 1.0 1.203 4.9 0.176 0.7 0.292 1.2 0.0277 2.3
B-3 1.557 2.6 0.623 2.6 0.153 6.3 0.073 1.8 0.072 48.3 0.0130 2.4 0.0302 3.8 1.632 5.0 0.410 1.3 0.553 1.7 0.0396 2.4
B-4 1.648 2.5 0.567 2.3 0.307 13.0 0.063 1.6 0.055 33.7 0.0203 3.6 0.0135 1.7 0.941 2.7 0.474 1.4 0.471 1.4 0.0547 3.0

B (l —4) — A 23.6 +  2.600 +  0.719 +  0.605 +  0.001 -1 0.251 +  0.0284 +  0.0255 +  3.308 0.293 +  0.005 +  0.0766

A 40.3 0.397 2.383 0.401 0.167 0.008 0.0004 0.0039 3.104 1.057 1.098 0.2712
B -l 1.250 17.2 1.074 2.4 0.281 3.8 0.077 2.5 0.037 25.7 0.0116 164.0 0.0097 13.6 1.181 2.0 0.354 1.8 0.430 2.1 0.0574 1.1
B-2 27.1 0.516 12.6 0.527 2.1 0.148 3.5 0.054 3.0 0.023 28.0 0.0045 108.0 0.0036 8.3 0.508 1.5 0.141 1.2 0.365 3.1 0.0170 0.6
B-3 0.860 19.6 0.759 3.0 0.153 3.7 0.041 2.0 0.029 35.1 0.0088 217.0 0.0084 19.0 0.643 1.9 0.310 2.5 0.332 2.4 0.0402 1.1
B-4 0.825 15.8 1.557 5.1 0.294 5.8 0.047 2.2 0.017 16.1 0.0023 48.0 0.0030 6.0 0.644 1.6 0.354 2.6 0.393 2.8 0.0678 1.9

13(1 -4 ) A 13.2 +  3.054 +  1.534 +  0.475 +  0.052 +  0.098 +0.0268 +  0.0208 - 0 .1 2 8 -  0.102 +  0.422 -0 .0 8 8 7

A 90.1 0.135 2.477 0.207 0.090 0.018 0.0045 0.0180 2.975 5.622 1.501 0.3064
B-l 0.582 25.0 1.741 4.0 0.311 8.6 0.059 3.8 0.020 6.4 0.0051 6.6 0.0100 3.2 0.802 1.5 0.940 0.9 0.465 1.8 0.0693 1.3
13-2 64.9 0.361 23.9 1.027 3.4 0.153 6.0 0.028 2.7 0.016 7.5 0.0054 10.0 0.0082 4.0 0.490 1.4 0.447 0.7 0.290 1.7 0.0594 1.8
B-3 0.495 30.1 1.352 4.0 0.263 10.2 0.039 3.4 0.024 11.3 0.0056 9.6 0.0079 3.5 0.517 1.4 0.624 0.9 0.315 1.6 0.0684 1.8
B-4 0.514 26.7 2.251 6.4 0.156 5.2 0.061 4.7 0.028 11.0 0.0060 9.2 0.0082 3.2 0.589 1.4 0.761 0.9 0.370 1.7 0.0948 2.1

B(1 — 4) A 25.2 -+1.817 J 3.894 +  0.676 +  0.097 +  0.070 +  0.0176 + 0 .0163 -0.577 - 2 .8 5 0 0.061 0 .0145

A 52.9 0.211 0 01 03 0.095 0.217 0.026 0.0265 0.0106 1.771 2.696 1.208 0.1775 1
B -l 0.474 12.4 0.574 2.9 0.081 4.5 0.063 1.5 0.043 8.6 0.0051 1.0 0.0028 1.4 1.068 3.6 0.625 1.2 0.522 2.3 0.0578 1.7

B-2 38.7 0.341 14.5 0.366 3.0 0.055 4.9 0.039 1.6 0.031 10.4 0.0045 1.4 0.0010 0.8 0.756 3.8 0.365 1.2 0.297 2.2 0.0502 2.6

B-3 0.385 14.0 0.711 4.7 0.093 7.0 0.043 1.4 0.035 10.3 0.0042 1.2 0.0025 1.8 0.938 4.1 0.448 1.2 0.425 2.6 0.0334 1.4

B-4 0.427 14.4 0.706 4.8 0.097 7.3 0.045 1.4 0.029 7.8 0.0041 1.1 0.0017 1.1 1.158 4.6 0.452 1.1 0.423 2.5 0.0386 1.5

B(1 4) A 14.2 +  1.416 4 1.299 +  0.231 0.027 +  0.112 0.0086 0.0026 +  2.149 -0 .8 0 6 +  0.459 +  0.0025

A 194.0 0.992 7.146 1.211 0.258 0.020 0.0238 0.0 1.942 5.028 4.533 0.2717

B -l 1.480 8.2 1.430 1.1 0.254 1.1 0.081 1.6 0.092 24.4 0.0106 2.3 0.0 2.768 7.7 1.156 1.2 0.873 1.0 0.1130 2.2

B-2 157.5 0.697 5.3 0.493 0.5 0.076 0.5 0.051 1.5 0.059 23.0 0.0069 2.2 0.0 1.652 6.4 0.650 1.0 0.401 0.6 0.0511 1.4

B-3 1.373 8.8 0.992 0.8 0.179 0.9 0.060 1.4 0.099 32.0 0.0102 2.5 0.0 2.507 7.7 0.992 1.1 0.952 1.2 0.1099 2.6

B-4 1.705 10.5 1.442 1.2 0.314 1.5 0.055 1.2 0.068 20.0 0.0105 2.6 0.0 7.044 22.0 0.995 1.2 1.004 1.3 0.1721 3.9

B(1 4) -  A - 3 6 .5 +  4.263 -2 .7 8 9 -0 .3 8 8 - 0 .0 1 1 +  0.298 +  0.0144 +  12.029 -1 .2 3 5 1.303 +  0.1744

A 27.1 0.070 0.818 0.048 0.068 0.004 0.0143 0.0 0.956 0.900 0.361 0.0200

B-l 0.332 23.1 0.494 3.0 0.063 6.5 0.046 3.3 0.048 64.8 0.0034 1.2 0.0 0.820 4.2 0.353 1.9 0.174 2.3 0.0300 7.2

B-2 23.3 0.239 27.8 0.470 2.3 0.030 5.1 0.014 1.7 0.033 70.9 0.0020 1.2 0.0 0.444 3.8 0.150 1.3 0.107 2.4 0.0120 ' '• 4.9

B-3 0.222 21.5 0.309 2.6 0.037 5.3 0.016 1.7 0.029 53.8 0.0025 1.2 0.0 0.514 3.8 0.231 1.7 0.115 2.1 0.0130 4.6

B-4 0.321 24.5 0.334 2.2 0.057 6.7 0.024 1.9 0.035 45.9 0.0021 0.7 0.0 0.813 4.4 0.267 1.6 0.202 2.9 0.0380 9.5

B(1 4) -  A -  3.8 +  1.044 +  0.789 +  0.139 -I- 0.032 +  0.141 —0.0043 +  1.635 +  0.101 +  0.237 +  0.0730

A 595.3 7.430 17.40 2.31 1.46 0.17 0.13 0.09 17.83 20.09 12.62 1.32

B(1 4) 456.6 27.017 23.28 4.55 1.84 1.39 0.21 0.18 46.07 17.28 12.88 2.08

B(1 —4) -  A - 1 3 8 .7 +  19.587 +  5.88 +  2.24 +  0.38 +  1.22 +  0.08 +  0.09 +  28.24 -2 .8 2 +  0.26 +  0.76
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ELIMINATION OF CHROMOSOMES 
IN AN ALLOPLOID HYBRID 

OF NICOTIANA TABACUM xN. GLAUCA

B y
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BOTANICAL RESEARCH INSTITUTE OF THE HUNGARIAN ACADEMY OF SCIENCES VÁCRÁTÓT 

(Received Septem ber 26, 1975)

Cytogenetic studies were carried out on alloploid hybrid progenies of N icotiana  
labacum  (K entucky) X N . glauca. The first hybrid generation was m orphologically in ter
medier w ith regular m eiosis (n =  36ц). In the T 2— F4 generations considerable segrega
tion was observed in sp ite of the alloploid condition. W hite flowered plants were selected  
in the fourth generation , which were stabilized in F 5 and showed 2n =  48, n =  24 
chromosome num ber instead of 2n =  72, n =  36 as the F x. The karyotype analyses 
of the plants w ith  decreased chromsome number suggest that the missing 12 chrom o
some pairs belong to  one (possibly T) or both (ST) genom es o f N . tabacum.

Introduction

W ith in  the  genus N icotiana  h y b rid s  can be re a d ily  form ed betw een  
tax o n o m ica lly  rem o te  species, b u t th e se  hy b rid s  u su a lly  show  a high degree 
o f  pollen sterility . F e r tile  am phid ip lo ids or alloploids can  be ra ised  by  crossing 
a u to te tra p lo id  d e r iv a tiv e s  of species.

There are h u n d re d s  o f diploid an d  polyp lo id  N ico tia n a  hy b rid s  pub lished  
so fa r. In  a prev ious p a p e r  we also gave an  acco u n t o f hy b rid s  p roduced  
a rtific ia lly  (Sz i l á g y i , 1970). These allop lo id  hyb rid s  are  u su a lly  fertile , b u t  
(unlike the tru e  am p h id ip lo id s) because o f th e  occurence o f hom oeologue b iv a 
le n t fo rm ation  (au to sy n d esis) there  is som e seg regation  in  th e ir  progeny.

Selective e lim in a tio n  of ce rta in  genom es has a lre a d y  been  rep o rted  in 
th e  lite ra tu re . As an  ex am p le , in the h e p ta p lo id  h y b rid  o f Triticale (8x) X T r iti
cale (6x) (2n =  7x =  49 ; genom ic fo rm u la  A A B B D SS) th e  w hole “ D ”  genom e 
is o ften  lost (K iss , 1966). Selective e lim in a tio n  of c e r ta in  genom es has also 
been  used  to  p ro d u ce  hap lo id  p lan ts  ( S u b r a h a n y a m  and  K a s h a , 1973). T he 
p re se n t article re p o rts  on th e  chrom osom e e lim in a tio n  in  an alloploid  d e riv a 
tiv e  o f th e  N . tabacum  (K en tu ck y ) X  N . glauca  cross.

Materials and methods

The Nicotiana tabacum  (K entucky) X N . g lauca  alloploid (2n =  72) was produced in 1968. 
The hybridization programme started with an inbred line of N . tabacum  “ K entucky” (2n =  48) 
and the wild species N . g lauca  (2n =  24), raised from seeds of a botanical garden. 0.5 per cent
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colchicine solution was applied to obtain autopolyp loids (2n =  96 and 48, respectively), and 
these were crossed to get the fertile  alloploid. The progeny was grown up in the greenhouse and 
experim ental garden of the In stitu te  of G enetics (H A S), Budapest.

M eiotic and m itotic  preparations were m ade w ith the standard acetocarm ine m ethod. 
For the karyotype analysis, a pretreatm ent w ith  0.2 per cent colchicine was applied for 2.5 
hours. Pollen fertility was judged by the proportion of stainable (acetocarm ine) pollen (1500 
counts from each sam ple). M icrophotographs were taken with MF Zeiss, set up on an N F pK  
Zeiss research microscope.

Results

1. The m orpho logy  o f the  N . tabacum  (K en tucky) X N . glauca  F 4 alloploid  
w as in te rm ed ie r (F ig . 14). I ts  m eiosis w as fa irly  reg u la r, show ing  36 b iv a len ts  
a t  m e tap h ase  I , an d  occasionally  1 — 3 qu ad riv a len te  (F ig . 1), re su ltin g  in  
4 6 %  fertile  pollen g ra in s.

2. A m ong th e  F 2 p rogen ies, m orpho log ica lly  d iffe ren t ty p e s  w ere found .
T h e y  w ere classified in to  tw o m ain  g ro u p s, one was a p p ro a c h in g  N . tabacum  
(F igs 16 and 17), th e  o th e r  was c h a ra c te riz e d  b y  a flow er s im ila r to  N . glauca  
(F ig . 15). In  the  f irs t  g roup  we o b se rv ed  16 per cen t po llen  fe r tility , while th e  
second  group was m ore fertile  w ith  41 p e r cent of s ta in a b le  pollen. The low 
fe r t i l i ty  of th e  N . tabacum -\ike  p la n ts  was paralle led  b y  th e  irreg u la ritie s  
o b serv ed  a t m eiosis. 2 4 u n iv a le n ts  w ere often found a t  m e ta p h a se  I. (F ig. 2)
an d  som etim es a fo rm a tio n  of ch rom osom e bridge w as also visib le (F ig. 3). 
T he m eiosis of g lau ca -ty p e  p lan ts , on th e  o th e r h an d , w as reg u la r w ith  36 b i
v a le n ts  a t m e tap h ase  I .

3. A nalysing th e  F ;1 gen era tio n , we noticed th a t  th e  p la n ts  resem bling
N . glauca  m orphologically  and  cy to lo g ica lly  have been  s tab ilized  (n =  36 b i 
v a le n ts  a t  m eiosis; F ig . 8). On th e  co n tra ry , th e  N . tabacum-Yike p la n ts  
seg reg a ted  fu rth e r , a n d  am ong th e m  we sorted  o u t p la n ts  w ith  decreased  
chrom osom e n u m b er (n =  30, n =  24, respective ly ; F igs 9 and  10). Beside 
th e  com m only found  m eio tic  chrom osom e n u m b er (30, 24) in  th ese  p la n ts , som e 
p o llen  m o th er cells e x h ib ite d  as low  as 10, 6, 4 and even  2 b iv a le n ts  only  (F igs 
4 7). These a b n o rm a lly  low chrom osom e-num bered  cells were e lim in a ted
d u rin g  pollen m a tu ra tio n . The n u m b e r  of m u ltiv a len ts  w as genera lly  v e ry  
low , m ax im um  0 3iv-

4. The selected  tabacum -like p la n ts  o f n =  24 chrom osom e n u m b er of F 3 
w ere un iform . One o f th em  p ro d u ced  five w hite-flow ered  p la n ts  in th e  F 4 
gen era tio n . These wrh ite -flow ered  p la n ts  (n =  24) h ad  22 p e r cen t o f fertile  
po llen .

5. The n e x t p ro g en y  (F 5) ra ise d  from  the  p lan ts  o f w 'hite flow er gave 
u n ifo rm ly  w h ite-flow ered  p lan ts  w ith  24ц b iv a len ts  a t  m eiosis.

In  the  F 4 h y b rid s  as well as in  th e  p lan ts  of la te r  g en era tio n s of th e  sam e 
chrom osom e n u m b e r, th e  se p a ra tio n  of certa in  genom es in m ito tic  an d  
m eio tic  m etaphases w as clearly  v isib le  (Figs 11, 12 an d  13).

Acta Botanica Academiae Scient.iarum Hungaricae 21, 1975



ELIMINATION OF CHROMOSOMES IN AN ALLOPLOID HYBRID . .. 4 3 5

Fig. 1. Meiosis of the F , alloploid of N icotiana  tabacum  (K entucky) X JV. glauca showing
36 bivalen ts (x 8 0 0 )

Fig. 2. Meiosis in the F 2 generation showing 4 univalents and 34 b ivalents (x 8 0 0 )  
Fig. 3. Chromosome bridge in an F 2 plant ( X 800)

F igs 4— 7. Meiosis in the F 3 generation of th e  N . tabacum  (K entucky) X N . glauca alloploid 
showing decreased numbers of chrom osom es (bivalents) ( X 800)
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Fig. 8. Meiosis of the “ glauca”  type progeny showing 36 bivalents ( X  1000)
F igs  9, 10. Meiosis o f the plants w ith  decreased chromosome number (xlOOO)

F ig . 11. Mitosis of the diploid hybrid N . tabacum  (K entucky) X  N . glauca  showing 2n =  36
(XlOOO)

F ig . 12. Mitosis of the alloploid hybrid N . tabacum  (K entucky) X N . glauca  showing some 
degree of genom ic separation (xlOOO)

Fig. 13. Meiosis in the sam e alloploid plant w ith a tendency of genom e separation ( X 800)
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Fig. 14. A llopioid  Fj plant o f N . tabacum  (K entucky) X N . glauca 
F ig . 15. G lauca type segregant in the F 3 generation of the alloploid

ln  order to  id e n tify  the e lim in a ted  chrom osom es, k a ry o ty p e  analysis 
w as done on the  2n =  48 p lan ts  and  th is  was com pared  w ith  th e  know n k a ry o 
ty p e s  of bo th  N . g lauca  and  N . tabacum. A ccord ing  to  K o s t o f f  (1943) an d  
G o o d s p e e d  (1954), th e  chrom osom es o f N . glauca  are la rg e r an d  th e ir  m orp h o l
ogy  is also c h a ra c te ris tic a lly  d is tin c t. The N . glauca  k a ry o ty p e  consists of 
1 m e tacen tric , 1 su b m e ta c e n tr ic  an d  10 acro cen tric  p a irs  of chrom osom es. 
O n th e  o ther h a n d , N . tabacum  has 10 m e tacen tr ic , 5 su b m etacen tric  p lus 
9 acrocen tric  ch rom osom e pairs.

In  th e  id e n tif ic a tio n  o f chrom osom es in  th e  k a ry o ty p e  of N . tabacum X  N . 
glauca  alloploid p ro g e n y  w ith  decreased  chrom osom e n u m b e r (2n =  48) 
(F ig . 18), we to o k  a d v a n ta g e  of the  associa tion  of chrom osom es of the  sam e 
genom e. A sim ilar chrom osom e a rran g em en t has been  found  in  o th e r p lan ts  
to o  ( H e n e e n , 1962; F e l d m a n , 1966).

In  the  h y b rid  w ith  decreased chrom osom e n u m b e r th e re  were only four 
p a irs  of m e tacen tric  chrom osom es, th u s  7 p a irs  w ere m issing  in  th is  ca tegory .
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Figs 16 -17. T abacum  type segregants in the F 3 generation o f the alloploid

S im ila rly  only four p a irs  o f su b m e ta c e n tr ic  b u t 16 pairs of ac ro cen tric  ch rom o
som es were observed , m ean ing  th a t  2 p a irs  of su b m e tacen tric  an d  3 pairs of 
ac ro cen tric  chrom osom es were lost. In  th e  m ean tim e, large chrom osom es o f 
p o ssib ly  N . glauca o rig in  were p re se n t (F ig . 18: first 2 p a irs  in g roup  a and  h ; 
f i r s t  10 pairs of g roup  c).

Discussion

C ytogenetic an a ly ses  of severa l d ip lo id  in terspecific  Nicotianci hy b rid s  
p o in ted  out the g en e tica l re la ted n ess  o f  th e  species. T his is re flec ted  in th e  
presence  of b iv a len ts  in  the  d ip lo id  h y b rid , b u t because  o f p re fe ren tia l 
p a ir in g  the q u a d riv a le n t fo rm atio n  is ra re  in th e ir  a llo te trap lo id  d e riv a tiv es . 
T h u s , m any  alloploids show  d ip lo id -like  meiosis ( K e h r  an d  S m i t h , 1952). 
A m axim um  of 6 8 b iv a len ts  w as o b served  by  K o s t o f f  (1943) an d  G o o d -
s p e e d  (1954) in th e  in terspecific  h y b rid  of N . tabacum X N . g lu tinosa , w hile 
in  th e i-  alloploid th e re  was no m u ltiv a le n t a t all, and  th e  w hole m eio tic  p ro 
cess was fully reg u la r. S im ilarly , K e h r  and  S m ith  (1952) re p o r te d  on a h igh  
degree of chrom osom e pa irin g  (9 10 b iv a len ts) in th e  N . tabacum X  N . glauca
d ip lo id  hybrid , h u t th e  m u ltiv a le n t freq u en cy  a t th e  alloploid  level was fourni 
to  be unexpec ted ly  low  (0—3iv) w h ich  is th e  same as o u r d a ta .
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С

F ig. 18. K aryotype of the N . tabacum  (K entucky) x  N . glauca  alloploid, a) m etacentric; 
b) subm etacentric; c) acrocentric chrom osom es ( X 800)

O ur prev ious o b se rv a tio n s on in te rsp ec ific  crosses betw een  N icotiana  
species w ith  2n =  24 chrom osom e n u m b e r revealed  th e  h igh s ta b ility  of th e ir  
alloploid  deriva tives ev en  a fte r  the  fo u rth  gen era tio n . T he h y b rid  described  
in  th is  p ap e r is, how ever, d ifferen t, because  one o f th e  p a re n ts  is a lread y  o f 
a lloploid  origin (JV. tabacum ). Thus th e  po lyp lo id  d e riv a tiv e  o f our N . taba- 
c u m X N .  glauca  h y b rid  corresponds to  th e  hexap lo id  (allohexaplo id) level 
based  on x  =  12.

In  Г 2 genera tio n  th e re  was a c h a ra c te ris tic  seg rega tion  (in spite  o f th e  
po lyp lo id  level), and  s tab ile  lines were iso la ted  only  a t  th e  fo u r th -f if th  gen era 
tio n s . Segregation  in  th e  alloploid  (invo lv ing  N . tabacum) F 2, F 3 g en era tio n s

Acta Botánica Academiae Scientiarum Hungaricae 21, 1975



440 SZILÁGYI, L.

lias a lread y  been re p o r te d  b y  S m it h  e t al. (1953). These a u th o rs  p ro d u ced  
a m u ltip le  alloploid of N . bigelovii, N . debneyi and  N . tabacum . All th re e  spe
cies are  believed to  be o f  a llop lo id  orig in . A m ong th e  s elfed  p ro g en y  o f th e  
h y b r id , th ree  m orpho log ica lly  d is tin c t lines were s e p a ra te d , w hich  w ere p ro 
ven  to  be stable in la te r  g en era tio n s. A ccord ing  to  th e  cy to log ica l ana lysis , 
th e se  w ere all o f dec reased  chrom osom e n u m b er, n =  57, n =  56, 52 an d  
51 as com pared  w ith  th e  2n =  144 F j  p la n ts .

T he e lim ination  o f  th e  whole N . p lum bagin ifo lia  genom e in N . taba- 
c u m x N .  p lum bagin ifo lia  h y b rid  is also know n  (D a v i e s , 1974).

Considering the  re su lts  o f our ex p e rim e n t, we m ay  sym bolize th e  genom e 
co m p o sitio n  of the  h y b rid s  observed  as follows:

(N . tabacum -SSTT , b e ing  an a llo te trap lo id )

P

F i

f 4

SSSSTTTT 
2n =  96

i
SSTT 

n =  48

GGGG 
2n =  48

I
I■Y

GG

X n  =  24

1
SSTTGG
2n =  72

1
STG 

n =  36 

1
n =  24

S =  N . silvestris; T  =  N . tom entosiform is; G =  N . glauca

The origin of n  =  24 from  n =  36 can  be exp la ined  b y  th e  e lim in a tio n  
12 chrom osom es from  th e  com plete STG  genom e. The sim p lest case w ould be 
th e  loss of a whole genom e (as in th e  7x Triticale  a lread y  m en tioned ) each  
co n sis tin g  of 12 chrom osom es.

The pink-w hite flo w er colour ch an g e  accom pany ing  th e  n =  36 —>■ 24 
tra n s i t io n  suggests th a t  if  whole genom e e lim ination  was in v o lved  th e  m issing 
genom e should have b een  th a t  of p ink -flow ered  N . tom entosiform is.

The k a ry o ty p e  an a ly sis  of th e  n  =  24 ch rom osom e-num bered  p la n ts  
(F ig . 18) points to  th e  sam e d irec tion . A ccording to  ou r o b se rv a tio n s , all th e
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large N . glauca  chrom osom es are p re se n t in  th e  n — 24 p la n ts . On th e  o th e r  
h a n d , th e  e lim in a ted  7 m e tacen tric , 2 su b m e ta c e n tr ic  an d  3 acro cen tric  
chrom osom e p a irs  are m em bers of th e  N . tabacum  k a ry o ty p e  w hich is k n o w n  
to  consist o f an c e s tra l genom es of N . silvestris  an d  N . tom entosiform is.

An a lte rn a tiv e  ex p lan a tio n  w ould he th a t  th e  12 m issing chrom osom es 
do n o t rep resen t a w hole genom e, b u t  r a th e r  a m ix tu re  o f N . tabacum  ch ro m o 
somes from  th e  S an d  T  genom es. F u r th e r  crossing ex p erim en ts  (invo lv ing  
h y b rid iza tio n  w ith  sy n th e tic  SSGG =  N . silvestris  X  N . glauca  a llo te trap lo id ) 
are in progress to  c la rify  th is  am b ig u ity .
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Authors adopt and re-interpret D e v a d e s  and B e c k ’s (1971) architecture instead  
of the inadequately defined morphological concept, for a better  approach of the spatia l 
arrangement proportions and function of organs construing the plant.

A t a given tim e, organs — architectural elem ents —  in various stages o f devel
opm ent, weight and surface capable for assim ilation are found on the plant.

The length value distribution of internodes building up the main axe m ay be 
characterized in species o f a lim ited growth w ith  the general M i t s c h e r l i c h  S-shaped  
curve.

The length of petioles of basal and stem  leaves is described by a parabole.
The dry w eight and assim ilating surface area per internode are only partially  

parallel in value w ith  each other. Even at the beginning of the flowering of the 
main um bel, the greatest proportion of w eight is yielded by the primary inflorescence  
axis together w ith the m ain um bel and the side shoots and the leaves.

There is no significant, linear correlation between the dry weight of height and 
the assim ilating surface area per vertical zones.

These results ind icate that the surfaces producing organic m atter and the place 
of accum ulation happen in different points o f the plant.

Introduction

The len g th  values o f  th e  diverse o rg an s (p rim arily  o f th e  in te rn o d es) 
d u ring  g ro w th  or on th e  fu lly  developed  p la n t  w ere m easu red  and  p a r t ly  
in te rp re te d  b y  Gr i e s e b a c h  (1843), to  e s tab lish  th e  in tercalai- g ro w th  of 
A stran tia  m ajor ; b y  T roll  (1937) an d  K ováts  (1973), to  describe m ore e x a c tly  
(w ith  reference  to  th e  lo n g itu d in a l va lues o f th e  m ain  an d  la te ra l axes p e r  
in ternode). The m orph o lo g y  of several o th e r  species; b y  W e s s e l y  (1960), 
B a r á t h — Má t h é  j r . ,  Má t h é  (1973), to  solve tax o n o m ic  p rob lem s in So lanum  
species.

N ow aday , th e  m orpho log ical analysis  o f  th e  com plex  a rch itec tu re*  
for th e  p la n t k ingdom  as follow s: “ A rch itec tu re  is th e  a sp ec t o f m orpho logy

* The term  architecture, as defined by W e b s t e r ’s “ N ew  International D ictionary”  
(cf. H i c k e y , l.c .), was adopted by D e v a d e s  and B e c k  (1971).
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w h ich  applies to the spatia l con figuration  and coordination o f  those e lem en ts  
m a k in g  up part o f  a p lant w ith o u t  regard  to  h isto logy , fun ct ion ,  origin, or 
h o m o lo g y ” (cf. H i c k e y ).

C harac te riz ing  also th e  U m belliferae , w ith  due respect also to  in te rn o d ia l 
le n g th  values, to g e th e r  w ith  th e  o b se rv a tio n s  concern ing  th e  p a r tia lly  co r
re la te d  d is tr ib u tio n  cond itions b e tw een  assim ila ting  surface and  w eigh t are 
w a n tin g  in  l i te ra tu re .

Follow ing D e v a d e s  and  B e c k ’s co n cep t, p la n t a rc h ite c tu re  is given 
b y  th e  p ro p o rtio n a te  sp a tia l a rra n g e m e n t a n d  coo rd in a tio n  o f  organs as a rc h i
te c tu ra l  e lem en ts, m odified for special fu n c tio n s  and  th e re b y  re flec tin g  in th e ir  
p ro p o rtio n s  also e n v iro n m en ta l co n d itio n s .

The a rc h ite c tu re  o f anise is b u ilt  u p  o f the  follow ing e lem en ts: ta p -ro o t, 
m a in  axis an d  side shoo ts d iv ided  in to  in te rn o d es v a rious len g th s , leaves of 
d iffe ren t surface areas and shapes, an d  th e  ep igynous, and ro g y n e  flow ers 
a rran g ed  in to  um bels and  um b e lle ts . T he epigeous e lem ents o f  th e  p la n t are 
a rra n g e d  along a spiral axis, w ith in  w hich  the  beg inn ing  an d  te rm in a tio n  
p o in ts  o f o n e-th ird  of the  period  are  m a rk e d  b y  th e  nodes, an d  b y  the  e lem en ts 
(organs) issuing from  these p o in ts .

S ta r tin g  from  th e  general c h a ra c te r iz a tio n  o f th e  a rc h ite c tu re  the  
q u a n ti ta t iv e  in v es tig a tio n  of d ifferences ap p earin g  q u a lita tiv e ly  betw een  th e  
g iven  o n e-th ird  periods i. e. th e  in te rn o d e s  assum ed p r im a ry  im p o rtan ce . 
S econdly  o u r aim  w as to  m easure  th e  d is tr ib u tio n  of th e  d ry  w eigh t (s. 1. 
p ro d u c tio n ) and  o f th e  assim ila ting  a rea , in  th e  sam e sy stem .

Material and method

On the basis o f qualitative description and of intuition springing from observation , 
as a prelim inary study  the following m easurem ents and calculations have been carried out 
(on fiv e  exam plars sown on the 26th of March, 1973, and collected on the 19th of Ju ly , 1973, 
in  which the foliage was of com pletely developed size, the petals were closed in the inflorescence  
o f the main um bel the side shoots have not reached, or only scarcely surpassed the height 
of the main axis, their inflorescences were green and the um bellet w as in a closed state): 
defining the internode above the root as No. 1, the length  of each internode was measured, the 
length  of petioles arising on nodes No. 1, 2, 3, etc. of the side shoots o f the secondary and 
tertiary inflorescence axes (in mm). Subsequently , th e  exemplare have been cut per internode. 
Accordingly, one investigated  object consisted  of several elem ents, i. e. the leaf (in the first 
case: leaves) inserting from the node, the side shoot (a t the h igh est node often  two side shoots), 
and the internode itself.*

* The chlorenchym a layer of the m ain axis consists of plasts containing cells similar 
in  shape to those in the parenchym a of the leaves. In the plasts of the chlorenchym a of the 
m ain axis also assim ilated starch was observed. Therefore we also considered half o f the cy lin 
der-jacket of the shoot axes as an area of assim ilation . The other half o f the cylinder-jacket 
is com posed of collenchym a for strengthening purposes, which appears as a rib on the surface 
and which does not contain plasts. (The assim ilating activ ity  of the chlorenchym a of lignifying  
shoot axes has been already shown by S z u j k ó - L a c z a — F e k e t e — F a l u d i — D á n i e l  1971; 
S z u j k ó - L a c z a — R a k o v á n — F e k e t e — H o r v á t h  1972.)
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On the basis of the averaged values o f the five exem plars, we thereafter established the  
s. 1. internodially assim ilating surface area and dry weight. The assim ilating surface area was 
m easured by light planim eter (cf. M e d in a — L ie t h , 1964), in the sequence of internodia, on 
fresh m aterial, the dry m atter w eight was measured on material dried at 80 °C. Following the  
internodial surface area determ ination, the surface area of the leaves was calculated also separat
ely. B etw een the dry w eight and assim ilating surface area per internode, we calculated a 
linear correlation according to S váb (1967).

R esults an d  discussion

I t  m ay be e s tab lish ed  on th e  basis o f the  f irs t co lum n o f T able  1, th a t  
th e  s. s tr . lower in te rn o d es  are sh o rte r . In te rn o d es 3, 4, 5, an d  6 are o f n ea rly  
eq u a l leng th  and  longer th a n  th e  low er ones. The longest in te rn o d e  is No. 8,

T ab le  1

The num erical data o f  the architecture and  architectural elements o f  P im pine lla  anisum  L .,  
and the conditions o f  assim ila ting  surface and o f  weight distribution
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3rd i.a. 2.0 36.4

2nd i.a. 3.1 34.4 1.8 6.0 7.8 0.9
8. 5.0 31.3 1.3 9.1 3.2 4.4 3.1 10.1 10.7 0.3

7. 4.2 26.3 1.3 14.2 3.1 2.0 2.5 6.2 7.6 0.2

6. 4.1 22.1 1.4 17.8 3.4 6.4 4.8 14.6 14.6 0.3
5. 4.2 18.0 1.6 19.9 3.6 6.7 6.2 16.5 16.5 0.5

4. 4.1 14.0 2.1 20.3 3.8 9.2 6.4 19.4 19.4 0.5

3. 3.9 9.9 3.1 23.7 4.1 10.2 5.7 20.0 20.0 0.5
2. 3.2 6.0 4.5 3.6 10.0 13.6 13.6 0.2

1. 2.8 2.8 4.1 2.0 8.2 10.2 10.2 0.3

3.2

2.9

27= 27= 27= 27= 27= 27= 27= 27= 27=

36.4 105.0 26.8 57.1 28.7 112.6 7.8 120.4 4.6

1/4 ^  1/2 1/4 0.9**

* =  internode -)- lea f -|- side shoot; ** =  weight o f root; i.a. =  inflorescence axis
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co n co m itan tly  also th e  p r im a ry  inflorescence axis o f th e  m ain  um bel. B etw een 
th e  basa l leaves th e  le n g th  of petio les increases from  th e  1st to  th e  3rd, and 
th e  4 th  petiole, a ris in g  on th e  2nd node is th e  longest am ong  all stem  leaves. 
F ro m  here u p w ard , th e  len g th  o f petio les decreases, an d  th o se  o f th e  5 th , 
6 th , 7 th  and 8 th  a re  s h o r t , scarce ly  differing  in  len g th  from  each  o ther.

A t th is stage o f d ev e lo p m en t, th e  cen tre  of th e  a ssim ila tin g  surface is 
o n  th e  3rd and  4 th  in te rn o d e s . (C oncern ing  w eight an d  a ssim ila tin g  surfaces, 
th e  te rm  in ternode is u sed  sensu lato in  o th e r  w ords, i t  com prises side shoots, 
le av es , etc. !). A ccord ing  to  th e  d a ta  o f th e  4 th  colum n an d  th e  m orphological 
d e sc rip tio n , these tw o  in te rn o d es  have  also th e  longest side shoots.

More th a n  h a lf  o f th e  to ta l  assim ila tin g  surface o f th e  p la n t  is rep resen ted  
b y  th e  stem  leaves, a n d  n e a rly  o n e -q u a rte r  is ascribab le , se p a ra te ly , to  the  
su rface  of the  m ain  ax is  an d  o f th e  side shoots. (In  th e  la t te r ,  we did no t 
m easu re  the  re la tiv e s  sm all an d  few  leaves developing  on th em .)

The w eight d is tr ib u tio n  co n d itions of th e  p la n t show  a p a r t ia l  correlation  
w ith  th e  d is trib u tio n  o f th e  a ssim ila tin g  surfaces. T hough  th e re  are exceptions, 
e .g . level 9, w hich com prises th e  seco n d ary  and  te r t ia ry  inflorescence axes of 
th e  m ain  um bel, th e  ca rp e ll p rim o rd ia , and  th e  w eight o f side um bels em itted  
fro m  th e  same node. T h e  g re a te s t w eig h t p ro p o rtio n  occurs here a lread y  a t th is  
s ta g e  of developm ent. T h e  side shoo ts of nodes 3, 4, an d  5 are excel as far as 
a ss im ila tin g  surface is concerned .

Table 2 co n ta in s  d a ta  re fe rrin g  to  th e  m ain  um bel. A t th is  stage, th e , 
inflorescence axes h av e  a to ta l  le n g th  of 8 cm an d  w eigh t 0.5 g. (O n th e  average 
th e  m ain  um bel has a b o u t 120 flow ers, rep re sen tin g  240 sh y so carp  prim ord ia .)

T able 3 gives n u m erica l ch a rac te ris tic s  of specim en h av in g  6 side shoots 
on th e  average ( th o u g h  a t  th is  s tage  th e  side shoots have  n o t y e t  reached  th e ir  
fu lly  developed s ta te ) . T he side shoo ts, in se rted  from  nodes 3, 4 and  5, com-

Table 2

D ata o f  the 1st, 2 n d  and  3rd order inflorescence axes 
o f  the m a in  umbel

Length
(cm)

Diam.
(cm) Pieces

Assimilating
surface
(cm2)

Weight
(g)

I. i.a. 5.0 2 i 3.2 0.3

II. i.a. 2.5 0.4 12 1.2 0.2*

III. i.a. 0.5 0.1 10** 0.6

2 = y = 2 =

8.0 5.0 0.5

* =  w ith ou t flowers; ** =  average of every 2nd i.a.
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Table 3

Data o f  an  average side shoot

Serial
no.

On which 
node

Length
(cm)

Length of 
1st inter
node (cm)

Length of 
2nd inter
node (cm)

Length of 
1st i.a. 

(cm)

Length of 
2nd i.a. 

(cm)

Length of 
3rd i.a. 

(cm)

Assimilating
surface
(cm2)

6. 8 9.1 6.5 2.5

5. 7 14.2 11.5 3.1

4. 6 17.8 10.8 4.6 4.8

3. 5 19.9 12.1 4.8 2.1 1.7 0.3 6.2

2. 4 20.3 11.1 5.2 6.4

1. 3 23.7 10.9 7.8 5.7

prise  2 in te rn o d es  an d  th e  p rim ary , seco n d ary  and  te r tia ry  in florescence axes; 
in  th e  case of nodes 7 and  8, th e  n u m b er o f in te rn o d es  is freq u en tly  m ere ly  one.

T he f irs t an d  2nd nodes on ly  ra re ly  b e a r  side shoots; w hen  p re se n t, th e y  
are r a th e r  ru d im e n ta ry . W ith in  a p o p u la tio n  com prising  a large n u m b e r o f 
specim ens, it  hap p en s som etim es th a t  th e  m ain  axis is ru d im e n ta ry , in  such  
cases th e  side shoo ts of th e  low er node are  m uch  m ore developed  (exam ples 
o f b a sa lly  ram ify in g  p la n ts ) .

A m ong th e  side shoots w hich are fu lly  developed  and w hich have  reach ed  
th e ir  e n tire  len g th  th e  longest ones are on node 5. In  the  n o t fu lly  deve loped  
ones, th e  longest shoots arise on node 3 (T able 3).

T ab le  4 co n ta in s  th e  d a ta  of an average side shoot. In  th is  stage  o f d ev e lo p 
m e n t, th e  p rim ary , secondary  an d  te r t ia ry  inflorescence axes are on ly  h a lf  as 
long and  h a lf  as m uch  in  w eigh t as th e  m ain  um bel. On th e  o th e r h a n d , th e  
n u m b e r o f th e  te r t ia ry  inflorescence axes is h igher th a n  of those  dev e lo p ed  
on th e  m ain  um bel.

Table 4

Data o f  the 1st, 2nd and 3rd order inflorescence axes 
an average side umbel

Length
(cm)

Diam.
(mm) Pieces

Assimilating
surface
(cm2)

Weight
(g)

1st i.a. 2.1 1.5 l 2.3 0.1

2nd i.a. 1.7 0.3 10 0.5 0.15**

3rd i.a. 0.3 0.1 16* ** 0.5

II 27= 3.3 27= 0.25

* =  the number of 3rd i.a. belonging to one umbel;
** =  total weight o f 2nd and 3rd i.a.
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C onsidering th e  le n g th  of th e  m a in  an d  side shoots, and  w ith in  th em  
tho se  o f th e  in te rn o d ia , as well as th e  s ta te  o f  d ev e lo p m en t of th e  ex em p la rs , 
i t  follows th a t  th e  a rc h ite c tu re  of P . a n isu m  consists a t  th e  exam ined  s tag e  of 
d ev e lo p m en t o f o rg an s, o r e lem ents, o f v a rio u s  d ev e lo p m en t, w eigh t a n d  of 
ass im ila tin g  su rface  w hose d is tr ib u tio n  is d ep e n d e n t on th e  a rc h ite c tu re .

C onsidering th e  d is tr ib u tio n  o f th e  fe a tu re s  exam ined  above, i t  is q u ite  
p ro b ab le  th a t  th e  d is tr ib u tio n , d iffusion, a c tiv ity  (p a tte rn , cf. W a r d l a w , 1965) 
o f g ro w th  re g u la tin g  m a te ria ls  keep c e r ta in  side shoo ts co n s ta n tly , o th e rs  for 
a longer or sh o rte r  p e rio d  of tim e, in a su b passive  s ta te , while in o th e rs  th e y  
re p re se n t m ore fav o u rab le  co n d itio n s, accord ing  to  localization . T h u s  th e  
orig in  loca liza tio n  o f  th e  side shoots in  o th e r  w ords, th e  heigh t zone w ith in  
th e  a rc h ite c tu re , is an  im p o r ta n t fac to r  in  d e te rm in in g  th e  leng th  o f th e  side 
shoo ts. A t th e  ap ex  o f th e  m ain  an d  side sh o o ts , th e  um belliform  a rra n g e m en t 
in  th e  sam e zone m ean s an increase  in  su rface  and  a t  th e  sam e tim e  am asses 
th e  g en era tiv e  o rgans in  g re a t n um bers, ow ing to  th e  secondary  an d  te r t ia ry  
in florescence axes. (U p  to  a ce rta in  p o in t in  th e  flow ering of th e  m ain  ax is, 
th e  dev e lo p m en t o f  th e  flow ers on th e  side sho o ts  is inh ib ited .)

T he assim ila tin g  surface and  th e  w eig h t d is tr ib u tio n  cond itions co r
resp o n d  to , and  re fle c t, th e  a rch itec tu re  o f  th e  p la n t.

T he above re su lts  insp ired  us th a t ,  b ey o n d  in v e s tig a tin g  w eig h t and 
assim ila tin g  surface ch a rac te ris tic s , also a th ird  one, concerning in te rn o d ia l 
len g th , be s tu d ied  in 1974, in order to  u n d e rs ta n d  to  w hat d iverse  ra te s  th e  
in te rn o d ia l h e ig h t zones d ivide th e  m ain  axis if  th e ir  num bers an d  pheno- 
phases  are d iffe ren t. T h ere fo re , specim ens w ith  8 nodes (sown in M arch 1973) 
have been  co m p ared  t o  16 specim ens w ith  9 nodes (sown on 21 M arch, 1974, 
an d  g a th e re d  on 2 J u ly ) , as fa r  as th e ir  len g th  d a ta  were concerned . The 
n u m e ric a l d a ta  are g iven  in  Table 5.

A ccord ing  to  T ab le  5, it  is ch a ra c te ris tic s , in  sp ite  of the  d iffe ren t n u m 
bers o f nodes an d  p h en o p h ase , th a t  th e  le n g th  o f in te rn o d es  increases u p w ard s  
from  in te rn o d e  1 to  5 in  th e  case of specim ens w ith  8 nodes and  from  in te r 
node 1 to  4 in  th e  case o f specim ens w ith  9 nodes. In  th e  m iddle in te rn o d es , 
a s ta te  o f eq u ilib riu m  is observable in  b o th  ex am in ed  phenophases, th e n  the  
in te rn o d e  below  th e  p r im a ry  inflorescence ax is is sh o rte r  i.e. th e  7 th  in  1973, 
an d  th e  7 th  an d  8 th  in  1974. On th e  c o n tra ry , th e  u p p e rm o st one is th e  longest 
o f all, irre sp ec tiv e  o f  th e  n u m b er of in te rn o d ia , in  b o th  years an d  in  b o th  
p henophases, in fa c t id en tica l w ith  th e  p r im a ry  inflorescence axis (h en cefo rth  
p .i.a .) . S im ilar in te rn o d a l  leng th  d is tr ib u tio n  w as m easured  b y  S .-W o l c sá n sz - 
k y  (1972) in  Zea m ays.

T he difference b e tw een  th e  m ain  um bel an d  th e  side shoots in c reased  
in 1974, as co m p ared  to  earlie r p h en o p h ases  in  1973.

A ccording to  T ab le  5, the  phen o p h ases  o f p la n ts  sown w ith  on ly  5 days 
o f d ifference in th e  tw o  years are d iffe ren t. T he n u m b er o f days b e tw een  sow ing
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Table 5
The length d istribution  o f  the m a in  inflorescence a x is , 
according to inter nodal sequence, in  1973 and in  1974

Date
Average 
height 
in mm

Internode

Phenophases serial no.
in 1973

length 
in mm

serial no. 
in 1974

length 
in mm

19 June, 1973 2 1 .4 -2 3 .2 364 l . 28 l . 32

3 1 .4 .2 -3 2 .1 2. 32 2. 43

3 4 .4 .1 -3 4 .4 .2 3. 39 3. 51

41.2 4. 41 4. 55

42 5. 41

2 July, 1974 2 2 .4 -2 3 .2 485 6. 41 6. 43

32.3.5 7. 40 7. 35

3 5 .3 .2 -3 5 .3 .3 8. +  9.* 50 +  31 8. 39
42.1 10.** 20 9. +  10.* 62 +  35*

11.** 45

* =  com bined heights o f 2nd and 3rd i.a.;
** =  height difference betw een main and side um bels

an d  ex am in a tio n  w as sm alle r in  1974 th a n  in  1973, nev erth e less , th e  fo rm er 
specim ens w ere in  a m ore a d v an ced  s ta te  o f d ev e lo p m en t th a n  th e  la t te r .  T he 
q u a n tita tiv e  d e v e lo p m e n ta l d ifferences of th e  a rc h ite c tu ra l e lem ents, an d  
w ith in  it  th e  q u a lita tiv e  ones o f th e  g en era tiv e  organs m ay  be connected  w ith  
th e  ex te rn a l, an d  a t  th e  sam e tim e  changing , e n v iro n m en ta l effects ex e rtin g  
th e ir  in fluence in d ire c tly .

Anise o f a  lim ited  g ro w th  (cf. O ’s v a t h  1964) in  1973, m ay  be c h a ra c 
te rized , on th e  basis o f in te rn o d ia l leng th  va lues, b y  M i t s c h e r l i c h ’s S -shaped  
curve (cf. W e n t , 1957). A ccord ing  to  the  d a ta  o f th e  tw o  y ears , th is  len g th  
d is tr ib u tio n , a t  th e  b lossom ing  o f th e  m ain  u m b e l, or su b seq u en tly , is v a lid , 
w ith  sligh t v a r ia tio n s  also  in d ep en d en tly  o f  th e  d ev e lo p m en t of th e  side 
shoots.

A ccord ingly , th e  co n d itio n s of the  assim ila tin g  su rface  an d  w eight d is
tr ib u tio n  per h e ig h t zone (in te rnod ia lly ) are  o n ly  p a r t ly  p a ra lle l w ith  each  
o th e r, and  n o t u n ifo rm , s e p a ra te ly  and  p e r zone ( S z u j k ó - L a c z a  F e k e t e  

show ed, in E uphorbia  cyparissias, th e  accu m u la tio n  o f organic m a tte r  in  
d iverse  organs p er p h en o p h ase  in  1974). In  th e  p re se n t case, organic m a tte r  
d isp lays a d is tr ib u tio n  even  in  th e  sam e p h en o p h ase  w hen exam in ing  th e  p la n t 
p e r in te rn o d e . T his is p ro b a b ly  w hy th e  lin ea r co rre la tio n  is positive , b u t  n o t 
s ign ifican t be tw een  th e  su rface  an d  w eight v a lu es  p er in te rn o d e  (s.l.). The 
in te rn o d a l len g th  an d  in te rn o d a l w eight co rre la tio n  is p o sitive  and  ap p ro x i
m ates th e  10%  sign ificance  level. The in te rn o d a l len g th  an d  th e  assim ila ting  
surface show  a n eg a tiv e  re la tio n , and there fo re  is n o t s ign ifican t.
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RECENSIONES

W a l t e r , H.: Die V egetation Osteuropas, Nord- und Zentralasiens, Vegetationsm onographien  
der einzelnen Grossräume. 7. vol. Stuttgart, G. Fischer, 1974, 452 pp., 363 illustrations, 
DM. 149.—

Earlier published volum es of the serial edited by H. W a l t e r  (1. K n a p p : North and 
Central America, 2. H u e c k : South iVinerica, 2a. H u e c k — S e i b e r t : Atlas of the vegetation  
of South America, 3. K n a p p : Africa) have been reviewed in the B otanikai Köziem. 64. (1974) 
and in the Acta B otanica Acad. Sc. Hung. 20, (1974). The recently published work gives a brief 
and modern treatm ent of the vegetation of E astern Europe, N orth and Central Asia, thus  
practically of the Soviet Union. The well-known botanist was born in Odessa (as Mr. W a l t e r  
him self told me in 1928 when we m et for the first tim e) he had an excellent com mand o f the  
Russian language and for this reason was well equipped to undertake this task, although he 
becam e acquainted w ith  the region only up to  th e  Leningrad— K iev— R ostov—Tbilisi— Baku  
line in his youth  and later during the W orld War II. But the editor had at his disposal 
a very extensive R ussian-Soviet literature, chiefly  A l e c h i n ’s “ V egetation of the U S S R ”  
2nd edition, 1951, and the “ Descriptio vegetationis U R SS” , (edited by L a v r e n k o  and S o c h a v a ) 
an explanation of the 8 pages of vegetation atlas (1 : 4 m illion) by nearly 1000 pages (tex t  
in Russian). W a l t e r  has treated the subject briefly  in two of his earlier works, both of shorter 
length: “ Die V egetation  Osteuropas” 2nd ed., Berlin (1943) and “ Die Krim” , Berlin (1943). 
The chief objective o f th is book was to cover plant associations (partly formations, but fre
quently also associations), subm itting num erous analyses but not furnishing tables. The 
nom enclature relies on the terminology of Soviet authors, though consideration is given to 
larger units e.g. the steppe communities are d ivided into Festuceto-Herbeta , H erbeto-Stipeta , 
S tip e ta , and thus rather ecological names, as Suprahygroherbeto-Stipetum  or Subpsam m o- 
H erbeto-Stipetum , originate. The methods of the former G r o s s h e i m  school, incorporating the  
thought orientation of the Central European School, are disregarded as well as the sim ilar 
works of H ungarian cenologists who had v isited  the Soviet Union ( B o r h i d i , S oó , etc.). R ela
tiv ely  little  literature is quoted; the extensive summary m akes reference to Soviet b ib li
ographies. Causative écologie problems are not discussed here but in the 2nd vol. of the “ V ege
tation  der Erde” , 1968 (see Acta Botan. 15: 204— 5 and 21:218). Hungarian botanists will 
find especially interesting the excellent sum m ary on deciduous woods, wood-steppes and steppes. 
Num erous com parisons betw een the vegetation  o f the treated area and of the North American  
continent are offered. The book consists o f several parts. In the introduction, the vegetation  
units, vegetation  zones (unfortunately only two sm all sketch-type m aps are presented), zonal, 
extrazonal and azonal vegetations, etc. are review ed. The main chapters cover the followings: 
1. Arctic deserts and tundras, 2. boreal coniferous zone, the taiga, 3. broadleaf and m ixed  
broadleaf-coniferous woods, 4. nemoral (shady) deciduous forest zone w ith special view  on 
the Ukraine (m ixed oakw oods are discussed under the name of “ N em oreta” ), 5. steppe, 6. sem i- 
deserts and deserts, 7. m ountains representing m ultiple zones: Ukraine, A ltai. Krim, Caucasus. 
It is evident that the chapters follow the conventional pattern o f division.

The different parts contain a large num ber of photographs o f communities and som e 
drawings; sm all and large size areal and floral m aps, diagrams o f clim ate, vegetation profiles 
are taken over from Soviet authors to a great exten t.

The book has a pleasing appearance, like other publications of the Fischer publishing  
house. Its price is not low. Although the reviewer is one of the still liv ing honorary members 
of the Soviet Botanical Society, he m ust at th is place again state th at in his view the com-
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peten t m ethodology of the Zürich—M ontpellier school can be successfully applied to the field  
of vegeta tion , and therefore he does not share the approach of the K om arov  school (see 
Flora U SSR ). According to the K omarov school, a species is m onotypic, i t  represents an indi
v isib le  un it (this is true only  for the genetic b io typ e). Such an approach will lead to the dis
regard o f geographic races (subspecies) and eco typ es, these and scarcely different forms are 
denoted as species, especially by Ukrainean botan ists, these taxa have b een  contracted both  
in m y synopsis and in the Flora Europea (for a counter opinion to B o brov ’s view , see the  
expounding by Sk orsto v , 1972). More recen tly , as I indicated elsewhere, I am inclined to 
accept next to the traditional G erm an-British sp ., subsp., var. concepts also (in the critical 
genera) the agg. (aggregátum : spec, coll.) and the sm all species (m icrospecies), though these  
cannot be traced in the Code, International Code of Nom enclature.

In the last analysis, W a lter ’s work is an excellent summary and the only book which  
g ives a modern account o f the vegetation of the Soviet Union and which can be used by those  
who are not versed in the Russian language. I t  is a w ant for the H ungarian geobotanist.

R. Soó

Â. L ő v e  and D. L ő v e : Cytotaxonom ical A tlas o f the Slovenian Flora. Lehre, Cramer Verlag, 
1974. 124 pp.

Áskell L őve is rightly  regarded as the b est qualified authority in the field of cyto- 
ta x on om y. Though his la st and m ost exten sive  work, “ Cytotaxonom ical A tlas o f the Slovenian  
Flora” , covers a small geographical area, it is o f im m ediate interest to the Hungarian botanists  
as w ell as to the European taxonom ist. It contains all data made available so far (up to 1972) 
o f m ost plant species in H ungary, and includes pertinent literature quotations. In this respect, 
the work of the L oves excells over their earlier book (“ Chromosome num ber of Central and 
N orthw est European plant species“ ) — in w hich H ungary is considered as an integral geo
graphic part of Central Europe — and over the book of the m ost com prehensive scope by 
B o l h k o v sk ik h , Gr if , M atv ey ev a  and Za k h a r y e v a , entitled “ Chromsome num ber о 
flow ering plants” published in Leningrad in 1969, which deals w ith all existing flowering  
species o f the world; how ever because of the lack o f adequate critical approach, it is not in 
frequent that data on identical plant species are given under various synonym s (e.g. Orchis 
m acula ta , Dactylorchis m aculata , D actylorhiza m aculata ) and that a num ber of obsolete and 
questionable data are included, especially in the case o f sp. agg. (e.g. Festuca ovina ), regrouped 
recen tly  into smaller species. Yet this work is indispensible even to-day. (A t this point, I call 
atten tio n  to the fact th a t the chromosome num bers published between 1965 and the present 
tim e  can be found in the volum es of 50. et seq. o f Regnum  Vegetabile, com piled by O r n d u f f  
and M o o re .) Literature on biosystem atics (including cytotaxonom y) published betw een  
1945 and 1960 can be found in the bib liography of Solbrig  and Ga d e lla  (B iosystem atic  
literature, Utrecht, 1970, 566 pp. according to fam ilies and genera). These fundam ental works 
are m entioned here in conjunction w ith th a t o f the L oves, because nowhere does H ungarian  
botan ica l literature m ake m ention of them . The L oves cite the relevant works of H ungarian  
botan ists on pages 797— 1223, thus m aking it  the m ost com plete enum eration. Exaggerated  
are —  as in their other works — the sp litting of som e genera (under the nam es of C entaurea: 
A cro lophus , Acosta , P halolepis , Jacea, L eu can tha , Calcitrapa , C yanus , C olym bada , Acrocentron  
and sim ilarly in the case o f P olygonum , R u m e x , etc. and even in the very much subdivided  
O rchis there appeared Vermeulenia). Som e Czechoslovakian botanists, e.g. D ostál, H olub  
and others, approach classification on a sim ilar basis. The enum eration follows E n g l e r ’s 
system , seldom including subspecies if  the representatives are of different cytotypes in which  
case they  are treated as a separate species (as in their earlier works) and thus the resultant 
num ber of the m icro-species is high. The nam es of species are accom panied by a 10 d igit 
code number in order to aid computer processing although it would have been more advan
tageous to supply the page number in the index. The work contains quite a few new or even  
strik ing statem ents concerning m icrosystem aucs, but ignores chrom osom e numbers w hich  
are uncom m on, for exam ple in the instance o f grasses (Agrostis, D actylis , etc.). Theoretically, 
it  is sound that F . valesiaca  and F. pseudovina  are 2n: 14, and that F . rupicola  is 2n: 42, bu t 
I know  F . valesiaca and F . pseudovina  unquestionably  polyploid (28 !) in flower m orphology  
as w ell as in leaf anatom y from H ungary th en  a number of divergent 2n plants in the earlier 
A . alba agg. — certain ly hybrids or aneuploids vo som e extent — but prorepens Koch 2n: 70 
(n o t treated in this work) can be regarded as a d istinct species =  A . stolonisans Bess. (See 
Soó: Synopsis . . . F l.-Veg. Hung. 5. pl. 1., F estuca  in Acta Bot. H ung. 18. 1972, 363— 377). 
T he nomenclature, in general, is extraordinarily precise and up to date; however, it is confused
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in R hinanthus. because R h. m ajor  auct. is not Rh. alectorolophus but R h. angustifolius Gmel. 
(R h. serotinus [Schönheit] Oborny), R h. aristatus Celak. is correctly Rh. glaciális Personn, 
(see Soó in Feddes Rep. 84: 448). Other remarks will be m ade in vol. 6. o f the Synopsis. D esp ite  
these few critical rem arks, the book published by the L oves is the m ost reliable handbook  
on cytotaxonom y and it can be only wished that the authors would expand it to cover the  
entire European flora. The book is rotaprinted, has an aesthetically  appealing cover but is 
sold at a prohibitive price.

R. Soó

L e u s c h n e r , D.: Einführung in die numerische Taxonom ie. Jena, V E B  Fischer, 1974, 139 pp.

Albeit, the reviewer is no adherer of the numerical taxonom y, since in biology (both  
in  taxonom y and ecology) it  is  the qualitative characteristics w hich are fundam ental and the  
quantitative characteristic only if  the dialectical conversion into  the qualitative takes place, 
nevertheless, the book is to be recom m ended. The num erical taxonom ists or the taxom etrist 
considers in the strict application of his discipline each pair o f data as of equal value (axiom  
no. 2), but it is not indifferent whether a plant has 1 or 2 cotyed ons if the leaf is 1 or 2 cm  
wide. (This of course is an absurd exam ple.) The ED V A , i.e. the autom atic processing of data  
m aterial has as its purpose o b jectiv ity , the capacity of reproduction and rapidity. The author  
him self discusses the m ultip licity  o f characteristic marks (M erkmale) and in the 5th axiom  
he states the principle o f independence of similarities as taxom etrically  founded. (N ot long 
after the new system  has been constructed [Sokal and Sn e a t h , 1963], a serious debate evolved  
in Liverpool in 1964 [see H ey w o o d  and M cN e il l : “ P henetic and phylogenetic classification”  
1964, London].) E h r e n d o r f e r  has stated  long before in the “ Fortschritte d. Botanik” that 
numerical taxonom y has produced excellen t results —  especially w ith  respect to microorgan
ism s —  but absurd ones as w ell. In  order to fully com prehend th is book, it  is necessary for 
the reader to be equipped w ith  the tools of m athem atics. A v a ste  number of new concepts 
(also biological ones), and of abbreviations along w ith a num ber of taxom etric m ethods are 
presented. Many concep ts are discussed in the quadrilingual appendix which is, however, not 
com plete. Am ong the H ungarian biologists, J ijhász-N a g y  and Orlóczy  (now professor 
O rlo ci in Canada) are m entioned in the literature.

R. Soó
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A C TA  B O T A N IC A

TOM 21—БЫП. 3 - 4  

РЕЗЮМЕ

НОВЫЕ РАСТЕНИЯ НА КУБЕ IV

А. БОРХИДИ, О. МЮНИЦ

В настоящей статье описано 24 новых таксона: Polygonaceae: Coccoloba (Isp.);  
E uphorbiaceae: (Leucocrolon) (1 sp.); Sapindaceae: T houin ia  (Isp .) ;  C.elastraceae: C rossopetalum  
(lsssp. 1 var.); R ham naceae : Auerodendron  (1 var.), R eynosia  (1 sp.); Combretaceae: T e rm in a lia  
( I s p . ) ,  Bucida  ( I s p . ) ;  M yrtaceaч P sid iu m  ( Isp .) ,  Calycorectes ( Isp .) ,  Pim enta  (1 sp.) ,  M u rc ia  
(1 sp .) ,  M yrlus  (1 sp . ,  1 hybr.), Eugenia  (1 sp.) ;  M elastom alaceae: Calycogonium  (1 sp.);  Sapota- 
ceae: B um elia  (1 sp .) ;  Scrophulariaceae: Bacopa  (1 sp.); Rubiaceae: Schm idottia  (1 var.); R o n d e
lelia  (1 sp.) .

ИЗУЧЕНИЕ АНАТОМИИ ГЕНЕРАТИВНЫХ ОРГАНОВ 
LOTUS CORNICULATUS AGG.

О. БОРШОШ

Автор изучала анатомию частей цветков 7 диких и 3 культивируемых таксонов 
Lotus. В статье автор дает подробное описание строения цветка мотыльковых, который 
состоит из чашечки, лепестков, тычинок и пестика, далее описана анатомия плода и 
семени.

ЭКОЛОГИЧЕСКИЕ НАБЛЮДЕНИЯ НАД ВЕНГЕРСКИМ ВОДНЫМ
HYPHOMYCETES

И. ГЕНЦЕЛЬ

Статья публикует данные о распространении водного Hyphomycetes в вен
герском горном ручье (ручей Морго, гора Бержень), который исследуется уже много лет, а 
также об отношениях сезонного существования отдельных видов или совокупности видов. 
В исследуемом ручье можно определить две хорошо отличимые видовые совокупности, 
довольно резко обособленные друг от друга. На основании ранее сделанных наблюдений, 
главная причина этой изоляции: субстрат-преференция отдельных видов грибов. Даль
нейшие результаты, которые публикуются в статье, это данные о таких видах водного 
H yphom ycetes, у которых сезонное существование показывает связь с годичной темпера
турой воды а также с опаданием листьев.

НОВЫЕ ВИДЫ SCENEDESMUS, НАЙДЕННЫЕ В БУДАПЕШТСКОЙ
ЧАСТИ ДУНАЯ
Т. ХОРТОБАДЬИ

В статье сообщается о четырёх новых видах Scenedesmus из коллекции, собран
ной в будапештской части Дуная в 1971—1972 году. Автор посвящает эти виды венгерским 
гидробиологам: (др. А. Берцик, др. И. Киш, др. Г. Семеш, др. Г. Уеркович).
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ДЕЙСТВИЕ МОНОХРОМАТИЧЕСКОГО СИНЕГО И КРАСНОГО СВЕТА НА 
ЭЛЕКТРОННОМИКРОСКОПИЧЕСКУЮ СТРУКТУРУ ХЛОРОПЛАСТА

И. ХОРВАТ, Ф. КАЛЬМАН, Е. А. ТИТЛЯНОВ

В паприке, выращенной на близком монохроматическом синем и красном свете, 
количество гран в хлоропласте, а также количество гран-везикулум растет параллельно 
с ростом длины волны. Продукция фотосинтеза в первую очередь зависит от количества 
гран.

КРИОБИОЛОГИЧЕСКИЕ ИССЛЕДОВАНИЯ В ВЫСОКИХ ТАТРАХ II.

Е. КОЛ

Первая часть этой работы была опубликована в журнале Acta Bot. Hung. 1975 
21 (1—2). В этой части статьи таблица обобщает комплекс микроорганизмов растений, 
живущих на снежной поверхности Высоких Татр, а также изображает их распространение 
и распространение различных криобиотопов. Снежная вегетация Высоких Татр очень 
разнообразна. Здесь были найдены также микроорганизмы, которые живут в дальних 
районах. Высокие Татры, благодаря своему центральному расположению являются 
важным центром с точки зрения аэробиологии. Здесь можно найти криобионты, которые 
живут в северном полушарии, а также отдельные виды, живущие в южном полушарии. 
В статье описана III часть криобиологических исследований, проводимых На территории 
Высоких Татр.

СРАВНИТЕЛЬНЫЕ ПОЧВЕННО-АЛГОЛОГИЧЕСКИЕ ИССЛЕДОВАНИЯ 
НЕКОТОРЫХ ТИПОВ ПОЧВ ГОРЫ МАТРА

Ж. п . КОМАРОМИ

Автор с точки зрения алгологии исследовала типы почв, которые чаще всего встре
чаются на среднегористых местностях Венгрии, а также и на горе Матра. В результате 
полученных данных были сделаны выводы о видовом составе альгофлоры отдельных типов 
почв, а также выводы, относящиеся к связи между алгофлорой и почвенными факторами. 
Автор определила из 120 образцев почвы, применяя метод размножения, 35 видов водо
рослей. Между этими видами 16 было зелёной, 1 l-желтой и 8 диатомовой водорослью. 
Синяя водоросль найдена не была.

МОРФОЛОГИЧЕСКИЕ ИССЛЕДОВАНИЯ СПОР ЕВРОПЕЙСКИХ ВИДОВ 
ENCALYPTA, СУЩЕСТВУЮЩИХ В НАСТОЯЩЕЕ ВРЕМЯ 

М. ЯРАИ-КОМЛОДИ, Ш. ОРБАН1

Авторы провели морфологический анализ спор европейских видов E n c a ly p ta  
при помощи микроскопа и электронного микроскопа сканнинг. На основании морфологи
ческих отличий спор внутри рода, авторы предположили, что род E n c a ly p ta  заключает 
в себе некоторые таксономические и филогенетические неясности. Публикуется подроб
ное палинологическое описание спор 9 видов E n c a ly p ta , этим авторы приблизились к 
решению таксономической проблемы. Таксономия семейства E n c a ly p ta c e a e  еще не 
достаточно ясна, поэтому авторы планируют дальнейшие палинологические исследова
ния, относящиеся к целому семейству.
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ИЗМЕРЕНИЯ КАЛОРИЙНОСТИ ДОМИНАНТНЫХ РАСТЕНИЙ ДУБОВОГО ЛЕСА 
(QUERCETUM PETRAEAE- S P . I S )  (1ЛИКФЕКУТ, СЕВЕРНАЯ ВЕНГРИЯ)

Л. Б-нАПП

Статья содержит данные о калории-гости и энергии фитомассы доминантных расте
ний венгерского дубового леса (Q uercstum  petraeae-cerris). Была измерена и вычислена 
калорийность растений во многих фракциях, а также по каждому уровню (уровень деревь
ев, кустарников и мягкостебельных). На основании полученных результатов можно от
метить, что калорийность понижалась от уровня деревьев в сторону мягкостебельных. 
Была определена калорийность: на '/ровне деревьев 4657 кал/гр, на уровне кустарников 
4476 кал/гр, а на уровне мягкостебельных 4379 кал/гр. На отдельных уровнях нет значи
тельных различий между калорийностью видов. Однако, большие различия в калорий
ности листьев и луба были отмечен: : у различных видов. Более гомогенная была древе
сина. На основании калорийности и фитомассы (в сухом весе) определили, что содержание 
энергии доминантных растений оавнялось: 113,646х107Ккал/га.

НОВЫЕ ИЛИ МАЛОИЗВЕСТНЫЕ ПЕЧЕНОЧНИКИ (ЭПИФИТЫ НА ДЕРЕВЬЯХ) 
I. COLOLEJEUNEA ИЗ ТРОПИЧЕСКОЙ АФРИКИ 

т. поч

Автор описывает следующие виды: Cololejeunea fa d e n ii  spec. nov. из Кении, 
Cololejeunea harrisii spec. nov. и C. jo n es ii  spec. nov. из Улугуру, Танганьика. Автор 
дополняет описание вида С. usam ba/ica  Е. W. Jones. Вид A phanolejeunea runssorensis 
Steph. автор переносит К Cololejeunea и синонимизирует С видом С. leonardii Vanden 
Berghen.

О НЕКОТОРЫХ РАСТЕНИЯХ ЗАПАДНОГО ТЯНЬ-ШАНЯ I

С. ПРИСТЕР

Автор описывает однолистную модификацию A lliu m  karataviense  Rgl. (var. gra- 
nitovii). которая произрастает в заповеднике Западного Тянь-Шаня «Чаткальский За
поведник». Далее автор выясняет синонимику и распространение видов Sedum  alberti 
Rgl. и Sedum  ewersii Ledeb., растущих в западном Тянь-Шане. Автор определяет, что 
S . ewersii var. hom ophyllum  Praeg находится там в диком состоянии, а также описывает 
новую круглолистную модификацию (var. cyelophyllum ).

КЛЮЧ К ОПРЕДЕЛЕНИЮ СИСТЕМАТИКИ ИЗУЧЕННЫХ ВИДОВ 
STREPTOMYCES И STREPTOVERTÏCILI.UM В РАМКАХ МЕЖДУНАРОДНОГО 

ПРОЭКТА ПО 3TREPTOMYCES
И. М. САБО, М. МАРТОМ, И. БУТИ, Е. Ф ЕРНАНДЕЗ

В статье предлагается ключ к определению изученных в рамках МСП, 414 «зидов» 
Streptom yces и Streptoverticillum .

Этот ключ основывается на критсриумах, которые были отчасти изменены Между
народным Проэктом по Streptom yces.

Этот ключ дает возможность с пец:х.листам, занимающимся систематикой, выбирать 
из международной коллекции штаммов к  близкородственные (к определяемым штаммам) 
или неотипные культуры, а также дает возможность ;; :д корректной идентификации этих 
штаммов, которые одновременно были сравнены по морфологическим и физиологическим 
свойствам.
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ГОДИЧНОЕ ИССЛЕДОВАНИЕ СОДЕРЖАНИЯ ПИТАТЕЛЬНЫХ ВЕЩЕСТВ
ОСАДКОВ, ПРОНИКАЮЩИХ ЧЕРЕЗ ЛИСТВУ В ДУБОВОМ ЛЕСУ 

(QUERCETUM PETRAEAE-CERRIS)
М. САБО, Ч. ЧОРТОШ

В статье публикуются данные 1974 года об изучении циркуляции минеральных 
веществ в лесной экосистеме (Quercetum petraeae-cerris), в частности о содержании мине
ральных веществ, находящихся в осадках и проникающих через листву в почву.

Авторы исследовали 11 элементов, находящихся в атмосферных осадках, а также в 
воде, проникающей через листву. Зная количество воды, концентрацию и лиственный 
покров, было вычислено, что в период опытов (с 27 февраля 1974 года по 4 декабря 1974 
года) на гектар почвы, с водой, проходящей через листву 27,017 кг. калия, 23,88 кг. 
кальция, 4,55 кг. магния, 1,84 кг. натрия 1,39 кг. марганца, 0,21 кг цинка, 0,18 кг. железа 
а также 4,67 кг. серы (из сульфата), 17,28 кг. азота, 12,88 хлора и 2,08 кг. фосфора (из 
фосфата) поступило в почву. Вода, проходящая через листву была более всего обогащена 
калием и серой (максимум насыщения был в августе и ноябре).

По сравнению с атмосферными осадками степень насыщения различными элемен
тами: калием в 1,2—30,1 раз, кальцием в 1,1—6,4 раза, магнием 1,1—13,0 раза, марганцем 
в 2,2—70,9 раз, серой в 1,2—8,0 раза, фосфором 1,4— 11,0 раз. Максимум насыщения азотом 
и фосфором совпадал с майской градацией гусениц.

ЭЛИМИНАЦИЯ ХРОМОСОМ У АЛЛОПЛОИДНОГО ГИБРИДА 
N1COTIANA TABACUM (KENTUCKY) х  N. GLAUCA

Л. СИЛАДЬИ

Автор провела цитогенетические исследования с аллоплоидным гибридом N . taba
cum  X N . glauca. Первое поколение гибрида было интермедиерным с правильным ме- 
йозом. Во втором, третьем и четвертом поколении наблюдалось расщепление гибридных 
растений. В четвертом поколении аллоплоида были селектированы 5 растений с белыми 
цветами. Эти растения и в пятом поколении остались стабильны. В соматических клетках 
они содержали вместо 72, 48 хромосом.

Автор приготовила кариотип 48-хромосомных растений и определила, что элими
нирующие 12 пар хромосом относились к геному N . tabacum.

КОЛИЧЕСТВЕННЫЕ ИССЛЕДОВАНИЯ НЕКОТОРЫХ СВОЙСТВ И АРХИТЕКТУРЫ 
АНИСА, PIMPINELLA ANISUM L.

Й. СУЙКО-ЛАЦА, 3. СЁЧ

В статье авторы, вместо менее точного определения понятия морфологии, адопти
руют и снова обьясняют понятие архитектуры, которое было дано D e v a d e s  и  B e c k  ( 1 9 7 1 ) ,  
для того чтобы приблизиться к объяснению функций пространственных отношений орга
нов растений между собой. В растении в одно и тоже время можно найти органы, которые 
различны по развитию, весу, и ассимилирующей поверхности (элементы архитектуры). 
Разделение значений длины интернодиумов, из которых построен главный стебель, у 
видов с ограниченным ростом, отмечается кривой M i t s c h e r l i c h  S. Длину растения и 
стеблевых черешковых листьев изображает парабола. Сухой вес каждого интернодиума и 
ассимилирующей части только отчасти параллельны друг с другом. Уже в начале цветения 
главного зонтика самое большое весовое отношение дают: первичный цветочный стержень, 
относящийся к нему главный зонтик, также побочные стебли и листья. Нет сигнификант- 
ной линейной корреляции между сухим весом высокой зоны и ассимилирующей поверх
ности. Эти результаты показывают, что поверхность, вырабатывающая органические ве
щества и аккумуляция находятся в различных местах.
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