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EAST AFRICAN BRYOPHYTES, II

COLLECTIONS MADE BY L. RYVARDEN IN MALAWI. SE AFRICA
By

M. BIzOoT, M. N. DuRY and T. POCS
UNIVERSITY OF DIJON, FRANCE — TEACHERS’ COLLEGE, EGER, HUNGARY

(Received January 27, 1976)

Sixty species of bryophytes were collected by Dr. Leif Ryvarden (University of
Oslo, Norway) in March 1973, mostly from the Mulanje Mountains. A great part of
the records is new for the country and two species, Campylopus flaccidus (with a new
form) and Leucoloma albocinctum, are new for the African continent, previously known
only from Madagascar and from the Mascarenes. The largest group of 10 species is
distributed in SE Africa, 4 were known from South Africa only, 9 are East African,
3 afromontane, 2 afroalpine and the others have a wider distribution.

Introduction

Dr. Leif Ryvarden, a mycologist from Oslo University, Norway,
accompanied by Enar Sahlin, a phanerogam botanist from Gdteborg Uni-
versity, Sweden, visited the southern part of Malawi in March 1973. As Malawi
is a bryologically neglected country, Dr. Ryvarden kindly offered to collect
some bryophytes which were sent us for identification, for which we express
our gratitude. We are also indebted to Drs. R. Grolle (Jena), J. Vana
(Praha), and to Professors J. L. De Stoover (Namur) and €. Vanden Berghen
(Louvain) for their kind help in identifying or revising some problematic
taxa. If not otherwise stated, the Hepatics were identified by T. pocs and the
Musci by M. Bizot and Mlle M. N. Dury.

Ten of the 60 species have already been published in Bizot and Pécs (1974),
viz.: Gottschelia schizopleura, Schistochila limbata, Ptychanthus striatus, Metz-
geria hamata, Campylopus procerus, Rhizogonium spiniforme, Rhacocarpus
purpurascens, Trachypodopsis laxoalaris, T. serrulata var. serrulata and Rigo-
dium Kkilimandscharicum.

In the enumeration the locality number and the collecting number of Dr.
Ryvarden are given after the species name. The name of the geographical
element, to which the species belong, is stated in brackets. Thereafter we have
given the known distribution, using the abbreviations published in our East
African Bryophytes I, pages 397 and 399.

1 Acta Botanica Academiae Scientiarum Hungaricae 22, 1976
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Fig. 1. Likabula Valley seen from the West. Phot. E. Sahlin

The collecting localities

1. Mulanje Mountains, Likabula Valley, at 900 —1600 m altitude, submontane and mon-
tane evergreen forests. Most of the specimens reported in this paper were collected below the
steep cliff on the left in Fig. 1. The locality lies at 15°55” S and at 35°30" E. Date: 9—10 March
1973.

2. Mulanje Mountains, Lichenya Plateau, at 1800—2000 m altitude. The plateau, often
covered by mist, is rich in moorland and peat bog vegetation, with scattered forests along
the streams. The emergent, rocky parts are dominated by a shrub-like monocotyledon, Vellozia
splendens (see Fig. 2). The locality lies at 15°58” S and at 35°30" E. Date of collection: 9—10
March 1973.

Chapman and White (1970: 162—163) describe Mt. Mulanje as follows: “Mt. Mlanje
is situated in the south-east corner of Malawi, close to the Mozambique border .. “Mt.
Mlanje is the most prominent mountain feature in south-central Africa. An isolated massif
of about 500 square kilometres (200 square miles), it rises abruptly to nearly 2450 m ...
above the surrounding plains, which lie at a general level of 600 m ... Mt. Mlanje consists
essentially of a large syenitic intrusion . .

“ ... Lichenya Plateau, which faces south-east, has a main annual rainfall of 3108 mm,
with 643 mm falling in the dry season. At the foot of the mountain below Lichenya ... the
mean annual rainfall is 2425 mm with no month receiving less than 50 mm.”

3. Thyolo District, Thyolo (Cholo) Mt., at 1100—1400 m altitude, 16°5’ S—35°4" E.
Date: 13 March 1973. “The forest of the main block is Chrysophyllum gorungosanum sub-
montane forest” (L c. page 156). “The Shire Highlands lie to the south of Zomba Mt. . ..
Their western ridge overlooks the Rift Valley. The highest part of the escarpment is formed
by Cholo Mt. (1. c. page 154). The main annual rainfall varies between 1200—1300 mm and
the mist effect is also significant according to the available data.

Acta Batanica Academiae Scientiarum Hungaricae 22, 1976
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Fig. 2. Rocky vegetation dominated by Vellozia splendens, in the higher parts of Lichenya
Plateau. Phot. E. Sahlin

List of species

HEPATICAE

Telaranea nematodes (Gottsche ex Aust.)) Howe Syn.: T. sejuncta
(Angstr.) S. Arnell — 2: 11770 (Oceanic cosmopolite, in Africa: Cape, Nat,
Tvl, SE-Zre, Kil).

Kurzia tabularis (St.) Grolle — 1: 11734/B (South African: Cape).

Bazzania adnexa (Mont.) Trev. Syn.: B. decrescens (Lehm, et Lindenb.)
Trev. — 2: 11790 (Palaeotropic: in Africa Nat, Tvl, Por, Wus, Ulu, Kil,
Ruw, Comores, Mad, Réu).

Calypogeia arguta Nees et Mont, ex Nees — 2: 11770/B (Oceanic cosmo-
polite, in Africa: Canaries, Kil, SE-Zre, Swz, Tvl, Nat, Cape, Mad, Réu).

Cephaloziella kiaerii (Aust.) S. Arn. — 1: 11731/C, det. J. Varia (South-
east African: Cape, Nat, Tvl, Moz).

Jungermannia borgenii Gott. — 1: 11734/C, det. J. Vana (Afromontane:
Cam, Nig, S—T, Congo, Zre, Z, Uga, K, T, Rwa, Mai, Botswana, Ang, SAf,
Mad, Réu, Mau).

1* Acta Botanica Academiae Scientiarum. Hungaricae 22, 1976



4 BIZOT, M__DURY, M. N.—POCS, T.

Jungermannia sphaerocarpa Hook. — 1: 11731/A, det. J. Vana (Hol-
arctic, in Africa altimontane: Cam, Muh, Niragongo, Elg, Ruw, Kil, Mad,
Réu).

Plagioehila crispulo-caudata Gotische — 3: 11629 (South-east African:
Cape, Nat, Tvl, Rho, Mal: Zomba Mts., E-Zre, Ulu, Mad).

Plagioehila heterostipa Steph. — 1: 11745 (South-east African: Cape, Nat,
Tvl, Swz, Rho, Ang, S and E Zre, Mal: Zomba Mts., Shire Hlds, Mul; Rur,
Mad).

Plagioehila lastii Mitt. — 1: 11756 (East African montane element: Uga,
Ken, Rwa, Kil, WUs, Usa, Mul, Tvl).

Radula boryana (Web.) Nees — 2: 11796/A (Pantropical).

Frullania angulata Mitt. — 3: 11627, det. C. Yanden Berghen (Afro-
montane: S-T, F-P, Ann, Cam, Zre, Ang, Mer, Kil, Usb, Por, Mad).

Frullania areeae (Spreng.) Gottsche — 3: 11625, det. C. Vanden Berghen
(Pantropical).

Frullania serrata Gottsche — 2: 11790/B (Palaeotropical, in Africa: Cape,
Nat, Tvl, Rho, Zre, Ulu, Usb, Kil, Kas).

Aphanolejeunea eapensis (S. Arnell) S. Arnell — 2: 11796/B, on leaves
and stems of Radula boryana (South African: Cape, Tvl).

Microlejeunea africana Steph. — 2: 11796/C, on Radula boryana (Afro-
montane, widespread in tropical and South Africa).

Sympliyogyna podophylla (Thunb.) Nees et Mont. — 2: 11770 (Pan-
tropical, widespread in tropical and in South Africa).

Asterella wilmsii (Steph.) S. Arn. — 1: 11738, det. R. Grolle (South

African: Cape, Nat, Tvl, Swz, Rho, Moz, Mad?).

MUSCI

Fissidens asplenioides Hedw. — 2: 11798 (Pantropical).

Fissidens ovatus Brid. var. ochroloma Ren. et Card. — 1: 11755 (Dis-
junct African element: Acores, South Africa, East Africa, Mascarenes).

Fissidens plumosus Hornsch. — 1: 11746 (South-east African: Cape, Tvl,
Rho: Inyanga; Ulu).

Dicranella subsubulata (Hpe) Jaeg. — 2: 11784 (South-east African:
Cape, Nat, Rho: Inyanga, Ulu).

Campylopodium euphorocladuin (C. Mill.) Besch. — 2: 11771/A (Palaeo-
tropical, in Africa only: Abe, Kil).

Campylopus flaccidus Ren. et Card. fo.n. epilosa Bizot — 2: 11775.
A typo differt folds apicibus sine acumine hyalino, cellulis tenuibus (Holo-
type: 0). (The species is known only from Madagascar: Betsileo.)

Campylopus inchangae (C. Miull) Par. — 1: 11737, 11758; 2: 11767
(South-east African: Cape, Nat, Tvl, Rho, Mai, Moz).

Acta Botanica Academiae Scientiarum Hungaricac 22, 1976
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Campylopus polytrichoides De Not. — 1: 11726/A; 2: 11767/B (Oceanic
cosmopolite).

Leucoloma albocinctum Ren. et Card. — 2: 11769 (Known only from
Madagascar and from the St. Marie Island).

Leucoloma aspericuspes P. Yardé — 2: 11794, 11797 (East African
montane element: Ken, WUs, Kan, Ulu).

Leucoloma holstii Broth. — 1: 11732 (East African montane element:
WUs).

Leucobryum acutifolium Broth. — 1: 11728/A (South-east African: Nat?,
Usa, Mad).

Leucobryum cucullatum Broth. — 1: 11728 (EAf montane: Usb).

Didymodon afro-rubellus Broth, et Wag. ex Dix. — 1: 11739 (South

African: Nat).

Hyophila cyathiformis (Dix.) Sim. — 1: 11747 (South-east African: Cape,
Nat, Tvl, Rho, Z).

Brachymenium acuminatum (Hedw.) Kindb. — 2: 11786, 11787 (Pan-
tropical).

Bryum alpinum Rehm. ex C. Mill. — 2: 11782 (Cosmopolite).

Bryum argenteum Hedw. var. lanatum (P. Beauv.) Hampe — 2: 11789
(Cosmopolite).

Philonotis hastata (Dub.) Wijk. et Marg. — 2: 11771, 11785 (Pan-
tropical).

Breutelia gnaphalea (P. Beauv.) Mitt. — 1: 11725, det. J.-L. De S1over.
A Malgassian species already published from the Lichenya Plateau by E. B.
Bartram (1953: 194) with a question mark.

Schlotheimia laetevirens Broth. — 3: 11628 (EAf montane: Usb).

Calyptothecium hoehnelii (C. Mill.) Argent. Syn.: Renauldia hoehnelii
(C. Mull.) Broth. — 2: 11763 (W idespread in East and in South Africa).

Pilotricliella ampullacea (C. Mull.) Jaeg. — 1: 11733, 11747; 2: 11791
(EAf montane: Abe, Ken, Kil, Usb, Kan, Ulu, Shi, Comores).

Papillaria africana (C. Mill.) Jaeg. — 1: 11750; 2: 11779 (Tropical
African, Avidespread).

Aerobryidiuni subpiligerum (Hpe.) Card. — 1: 11757 (EAf montane:
Kil, EUs, Ulu, SHI, Mad. Réu, Comores).

Porothamnium hildebrandtii (C. Mull.)) Fleisch. — 1: 11735/B (W ide-

spread in tropical and in South Africa).
Hypopterygium mildbraedii Broth. — 1: 11749 (EAf montane: Elg, Kar,
Kil, Ulu).

Hypopterygium viridissimum C. Mull. — 1: 11751; 2: 11793 (Widespread
in tropical America and in Africa).
Ectropothecium regulédre (Brid.) Jaeg. — 2: 11798 (Tropical African:

Cam, Gab, Zre, EUs, Ulu, Cape, Nat, EAf islands).

Acta Botanica Academiae Scientiarum Hungaricae 22, 1976



6 BIZOT, M—DURY, M. N.—POCS, T.

Hypnum aduncoides (Brid.) C. Mull. — 2: 11788 (Palaeotropical: Cape,
Nat, Tvl, Maci, Réu, India).

Atrichum androgynum (C. Mill.) Jaeg. — 1: 11735/A (South-east African:
Cape, Nat, Zul, Tvl, Rho).

Polytrichum commune Hedw. — 2: 11768 (Cosmopolite).

The above specimens are deposited in the herbaria of 0, Egr and some
mosses in the herbarium of Professor M. Bizot.

Phytogeographical distribution

The 60 species were analysed as to geographical distribution:

South-east African elements: 10 species, of which 3
also occur in Madagascar
South African elements: 4 species
East African montane: 9 species
Afromontane 3 species
Afroalpine: 2 species
Tropical African: 4 species
Madagascan (Malgassian) 3 species
Palaeotropical: 7 species
Neotropical: 1 species
Pantropical: 7 species
Cosmopolitan elements: 7 species, of which 4 with

oceanic character

Holarctic: 1 species
Subantarctic: 1 species
Disjunct: 1 species

60 species

The geographical position of the Mulanje Mountains is of course reflected
in the high number of South-east African species. However, there are also im-
portant East African montane and alpine elements, besides some South African
species. This pattern of distribution has analogues among the higher plants.
Thus, within the Cupressaceae these mountains are the meeting place of the
South African genus Widdringtonia, represented by the endemic W.whytei, and
of the northern Juniperus excelsa, widespread in the East African mountains
(Kerfoot 1975: 147). The two afroalpine species: Campylopus procerus (C.
Muell.) Par. and Trachypodopsis laxoalaris Broth, have in Malawi an isolated
occurrence (see Bizot and Poes 1974: 419, 431). The presence of Malgassian
elements, like Campylopus flaccidus Ren. et Card., Leucoloma albocinctum

Ada Botanica Academiae Scientiarum Hungaricae 22, 1976



9/6T ‘gz aeoliebunH WNJIenualds selwapedy edluelog eloy

Fig. 3. Distribution of East African montane elements: Plagio-
chila lastii Mitt, (full circle) and Leucoloma aspericuspis P. Yardé
(open circle)

Fig. 4. Distribution of a South-east African element: Dicranella
subsubulata (Hpe.) Jaeg. (full circle) and of a Malgassian element:
Breutelia gnaphalea (P. Beauv.) Mitt, (triangle)
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Ren. et Card, and Breutelia gnaphalea (P. Beauv.) Mitt., in the old crystalline
massifs in East Africa has a great significance from the historical point of
view, as discussed by Po6cs (1975: 127—128). Their role in the Mulanje Moun-
tains seems less important than in the mountains of Eastern Tanzania.

REFERENCES

Bahtram, E. B. (1953): Musci. In J. P. M. Brenan and collaborators: Plants collected by the
Yernay Nyasaland Expedition of 1946. Mem. N. Y. Bot. Gard. 8, 191 —197.

Bizot, M.—Pbécs, T. (1974): East African Bryophytes, I. Acta Acad. Paed. Agriensis, Eger,
n. ser. 12, 383-449.

Chapman,J. D.—White, F. (1970): The evergreen forests of Malawi. Oxford, 190 pages + 45
plates.

Kerfoot, O. (1975): Origin and spéciation of the Cupressaceae in Sub-Saharan Africa. Bois-
siera 24, 145—150.

Pécs, T. (1975): Affinities between the bryoflora of East Africa and Madagascar. Boissiera
24, 125-128.

Potier de la Varde, R. (1958): Contribution a la flore bryologique africaine (11le article).
Rev. Bryol. et Lichen. 27, 139—144.

Thériot, |. (1931): Quelques mousses de Nyassaland. Rev. Bryol. et Lichen. 4, 75—77.

Acta Botanica Academiae Scientiarum Hungaricae 22, 1976



4cta Botanica Academiae Scienliarum Hungaricae, Tomus 22 (1—2), pp. 9—16 (1976)

THERMOLABILE AND THERMOSTABLE
INTERPHASES IN THE VERNALIZATION OF WINTER
WHEAT (TRITICUM AESTIVUM VAR. BANKUTI 1201)

By
M. DEVAY, E. PALDI and |I. KOVACS
AGRICULTURAL RESEARCH INSTITUTE, HUNGARIAN ACADEMY OF SCIENCES, MARTONVASAR

(Received March 12, 1976)

The number of thermostable and thermolabile interphases brought about by the
vernalization of winter wheat (Triticum aestivum var. Bankuti 1201) has been examined
by means of “kinetic analysis” experiments using vernalization, devernelization and
revernelization.

The development-accelerating effect of vernalization can be reversed by 36 hours’
treatment at 32°C. The successfulness of devernalization depends on the duration of
the foregoing vernalization. The data suggest that several thermostable and thermo-
labile interphases occur in the course of the vernalization of winter wheat. The complete
reversibility during the early stages of vernalization indicates that the processes which
take place at the beginning of vernalization, and also their end-products, are sensitive
to temperature. After this the first thermostable interphase may come into existence,
followed by yet another thermolabile phase. The thermostable end-phase is formed after
vernalization, and simultaneously indicates the stabilization of the vernalization effect.
The approximate position of the thermostable interphase in the course of vernalization
also has been discussed.

Introduction

The word “morphogenesis“ means in general the organization of certain
organ. The authors agree with Bopp (1963) that morphogenesis should be
considered to include all the processes of developmental morphology which
result in differentiation. Therefore, not only the appearance of the growing
organs, but also the processes which prepare for or make possible this growth
may be classified as morphogenesis. These processes are influenced by certain
external and internal factors.

Naturally this immediately raises the question of ivhat connection there
is between the mechanisms affected by ecological factors and those provoking
morphogenetic processes. The reaction system produced by environmental
effect can only be directly connected with the morphogenesis in exceptional
cases. In most cases it causes the formation of such functions as result in
responses by initial cells (Bopp 1963). From this viewpoint the mechanism
controlled by external environmental conditions can be interpreted as a locking
system which opens and closes one or more channels. What flows through
these channels depends on the genetic characteristic of the cell (Monhr—
Ohlenroth 1962).

Ada Botanica Academiae Scientiarum Hungaricae 22, 1976
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The investigation of one of the fundamental phases of morphogenesis
— the transition from the vegetative to the reproductive stage — has been in
progress for a long time, and considerable progress has been made in recent
decades. Of exceptional interest in this respectis the clarification of the process
concerning the accelerated induction of ripeness to flower by exposure to
cold in cold-requiring plants. This process, which ranks without doubt as one
of the most interesting problems of morphogenesis, is known as vernalization.
Vernalization is essentially the acceleration of plant development due to the
cold effect. It is a prerequisite for flower formation and makes the plants
“capable of responding to the photoperiod”.

It is a significant paradox of vernalization that an environmental con-
dition, low temperature, which generally reduces the intensity of physiological
processes, exerts a favourable effect upon one of the stages in plant devel-
opment.

The greatest vernalization effect is usually achieved by employing tem -
peratures immediately above the freezing point of water. In cereals, the lower
limit for the active vernalization temperature is generally —3°C and the
upper limit 10°C (Razumov 1961). The temperature range 10—20°C is neutral,
exhibiting no vernalization effect. The cold-induced “ripeness to flower” can,
in the majority of cold-requiring plants, be annulled under certain condi-
tions by the action of heat (about 3 days at 25—40°C). This phenomenon is
called devernalization. Devernalization is not able to produce a permanent
state. This is confirmed by the renewed vernalizability at low temperature of
plants devernalized by heat. This renewed vernalization of devernalized plants
is known as revernalization. (Gregory—Purvis 1945, 1948, Efeykin 1947,
Razumov 1950, Friend—Purvis 1963, Napp-Zinn 1953, 1957).

Attempts to compile a mechanism for vernalization have been based
primarily on the temperature-dependences of the vernalization, devernaliza-
tion and revernalization processes. The experiments which have been carried
out under the heading of “kinetic analysis” have at last provided an explana-
tion for the paradoxical situation which exists for vernalization. The key to
the situation lies in the fact that thermolabile and thermostable intermediate
stages are involved in the process.

The satisfaction of the cold requirement may be provisionally described
as a reaction A —% B. B characterizes the end-product of vernalization and
may include the existence of a certain flowering hormone, or of its precursor,
or of an enzyme or group of enzymes which is able to synthesize the substances
that control the flower initiation even at higher temperatures. If it is missing
from the system, e.g. from cold-requiring plants B can only be synthesized at
low temperatures, probably in several steps. Purvis (1961) designated these
preceding steps as A and postulated that in the actual low temperature stage
only the change A —»A takes place. This proved to be reversible at high tem -
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peratures, thus devernalization and revernalization are possible. Other authors
(Melchers 1952, Friend—Purvis 1963) postulate a threefold reaction with
various temperature dependencies. The vernalization process can be described
by the following formula:

B end-products
intermediate —A

products

A precursor temperature damage to

the intermediate products

where process IIl, which represents the decomposition of thermolabile inter-
mediate products at the devernalization temperature, has a higher tempera-
ture coefficient than processes | and Il. In the course of successful vernaliza-
tion a thermolabile intermediary product is synthesized, which is capable of
reacting in two ways: at low temperatures it is mainly involved in the syn-
thesis of, for example, a hypothetical thermostable flowering hormone such as
vernalin, whereas at higher temperatures another process dominates, in which
the intermediate product is rendered useless for the synthesis of substances
controlling flower initiation. In plants not requiring low temperatures the end-
product is either originally present, or its synthesis is ensured even at higher
temperatures.

Naturally it is an over-simplification to assume only two competing processes.
The real state may be considerably more complicated. The various cold-requir-
ing plants, such as Hyoscyamus niger, Secale cereale and Arabidopsis thaliana,
differ in the number of thermolabile and intercalated thermostable stages
involved in the process of vernalization (Napp-Zinn 1973).

In the present paper results concerning the thermolabile and thermostable
interphases in the vernalization of winter wheat (Triticum aestivum var.
Bankuati 1201) are summarized. The number of thermostable and thermolabile
interphases brought about by the vernalization of winter wheat has been
elucidated in part by means of “kinetic analysis” experiments using vernaliza-
tion, devernalization and revernalization.

Material and methods

(a) Vernalization, devernalization, revernalization. Seedlings of winter wheat (Triticum
aestivum var. Bankuati 1201) were used in the experiments. After sterilization in bromine water
the seeds were germinated for 36 hours at 20°C. The vernalization of the germs was carried
out in a refrigerator, at 0° to —1°C. At this temperature vernalization proceeds at a normal
rate with cell division practically at a standstill (Devay 1962). The oxygen required for ver-
nalization was provided by frequent ventilation. The germs were vernalized for 0, 7, 14, 21,
28, 35, 42, 49, 56, 63, 70 and 77 days, respectively. After the vernalization period the germs
were devernalized for 0 and 36 hours at 32°C with an unrestricted supply of water. Some of
the devernalized germs were then revernalized for 7, 14, 21, 28, 35, 42, 49 and 56 days at 0°
to —1°C in a refrigerator.
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The vernalized, de- and revernalized germs were planted in perlite and grown in a
climatic chamber at 17°C and a light intensity of 85,000 erg cm-2 sec- 1with continuous
light until the appearance of the flower primordia.

(b) Determination of the vernalization effect. There is no specific easily examined
property which can be used for the determination of the vernalization effect, since the ripe-
ness to flower produced by the cold treatment does not manifest itself morphologically in the
plants. Thus, up to the present time only indirect methods are available for the determination
of the vernalization effect. The most commonly used procedures are the so-called “final leaf
number” method (Purvis 1934) and methods which measure the velocity of development.

In our experiments the progress of vernalization was characterized both by the “final
leaf number” method, and by the number of days necessary from the end of the treatment
to the appearance of flower buds. Five samples were taken from the experimental plant material
weekly and the developmental stage of the shoot-tips was determined. After the initiation of
spikelet differentiation the interval between samples was shortened tol —2 days, and the
number of plants tested was increased to 25. In this way it proved possible to determine the
time when floral primordia appeared to within 2—3 days. The time at which floral primordia
had appeared on 50% of the plants was used to diagnose the development-acceleration effect
of vernalization.

Results and discussion

Low temperature treatment results in a shortening of development period
in Bankati 1201 winter wheat. The number of days necessary before the
appearance of floral primordia in non-vernalized plants is 230, as compared to
44 in those which are completely vernalized. In germs vernalized at 0° to — 1°C
(Fig. 1) 49 days are necessary for the complete satisfaction of the cold require-
ment (i.e. until further cold treatment is ineffective in shortening the time
required before the appearance of floral primordia).

Compared to the non-vernalized control the final leaf number (i.e. the
number of leaves formed on the main shoot before heading) decreased under
the influence of vernalization (Fig. 1). The shortening of the time necessary
for flower initiation and the decrease in final leaf number, taken as a function
of vernalization level, both give S-shaped curves.

The development-accelerating effect of vernalization can be reversed
by 36 hours’treatment at 32°C. The successfulness of devernalization depends
on the duration ofthe foregoing vernalization. The reversibility of the vernaliza-
tion effect was variable; it could be reversed more completely at the beginning
of the vernalization treatment (Table 1).

The complete reversibility demonstrated in winter wheat (Tetyurev
1941) could be observed here only during the first half of the vernalization,
after 7, 14 and 21 days’ cold treatment. Following this successful devernaliza-
tion the plants can be revernalized by a renewed cold treatment. The time
required for the revernalization was the same as that required for vernalization
itself under normal conditions. During the second half of vernalization the
devernalizability decreases stepwise. After 28, 35, 42 and 49 days’ cold treat-
ment the number of days necessary before the appearance of floral primordia
remained almost constant, irrespective of the duration of the foregoing vernal-
ization and a uniform 16 days’revernalization was required. A prolonged cold
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Fig. 1. Cold-induced acceleration of the “ripeness to flower” in winter wheat (T. aestivum
var. Bankati 1201). Germs vernalized in a refrigerator at 0° to —1°C were planted in perlite
and grown in a climatic chamber at 17°C at a light intensity of 85,000 erg cm*“2 sec-1 with
continuous light until the appearance of the floral primordia or until the earing. The progress
of vernalization was characterized by the number of leaves formed on the main shoot before
earing (i.e. final leaf number) as well as by the number of days necessary from the end of
cold treatment to the appearance of floral primordia (i.e. days necessary to flower initiation)

Table 1

Correlation between the devernalizability of winter ivheat (Triticum aestivum var. Bankuti 1201)
and the foregoing vernalizing effect of cold treatment

Number of days necessary before Residual effect  Time required
Duration of the foregoing the appearance of floral primordia equivalent ...  for complete
vernalization in days not devernalized devernalized tdr:);imcg:]dl reveianzlgile;tion
X X +
Vernalization 0 232 233 3.5 0 48-50
7 225 233 3.5 0 48 —50
14 217 228 3.0 0 48-50
21 174 228 3.0 0 48 —50
28 100 110 25 24 18
35 60 90 25 29 16
42 50 89 2.0 30 16
49 44 85 15 31 16
Stabilization 56 43 83 15 31 16
63 44 83 15 31 16
70 43 46 15 45 5
77 44 43 15 49
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treatment of the variety further decreased the devernalizability, and after 11
weeks high temperature was without effect (Table 1).

The devernalization ability cannot be increased even by means of a
longer devernalization period. Heat treatment longer than 36 hours had no
further influence on the degree of devernalization (Table 2).

Table 2

The effect of prolonged heat treatment on the devernalizability of fully vernalized
winter wheat (Triticum aestivum var. Bunkati 1201)

Number of days necessary

Duration of the before the appearance Time required for
heat treatment of floral primordia revernalization in

in hours days

X +

0 44 15 10

24 81 15 16

36 80 15 16

48 82 15 16

72 83 15 16

The data suggest that some thermostable and thermolabile interphases
occur in the course of the vernalization of Bankuti 1201 winter wheat. The
complete reversibility at the beginning of the vernalization indicates that the
processes which take place at the beginning of vernalization, and also their
end-products, are sensitive to temperature. After this the first thermostable
interphase may come into existence, followed by yet another thermolabile
phase. The thermostable end-phase is formed after the vernalization, and simul-
taneously indicates the stabilization of the vernalization effect.

On the basis of the time required after devernalization for successful
revernalization, together with a knowledge of the number of days necessary
before the appearance of floral primordia in partially vernalized and devernal-
ized plants, it is possible to deduce the approximate position of the thermo-
stable interphase.

Under normal conditions (Fig. 1) after 24 days’ cold treatment the
number of days necessary for the formation of floral primordia is 160, and a
developmental period of 90 days is required after 30 days’ exposure to low
temperature. Plants vernalized for 35, 42 and 49 days, if devernalized for 36
hours at 32°C, needed about 90—160 days from the end of temperature
treatment to the appearance of flower buds (Table I).This time was equiv-
alent to that required before the appearance of floral primordia in plants
vernalized for 23—30 days. The number of days generally required for full
revernalization in these cases was 16— 18. From the partially devernalizing
effect, and from the fact that the plants required a shorter cold treatment for
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revernalization, as mentioned above, it may be inferred that the thermostable
interphase is formed approximately between the 20th and 30th days of ver-
nalization. Naturally these values are given as a rough approximation.

It is certain, however, that, apart from the final stabilization process,
2 thermolabile and one thermostable phase can be expected during the vernal-
ization of winter wheat (Fig. 2).

Vernalization period Stabilization of
vernalizing effect
\ Y
precursor thermolabile thermostable thermolabile thermostable
intermediate intermediate end -products end-products
products products
temperature temperature
damage to the damage to the
thermolabile thermolabile
intermediate end -products
products

Fig. 2. The approximate position of thermostable and thermolabile interphases in the course
of vernalization

The individual phases may consist of one or more series of reactions.
Thus the vernalization of Bankuti 1201 winter wheat is not fundamentally a
single process, but, on the contrary, it consists of several phases connected by
periods relatively insensitive to temperature.

It is probable that the winter wheat varieties differ in the number of
thermolabile and thermostable intermediate stages involved in vernalization,
as well as in the stabilization of the vernalization effect. The character of
thermolabile and thermostable interphases in the course of vernalization in
winter wheat cultivars is still not known in detail, so a great deal of further
research work is needed. These experiments can throw light not only on plant
development, but also on such important factors as frost resistance and the
earliness of the varieties. An exact knowledge of these mechanisms isimportant
when determining both the orientation of a selectional programme and criteria
of selection.
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INVESTIGATION OF THE K-, Ca-, P-, N- AND
AMINO ACID CONTENT OF THE EPIPHYTIC
HYPNUM CUPRESSIFORME*
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(Received February 3, 1976)

As a part of the epiphytic moss-phytomass investigations carried out by the
authors in the area of the “SikfokUt Project” (Simon 1974), the K-, Ca-, P-, N- and
amino acid content of Hypnum cupressiforme has now also been studied. The authors
determined the amount of these elements in the living and dead fractions of the moss
and in the substrate bark. Taking into consideration and converting the dry weight
of epiphytic Hypnum cushions falling to the unit area of 200 sq.m, the estimated
values for one hectare are the following: about 300 g potassium, 260 g calcium, 150 g
phosphorus, 780 g nitrogen and 260 g amino acid.

On the inner content of mosses (macro- and micro-elements, several
organic compounds, esters, sucrose alcohols, enzymes, amino acids, etc.)
continually new information is revealed by chemical analysis (Tamm 1954,
Smith 1955, Huneck 1969, 1972, Matsuo et al. 1972, Lewis 1971, Era-
metsa—Y liruokanen 1971, Bendz— Svensson 1971, Suire 1975, etc.). The
ecology of epiphytic mosses and the chemical composition of their substratum
are fully discussed in the summarizing work of Barkman (1958). On the basis
of the above experiences — and taking into consideration the nutrient uptake
on the whole body surface of mosses — one may assume that these elements
have a special role in the material production of the producent subsystem of
ecosystems, and in its material and energy cycle.

To explore the details of this problem, a multi-stage investigation was
planned. In 1973 we studied the moss cover of tree trunks within the turkey-
oak forest model area called “Sikfékut-Project” (Jakucs 1973) near Eger,
in an area covering 200 sq.m (Quercus petraea ssp. dalechampii). The specific
composition of the moss covers, their total surface and weight, and the cover
and weight for each species and trunk were determined (Simon 1974). The
major part (49.736 sgq.cm), that is 94 per cent of the epiphytic moss cover
(52.969 sqg.cm) falling to the given area, is composed of Hypnum cupressiforme.
Concerning weight, this value is even more significant, because 97 per cent of
the total cover (i.e. 798.99 g) falls to Hypnum cupressiforme.

Taking into consideration the above, an investigation of the K-, Ca-,
P-, N- and amino acid content of the Hypnum-cushions was planned. It is

* “Sikfokut Project” No. 16
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our opinion that within the producent layer of the ecosystem it may be useful
to study the special epiphytic compartments, concerning matter turnover.
This epiphytic “compartment” functions with its vast surface partly as a
filter and partly as a storer of matter in the given forest ecosystem.

Material and method

The epiphytic moss samples used in the course of chemical investigations originated
from the material collected (Simon 1974) — for the purpose of phytomass investigations —
in the model area called “Sikf6kat Project” near Eger. The so-called mesotypical samples
thickness group No. 1, Simon 1 c.) originated from the very bottom of the moss cover. The
so-called xerotypical samples (thinner cover — thickness group No. 2, Simon 1 c.) were col-
lected directly above the former ones. To sum up: three kinds of samples were undergoing
chemical analysis: xerotypical mosses collected in January (thickness group No. 2), meso-
typical mosses collected in January (thickness group No. 1) and mesotypical mosses sampled
in May (thickness group No. 1).

For chemical investigation, the air-dry plant material was ground to dust, each 200 g
was put into destruction test-tubes and destructed with 2 ml of cc H2S04. To accelerate destruc-
tion, to the material being in the state of boiling, 0.5 ml of HC104was added. Having finished
destruction, the material was diluted with distilled water to the amount of 20 ml, and the
total N-, P-, K-and Ca-content of the solution was determined. Nitrogen was determined by
means of the Nessler-reaction, P by a procedure using molybdenum-sulphuric acid, while as a
reducing material eiconogene was used. The coloured solutions — obtained in the course of
reactions — were measured by the help of a spectrophotometer. The amounts of K and Ca
were determined by using a flame-photometer. Besides the above-mentioned elements, also
the total amino acid content and the amino acid composition of the moss and the bark were
investigated. For the purpose of this investigation (according to the method of PALFI,
1970), 200 mg plant material was crumbled and centrifuged (8000 r.p.m.). The floating solu-
tion was distilled and the sediment solved in 2 ml fifty per cent ethylalcohol. 0.5 ml of this
solution was applied to chromatogram paper and chromatographed in a compound of buta-
nol—acetic acid —water (proportions 4:1:1), unwarmed, at 3°C. The chromatogram was
developed by means of ninhydrin, at 65°C.

To determine the total amino acid content, amounts of 0.05 ml of the extracts and
standard solutions were applied to the chromatogram paper showing circlets with a diameter
of 3 cm. The chromatogram was developed by the help of cadmium-ninhydrin, at 80°C, in
20 minutes. The patches were eluated in 5 ml fifty per cent methanol. The obtained coloured
solution was measured by a spectrophotometer 402 MOM, at 520 millimicrons.

The elaboration of the obtained data (mean value, errors of mean values), the com-
parison of mean values, the evaluation of the reliability of differences (t-test) were done by
the usual mathematical-statistical methods (Svab 1973). In the course of the conversion into
unit areas of the K-, Ca-, P- and N-content of the January moss samples (living and dead
fractions), the phytomass data obtained earlier (Simon 1974) were used. Since the samples
belonging into thickness group No. 3 (Simon 1., c., p. 346, Table 3) were not elaborated,
the probable K-, Ca-, P-, N- and amino acid content of these was estimated on the basis of
the experiences of our present data (= 7.25 mg/air-dry material, Ca = 4.58 mg/air-dry
material, P = 3.14 mg/air-dry material, N = 6.40 mg/air-dry material, amino acid = 4.21
mag/air-dry material).

Results

Potassium appeared in all three groups predominantly in the plant as
compared to the K-content of the bark (Table 1). Within the plant, the highest
K -content was always found in the living fraction. The K-content of the thin-
ner (xerotypical) and thicker (mesotypical) samples collected in January
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Table 1

K-, Ca-, P- and N-conlent (mg/lg dry weight) of epiphytic Hypnum cupressiforme covers,
their mean values and the errors of mean values (sxJ

K (e:} P N
Mean Mean Mean Mean
n X X n X % n X sx n X X
Hypnum cupressiforme
2. .
living 7 410 040 6 2,73 012 18 1.99 0.02 18 10.17 0.35
dead 7 332 024 6 3.48 0.66 18 160 002 18 7.67 0.45
bark 7 116 015 6 11.06 2.86 18 1.08 0.08 18 558 0.31
Hypnum cupressiforme
J1 .
living 7 4.04 0.06 7 2.87 0.11 9 227 0.05 15 1594 0.53
dead 7 355 014 7 497 071 9 1.77 0.05 15 13.34 0.54
bark 7 4.08 022 7 744 116 9 112 0.14 15 1510 0.27
Hypnum cupressiforme
vii .
living 4 3.00 0.08 4 232 0.17 3 239 0.08 12 1396 0.93
dead 4 237 020 4 3.47 0.16 3 190 0.07 12 1297 121
bark 4 076 0.10 4 12.87 152 3 052 0.00 12 821 0.53

proved to be nearly similar, but the potassium content of the bark was con-
siderably higher underneath the thicker cushions (Table 2). If we compare
the January xerotypical and the mesotypical samples of May, we find that the
amount of K is always higher in the xerotypical covers, and more significantly
so if the living and dead fractions are regarded (Table 3). Comparisons of the
mesotypical samples of January samples contain a significantly higher amount
of potassium (Table 4). Making a comparison between the xerotypical samples
of January and the contracted values of the mesotypical samples (of January
and May), one can see that the high K-content of the xerotypical living and
dead fractions shows a slight overweight, while the bark has a significantly
higher potassium content underneath the mesotypical cushions (Table 5).

To sum up, it may be stated that potassium is accumulated in the plant.
It remains under more extreme conditions in the epiphytic cover, while under
more balanced conditions it may penetrate into the surface layers of the bark.
Thus the higher K-content of the moss cover is a property of xerotopic con-
ditions. The current situation of potassium in this epiphytic vegetation is
probably corresponding to the changes of climatic elements. Brenhm (1971)
made a similar observation in the course of investigation of the ion exchange
in Sphagnum hummocks. It is probable that potassium originates, first of all,
from the precipitation water flowing down the trunk and having a significant
K -content (Szabs 1976).

The amount of calcium is generally higher in the bark, or the Ca-content
of the moss and of the bark is approximately identical (Table 1). Within the
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Table 2

Comparative evaluation of the K-, Ca-, P- and N-content (mg/air-dry substance)

of samples 1/2 and 1/1 of Hypnum cupressiforme

Living Dead Bark
Hypnum Hypnum Hypnum Hypnum Hypnum Hypnum
12 171 1/2 171 v 12 111
K
4.10 4.04 3.32 3.55 1.16 4.08
X ,-XS 0.06 0.23 2.92
t 0.15 0.81 10.81
5% 2.18 2.18 2.18
SD 5% 0.59
Ca
X 2.73 2.87 3.48 4.97 11.06 7.44
X ,-X 2 0.14 1.49 3.62
t 0.82 2.63 1.42
*54 2.18 2.20 2.20
SD-o — 5.78 _
3 /O
P
X 1.99 2.27 1.60 1.77 1.08 1.12
X t-x 2 0.28 0.17 0.04
t 5.41 3.69 0.26
5% 2.06 2.79 2.06
SD 560 0.10 0.09 —
N
X 10.17 15.94 7.67 13.34 5.58 15.10
Xi—X.. 5.77 5.67 9.52
t 7.87 2.25 22.90
ted 2.04 2.04 2.04
SD:% 1.43 5.12 0.87

above parts, the Ca-content of the dead fraction of the plant is always higher
than that of the living fraction! The comparison of the January xerotypical
and mesotypical samples shows that the Ca-content of the mesotypical Hypnum
is higher (in the dead fraction even significantly higher) than that of the xero-
typical Hypnum. The bark shows, however, a higher Ca-content underneath
the latter (Table 2). The Ca-contents in the xerotypical samples of January and
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Table 3

Comparative evaluation of the K-, Ca-, P- and Di-content (mg/air-dry substance)
of samples 1/2 and V/I of Hypnum cupressiforme

Living Dead Bark
Hypnum Hypnum Hypnum Hypnum Hypnum Hypnum
12 \iI 12 \2i 12 Vi
K
X 4.1 3.0 3.32 2.37 1.16 0.76
X ,-X 2 11 0.95 0.40
| 2.71 2.62 1.80
55 2.47* 2.26 2.26
sd 5,/0 1.00 0.82
Ca
X 2.73 2.32 3.48 3.47 11.06 12.87
X ,-X, 0.41 0.01 1.81
t 1.78 0.01 0.33
%% 2.31 2.31 231
SDy,
p
X 1.99 2.39 1.60 1.90 1.08 0.52
Xi X2 0.40 0.30 0.56
t 75.47 5.66 271
te 2.09 2.09 2.09
SDL] 0.01 0.11 0.43
N
X 10.17 13.96 7.69 12.97 5.58 8.2
X,-X2 3.79 5.28 2.63
t 4.36 4.67 4.54
2.05 2.05 2.05
SD-D% 1.78 2.32 1.19

in the mesotypical samples of May(resp.in their fractions) are nearly identical
(Table 3). It is to be seen from the comparison of the mesotypical samples of
January and May that in January there is more Ca in the plant (living and
dead fractions) than in the bark, while in May the situation is the reverse
(Table 4). Comparing the data of January xerotypical samples with the con-
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Table 4

Comparative evaluation of the K-, Ca-, P- and N-content (mg/air-dry substance)
of samples 1/1 and V | of Hypnum cupressiforme

Living Dead Bark
Hypnum Hypnum Hypnum Hypnum Hypnum 1 Hypnum
11 \2ii 171 VI 171 1 \Z
K
X 4.04 3.00 3.55 2.37 4.08 0.76
Xr-X, 1.04 1.18 3.32
t 10.19 491 10.64
's% 2.26 2.26 2.26
SDS% 0.23 0.54 0.70
Ca
X 2.87 2.32 4.97 3.47 7.47 12.87
X x- X t 0.55 1.50 5.40
t 2.81 1.48 2.81
5% 2.26 2.26 2.26
SD 3% 0.40 4.34
P
X 2.27 2.39 1.77 1.90 1.12 0.52
Xi-Xt 0.12 0.13 0.60
t 121 1.26 4.37
*50% 2.23 2.23 2.23
SD 5% 0.30
N
X 15.94 13.96 13.34 12.97 8.21 15.10
Xt-Xx 2 1.98 031 6.89
t 1.79 0.24 12.21
*504 2.06 2.06 2.06
B — — 1.16

traded values of mesotypical samples (January and May), we find that they
are nearly identical (there is no significant difference) (Table 5).

To sum up, it may be established that calcium is to be found in the plant
and the bark in nearly identical amounts, though the Ca-content of the hark
may be higher. The dynamism of Ca seems to be opposite to that of potassium,
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Table 5

Comparative evaluation of the K-, Ca-, P- and N-content (mg/air-dry substance)
of samples 1/1—V/l of Hypnum cupressiforme

Living Dead Bark
Hypnum Hypnum Hypnum Hypnum Hypnum Hypnum
12 1 Ui-v/1 '1/2 1/1-V /1 12 , HI-v/1
K
X 4.1 3.66 3.32 3.12 1.16 2.87
Xt-X 2 0.44 0.20 171
t 1.09 0.84 7.91
*504 2.44 2.12 2.12
SD 3% — — 0.84
Ca
X 2.73 2.67 3.48 4.42 11.6 9.43
X,-X2 0.06 0.94 2.17
t 0.38 1.19 0.91
5% 2.13 2.13 2.13
SD 5% - -
P
X 1.99 2.26 1.60 1.96 1.08 0.96
X,-X2 0.21 0.36 0.12
t 5.86 8.78 0.92
504 2.05 2.05 2.17*
SD 5% 0.09 0.08 —
N
X 10.17 15.04 7.69 7.90 5.58 12.03
X,-X2 4.87 0.21 6.45
t 6.78 0.25 15.21
H% 2.01 2.01 2.01
SD 5% 1.44 — 0.87

because under more balanced conditions calcium occurs rather in the body of
the moss, while under more arid conditions it occurs in greater quantities in
the bark.

The amount of phosphorus is three times as high in the plant as in the
bark. Within the plant, the P-content of the living reactions is always higher
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(Table 1). A comparison between the P-values of the January xero- and meso-
typical samples shows a significantly higher P-content in the mesotypical
Hypnum samples. The phosphorus content of the bark underneath the moss
cushions is approximately identical (Table 2). The comparison between the
xerotypical samples of January and the mesotypical samples of May indicates
that the samples collected in May have a considerably higher P-content (Table
3) , but the P-content of the bark is more significant in the January samples.
It is to be seen from the comparison of the mesotypical samples of January and
May that their phosphorus contents are nearly identical, a significant difference
occurs only in the bark, namely in favour ofthe samples of January (Table
4) . If the P-data of the January xerotypical samples are compared with the
contracted P-values of the mesotypical samples of January and May, it be-
comes obvious that the P-content of the mesotypical Hypnum is (significantly)
higher, but the bark shows a nearly identical P-content in this case (Table 5).

To sum up, it may be stated that the amount of P is significantly higher
in the moss plant than in the bark. Besides, it can be proved that the P-
content of mesotypical Hypnum is always significantly higher. This means
that more balanced conditions may favour the P-uptake of the plant.

The amount of nitrogen in the plant is two to three times as high as in the
bark. Within the plant the N-content of the living parts always exceeds to
some extent the N-content of the dead fraction (Table 1). A comparison be-
tween the xero- and mesotypical Hypnum cushions showed a — significantly
greater — one and a half to two times as high N-content in the mesotypical
samples, moreover the bark contained, underneath the latter, a nearly three-
fold N-content (Table 2). A comparison between the January xerotypical and
the mesotypical samples of May led to approximately identical results. The
amount of nitrogen was in all cases significantly higher in the mesotypical
samples, including the N-content of the bark underneath them (Table 3). The
nitrogen content of the mesotypical samples of January and May was roughly
identical (Table 4). Thus the higher N-content of the January xerotypical
samples and ofthe mesotypical samples (of January and May) may be regarded
as characteristic (Table 5).

To sum up. it may be established that the amount of nitrogen is always
higher in the moss plant than in the bark. Moreover, it can be proved that the
N-content of the mesotypical samples is nearly always significantly higher
than that of the xerotypical samples. This proves beyond doubt that the
favourable N-cycle of the epiphytic Hypnum is connected with more balanced
ecological conditions.

Development of the total amino acid content is similar to that of the
nitrogen content. It occurs mostly in living moss plants, a less amount is to be
found in dead fractions and avery small amount occurs in the bark (Table 6).

Also a comparison between xerotypical and mesotypical samples indicates
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Table 6

12 1 11 i
Living 3.95 5.38 5.56
Dead 2.20 2.71 3.08
Bark 0.84 0.80 1.33

that the total amino acid content of mesotypical samples is significantly higher
both in the living and in the dead fractions. It may be presumed that this
phenomenon can be explained by the different metabolism of the two types.
This is proved by the investigations of Pustovoitova (1970) who established
that, during the desiccation of mosses, in the xerotypical specimens substances
stimulating growing, while in the mesotypical specimens substances prohibit-

ing growing, were accumulated.

Fig. 1. Paper chromatograph of amino acids. 1 = amino acid standard, 2 = living moss,
3 = dead moss, 4 = bark
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The paper chromatographic amino acid investigations of mosses and
barks similarly indicate (Fig. 1) that living mosses contain the greatest
amounts of amino acids (strip 2), their quantity is less in dead fraction (strip 3),
while it is the smallest in the bark (strip 4). Further it can be stated that all
three variants contain, first of all, amino acids moving slowly, such as: glycine,
serine, asparagine acid, glutamine, arginine, lysine, histidine and cysteine.

Estimation of production. The total K-, Ca-, P-, N- and amino acid
contents of the epiphytic Hypnum-cushions occurring in the forest stand of
200 sgq.m unit area, on the basis of data obtained in January — taking into
consideration the total dry weight determined earlier (Simon 1974) — are
presented in Table 7.

Table 7

mg/200 sg.m

Thickness groups

1 2 3 Total (mg) g/ha
K 2205.6 2499.0 1244.1 5948.7 297.4
Ca 2278.2 2088.2 785.9 5 152.3 257.6
P 1175.2 1209.1 538.8 2923.2 146.1
N 8508.5 6008.5 1098.2 15 615.2 780.8
Amino acid 2350.9 2071.3 722.4 5 144.6 257.2

This means that on one hectare of the model area the relatively poorly
developed epiphytic cover contains exactly 300 g of potassium, 260 g of
calcium, 150 g of phosphorus, 780 g of nitrogen and 260 g of amino acid.

Summary

As a part of the epiphytic inoss-phytomass investigations carried out
by the authors (Simon 1974) in the area of the “Sikfékut Project”, the K-,
Ca-, P-, N- and amino acid content of Hypnum cupressiforme has now also
been studied.

The authors determined the amount of these elements in the living and
dead fractions of the moss and in the substrate bark (Tables 1 and 6).
The obtained data were evaluated by the mathematical-statistical method and
the differences controlled by the help of the “t-test” (Tables 2, 3, 4, 5). The
authors established that K is first of all to be found in the plant, hut its amount
varies according to the character of the micro-habitat. Under dry conditions
there is more K in the plant, under more balanced (more humid) conditions
it may move into the hark. Generally there is a greater amount of Ca in the
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plant, or the Ca-contents ofthe moss and the bark are nearly identical. Dead
moss fractions contain more Ca than living ones. The dynamism of Ca seems
to be opposite to that of K. The amount of P is about three times as much in
the plant as in the bark and phosphorus occurs in greater quantities in the
living than in the dead fraction. Its amount in Hypnum growing under more
humid conditions is always significantly higher that in those growing under
drier conditions. N-content is higher in the plant than in the bark; wdthin the
plant the living fractions contain more N than the dead fractions. The nitrogen
content of Hypnum growing in more humid micro-habitats is significantly
higher. The development of the amino acid content (Table 6) is similar to that
of the N-content. Among the amino acids, glycine, serine, asparagine acid,
glutamine, arginine, lysine, histidine and cysteine were traceable (Fig. 1).
Taking into consideration and converting the dry-weight of epiphytic Hypnum-
cushions falling to the unit area of 200 sq.m, the estimated values for one
hectare are as follows: about 300 g of potassium, 260 g of calcium, 150 g of
phosphorus, 780 g of nitrogen and 260 g of amino acids.
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The chlorophyll-a and -b as well as the pigment ratio in herb layer species domi-
nant in beechwoods (Asperula odorata, Dentaria bulbifera, Melica uniflora, Viola alba,
CareX pilosa) were examined in 3 beech stands of various ages and structures. All five
species are remarkable owing to their low total chlorophyll density. It is attributable
to the light climate created by the structure of the tree stand that the total chloro-
phyll density of the two species, viz. Dentaria bulbifera and Asperula odorata, is dif-
ferent according to the age groups. The chlorophyll level of the other three species
was not effected by the light climate of the stand. The decreasing trends of the a/b
ratios are not attributable to the decrease in the average illumination values. In Carex
pilosa and Viola alba individuals, overwintering leaves also function. These are of low
a/b ratio and of a higher total chlorophyll density in character as compared with the
fresh leaves.

Introduction

By a quantitative analysis of the photosynthetic pigments, useful informa-
tion is obtainable in a number of situation on the photosynthetic production
and capacity of plants as well as on their light ecological sensitivity and
tolerance. In forest herb layer plants, as also in our case questions arise whether
the stand structure of the forest, and the various light ecological effects related
to it, have any influence on the total pigment density and on the density or
ratios of the various components. It may well be of interest to know whether
the species occurring at the same vegetation level show similar or deviating
ecological reactions in relation to the above properties.

Material and methods

In the spring of 1974 we collected frequently occurring beechwood plant species for
chlorophyll sampling in the extrazonal beeches of the Pilis Mountain (Central Hungary) in
the range of the Vorosk6é rock at the village of Tahi, latitude 47°46°, 350 m a.s.l. The species
with the indication of their life form were as follows: Asperula odorata H, Dentaria bulbifera G.
Melica uniflora H, Carex pilosa H, Viola alba H. The species enumerated here were collected
according to age group per beech stand (in 3 age groups; cf. M. Draskovits, 1975), and in
3 repetitions by age groups. For the sampling times see Table 2.

Discs of known surface area were cut out of the leaves. At the time of sampling, care
was taken that the discs were always cut from the same section of the same leaf of the plant
individual (for example, one disc from each of the 6 leaves of the third whorl from above in
Asperula). The chlorophyll components were brought into solution by means of cc. acetone
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(with the addition of a small quantity of MgCO03); they were filtered through a glass-strainer,
then photometered (on a Spektromom photometer, at E 663 and 645 nm wave lengths; cf.
Arnon, 1949).

The differences in chlorophyll concentration according to stand ages were evaluated
by means of random-arranged analysis of variance (Svab, 1973).

The results were also related to the photometric data obtained in 1974, when the in-
vestigations were carried out in the same stand age groups (M.D raskovits, 1975). These stands
differ from one another in trunk height, diameter, density — in one word, in the light climate
effecting the herb layer. The major illumination averages of the measurement days (each of
them is an average of 2—3000 measurements) are given in Table 1 for orientation.

Table 1

The daily average values of the illumination measurements, in Klux

Date
Age 3 Apr. 12 Apr. 23 Apr. 15 May 20 Je. 23 Jul. 17 Sept. 20 Nov.
1. Young 6.65 1.93 1.34 0.41 0.38 0.41 0.50 6.44
2. Middle-aged 6.30 2.61 2.30 0.43 0.38 0.26 4.85
3. Old 6.24 1.67 1.23 0.43 0.36 0.40 0.22 4.40
Table 2
The chlorophyll content
Dentaria bulbifera Asperula odorata Melica uniflora
24. 3. 1974. 25. 4. 1974. 21. 5. 1974
. 1 2 3 1 2 3 1 2 3
chl a mg/100 cm?2 1.34 1.34 1.34 0.68 0.64 0.65 0.88 0.98 1.29
chi b mg/100 cm2 0.62 0.56 0.57 0.30 0.30 0.30 0.42 0.44 0.65
A chl a/b mg/100 cm2 1.96 1.90 191 0.98 0.94 0.95 1.30 1.42 1.94
chl a/b 2.17 2.41 2.36 2.22 2.12 2.19 2.10 2.23 1.98
leaf weight g/100 cm?2 0.71 0.78 0.74 0.81 0.79 0.77 0.41 0.40 0.40
chl a mg/100 cm-’ 1.09 Tu 1.10 0.85 0.84 0.90 1.19 1.03 0.80
chl b mg/100 cm2 0.48 0.45 0.47 0.37 0.38 0.39 0.55 0.49 0.43
B chl a-f-b mg/100 cm?2 157 1.56 1.57 1.22 1.22 1.29 1.74 1.52 1.32
chl a/b 2.28 2.45 2.35 2.28 2.20 231 2.17 211 2.03
leaf weight g/100 cm2 1.03 0.86 0.95 0.76 0.87 0.90 0.37 0.38 0.35
chl a mg/100 cm2 1.09 1.10 1.10 1.32 0.95 0.74 0.95 1.08 0.88
chl b mg/100 cm2 0.40 0.44 0.41 0.60 0.39 0.37 0.43 0.57 1.44
C chl a-}-b mg/100 cm2 1.49 1.54 1.51 1.92 1.34 1.09 1.38 1.65 1.32
chl a/b 2.74 251 2.63 2.19 2.39 1.95 2.17 1.86 2.01

leaf weight g/100 cm2 0.72 0.80 0.75 0.87 0.80 0.85 0.36 033 043

1. 2. 3. = Repetitions
A B C = Beechwoods of different ages: A, young stand; B, middle-aged stand; C, old,
mature stan
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Results

The data given in Table 2 will be the basis of discussion on the possible
adaptations according to stand ages.

Figure 1 shows the result of examining the chlorophyll density of the
various species on the basis ofthe data given above, independently of the three
stands. This provides information on the amplitude per species of the chloro-

phyll concentration.
Similarly to these said above, the chlorophyll a/b ratio is demonstrated

in Fig. 2.
The discussion of the results will be given per species.

Asperula odorata

Chlorophyll concentration rises in the middle-aged stand. The rise ensues
in both components.

of the species examined

Viola alba Carex pilosa
13. 4. 1974. 22. 4. 1974,
fresh leaf overwintering 1 fresh leaf overwintering 1
1 2. 3. 1 2. 3. 1 2. 3 1 2, 3.

1.13 0.91 0.74 1.23 1.38 0.98 0.93 0.77 0.45 2.20 1.36 1.00
0.57 0.40 0.32 1.08 062 0.93 0.97 0.33 0.17 1.02 0.86 0.41
1.70 131 1.06 231 2.00 191 1.30 1.10 0.62 3.22 2.22 141
2.00 2.24 2.30 113 220 1.05 2.53 2.28 2.60 2.14 1.58 2.45
0.76 0.75 0.73 0.66  0.57 0.82 0.66 0.78 0.62 0.99 0.86 0.74

0.82 1.17 1.25 11 144 1.24 0.93 0.84 0.72 1.66 2.49 1.55
0.43 0.47 0.57 0.98 114 1.04 0.58 0.46 0.35 0.86 1.22 0.76
1.25 1.64 1.82 209 258 2.28 151 1.30 1.07 2.52 3.71 231
191 2.45 2.21 1.13 1.26 1.20 1.60 1.83 2.05 1.92 2.04 2.02
0.78 0.84 0.87 0.77 0.75 0.67 0.64 0.61 0.66 0.86 0.86 0.84

1.33 1.62 1.01 161 1.63 1.25 0.96 0.92 0.85 2.25 1.79 2.27
0.50 0.60 0.45 1.01 0.78 1.04 0.45 0.43 0.38 1.06 0.81 1.19
1.83 2.22 1.46 2.62 241 2.29 141 1.35 1.23 331 2.60 3.46
2.64 2.70 2.21 160 210 1.19 2.14 2.15 221 2.12 2.19 1.90
0.98 0.87 0.93 095 0.82 0.92 0.71 0.61 0.59 1.03 0.83 111
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0.5 10 15 2]0 I 25 3.0 35

Asperula odorata

Melica uniflora

Dentaria bulbifera

Viola  fresh leaf mMi11 1
alba overwintering leaf

Carex fresh leaf

pilosa  overwintering leaf

Fig. 1. The variability — on the basis of all data — of the chlorophyll content in the species
examined (mg chi a -f- b/100 cm2)

Asperula odorata
Melica uniflora
Dentaria bulbifera
Viola fresh leaf
alba _ overwintering leaf

Carex fresh leaf

pilosa  overwintering leaf

Fig. 2. The variability — on the basis of all data — of the chlorophyll a/b ratio in the species
examined

After subjecting the data of the 3 stands to a statistical analysis, it
appeared that, owing to the great variability of the data of plants living in the
old stand, the result (the effect of the stand “treatments”) is not significant
(NS). When the comparison refers to only two age groups, that is, to the young
and middle-aged stands, the chlorophyll concentration of Asperula is signifi-
cantly different in the two stands.

It cannot be stated with certainty to what cause the unambiguous rise
in the chlorophyll level of the middle-aged stand, best illuminated in April
(cf. Table 1), is ascribable. One might assume that the pigment level moves
around the minimum, and in the middle-aged stand (which is illuminated
better by mid April) the concentration increases parallel with illumination
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(on the stimulation of illumination). This explanation seems to be confirmed
by the fact of anatomical adaptation: in the young stand it is the sciophyll
leaves of Asperula which develop (low ratio of weight (surface and low density
thickness; sensu McCiendon, 1962).

Table 3

Variance analysis of the data

Source of variability SQ FG MQ
Total 0.1279 5
Treatment 0.1241 1 0.1241***
Error 0.0037 4 0.00093
*% P o= 0.1%

All these, however, are contradicted by the fact in the individuals grow-
ing in the old stand with similarly weak illumination, chlorophyll density rises
likewise, though unevenly. It is therefore a likelier explanation that in the
middle-aged (and old) stands the effect of the illumination, which was decreas-
ing in the preceding summer vegetation period, manifests itself in this long-
function in species. With regard to both chlorophyll-a and chlorophyll-b the
three repetitions in the old stand are strongly fluctuating, possibly because
of the coarse-grained pattern of strong light and shadow produced by the
thick beach trunks. In the young and middle-aged stands with fine grained
light and shadow pattern the fluctuation of the chlorophyll concentrations is of
a lower degree.

Dentaria bulbifera

The role of the stand structure is of a different trend in the early spring-
time geophyton Dentaria than in the hemicryptophyton Asperula. While in
Asperula the total chlorophyll level is lowest in the young stand and this in-
creases with the age of the forest, in Dentaria it is highest in the young stand and
decreases with the age of the forest.

The result of the 3-treatment analysis of variance is significant (Table 4).
In a comparison by pairs, the deviation of the total chlorophyll level in Aspe-
rula individuals living in the young stand from those two which are similar to
each other is demonstrable.

The chlorophyll-a/b ratio in the old stand increased considerably, which
follows from the decrease in component b. It is not known whether the quantity
of cholophyll-b decreases as a result of light fluctuating very strongly. For in
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Table 4

Variance analysis of the data and the comparison by pairs
of the averages of the three stands

Source of variability SQ FG MQ
Total 0.2977 8
Treatment 0.2947 2 0.14734***
Error 0.0030 6 0.00051
***p = 0.1%
1 2 3
1 1.926 X X
2 0.356 1.570
3 0.407 0.051 1.519
XP=5%

the early-spring time in the still leafless, old stand, the trunks standing far
from each other bring into existence coarse grained light and shadow patterns.
Thus the plant individual, growing at a given point of the herb layer is alter-
natively under the effects of now strong illumination the deep shadow, for
rather protracted periods.

The adaptation ensuing in the photosynthetic pigment levels is not
parallel with the anatomical adaptation; the weight/surface ratio is lower
in the young and in the old stands, while it is higher in the middle-aged
stand. These values are adequate to the illumination values measured in
fully-grown plants.

Melica uniflora

In the change of the total chlorophyll concentration in Melica, no trend
per age group (light—limate) manifests itself. Variability is high in all three age
groups, the result of the variance analysis is NS.

W ith respect to the chlorophyll concentration (the components separately
and in total; cf. Table 2), Melica, Asperula and Dentaria are closely related.
Their similarity is underlined by the fact that, considering all measurements
taken in the stands with different illuminations, the pigment concentration
and their ratio in all three species are rather fixed values (narrow interval;
Figs 1 and 2).

The concentration and ratio in the chlorophyll components is, however,
much more evenly distributed among the extreme values in Melica than in the
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other two species. Similarly near the same is the weight/surface ratio in the
samples of Melica leaves originating from the different beechwood stands;
however, in comparison with the Asperula and Dentaria values, this value is
only half as much as theirs. Thus, in the half as thick sciophyl leaf Melica,
the pigment concentration is twice as much as that in the other two species.

Viola alba

Owing to the circumstance thatthere are two kinds of leaves, viz. fresh and
overwintering leaves, in Viola alba and Carex pilosa (see below), they raise
problems in other directions as well.

Young, fresh leaves and overwintering leaves were treated separately.
The concentration of chlorophyll in the young, fresh leaf increases with the
age of the forest. Although this statement is valid for the average, the dif-
ferences are not significant because the variability of the 3 repetitions within
one stand is great. The factors examined constitute a series ofgradual transition.
The average of the chlorophyll a/b ratio is the only one which rises both in the
fresh leaves and in the overwintering ones in the old stand, which is mainly
attributable to the accumulation of the chlorophyll-a component. Presumably,
the effect of light and shadow fluctuation also appears in this species (cf.
Dentaria). The chlorophyll data of the fresh leaf samples taken in the young
and in the middle-aged forest stands are very similar; in the overwintering
leaves, the values originating from the middle-aged and from the old forest
stands are closely related. In view of the fact that the overwintering leaf
manifests the conditions of the preceding year, the statement made above
coincide with the fact known from our illumination measurements, namely
that in a great portion of the vegetation period, the conditions of illumination
are similar in the middle-aged and in the old stands; the light climates of the
two forest stands are closely related during this period.

Carex pilosa

W ith respect to chlorophyll density and ratio, Carex pilosa — similarly
to Viola alba — shows of a wide interval concerning both the fresh and the
overwintering leaves (see Fig. 2). It appears that among the species examined
Carex pilosa has the widest light ecology. W ithin the given beech forest type,
it is the least sensitive to the ecological effects following from the differences
in age of the various stands. However, the difference between the fresh and
overwintering leaves is remarkable. In Carex pilosa, the total chlorophyll
concentration of the overwintering leaves is 2—2.5 times that of the fresh
leaves. Not only the chlorophyll-li component increases, but in all of the cases
the chlorophyll-a component also does so, to a considerable extent. The a/b
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ratio is also lower in the overwintering leaves, similarly as in Viola, but the
drop is less expressed. In the overwintering leaves the weight/surface ratio
slightly increases (not so in Viola), which is probably a consequence of the
continuous sclerenchyma formation.

Discussion
One of the indications of the photosynthetic capacity in species — espe-
cially in the domain of low light intensity — is the density of photosynthetic

pigments. The unexpectedly low pigment concentration of herb layer plants
in beechwoods is remarkable in comparison with other data published in the
literature. This can be established even if one is aware of the fact that in the
comparison the different thickness of the leaves is always disturbing. The
upper limit values measured in the various species still express only rather low
pigment concentrations (Fig. 1). Concerning “obligatory shade plants”,
Lundegardh (1954) had already called attention to the narrow amplitude of
the values.

The examples of comparison (taken randomly from the extensive litera-
ture) refer partly to culture plants and partly to elements of natural vegetation
(chlorophyll a -]- b, mg/related to 100 cm2leaf area).

Trifolium repens: 3.4—5.3; Lolium italicum: 1.5—6.0 (Okubo—Oizu-
Mi—Hoshino—Nishimura, 1968); Phaseolus vulgaris: 0.5—4.5 (Tsuja—Isa—
Hatekyama, 1970); Medicago sativa: 3.2—5.1 (Okubo—Kawanabe—H os-
hino, 1971); Nicotiana sanderae: 2.0—4.5 (Sestak—Catsky, 1962); Secale
cereale: 1.1—3.2 (Orban, 1972); Brassica oleracea var. acephala: 1—5 (Sestak,
1963); Zea mays: 1—4 (Sestak—Vaclavik, 1963). The level is also higher in
trees: Populus tremuloides: 3.6—4.9 (light-leaves), 2.6—3.8 (shade-leaves;
Pearson—Lawrence, 1958); Quercus petraea: 1.4—3.2 (light-leaves), 1.3—
3.0 (shade-leaves; Fekete— Szujk6-Lacza mscr.); Quercus pubescens : 2.2—2.5
(Fekete—Szujko6-Lacza mscr.). With Rhododendron maximum: 2.2—5.5
(Whittaker— Garfine, 1962). In mixed samples of open sand grassland
(Festucetum vaginatae danubiale), the weighted average of the components
— characteristic of the vegetation — is 2.0—5.2 (Orban, 1972).— According
to Gabrielsen (1948) 5 mg is to be regarded as the optimum level.

In the three experimental beech stands (in the 3 age groups), the fact
that the chlorophyll density is controlled by some environmental factor
(stand structure) could he established in two of the five abundant species of
the herb layer. The total chlorophyll concentration of Asperula odorata is
higher — confirmed also statistically — in the middle-aged stand, while that
of Dentaria bulbifera is higher in the young stand. However, the comparison
of these results with the data of light measurements made parallel with the
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above experiments suggests that it is not simply the illumination gradient
dominant at the time of the chlorophyll sampling that determines the forma-
tion of the chlorophyll level, but also, for example, the light conditions of the
preceeding period, be it that of year’s vegetation.

The light ecological importance of the chlorophyll-a/b ratio is without
doubt. Chlorophyll-b is known as “shade-chlorophyll”. Its accumulation in
the lower, shaded layers of the vegetation is useful, because by its capacity
for absorbing light energy of a shorter wave length it transfers energy to
chlorophyll-a which can absorb it only of a longer wave length, and which
performs the chemical part ofthe photochemical action (energy concentration).
On the basis of the works by Boardman—Anderson (1964), Gross— Shef-
ner— Becker (1966) etc. it is also known that chlorophyll-a-b are present in
both of the photochemical systems; System 1 is characterized by about twice
as high a/b ratio as is characteristic of System Il. However, the decreasing
trends in the a/b ratio of the beechwood species herein examined cannot be
explained by the decrease of the average illumination values. The extent up
to which the rate of fluctuation in the illumination is responsible for the
tendencies mentioned above is not known. Under natural conditions, the
fluctuation of illumination is also invariably superimposed on the changes in
the average illumination intensities; it is impossible to study these two causes
separately here.

In investigations conducted under natural conditions, the question of
leaf age groups (fresh leaves, or overwintering leaves of the preceding year)
also arises. The low a/b ratio evolves in the overwintering leaves rather peculi-
arly. In both Carex pilosa and Viola alba the chlorophyll-b component increases
to about its twofold, in comparison with that of the fresh leaves. At the same
time, the chlorophyll-a concentration also increases but not to an identical
extent. (The increase in the concentration of the two components in the over-
wintering leaves of Viola alba and Carex pilosa results, in their pigment density
being already nearer to that occurring in the species taken for comparison.)
These trends are independent of the age group of the tree stand. The increase
in pigment density, independent of external effects (the role of stand structure),
could be considered a kind of adaptation induced by internal causes (“shading”
by the epidermis or cuticle; Rahinovitch, 1955). However, the supposed
change in internal structure manifests itself in the weight/surface ratios —
according to the comparison with the fresh leaves — only in one of the species,
i.e.: in Carex pilosa.
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SYNTHETIC ENERGY UTILIZATION OF A PLANT
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The organic matter production and the energy utilization of the plant association
Salvio-Festucetum rupicolae pannonicum stipetosum capillatae of the Mez6fold area were
examined from the end of April, 1974 to the end of October of the same year. The
weight increase reached its highest value in May and June during which time the energy
utilization was 0.79% and 1.03%, respectively. Considering the whole of the examina-
tion period, the above-ground dry matter production was 281.94 g/m2 while produc-
tivity was 1.55 g/m2day, which means a 0.17% average energy utilization. In the dry
matter content carbohydrate amounts to 34.5% and nitrogen to 2.1%. A close linear
regressional connection exists between the quantity of dry matter and carbohydrate
and nitrogen production, while it is looser between the carbohydrate and nitrogen
productions.

Introduction

The production-biological examinations conducted at the Botanical
Department of the Jozsef Attila University (Bodrogkozy—Horvath, 1969;
Horvath, 1972), were extended to an investigation of the organic matter pro-
duction and photosynthetic energy utilization of a loessgrassland (Salvio-Festu-
cetum rupicolae pannonicum Z6lyomi, 58). Of the results of examinations being
carried out, the above-ground organic matter production and energy utilization
of one of the stands will be discussed (Fig. 1).

Material and method

The area of examination is the western slope of the Nagyhegy at Dunafdldvar where
the ancient loess vegetation (Boros, 1958; 1959; Z6o1yomi, 1958a, b; 1967), characteristic of the
loess areas of the Mez6fold (Adam et al., 1959; Marosi—Szilard, 1967), has survived practically
undisturbed by anthropogenic effects. Our samples have been obtained from the stipetosum
capillatae So6 59 (So06, 1964; 1973) stand of the association Salvio-Festucetum rupicolae panno-
nicum Z6lyomi 58, covering the upper two-thirds of the hillside. The investigations were
carried out on 7 occasions from the end of April to the end of October, 1974.

Of the above-ground plant parts samples were taken monthly, by mowing (Odum 1959),
with random selection, from four areas of 25 x25 cm each. In the further calculations the
average of the four replications was used. The mowed plants were separated into living parts
and litter, while the living parts into Siipa, Festuca, Salvia and other species. The samples
were dried at 80°C up until no change in weight showed, and the dry weight was calculated
for 1 m2 area. The total carbohydrate and nitrogen contents were determined and related
also to a unit area (1 m2.
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Days passing between

Examination dates two samplings

29 April

30 May 31
27 June 28
30 July 33
30 August 31
28 September 29
28 October 30

Total period of examination: 182 days

The determination of the total carbohydrate content was carried out with the phenol-
sulphuric method of Dubois et al. (1956) after a two hours’ hydrolization on hot water bath,
with 2% hydrochloric acid. The determination of the total nitrogen content was made accord-
ing to Keltey et al. (1946), after destruction with concentrated sulphur. Photometry was
carried out with a Spekol-type spectrophotometer at 495 and 420 nm, respectively. The
calibrational straight was determined with glycose and ammonium chloride, respectively.

Among the climatic factors, air temperature, moisture quantity, duration of sunshine
and global radiation were considered (see Table 1). The measuring of temperature and moisture
quantity was carried out in the field, while the data of the duration of sunshine and of global
radiation were obtained from the measurements of the Agrometeorological Observatory
Institute (Martonvéasar) of the HAS. (For the availability of the data thanks are due to Dr.
Jénos Pl1etser, Head of the Observatory).

Table 1
Meteorological data of the period investigated

temperature 0C .

period {]Global radiation Sunshine, Moisture,
Min. Max Mean (ealiem2) h mm

V. 29-V . 29. 5.5 27.0 18.1 12.939 195.8 88.40
V. 30-VI. 26. 6.0 31.0 17.9 12.385 195.5 38.05
VI. 27 VIl 29. 11.5 35.5 20.5 15.390 214.0 60.60
VIl. 30-V III. 29. 11.0 37.0 23.6 12,420 255.0 84.90
VI 30-1X. 27. 4.0 29.5 18.4 8.389 187.3 32.35
IX. 28 —X. 27. 0.5 17.0 7.7 3.826 75.3 169.90
V. 29—X. 27. 0.5 37.0 17.7 65.319 1122.9 474.20

In calculating the energy utilization, 1 g of organic plant matter was considered to
equal 4000 cal energy (Hayashi, 1966). The rate of utilization was calculated according to the
following equation (Murata et ah, 1968):

dry weight (g) X 4000 cal

radiated energy (cal) - 100

Energy conversion %

This refers to the global radiation, the quantity of which is taken twice for obtaining
the photosynthetic energy conversion calculated for PAR.

The correlations between various data characteristic of the organic matter production
were examined with regression analysis (Svab, 1973).
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The dominant species of the stand are Stipa capillata, Festuca rupicola and Salvia nemo-
rosa. Among the other species the following should be mentioned:

Sedum maximum, Cytisus austriacus, Medicago falcata, Astragalus onobrychis, Falcaria
vulgaris, Asperula cynanchica, Scabiosa ochroleuca, Linum tenuifolium, Euphorbia cyparassias,
Nonea pulla, Stachys recta, Calamintha acinos, Thymus marschallianus, Verbascum lychnitis,
Linaria genistifolia, Veronica spicata, Papaver dubium, Campanula Sibirien, Hypericum per-
foratum, Achillea collina, Senecio jakobaea, Xeranthemum annuum, Centaurea sadleriana.
Taraxacum serotinum, Silene otites, Allium sphaerocephalum, Allium flavum, Asparagus offi-
cinalis, Poa anguslifolia, Dactylis glomerata, Agropyron repens (the enumeration follows So6 —
Karpati, 1968).

The majority of the dry weight of living plant parts was throughout obtained from
Stipa capillata (its average share was 64%, minimum 41%, maximum 77%). Festuca rupicola
is rather significant (on the average: 12%, minimum 7%, maximum 33%), and also Salvia
nemorosa (10% on the average; minimum 0%, maximum 23%).

The average share of the other species was 13% (minimum 6%, maximum 26%).

Fig. 1. Nagyhegy and its environment near Dunafdldvar

Results

The cover of the stand varied between 40 and 60% during the vegetation
period; it was the greatest in June and July.

The proportion of the dead plant parts was on the average 42% in the
dry matter production, part of which originated from the production of the
previous years. A great part of the dead matter also consisted of Stipa capillata
and Festuca rupicola.

Changes in the living and dead matter weight proportions of the domi-
nant species during the vegetation period are shown in Fig. 2.

The quantitative data of the organic matter are given in Table 2; the
values characteristic of the productivity in the stand are summarized in Table
3, and demonstrated in Fig. 3.

Acta Botanicae Academiae Scientiarum Hiingaricae 22, 1976



42

Time

of sampling
V. 29.
V. 30.
VI. 27
VI1I. 30.
VIl 30.
1X. 28.
X. 28.
DM

CH

N

281.94 g/m2, which in a daily average amounts to 1.549 g/m2.

=d
=c
=n

Stipa

DM 140.10
CH 29.93
N 2.38
DM 210.40
CH 61.48
N 3.79
DM 360.00
CH 98.28
N 10.80
DM 506.80
CH 152.55
N 14.19
DM 362.60
CH 154.83
N 8.34
DM 350.40
CH 144.71
N 8.41
DM 72.80
CH 29.30
N 1.67
ry matter
arbohydrate, total
itrogen, total
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Table 2

Dry weight (g/m2

Living parts
Festuca Salvia
12.20 8.40
3.71 3.47
0.23 0.37
45.20 81.20
12.18 11.65
0.79 y4.87
58.40 92.60
16.53 9.45
1.23 3.33
70.00 185.60
21.56 32.48
1.64 4.27
34.40 25.38
8.19 4.44
0.62 0.41
40.20 10.40
10.83 1.94
0.74 0.15
58.32 —
21.64 —
0.96 —

Other

23.08
5.09
1.04

51.56
11.14
3.09

66.60
14.79
4.33

46.00
10.95
221

66.76
16.36
1.90

52.40
12.47
1.20

46.60
9.76
1.35

Total

183.78
42.20
4.02

388.36
96.45
12.54

577.60
139.05
19.69

808.40
217.54
22.31

489.14
183.82
11.27

453.40
169.95
10.50

177.72
60.70
3.98

Quantitative data of dry matter, total carbohydrate and total nitrogen contents

Dead part

201.20
42.15
4.02

210.12
43.39
4.83

340.00
80.92
11.90

384.00
84.67
10.37

339.20
85.48
7.12

360.20
93.90
8.46

489.20
119.85
10.03

Together

384.98
83.35
8.04

598.48
139.84
17.37

917.60
219.97
31.59

1192.40
302.21
32.68

828.34
269.30
18.39

813.60
263.85
18.96

662.92
180.55
14.01

It can be stated that the stand increased up till the end of July, then the
gquantity of the above-ground dry matter began to decrease, first at a rapid
pace then at a slower one. The total production in the period examined was

Changes in the carbohydrate production follow only partly the course
of the dry matter production. The cause of the deviations was that the total
carbohydrate concentration significantly changed during the growth period;
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Table 3

Productivity of the stand

Dry matter Total carbohydrate Total xitrogen
Period Total Daily Total Daily Total Daily
(g/m2 (g/rrF/day) (g/m*) (g/m2day) @M (g/m2day)
V. 29—V. 29. +213.50 + 6.887 +56.49 + 1.822 + 9.33 +0.301
V. 30—VI. 26. +319.12 + 11.397 +80.13 +2.862 + 14.22 +0.508
VI, 27—V 1I. 29. +274.80 + 8.327 +82.24 +2.492 + 1.09 +0.033
VIl 30-V 111, 29. -364.06 -11.743 -32.91 -1.062 -14.29 —0.461
VI 30-1X. 27. - 1474 - 0.508 - 545 -0.188 + 0,57 +0.020
I1X. 28— X. 27. -146.68 - 4.889 —83.30 -2.777 - AB -0.165
Total +281.94 + 1.549 +97.20 +0.534 + 5.97 +0.033
A.
29.4. 30.5. 27.6. 30.7. 30.8. 28.9. 28.10.
f \ living
B. dead
| Stipa
Ll Festuca
| | Saluia
I 1 other

100 %

Fig. 2. A: proportion of living and dead plant parts (weight %); B: distribution of living
plant parts according to species (weight %)

it reached its maximum in August and it was higher in the second half of the
vegetation period.

The carbohydrate production during the vegetation period was 97.20
g/m2, the daily increase was 0.534 g/m2. This amounted to 34% of the dry
matter production. The changes in the nitrogen production show also only
approximately a similar course to those occurring in the dry matter production.
The total nitrogen concentration increased up till the end of June, then it
decreased and became higher only in the first half of vegetation period (Fig.
4). During the 182 days of the investigation, the total nitrogen production
was 5.97¢g; this corresponds to a daily 0.033 g/m2average increase. About 2%
of the accumulated dry matter content is nitrogen.
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1 1 ! | | | |
29.430.5 27,6 30.7 30.8 28.9 28.10

Fig. 3. Changes in the organic matter quantity (dry matter, carbohydrate and nitrogen)
in the sampling periods

Discussion

The results of the regression analysis related to the organic matter
quantity of a unit area are summarized in Table 4.

On the basis of our data there is a positive correlation between the quan-
tities of dry matter and carbohydrate and nitrogen; their correlation is linear;
the total nitrogen content is in a rather close linear regressional correlation
with the quantity of the dry matter. However, in the dead plant parts a
similarly close correlation can only he found in the total carbohydrate.
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Table 4

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

Drv matter and carbo- Dry matter and nitrogen Carbohydrate and nitro-
hydrate production production gen production
Regressional equa-
tion (Y’= a +
+ bX)
— in living parts Y’= 10.81+ 0.27X Y’=—1.28+0.03X Y’= 1.37+0.082X
— in dead parts Y’=11.45+0.27X Y’=+0.47+0.023X Y’= 1.86+0.079X
Regressional coef-
ficient with stand-
ard deviation
(bx*b).
— in living parts +0.27+0.0545 +0.03 +0.0042 +0.082+0.0306
— in dead parts +0.27 £0.0320 + 0.023+0.0081 + 0.079+0.0315
Correlation coeffi-
cient (r)
— in living parts +0.91 + 0.95 +0.77
— in dead parts +0.98 +0.78 +0.75
Determination co-
efficient (r2
—in living parts 0.8295 0.9118 0.5918
—in dead parts 0.9663 0.6168 0.5599
Probability level of
significance in the
correlation (P) 1°6 ° °5 504
— in living parts
— in dead parts P 50 10%

The correlation is looser in the changes of the nitrogen content (Figs 5
and 6). The rate of correlation is significantly influenced by the fact, mentioned
above, that the total carbohydrate and the total nitrogen concentrations
during the experimental period are not constant, and the courses of their
changes differ even from each other (Fig. 4).

Similarly, a positive linear regressional correlation exists between the
total carbohydrate and total nitrogen contents; their correlation, however, is
not close, expecially not in the dead plant parts (Fig. 7). This is in connection
with the statement, already mentioned, that changes in the total carbo-
hydrate and total nitrogen concentrations are not of the same character during
the vegetation period.

When comparing the total carbohydrate and total nitrogen concentra-
tions it can be inferred that a higher carbohydrate concentration is in general
accompanied by a lower nitrogen concentration and vice versa (Fig. 4); how-
ever, their correlation is not linear.
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1 | 1
29.4. 30.5. 27.6. 30.7 30.8. 28.9. 28.10.

Fig. 4. Changes in the total carbohydrate and total nitrogen concentrations of the dry
matter during the vegetation period

dry - matter

Fig. 5. Correlation between the quantities of dry matter and carbohydrate

The energy utilization of the stand in relation to the various experimental
periods is given in detail in Table 5.

Up till the end of July, the stand utilized 0.79% of the global radiated
energy, the highest utilization (1.03%) took place in June. In the investiga-
tion period of 128 days, the energy utilization of the stand was 0.17%.
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Fig. 6. Correlation between the quantities of dry matter and nitrogen

Fig. 7. Correlation between carbohydrate and nitrogen quantities

Table 5

Energy conversion of the plant stand

Energy value Conversion,
Period of the production o
(cal/m2) 0
Y. 29—V. 29. 854.00 0.66
Y. 30-V 1. 26. 1276.48 1.03
VI. 27-V I1. 29. 1099.20 0.71
1V. 29—V II. 29. 3229.68 0.79
VII. 30-X. 27. - —
V. 29 —X. 27. 1127.76 0.17

Acta Botanica Academiae Scientiarum Hungaricae 22, 1976

47



48 ENDRED!, L_ HORVATH, I
Summary

By a monthly sampling, from the end of April till the end of October,
1974, the organic matter production and photosynthetic energy utilization
of a Salvio-Festucetum rupicolae pannonicum stipetosum capillatae plant stand
of the Mez6fold were examined. We can state as follows.

1. A majority of the dry matter content of the living parts was given
throughout by Stipa capillata; besides it, the proportion of Festuca rupicola
and Salvia nemorosa was rather significant. In the dry matter, the proportion
of the dead plant parts was 42% on the average.

2. The stand increased until the end of July, and to the greatest extent
in June. The total production during the whole investigation period was 281.94
g/m2, representing productivity of 1.549 g/m2; 34% of this was carbohydrate
and 2% was nitrogen.

3. The changes in the total carbohydrate and total nitrogen contents of
the dry matter follow only partly the course of changes in the dry weight.
The deviations can be explained by the changes in their concentrations during
the vegetation period. The total nitrogen concentration was higher in the first
half of the vegetation period while the total carbohydrate content in the second
half.

4. The quantity of the dry matter of the living parts, and the carbo-
hydrate and nitrogen contents, respectively, are in a close positive linear
correlation. Concerning the dead parts, this is close in the total carbohydrate
content.

5. There exists a positive linear regressional connection between the
carbohydrate and nitrogen contents, but the correlation is not close.

6. It can be stated that the higher carbohydrate concentration is in
general accompanied by a lower nitrogen content.

7. During its growth, from the end of April to the end of July, the stand
utilized 0.79% of the radiated global energy, while in June it used 1.03%
of it. As regards the whole investigation period, the energy utilization teas
0.17%.
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The paper describes an unusual and less known habitat of aquatic Hyphomy-
cetes —hollows in trees —in addition to the aquatic Hyphomycetes of gutters and open
ditches in the area of reference.

Leaves decaying under water in these habitats were studied showing the sequence
of the true aquatic Hyphomycetes and that of the so-called “aero-aquatic” — helico-
sporous — Hyphomycetes.

The paper further discusses and illustrates the conidia of foam sample collected
from a non-aquatic and also unusual habitat.

Introduction

Earlier papers (Genczoir, 1971; 1974; 1975/a; 1975/b.) discussed the
aquatic Hyphomycetes of the montane streams in the Central Hungarian
Range (300— 1000 m.) The aquatic biotopes examined heretofore have been
mountain characterized in their majority by rapid flow, and a usually rocky
bed. Smaller to larger rapids and water-falls are frequent there, causing a
rapid movement at water and the formation of fresh waters rich in solved
oxigén. | studied the aquatic Hyphomycetes of these mountain streams mainly
in the Mountains Bdrzsény for some time (1969—1975), and compared them
to some extent with the material deriving from other streams of Hungarian
mountains.

In the summer of 1975, | attempted for the first time to investigate the
aquatic Hyphomycetes in SW Hungary. This part of the country (the comitats
Zala and Vas) differs significantly from the central rangéin both their geograph-
ical and hydrographical conditions. This is a hilly terrain of 150—300 m
height covered with sand, clay and brown forest soil, interrupted frequently by
valleys. The slopes of the hills are under agriculture, while the hill tops are
mainly covered with beeches, many cases mixed with chestnut (Castanea
sativa), while the streams are mostly hemmed in by alder (Alnus glutinosa).
Streams similar to those of the Central Ranges are not to be found here. The
water of the ditches meandering at the feet of the hills and the water of the
drains siphoning off inland waters flow slowly, they are almost stagnant,
opalescent owing to their clayey or humic deposits.
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Results

Foam formation on the water ofthe ditches under the conditions outlined
above is rare. In July, 1975, | collected in the ditches for the first time. Hardly
any water movement and no foam were to be found anywhere. | could not
detect any aquatic Hyphomycetes spores in the water samples examined by
means of sedimentation and filtration. In October, 1975, | collected for the
second time in this habitat. Leaf denudation had already started and in the
water there were many of decaying alder leaves. Owing to the rains which
had been falling for a longer time, water was plentiful in the canals and ditches
and it kept moving and | found even foam in one or two places.

The spore material found in the foam specimens was rather poor in both
species and individual numbers. The most frequent was the conidium of
Tetracladium marchalianum de Wild, similarly to the autumn samples of the
alder woods in the mountain streams. The other species occurred in nearly
identical frequencies, as follows:

Alatospora acuminata Ing.

Anguillospora longissima (de Wild.) Ingoid
Heliscus aquaticus Ing.

Tetracladium setigerum (Grove) Ing.
Tricladium angulatum Ing.

Tricladium anomalum Ing.

Besides those enumerated above, the colourful spores of various terrestrial
fungi also occurredinarather great number; they had in all probability appeared
secondarily in the water.

On the decaying alder leaves collected from the water of the canals, the
spore production of Tetracladium marchalianum and of Anguillospora longissima
started on the second to third day of incubation; later, at the beginning of
November, the conidia of Tetracladium setigerum appeared in greater numbers.

According to the preliminary investigations, the aquatic Hyphomycetes
of the streams of this region is much more monotonous and poorer than those
of the mountain streams. Among the causes, the slow water movement, the
greater richness in organic matter and the rather monotonous leaf material
may have a part to play.

Seeking for further aquatic Hyphomycetes biotopes when sampling in
July, 1975 | found smaller and larger holes in trees. In some of them there
were not only wet, decaying detritus hut also some water as well. One well
accessible hole was at a height of about 1.5 m, in the trunk of a beech tree
40 cm in diameter.

The hollow was about 20 cm deep and the water reached a height of 5—
10 cm. At the bottom of the hollow | found a decaying sediment of several
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cm thickness, but the water above it was clear and odourless. | took a sample
of some 100 ml. There was a copious material of mostly beech leaves in a state
of advanced decay. 1 also collected some of these.

Until that time | had no information that a holein atree can also rep-
resent an aquatic Hyphomycetes habitat. | was astonished to find conidia
in a large number in the water sample taken from the hollow tree (No. 1.),
even though those were conidia of Alatospora acuminata Ingold that is one
of the most widespread species over the world.

The spores of Camposporium pellucidum (Grove) Hughes were found in
about a similarly large number. The spores of both species were sound and
fresh, which proved that they might have come into existence not shortly
before | found them. At a distance of a few hundred meters from this beech
tree | happened on a similarly hollow tree. There was a smaller quantity of
water and a thicker layer of deposit, but the conidia of Alatospora acuminata
could be removed in masses from the water sample.

Next day | went to a farther beech forest about 30—40 km removed
from the former place of sample collecting. Here | also succeeded in finding a
beech tree with a large hole (No. 2), from its water, Alatospora acuminata and
Camposporium pellucidum could be shown in a great number. Besides them,
a few conidia, with all probability those of Tricladium sp., emerged from the
sample (Plate Il, Fig. 2).

After examining the skeletonized leaves which had been collected from
the hollow trees, | found that only Alatospora acuminata produce spores, and
even this species only with a frequency of a few individuals. On the leaf skel-
etons, which were kept in Petri dishes under a thin layer of distilled water and
were slightly ventillated, the production of spores increased after a few days,
and the spores appeared in great numbers even after two or three weeks.

| visited the tree holes in October of the same year for the second
Denudation was in its initial phase, the weather had been chilly and rainy
since some days. | succeeded in finding the trees labelled at the time of the
former sample collecting (site No. 1); | took samples of water and of the decay-
ing leaves — in the main part beech and elm tree leaves (Fagus silvatica and
Ulmus sp.). In one of the tree hollows | found about the same quantity of
water as on the previous occasion in summer, but this time | found the conidia
of Articulospora tetracladia in the water sample. The leaf skeletons were in-
cubated, similarly to those collected in summer, and after as short a time as
24 hours the mass production of Articulospora tetracladia could be experienced.
Articulospora tetracladia Ing. f. angulata (Tubaki) Nilsson also occurred among
the conidia.

In tree hollow No. 2, a great number of skeletonized beech leaves were
found under a rather thin layer of water. When studying them in the field,
I found only a few conidia of Alatospora acuminata in the small water sample
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full of detritus. | put some of the leaf skeletons (mainly Fagus silvatica leaves)
into Petri dishes and kept them under a thin layer of distilled water. On the
second day | examined the material and observed the mass production of
Dactylella submersa (Ing.) Nilsson on the leaf skeletons (Plate I, Figs 1—5).

Mass spore production could be observed only on the beech leaves. On a
few other leaves (probably Ulmus sp., or Carpinus betulus) conidia developed
as on frequently as merely a few individuals. The mature conidia were fusiform,
basally obtuse, pedicellate, 50—60x8—10 pm (Plate I, Figs 3 and 5).

Banhegyi (1962) reported the conidia of Dactylella submersa from moun-
tain streams in Hungary. | saw them in stream waters only on one or two
occasions; | have never found them growing on leaf skeletons. Only a few data
on its range is known, although it is an INGOLD-species described rather long ago
(1944). According to Nilsson, it is rather rare, though several of its habitats
are known from Sweden. However, even these occurrences are known not
from mountain streams but from ditches and canals with slowly moving or
more or less stagnant waters. The present Hungarian data seem to confirm
that this species inhabits quiet of stagnant waters. Tree hollows are an extreme
example of these habitats.

Discussion

(1) Tree hollows, as habitats of aquatic Hyphomycetes, represent further
information on the distribution of this group of fungi. Since both sampling
sites (Nos 1 and 2) were far from any kind of flowing or stagnant waters, the
probability of the fungi being transmitted directly, for example by wind, from
these biotopes is small. Nevertheless, tree hollows, as extremely isolated
habitats, have their own flora of aquatic Hyphomycetes and other fungi.
Their connection with other aquatic and land habitats is presumably more
restricted than that of streams and of stagnant waters. The origin of the flora
of aquatic Hyphomycetes of these tree hollows is an interesting problem,
because their connection “through the air” with the true habitats of aquatic
Hyphomycetes is rather questionable, but their origin from the ground is
also not free from problems.

It seems likely that a large portion of the leaves reach hollows in trees
directly, without touching the ground, at the time of denudation, and it is
only a smaller portion which is transmitted from the litter that has already
fallen on the ground.

A further question is whether these tree hollows occasionally dry out
completely, and if so how these fungi resettle them.

It is remarkable, in addition, that despite the small dimensions and
nearly closed state of the tree hollows, the fungus species follow each other
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Plate I: Figs 1—2. Young conidia of Dactylella submersa growing on skeletonized beech

leaves (x800; xI50). Fig. 3. Mature conidium of Dactylella submersa at the moment of

liberation (x750). Fig. 4. Section of the leaf vein with the conidia of Dactylella submersa

in various stages of development (xI1O). Fig. 5. Mature, liberated conidia of Dactylella
submersa ( X410)
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periodically — similarly to the case with the “large” biotopes (those of streams
and lakes) — at least the differences found in the summer and autumn samples
allow this inference.

(2) There is, however, also a remarkable deviation in the sequence of
the species, which | have never been able to observe on the leaves originating
from streams. It could namely be observed in both the summer and the autumn
material of leaf skeletons that as soon as the covering water layer subsided to
such an extent that it no longer covered but still kept the leaves wet, the helico-
sporous Hyphomycetes appeared on them. Thus | found spiral conidia in great
numbers on the leaves collected in summer (July). They probably represented
Helicodendron westerdijkae van Beverwijk; according to their form and size,
they agreed with this species. Unfortunately, all conidia was observed only in
their mature, liberated state (Plate 11, Fig. 5), thus their exact identification
was not possible.

In the case of the species appearing on the leaf material collected in
autumn (October), identification was easier, because the leaf vein network,
emerging from the receding water, was almost completely covered with a
greyish-green coat of a fungus, representing Helicodendron paradoxum Pey-
ronel (Plate Il, Figs 1, 3 and 4).

(3) The relationship between the fungus species described above and the
hollow forest trees is obvious, even though their appearence in them is still
unclarified.

During the sample collecting in October 1975, | succeeded in obtaining
a foam sample whose place of origin was still more unusual. On the day of col-
lecting, it rained all day, washing down, as it were, every tree of the forest.
Denudation has just begun, a large part of the foliage was still on the trees.

From beech tree of magnificant size, far from all kinds of flowing or
stagnant waters, a foam from the rain water accumulated at the base of the
tree. From the foam sample collected there, the conidia (demonstrated in Plate
Ill, Figs 1—9) were obtained. Some of them have already been described from
stream foam. The frequency of conidia in the foam specimen did not reach the
usual one from the foam of streams, but even so, 100—200 conidia could on the
average be found in the water drops examined.

| could identify only the characteristic, bifurcate conidia of Diplocladiella
scalaroides Arnaud, already well known from stream foam samples (Gonczol
—To6th, 1974; Ingold, 1975). Of these conidia, | found only a few specimens
in one or two drops. The most frequent conidium of the sample resembled
macroconidia of a Nectria sp. of 50—90x5.5—6.5 pm site (Fig. 5). | found
50—100 individuals per drop. The conidia shown in Figs 1—4 were of similar
frequency. Among these, the T-shaped conidia, shown in Figs 1—2, was observ-
ed on one occasion also in a stream foam sample. They are surely identical
with the type described by Miura (1974, p. 295; Fig. 27).
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Plate 11: Figs 1 and 3. Conidiophore of Helicodendron paradoxum Peyronel, with growing
and mature conidia (x850; x230). Fig. 2. Conidium of Tricladium sp. found in the water
of a tree hollow (X900). Fig. 4. Liberated mature conidia of Helicodendron paradoxum
(x850). Fig. 5. Mature conidia of Helicodendron westerdijkae van Beverwijk (xlIO0OO0)
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Plate Ill1: Figs 1—9. Conidia found in the foam of rainwater washing down a beech tree
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On the basis of their frequency of occurrence, the spore types shown in
Figs 3 and 4 follow. I am not quite sure whether they are fungi. In their form
and size they were similar to the type shown by Miura (1974, p. 302; Fig. 85).

A few representatives of the types shown in Figs 6 and 7 occurred con-
sistently in each of the drops examined, hut more rarely than those of the former
types. In Fig. 7, the representative of a conidium is presumably identical with
those described by Marvanova and Marvan (1963, p. 114; Fig. 6), and by
Miura (1974, p. 297, Fig. 53). The types shown in Figs 8 and 9 could be seen
only a few times. The former one may possibly represent a Volucrispora sp.

Summary

Four aquatic Hyphomycetes (Alatospora acuminata, Articulospora tetra-
cladia. Dactylella submersa, Tricladium sp.) could be demonstrated in the col-
lected samples from a relatively rare habitat i.e. tree hollows; this biotope is
unusual for these fungi. In addition, in the water of tree hollows also a terrestrial
fungus appeared (Camposporium pellucidum (Grove) Hughes) which occurs
— not rarely — also in stream foams (Génczol —T6th, 1974; Ingoid, 1975).
According to the observations, this fungus seems a not exclusively terrestrial
type. Ingoitd (1975) found it producing spores on submersed alder leaves. Its
occurrence in the water of tree hollows in Hungary also corroborates its aquatic
life form in certain conditions. The rather frequent occurrence in a relatively
small number of samples of conidial types, outlined briefly in (3) of the Dis-
cussion, allows the inference that their presence there is not accidental but
somehow connected with the living tree. Their introduction from the soil or
eventually from the litter is hardly likely, since they accumulated in the foam
deriving from the rain which watered the foliage, branches and trunk of the
tree.

In recent years some observations were published which proved the land
occurrence (onthe ground, on decayed and living plants) of fungus species which
formerly had been assumed to be aquatic: mostrecently Park (1974) published
the list of these species. At the same time, in the course of investigating aquatic
Hyphomycetes also fungus species were found which, though hitherto regarded
as terrestrial, grow well and produce spores when covered with water (Campo-
sporium pellucidum, Diplocladiella scalaroides).

These observations call attention to the fact'that, according to our pres-
ent knowledge, the border between aquatic and terrestrial Hyphomycetes is
far from being clarified.
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Traditional terms and methods cannot cover many aspects of spatial dependence
of natural populations. (Spatial dependence includes such old terms as “association
between species’™ “interspecific correlation”, “sample similarity” as well.) This series
of papers is aimed at presenting a number of new models which may provide a better
insight into some neglected problems. Special emphasis is put on a space-dynamic
approach (i.e. on some spatial processes). Our first model is concerned with a certain
generalization of the attribute duality principle.

0. Primary discussion

0.1 In an excellent review, Goodall has recently summed up a huge
number of studies on “sample similarity and species correlation”. This im-
portant paper (Goodall, 1973) makes quite unnecessary to repeat here many
established results, and makes possible to pay more attention to certain
future tasks. Goodall, in one of his main concluding remarks (p. 141), wrote
that “. . .there is nothing absolute about correlation between species — it is
entirely context-dependent”. Indeed, after too long a period of pioneering
work, it is high time to study the manyfold sources and problems of context-
dependence. This, to say the least, is not going to be an easy job.

0.2 In the first place, our terminology is quite inadequate to the com-
parative work that must be performed. Even our most fundamental terms
are vague and ambiguous, in praxi.

0.2.1 “Correlation”, for instance, cannot be such a central concept as
it is suggested by the title and wording of Goodall’s paper. As it is well
known, two random variables, X and Y, may be dependent and yet un-
correlated [p(X, Y) — 0], because correlation is restricted to the linear de-
pendence of X and Y (cf. e.g. Felter, 1957, p. 222). This restriction has the
heuristic implication that “interspecific correlation” is somehow a subcase of
“association between species” (a non-parametric measure of local dependence).
Association, however, has a number of serious restrictions of other types.
Disregarding at the moment either the controversial usage of this term in
statistics (Kendall—Stuart, 1963—67; Maxwell, 1961), or some rather
special meaning attached to it (e.g. Volterra, 1926, p. 33—), we may
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confine our attention to a single ecological convention. Association is tradi-
tionally connected with “quadrat methods” (i.e. methods implying geometric
measures); this is why Pielou (1961, 1969) has introduced her important
concepts of segregation and symmetry (connected with plotless methods).
It is clear that all these terms (like “correlation”, *“association”, “segrega-
tion”) do represent different aspects of a more general concept, say, “inter-
local dependence” of populations.

0.2.2 According to a metaphor used by Goodall, interlocal dependence
is just one side of the coin. The other side of it may said to be “interfloral
dependence”, provided that our sampling procedure is of the binary (flor-
istic) type.* If this is not the case, then we have simply no acceptable term
for covering the attribute dual relations of interlocal dependence. “Sample
similarity” is a dubious term for several reasons. First, interlocal dependence
may be regarded as sample similarity as well, provided that we use the term
“sample” in a proper way (cf. Witks, 1962). Secondly, the world “similarity”
has a number of different meanings (Jardine— Sibson, 1971). Thirdly, it
would be highly desirable, if our terms were able to express the attribute dual
relations.

0.3 This possible confusion of meaning is, however, a minor problem
compared with the difficulty of establishing how a given model is related to
a certain aspect of a given phenomenon. Context-dependence is, in fact,
model-dependence to a considerable extent. The basic trouble is that our
ability of comparing results gained by different models but applied to the
same object is extremely limited. This limitation is due to several reasons.
One of these is that we have still very few relevant models. W e use frequently
ad hoc “indices”, instead of using functions with well-known properties.
We know very little of the “sensitivity regions” of our models, and, con-
sequently, of how models are related to certain classes of models. We have

such classes of models as “structural models”, “classificatory models”, “sys-
tems models”, and so on. (Of course, we may think of classes of other types,
like “models of ANOVA”, “non-parametric models”, etc.)

0.4 “Context-dependence” in the present context refers mainly to
“structural models”. The function of these models is to represent spatio-
temporal and “abstract” (e.g. topological) structures of ecological phenomena.
There is a striking weakness of the present-day structural modelling. Note
that from the mid-sixties on (due mainly to the starting period of IBP, and to
the world-wide fashion of systems modelling and ordination) very few atten-
tion has been paid to developing new structural models. The results of this
eclipse are just deplorable. We are in complete ignorance of the scale-de-

* The term “spatial dependence’*in the title of this paper includes both interlocal and
interfloral similarity.
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pendence of “non-physiognomic” structures. We know next to nothing of
the precise change of spatial dependence during the successional processes.
We are unable to cope with the difficult problems of “patchy environment”
(Pianka, 1974). There are very few papers, indeed, which would emphasize
even the most elementary relations of spatial processes (e.g. Juhasz-Nagy,
1967a; Noy-Meir et ah, 1970; Fekete —Sz&cs, 1974).

0.5 The aim of this series of papers is to study certain neglected prob-
lems of context-dependence. According to the rudimentary remarks made
above, this intention should imply several things (e.g. propositions of new
concepts and models, investigations on the sensitivity regions of old and new
models, etc.). Special emphasis is put on some spatial processes and other
“factual evidence” of context-dependence. The series is not attempted,
however, to being systematic or comprehensive in any sense.

I. Praeambulum

1.1 The present paper gives a brief outline of a simple model. Some
use of the the model will be discussed in the second part of this series.

1.2 In order to show some simple features of our present problems,
let us consider the following well-known tables:

A
h h h h h *6 t- *8 <1> <0>
a 1 1 1 1 1 0 1 0 6 2
b 1 0 1 1 0 1 0 1 5 3
C 0 1 1 0 0 1 0 1 4 4 (1; 1)
d 0 0 1 0 0 1 0 1 3 5
<i> 2 2 4 2 1 3 1 3 18 14
LaN 2 2 0 2 3 1 3 1 14
a <i> <0> z R b 27
<i> f<ll> f<01> f<.I> 3 1 4
<0> f<10> f<00> f <.0> 2 2 4
A f<l.) f<0.) f<..> z 5 3
1.21 Table (I; 1) is called here a floristic composition,* where

elements represent a floral universe, a basic set of local plant populations,

*“Composition”, “species composition”, “floristic composition” etc. is used most
frequently for a list (a set) of plant populations. This jargon seems to be quite idiotic for the
simple reason that no set of colours, symbols etc. is able to represent the composition of any
non-single object (say, that of a piece of art). Composition is always an arrangement (a “basic
structure™) of some kind; it is rather a set of relations, instead of being a set of single objects
(or their attributes).
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Q = {a, b, c,d\, and column elements stand for a set of sampling units (say,
“quadrats”), T = {tlst2, ...,t8 Each entry of (I; 1) is an outcome of a
binary relation, either “presence” ((1)) or “absence” (<0>) of a population
in a sampling unit. Such an outcome is an elementary (“atomic”) event of a
sampling experiment. Binary row vectors of (I; 1) are called local vectors
representing “local behaviour” of elements of Q in terms of ordered set f-
Binary column vectors are called floral vectors representing “floral behaviour’
of elements of T in terms of ordered set Q. Accordingly, row and column
marginals are called local and floral marginals, respectively. Further, in both
pairs of marginals there is a valence distribution (due to event <(1)) and an
invalence distribution (due to event <0>). The grand totals of valence and
invalence values are called total valence and total invalence, respectively.

1.2.2 Tables in (I; 2) stand for the usual 2x2 tables, where pairs of
vectors of (I; 1) are to be compared and tested usually for stochastic inde-
pendence. The degree of “dependency” (i.e. non-independence) is usually
called “similarity” (or, better, “dissimilarity”) between the particular vectors.
Such a comparison implies a 4-tet of “molecular events” (<11>, <10>, <01>,
<00>) as it is shown in table a, where f <11>, f <10>, ... is the frequency of
the particular event. Table B presents a special case of a, where “interlocal
similarity” (vulgo, association) between local behaviour of b and ¢ can be
studied by some suitable function.

1.3 Pairwise comparison of this kind is always convenient and useful,
in particular for classificatory purposes (see W hittaker, 1973). It has, however,
some serious drawbacks as well. (Besides, there is no theoretical basis for
saying that comparison of 3-tets, 4-tets, . .is “less natural” than that of 2-
tets.) Indeed, we cannot draw any inference from a pairwise comparison as
to the partial and multiple relations among components of Q or T (Juhasz-
Nagy, 1967b). The same is true for some measure of “overall dissimilarity”
(Juhasz-Nagy—D évai —Horvath, 1973).

1.3.1 Suppose we are interested in such a multiple measure and in one
neglected aspect of local behaviour. In constructing B of (I; 2) we neglect
entirely floral marginals. The question arises how this relation between
floristic vectors and dual marginals can be taken into account.

1.3.2 Let us introduce the notion of equivalence of elementary events
in terms of valence values. Outcomes of (I; 1) are said to he equivalent if
and only if they are related to the same object (element of Q or T) and have
the same dual valence (or invalence) values.

1.3.3 Consider, for instance, the event <1) related to population d
in (I; 1). Two outcomes (in t6 and is) are equivalent to each other (having
the same floral valence value, 3) but the third outcome (in ig)is not equiv-
alent to the others, because its floral valence is 4. Following this line of mak-
ing distinction between equivalent and non-equivalent outcomes, we can
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transform table (I; 1) into a 4x4 table presented below

| 2 4 E
a 2 3 0 1 6
b 0 2 2 1 5
c 0 1 2 1 4 (1; 3)
d 0 0 2 1 3
2 6 6 4 18

(1; 3) is called a <l1>-equivalence table [with respect to (I; 1)].
134 Similarly, for event <0> and floral invalence values of (I; 1) we
can get a <Oy-equivalence table as follows

1 2 3 4 E
a 2 0 0 0 2
b 0 1 2 0 3
c 0 2 2 0 4
d 0 3 2 0 5
E 2 6 6 0 14
1.4 How can one draw some inference from tables (I; 3) and (I; 4)? —

this is the problem of the present paper. The nature of data suggests a simple
model based on information theory. For the sake of a fairly concise treat-
ment, first a more precise notation is to be introduced.

I1. Notation
1.1 Let Ty be a stand area of a certain plant community whose flora
is Qy = {gx, g2, .... Qc, ,0s}. Qy is regarded to be a basic (universal) set
and called floral universe as before. Let Tybe a set of sampling units (“plots”)
of geometric size T-= (tyl,t]2, ..., tja, ..., tym}. Elements of T; are ran-

domized over ry. It is assumed that m — 0o. By confining the term “presence”
(and, of course, “absence”) to a relation between rv and Qy, let ngg be a
binary relation (namely, an indicator function) such that

if ge is coincident with tJg,
, if ge is incoincident with tJg, (e n

where coincidence means that ge is an element of the flora (pj,, (i.e. the flora
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of tjg). Thus, a floristic composition, Kj, is given by

tjl, ««+ 5 jg9. *=9tjm

?1

He

which is, of course, a “general
m S.
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ieg

n..
ie

a-jg

nje.

nje.

nl
ms

(I1; 2)

form” of (I; 1). It is always assumed that

11.1.1 The following simple terminology is proposed:

— rije.

s local valence of ge in Kj,

— Uje. is local invalence of ge in Kj,

s floral valence of tja in Kj,
s floral invalence of tjg in Kj,

= {»jv»nl2- mme}

— njg i
— n.ja i
— Nj is total valence of Kj,
— Trij is total invalence of Kj.
11.1.2 Let

Vj4)

V34)

\'4

= {«!'nj2, ..}
= {n-jI>n'j27 ¢ e}

= {(»Vv1’

»V 27 o e

°}

as frequency distributions of valence and invalence data of kj, respectively.
11.2 Suppose that there is a class of sets of sampling units 0; laid-out

over 1y,0; = {T15T2, ..., Tj, .

<a> hgcCt2gcCz ...

<b> hg <

hg( ee e < th(

C tjg C

.., Tu), such that

- ¢ C lug’
luge

o0 0o

Conditions <a) and <(6) are satisfied simultaneously if, for intance, we have
concentric and monotonously increasing circular plots as sampling units.
In this case, to each element of 0 a floristic composition can be attached.
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The resulting set of compositions, {fCl5K2, ..., Kj, ..., Ku}, has a number
of monotonity properties (e.g. Nx<[ IV2<7 ...<[ Nj <[ ¢¢*N; nl > n2>
7> ... 1> i) ...). The spatial processes connected with Kr —X2

—2Kj . are approximated, for instance, by proper function defined on
frequency distributions of 11.1.2.

11.3 Let R be a discrete random variable for the possible values of floral

valence; R = 0,1,2,...,r,...,s. Let gjr be the frequency of the value r
[(ii = r)J in Kj, and n.jr = rgjr. With this notation in hand, we have
27
jer (11; 3)
n., N,

which, of course, is a “general form” of (I; 3). A similar general form is gained
easily for (I; 4) by denoting f = s — r, rg,T= n.,r, from which we have (II; 4)

27

er (11; 4)

I1.4 For immediate use, let

£nle-log nk = Aj, £ Znjer log njer = Dj >

Znje. log nje. = dj, £P ‘I;er log njer :dj y
Zn.jg log njg= Bj, 27njTlog n.jr = Ej,
Zn.jglog n.jg = bj, zn.jr log n.jr = j,

Nj log Nj = Cj,
uj log nj = ¢
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1.5 Contingency information of (ll; 3) and (Il; 4) is given by (II; 5)
and (11; 6), respectively,
Njij(E) = Cj- Aj- Ej+ Dj, (11; 5)
njii{fe) = g — dj — e + dj. (11; 6)

NjTj(E) is called (Inequivalence information, and n;7;(e) is called (O)-equiv-
alence information. Consult Kullback (1959) for a proper foundation of
the concept “contingency information”.

I1l. An additive relation

111.1 Let us define the following pair of quantities

Njij(K) = Cj —Aj — Bj, (111;2)

njij(k) = G — Qj— bj . (111;2)
(1115 1) is called coincidence infornidtion [with respect to events (1) of (I1I; 2)]
and (I11; 2) is called incoincidence information [with respect to events <0>

of (11; 2)].

111.2 In order torelate (I11; 1) to (II; 5) [and, mutatismutandis, (I1I; 2)
to (I1; 6)] a simple trickis introduced by decomposingtable (II; 2) into a
number of subcontingency tables according to the particular values of va-
riable R. This procedure can easily be demonstrated by our fictious and
oversimplified data of I. By decomposing table (I; 1) into a set of proper
subtables, we have

(R=1 (R=2 (R = 3 (7= 4)
h h h h h % h h
1 1 2 1 1 1 3 0 O 0 1 |
0 o0 0 1 0 1 2 1 1 2 1 1
0 0 0 0 1 0 1 1 1 2 1 1
0 0 0 0 0 o0 0 1 ] 2 1 1
1 1 2 2 2 2 6 3 3 6 4 4
It is easy to see that row marginals of (I11; 3) correspond exactly to columns
of (I; 3), that is we have the following “general subtable”
(R —) E
sje n (rr; 4)
L QR r n-ir = Cajr
Sr

where gjr (as in 11.3) is the frequency of value rin Vj.
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1.3 Let us define the sum of weighted information contents of such
a complete series of tables like that in (Ill; 3) as

Yj = YOréjrbg rglr— Zogjr rlog r — £ n jerlog nd

(1115 5)
= Ej-B j-D j.
Yj is called subcoincidence information of a Kj. From (Il; 5) and (Il1l; 5) we
see that
Njijik) - Yj= C- Aj- Bj-Ej+ BJ+ Dj
= ( Aj Ej+ Dj (111; 6)

NjTi(E),

that is, in words, coincidence information minus subcoincidence information
equals to {Inequivalence information of a kj. Mutatis mutandis,

njij(k) —yi = nijij(e), (7

a similar relation is true for <0)-equivalence information of a kj, In the
sequel we use mostly (Ill; 6) for detecting some properties of equivalence
information.

1.4 As a simple illustration let table (I; 1) be taken as a “true” Kj
(disregarding problems of sampling, etc.) for which

Aj = 39.874, Bj = 29.509, C, = 75.058,
Dj = 14.755, Ej = 41.019,
where each quantity is given in weighted bits. According to (111; 1), Njij(K) =
= 75.058 — 63.383 = 11.675. From (IIl; 3), Yj = 2.755. Thus, following our

key relation in (111; 6), Njij(E) — 11.675 — 2.755 = 8.920. The same result
is given by estimating information content of table (I; 3) by (II; 5),

NjTj(E) = 75.058 — 39.874 — 41.019 + 14.755 = 8.920.
Similarly,
aj = 26.364, bj = 15.509, ¢, = 53.302,

dj = 14.755, ej = 33.010.

njijfk) = 53.302 — 41.873 = 11.429, and y} = 2.755. According to (III; 7),
Ujij(e) = 11.429 — 2.755 = 8.674. The same result is given by estimating
information content of table (1; 4),

njife) = 53.302 — 26.364 — 33.019 + 14.755 = 8.674.
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IV. Special cases

IY.l In order to study the additive relation in (IIl; 6) more closely,
let us consider a few relevant cases under some idealized conditions. Although
most of these cases are quite irrealistic (in the sense that they are unexpected
in any “real situation”), they hopefully provide a better understanding of
“natural trends” of Njlj(E). Instead of following a rather abstract line of
reasoning, the treatment is confined to a few heuristic points.

1Y.2 Suppose that in a spatial process (see 11.2), when G —»K2—

K , we think of the change of the compositional states.
Suppose, further, that some special (e.g. “regular”) states are to be distin-
guished at any point of the process.

1IV.2.1 A Kj is said to be

— (1) in an f-monovalence state (or, in brief, in an f-state), when n.jg —

= Nj/m = Sj, forg= 1,2, ..., m,
— (2) in an I-monovalence state (or, in brief, in an I-state), when nje. =
= Nj/s = mj, fore= 1,2,...,s5,
— (3) in an F-oligovalence state (or, in brief, in an F-state), when
gis = : o
— (4) in an L-oligovalence state (or, in brief, in an L-state), when
hjm — sj’ _
where hjm is the frequency of m-valued local valences in V/ . Sj and m; are
called floral and local density, respectively. Note that s; and (as arithmetic

means of V]I and Vj4)) always exist and important without regularity of
any kind but assumptions (1)—(4) represent special cases with respect to
the dispersion of valence data. In the monovalence states there is a minimum
(zero) dispersion, and, on the other hand, in the oligovalence states there is
a maximum dispersion around the particular mean.

1Y.2.2 By using (1)—(4), Kj is said to be

— (5) in an f-L-state, when both (1) and (4) are satisfied,

— (6) in an F-l-state, when both (3) and (2) are satisfied,

— (7) in an f-I-state, when both (1) and (2) are satisfied.
Note that an F-L-state [when both (3) and (4) are satisfied] is always impos-
sible. In other words, (5) and (6) are obligatory in the sense that once single
assumptions (3) or (4) are established, then dual valence distributions are
fixed [i.e. (3) should occur with (2), and (4) should occur with (1)]. On the
other hand, single assumptions (1) and (2) may occur with no such restric-
tions, and, for this reason, a Kj is said to be

— (8) in a single f-state, when (1) is satisfied regardless of Vj,

— (9) in a single I-state, when (2) is satisfied regardless of V f\

1V.2.3 Note that in all assumptions made above at least two points
need further comment. First, it is assumed that Sj and are integers; in the
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majority of “real cases” both s. and my are real numbers. This simplification
is justified, however, by the utmost simplicity of relations in 1V.3 that are
not influenced by such a distinction. Second, it is assumed that configura-
tions (5)—(9) are possible from a combinatorial point of view (i.e. binary
vectors can be arranged in a such a way that a configuration would occur).
Clearly, this is not always the case. Disregarding difficulties at the moment,
we discuss some combinatorial point later on (V.—).
IV.3 Returning to (IIl; 6), let us set up four relevant cases.

[Case 1]NjTj(K) = 0, Yy = 0, Njij{K) = Yj, and so Njij(E) = 0.
[Case 2]Njij{K)> 0, Yj > 0, IMV/AK) = Yj and so Njij{E) = 0,
0, Njlj(K) >-0, and so Njij(E) = Njij(K).

[Case 3]NjTj(K)>m0, Yj
[Case 4]Njij(K)> 0,Yj > 0, Njij(K) > Yj, and so Njifj(E) < Njij(K)
1V.3.1 Conditions for [Case 1] are satisfied when Kj is

— [la] either in an f-L state, or in an F-I-state,

— [Ib] or in a “minimum area” state, where Nj = ms,
and Sj= s, and my= m.

Note that [Ib] is a special case of an f-l-state. Note, however, that [Case 1]
is not satisfied in any other/-1-state than [Ib]. In [Ib]

Njlj(K) = smlog sm — sm log m — ms log s = 0, (v; 1)

and Yj = 0, since we have only one single subtable with (R = s) and n.js
- Nj = ms. In [la], either

Njlj(K) = msjlogmsj - msjlogsj—symlogm = 0, (1v; 2)

or

NjTj(K) = smj log smy — smj log my — mys log s 0. (1v; 3)

Clearly, in both subcases Yj = 0.
1V.3.2 Conditions for [Case 2] are satisfied, when Kj is
[2a] either in a single /-state,
[2b] or in an f-l1-state such that Nj <[ ms.

In [2a]

NjTj{K) = Yi
= Cj— msy log §j — A]j (1V; 4)
= Nj log m — "y.
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In [2b]
NjTj(K) = Y]
- cj — sirij log rrij — msj log sj
= cj—cj+ Njlogs— cj+ Njlogm (1v; 5)
= Njlogms - cj
ms
= Njlog N

It is clear that if Nj = ms, then Njlj(K) = mslog 1= 0, and so [Case 2]
is collapsed into [Case Ib]. Consequently,

if Nj —ms, then NjTj(K) — 0; (IV: 6)

this simple limiting relation will be used in the sequel (see Part Il.). Note

that (IV;4) and (IV; 5) are the same if Aj = sm; log = Cj — Nj log s,
i.,e. if in (1V; 4)
NjTj{K) = Njlogm — Aj
= Njlogm — Cj + Njlogs
= Nj log ms — Cj,

when [2a] is collapsed to [2b].
1V.3.3 Conditions for [Case 3] are satisfied, when the following “inner

regularity”

R=n

1 snwwmmmnsn 1 Sjr

(IV; 6)

\T wssnnnnn r rSjr
8jr
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is true for all the subcontingency tables (with R = 1,2, ...,s) of a Kj. In
this case,

Yj = E rgjrlog rgjr — EgJdrrlog r — Z rgjr log gjr = 0, (y; 7

and, consequently, Njij(E) = Njlj(K).

1IV.3.4 In [Case 4] neither the “marginal regularities” of [Case 1] and,
[Case 2] nor the “inner regularity” of [Case 3] are satisfied. [Case 4] is likely
to be expected in any “real situation”, when Nj < ms.

V. Floral orderliness

Y.l From IIl. and IV. we see that

0 < Njii(E) < Njfi(K). )

It is clear that the lower bound of (V; 1) is due to either [Case 1] or [Case 2],
and the upper bound of (V; 1) is due to [Case 3]. Let us examine more closely
the ecological meaning of these cases.

V.2 First of all, still following out the spirit of the previous reasoning
let us consider some simple and fictitious examples.

V.2.1 As a starting point, we may ask what is the basic difference
between (V;2) and (V; 3) representing [Case 7] and [Case 9], respectively.

1 2 3 4 5 6 7 8

a 11 1 1 4
b 11 1 1 4
c 1 1 4 (V; 2)
d 1 1 4
2 2 2 2 2 2 2 2 16
1 2 3 4 5 6 7 8
a 11 1 1 4
b 1 1 1 1 4
c 1 1 11 4 (V; 3)
d 11 1 1 4
11 1 1 3 3 3 3 16

V.2.2 This simple question is not trivial at all. Suffice it to say that
the sum of pairwise association is of the same value for both cases (namely,
48 weighted bits). Suppose that we try to answer our question by means of
a fairly new model (Juhasz-Nagy—D évai—Horvath, 1973). This model is
concerned with the problem of “overall association” (called, associatum) of
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a Kj. Associatum, m/OA], is the multiple contingency information of a
2x2 X2x2 table (a table of 2s cells, in general),

mij[l] = smlog m — ay— (V; 4)

where am= Aj -)-a, and m H is a function called floral diversity. Floral
diversity is defined on the frequency distribution of the power set of a floral
universe. More precisely, if If, is the power set of Qy,

MNy= {nvn2 ... 0K ... , N}, (Y; 5)

where co = 2s, nk (a potential flora of Qy) is any combination of elements of Qy
(and, per conventionem, nlis the empty flora [nl1= ®], nwis the complete
flora [nmo= Qy]), then each Kj has a unique frequency distribution,

Fj = {fjjsfj,, mmm, flk, >/ «}> (V; 6)

where fjk is the frequency of nkin Kj, and 27/4. = m . Floral diversity then is
shown to be

mHf]= mlog m— 27fjk logfjk . (Y; 7)

For both (V;2) and (V; 3), however, using still log to base 2,
TIAA] = 96 — 64 — 8 = 24

On the other hand, NjTj(E) = 0 for (V; 2), and Njij(E) — 12.98 for (V; 3).
This shows clearly that association (or, even, associatum) is quite insensitive
to certain differences in composition (if FjY) and Fj are the same), and, in
particular, to the “inner regularity” of [Case 9].

V.3 The inner regularity of a Kj in 1V.3.3 requires a certain kind of
orderliness in composition. More precisely, a Kj is said to be florally ordered
if and only if Kj is not in an /-state, and to each value of R with non-zero
frequencies a unique potential flora is attached. In (V; 3), for instance, R
has two values with non-zero frequencies, and (R = 1) and (R = 3) are
represented by two unique elements of (V; 6) (namely, by “a” and “bed”).
On the other hand, Kj of (V; 2) is in an/-state, and (R = 2) is represented by
two kinds of potential floras (by “ah” and “cd”). Consequently, (V;2) is
not ordered florally, and (V; 3) has a rather high degree of floral orderliness.

V.4 The conditions of V.3 may be reversed and asked what happens
when a certain kind of “perfect floral disorder” occurs. In other words, we
may face a situation, where each flora of a Kj is different from any other flora.
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V.4.1 Suppose that m = 2s, and fjk= 1, for k = 1,2, ...,co. If, for
instance, s= 4, m = 16, we have the following table

Il 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
a 0100 0 111 0 001110 1 8
b 0o 100100 1 10 110 11 8
c 00O 1 O0O010 10110111 8 (V;8)
d 0 00 01200110 1101111 8
o011 112 2 2 2 2 2 3 3 3 3 4 32
The corresponding {Inequivalence table is shown by (V; 9)
I 2 3 4
a I 3 3 1 8
b I 3 3 1 8
c I 3 3 1 8 (Y; 9)
d I 3 3 1 8

4 12 12 4 32

Y .24 In such a table as (Y; 9) each row corresponds exactly to the

(s — I)th row of the PASCAL-triangle, that is, nle = 2S_ 1, n.jr = s(s71),

and Nj = s2S_1. We may guess that for (V; 9) Njij(E) = 0, and, if this is
true, then

Cj—Aj = Ej — Dj. (V; 10)

For proving (V; 10), let (s7r) = ar. The left side of (V; 10) is
s 2s- 1logs 2s“1— s 2s-1log 2s- 1= slogs 2s“1,

and the right side of (V; 10) is

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

by which, since s log s is constant, and 27ar = 2s-1, the equality holds. Indeed,

for (V;9), Cj= 160, Aj= 96, Ej = 102.0376, Dj = 38.0376, where each
quantity is expressed in weighted bits, Cy— Aj = Ej — Dj = 41log4 «8 = 64,
and, consequently, Njij(E) = O.

V.43 It is worth remarking that a proper <O0)-equivalence table for
(V;8) corresponds exactly to table (V;9). This correspondence is trivial
[because (8) = (sfr)], but it has a further implication as well. Since 2s,
in most cases, is a fairly large number (viz. 210~ 103 220" 10®, ..., 217
A« 103 for z = 1, 2,...), the assumption made in V.4.1 (m = 2s) is almost
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always irrealistic. For practical reasons, if, say, s 10, then we must choose
m such that m 2s. By choosing m much smaller than 2s, however, we may
introduce artificially some unknown degree of floral orderliness into our
referential system. This drawback can be compensated as a first approach
by considering N jlj(E) and n/fy(e) simultaneously; this is why invalence values
are as important as valence values in a Kj. A more advanced approach is
to handle m (“number of quadrats”) as a variable, but in this case the com-
plementary role of Njij(E) and n-/-(e) (or that of other functions) still holds.

V.5 The simplest way of looking at floral order is possible by consider-
ing potential floras as binary column vectors of a Kj. Such vectors (i.e.
ordered s-tets of <1, 0>), may or may not belong to the same value of floral
valence. Kj is florally ordered if the same column vector belongs always to
the same value of R.

VI. Orderliness in composition

V1.1 So far the treatment has been confined to order of the floral type.
Clearly, the definition of V.3 or V.5 can be generalized into
<1> local orderliness,
and <(2> double orderliness
of a Kj. For the sake of simplicity (and for avoiding a fairly complicated
symbolism), suffice it to apply some rough-and-ready demonstrations.
V1.2 Let us compare three table, (V;3), (VI; 1), and (VI; 2).

1 2 3 4 5 6 7 8

a | 1
b I 3
c I T B 4 vlI; 1)
d I T B 4
1111 2 2 2 2 12
1 2 3 4 5 6 7 8
a 1 1 1 3
b 11 1 1 1 5
c 11 1 1 1 5 (Vl1; 2)
d 1 1 1 1 1 5
111 3 3 3 3 3 18

V1.2.1 It has already been shown that (V;3) is florally ordered (V.3).
It is, however, not ordered locally, because different row vectors (local vec-
tors) belong to the same value of local valence, and vice versa. In a reverse
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way, (YI; 1) is not ordered florally [since different potential floras, “a” and
“6”, belong to the same value of floral valence, (R = 1)], but it is ordered
locally. Finally, (VI; 2) is double-ordered, because both different floral and
local vectors belong always to the same values of both floral and local valences.

V1.2.2 It is worth noticing at once that if Kj is double-ordered, then

NjTj(E) = Njij(K) = Cj —Ej. (V15 3)

The simplest way of proving this reduction is to show that A, = Dj. By the.
conditions given

Aj= E rglrlogagjr, VI; 4)

and, using a modified version of (V;6),

Dj = rfj? logff\ (VI; 5)

where fj~ is frequency of a potential flora of Kj which consists of r elements
of Qy mgjr —fj ', because each value of R belongs always to the same potential
flora, and, consequently, Aj — Dj.

V1.3 It is straightforward again that equivalence information of the
local type is equal to the dual quantity of the floral type if and only if Km
is double-ordered.

VII. Some interim remarks

V11.1 Compositional “orders” of different types are, presumably, im-
portant in many respects. It remains to he investigated, of course, how the
idealized conditions of VI.—VI. are useful in understanding “real situations”.
Some use of the model will be discussed in the second part of this series.

V11.2 This demonstration is postponed, because we have still a number
of problems to he considered. Due to limitation of space, the present paper
had no opportunity to deal with the problems of spatial processes. The second
part of this series should start with the statement that conditions for order-
liness depend on the size of sampling units to a considerable extent.
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SHRUB LAYER PHYTOMASS INVESTIGATIONS IN
THE QUERCUS PETRAEA-QU. CERRIS ECOSYSTEM
OF THE SIKFOKUT RESEARCH AREA*

By
I. KARASZ

BOTANICAL INSTITUTE, KOSSUTH L. UNIVERSITY, DEBRECEN

(Received October 18, 1975)

The paper contains the results of phytomass investigations made in the shrub
level of the turkey-oak forest ecosystem at Sikfékut (Sikfékat Project). The estimation
of the phytomass was performed between August and September 1973, with the “aver-
age shrub method” per sublevel, and in a break-down according to species.

Within the framework of the “International Biological Program” and
of the “Man and Biosphere” research program, complex ecosystem investiga-
tions have already been launched in various research centres abroad.

Similar to them are the researches launched in the ecosystem of the
Hungarian Sikfékut turkey oak forest (Sikfékut Project). A substantial part
of these researches consists of the phytomass investigations related to structure
examinations. The phytomass of the stand-forming tree species in the eco-
system was estimated by B. Papp (1974), while that of the herbaceous layer by
Jakucs—Papp (1974). In the present paper the results of the shrub-layer
investigations are summarized.

Description of the forest

The description of the Sikfékut forest, the detailed program of the com-
plex biosphere research and the main research data have been furnished by
Jakucs (1973), while the results relating to structural conditions have been
summarized by Jakucs—Horvath— Karasz (1975). Therefore prior to our
own research results, we mention here only those data which are most directly
connected with the phytomass investigations of the shrubs.

The ecosystem studied is an about 65-year-old, climazonal, homogeneous
turkey oak forest (Quercetum petraeae-cerris) in which the cover value of the
free canopy is 80%. The quantity of through-fall radiation permits the devel-
opment of photophyllous and thermophilous shrubs rich in species. The shrub
layer, consisting of 16 species, can be subdivided into two distinct levels (low
and high shrub levels). In our grouping, the high shrub level comprises shrubs

* Sikfékat Project No. 21
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of higher than 1 m height and of at least 1.2 cm stem diameter, while shrubs
not possessing these characteristics are grouped into the low shrub level.

The dominant shrub species in the high shrub level are Cornus mas, Acer
campestre, Cornus sanguined, Acer tataricum, Quercus petraea ; in the low shrub
level: Lingustrum vulgare, Euonymus verrucosus, Cornus sanguinea, Quercus
petraea.

Method

In every forest ecosystem there can be found shrubs whose dimensions (height, stem
diameter, etc.) are average, that is, their dimension values are around the mean value deter-
mined on the basis of measuring several hundreds of individuals. The total weight of these
shrubs of average dimensions, or that of their components (foliage, branch, stem, etc.), can
also be considered average (Ovington- Forrest—Armstrong 1968). Individuals can thus
be selected from the stand the dimensions and weight of which are in all probability near
the average of the total or partial size and weight relating to all of the individuals. It is this
inference on which the “average-shrub” method, used in the estimation of the phytomass of
the shrub layer in the Sikfokut forest between August 29 and September 5, 1973, is based.
This period of year is considered suitable for estimating because it is the last phase of
the vegetation period when growth can be expected to be practically completed.

The estimation of the phytomass was carried out in a breakdown of species by
shrub layers, thus the errors originating from the differences in weight data between domi-
nant and suppressed shrubs could be reduced to a minimum. According to the data avail-
able from the literature, the accuracy of the estimations made with this method is be-
tween d=7-10% (Stato 1966, Ovington et. al., 1968).

According to our measurements, the parameters most characterizing the dimensions
of the shrub individuals are height, stem diameter (measured at 5 cm above ground level),
and cover value. The parameters of the average shrubs were determined for 6 species (Acer
campestre, A. tataricum, Cornus mas, C. sanguinea, Ligustrum vulgare, Quercus petraea) in the
high shrub level, while in the low shrub level for 10 species (the same as in the high shrub
level, and also Crataegus monogyna, Euonymus europaeus, E. verrucosus, Rosa canina), on the
basis of measurements of 302 high shrub and of 561 low shrub specimens (50 60 individuals
of each species). Height was measured with a 4 m long yardstick, while stem diameter with
a sliding caliper 5 cm above ground. In high shrubs, the stem diameter was measured from
two directions subtending a right angle and the average of the results of the two measure-
ments was accepted as the stem diameter value. Cover values were read of the projection
map of foliage closing in shrubs (Karasz, 1973). In high shrubs, root removal was made in
a circle of about 1 m radius to a depth of 60—70 cm, while in low shrubs within a circle of
about 25—30 cm radius and to depth of 35—40 cm. Where the ramification of the roots
made it necessary, we followed the pattern root positions.

Sampling

Shrubs of average dimensions were selected from both the high and the low shrub
levels, 10 individuals of each species (sample shrubs), and these were cut out. Their roots
together with the adhering soil were removed and then washed three times under running
water through griddles used in soil examinations. The fresh foliage weight, stem -f- branch
weight and root weight of all sample shrubs were weighted on a laboratory tare-balance in
the field. At the same time the following samples were collected for the determination of leaf
number and dry weight values:

500 leaves per sample shrub in the high shrub level, that is a total of 5000 leaves; and
100 leaves per sample shrub in the low shrub level, that is atotal 1000 of leaves; in both
of categories for each species;

mixed stem branch samples (about 250 g stem and at least 3 kinds of branch samples
with different widths, from each species);

root samples total root quantity as defined above.
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The samples were dried to weight stability in an exsiccator at 85°C. After and before
drying, the samples were weighed within an accuracy of 100th gram. (The first measurement
was made at the time of removal in the field.) In the knowledge of the fresh weight of the
fractions (leaf, stem -f- branch, root) and of the samples, we calculated the corresponding leaf
number for the individual shrub as well as the dry weight per fraction, and also the total dry
weight, by using the dry weight data. By multiplicating the weight data thus obtained by

the serial number per hectare, the phytomass dry weight per hectare was estimated in a break-
down per species.

Let us note here that no detailed sampling of this character, related to shrubs, has
been made in a turkey oakwood forest ecosystem so far. Similar elaborations with regard to
other ecosystems have been reported in the works, for example, of Duda—Kolek (1970),
Duvigneaud (1971), Duvigneaud —Denaeyer—Ambroes—Timperman (1971).

Results

The characteristic parameters (height, stem diameter, cover) of the
average shrubs in comparison with the dimensions of the sample shrubs are
given in Table 1. As is seen in the Table, the dimensions of the sample shrubs
do not differ, or differ only to a minimum extent, from the dimensions of the
average shrubs determined by measurements and calculations.

Results of the phytomass estimation in a breakdown per species are
summarized in Table 2, where also the number of shrub stems per hectare,
their leaf number, and the phytomass of the shrubs expressed in dry weight
per hectare are given, in a breakdown per species and in total values. The
leaf number of the shrubs per hectare is 12,157, 764; of this, 1,997, 488 leaves
(16.42%) are in the low shrub level, while 10,160,276 leaves (83.58%) are in the
high shrub level. In the formation of assimilating leaf surface, most leaves are
carried by Cornus mas (5,643,902 leaves/hectare), and by Acer campestre
(3,666,645 leaves/hectare). Further significant plants are: Ligustrum vulgare
(809,312 leaves/ha), Cornus sanguinea (584,395 leaves/ha), and Euonymus
verrucosus (504,500 leaves/ha) which occurs almost exclusively in the low
shrub level.

The total phytomass of individuals of average dimension of the high
shrub level species changes between 220 g and 1150 g. It is the highest Acer
campestre (1151.82 g/specimen, followed by Acer tataricum (1095.75 g/specimen)
and cornus mas (1070.82 g/specimen).The sequence is different concerning
total dry weight per hectare. Similarly to the case of stem-f-branch phyto-
mass, Cornus mas represents essentially greater quantities (2765.99 kg, which
amounts to 40.63% of the total), and so does Acer campestre (2263.31 kg;
33.25%) than all the other species with a total phytomass of 1777.71 kg
(26.12%) per hectare.

On one hectare area of the forest, there is a total of 6807.01 kg shrub
phytomass. Of this, 757.34 kg (11.13% of the total phytomass) appears in the
low shrub level, while 6049.67 kg (88.87%) in the high shrub level. Its distribu-
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Table 1

Height, stem-diameter and cover data of the average shrubs and of the sample shrubs (I =

Name of shrub species

Acer campestre

Acer tataricum
Cornus mas

Cornus sanguinea
Crataegus monogyna
Euonymus europaeus
Euonymus verrucosus
Ligustrum vulgare
Quercus petraea

Rosa canina

Height,

Average shrubs

1

0.329
0.291
0.422
0.434
0.437
0.175
0.291
0.409
0.227
0.668

1

h

2.294
2.677
2.359
2.031

1.560
1.920

Sample shrubs

1

0.330
0.296
0.452
0.429
0.437
0.175
0.295
0.435
0.228
0.669

h

2.500
2.720
2.410
2.332

1.673
1.920

Stem diameter,

Average shrubs

0.44
0.35
0.51
0.308
0.75
0.203
0.35
0.31
0.38
0.39

h

2.60
241
2.45
1.34

1.25
2.20

Sample shrubs

1

0.439
0.351
0.511
0.302
0.751
0.203
0.351
0.318
0.382
0.387

h

2.606
2.418
2.444
1.345

1.272
2.202

low shrub, h = high shrub)

Average shrubs

1

0.034
0.040
0.190
0.043
0.035
0.0068
0.036
0.031
0.033
0.012

h

2.79
1.87
2.45
0.73

0.93
1.18

Cover,
m2

Sample shrubs

1

0.054
0.040
0.190
0.043
0.035
0.0068
0.036
0.031
0.0325
0.011

h

3.10
1.85
2.93
0.75

0.92
1.16
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Table 2

Number of stems and leaves, as well as phytomass of the shrub level per hectare, according to fractions and their total
(I = low shrubs, m =

Name of shrub species

Acer campestre

Acer tataricum
Cornus mas

Cornus sanguinea
Crataegus monogyna
Euonymus europaeus
Euonymus verrucosus
Ligustrum vulgare
Quercus petraea
Rosa canina

Other*

Total

Name of shrub species

Acer campestre

Acer tataricum
Cornus mas

Cornus sanguinea
Crataegus monogyna
Euonymus europaeus
Euonymus verrucosus
Ligustrum vulgare
Quercus petraea
Rosa canina

Other*

Tot tl

Estimated values

Number of stems/ha

1 h total
5,699 1905 7,604
7,335 430 7,765

,959 2335 3,294

13,676 690 14,366
1,654 — 1,654
7,782 — 7,782

14,700 - 14,700

21,059 256 21,315

10,963 382 11,345

508 - 508
3,069 52 3,121

87,404 6050 93,454

Stem -f- branch weight, kg/ha

1 h total
19.71 1291.40 1311.11
17.45 313.67 331.12
10.74 1894.80 1905.54
24.07 122.60 146.67
20.25 — 20.25

7.35 — 7.35
26.90 — 26.90
40.43 30.66 71.09
23.68 155.89 179.57

1.57 - 1.57

6.14 14.48 20.62

198.29 3823.50 4021.79

38,910
504,500
673,888

65,777

42,164

48,023

1,997,488

39.95
53.40
3.06
77.68
5.79
19.14
83.94
138.36
53.61
1.42
15.99

492.34

high shrubs)

Number of leaves/ha

b

3,495,675

135,424
248,682

12,980

10,160,276

Root, kg/ha

h

713.18
119.65
672.11

41.97

23.79
184.22

8.78

1763.70

total

3,666,645
424,660
5,643,902
584,395
67,814
38,910
504,500
809,312
314,459
42,164
61,003

12,157,764

total

753.13
173.05
657.17
119.65
5.79
19.14
83.94
162.15
237.83
1.42
24.77

2256.04

Foliage weight, kg/ha

1 h total
9.43 189 64 199.07
8.20 37.90 46.10
2.60 182.68 185.28

11.99 17.80 29.79
3.05 — 3.05
2.33 — 2.33
7.39 — 7.39

12.97 2.60 15.57
6.30 30.15 36.45
0.78 0.78
1.67 1.70 3.37

66.71 462.47 529.18

Total phytomass, kg/ha

1 h total
69.09 2194.22 2263.31
79.05 471.22 550.27
16.40 2749.59 2765.99

113.74 182.37 296.11
29.09 — 29.09
28.82 — 28.82

118.23 - 118.23

191.76 57.05 248.81
83.59 370.26 453.85

3.77 - 3.77
23.80 24.96 48.76

757.34 6049.67 6807.01
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stem + branch
2 root
3 foliage

o high shrub level
W q low shrub level

Fig. 1. Phytomass distribution of the shrubs according to fractions, per hectare, in t/ha and
in percentage of the total

tion according to fractions is as follows: stem -f- branch represents 4021.79 kg
(59.10%), roots 2256.04 kg (33.14%) foliage 529.18 kg (7.76%). The distribu-
tion according to fractions is shown in Fig 1.
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DIE BEDEUTUNG DER BALATON-UFERZONE
FUR DEN UMWELTSCHUTZ AM SEE

Von

M. Kovacs

BOTANISCHES FORSCHUNGSINSTITUT DER UNGARISCHEN AKADEMIE DER WISSENSCHAFTEN,
VACRATOT

(Eingegangen Juni 18, 1975)

Die Boden der Uferzone des Balaton sind dank den anaeroben Verhdaltnissen
reich an organischen Substanzen und somit imstande, grosse Mengen biogener Elemente
zu adsorbieren. Béden mit grosser Adsorptionskapazitat entfalten eine Filterwirkung,
die die Beschaffenheit des Seewassers gunstig beeinflusst. Die Bebauung des Ufer-
streifens hat die Niedrighaltung des W asserstandes unerlasslich gemacht, die Senkung
des Wasserstandes aber fuhrt zum Aufkommen aerober Verhéltnisse und damit zur
Mineralisierung der aufgespeicherten organischen Stoffe, wobei die freigesetzten bio-
genen Elemente — unter ihnen besonders der Stickstoff — den N&hrstoffreichtum des
Sees vermehren kdénnen.

Die bestandbildenden Pflanzen der Uferzone speichern in ihren Organismen
grosse Mengen biogener Elemente, besonders Kalium, Stickstoff und Phosphor auf.
Dank seinem Nahrstoffanreicherungsvermdgen »durchseiht« der Uferbewuchs einer-
seits die vom Ufer her kommenden Néahrstoffe, wahrend er andererseits die bereits ins
W asser gelangten Aufbaustoffe »ausfiltert«.

Seit einer Reihe von Jahren droht zunehmend die Gefahr der Vernichtung
der natiirlichen Uferzone des Sees. Trotz jedem Gegenargument der Experten
und allen gesellschaftspolitischen Erwdgungen wurde ein erheblicher Teil der
Uferzone des Sees parzelliert und bebaut. Wie von Felfoidy und Toth (1970)
treffend festgestellt, bildet die Bebauung des Uferstreifens ein »abschreckendes
Beispiel einer vernunftwidrigen und das Leben des Sees vdllig missachtenden
Siedlungspolitik«.

Zufolge der menschlichen Eingriffe sind zahlreiche fiir den Balaton kenn-
zeichnende Assoziationen verschwunden und wertvolle Biotope mit ihrer
charakteristischen Fauna verkimmert.

Der niedrige W asserstand des Balaton beeinflusst — wie dies von Hydro-
logen und Biologen vielfach betont wurde — die Bewirtschaftung des See-
wasservorrates sowie seine chemischen und biologischen Verhdltnisse. Bei dem
niedrigen Wasserstand haben sich lberreiche Algen- und Laichkrautmassen
(Gelege) entwickelt, die Schilfzone ist von Land her in das Wasser vorgedrun-
gen, d. h. die Nahrstoffanreicherung und die Aufflillung des Sees bzw. sein
Alterungsprozess haben sich beschleunigt.
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Die Bedeutung der Uferzonation

Die Ufervegetation und ihr Biotop bilden einen organischen Teil des See-
Okosystems. Am Ufer des Balaton entlang erscheinen je nach den Feuchtig-
keits- und Bodenverhdltnissen in gurtelartiger Anordnung unterschiedliche
Pflanzenarten. Hinter der Laichkrautzone bilden auf der eutrophen Gyttja
bis zu einer Wassertiefe von 2,5 m Schoenoplectus lacustris und sodann Phrag-
mites communis (bis 2 m Wassertiefe) und stellenweise Typha angustifolia
ausgedehnte Bestdnde (vgl. So6 1933, Karpati—Varga 1970). Auf stdndig
wasseriiberdeckten, an organischen und an N&hrstoffen reichen Standorten
dominieren Glycerin maxima und Phalaris arundinacea. Auf den hdher gele-
genen Moorwiesen- und Wiesenbdden sowie auf den zeitweilig von Wasser
Uberdeckten Stellen befinden sich verschiedene Magnocaricion-Assoziationen
(Caricetum acutiformis, Caricetum gracilis) sowie Sumpfwiesen (mit Agrostion :
Festucetum pratensis-, Juncus subnodulosus-Bestdnde).

Die Wasser- und die Uferpflanzen haben eine ganz bestimmte biologische
und Okologische Funktion: sie beeinflussen den Sauerstoffhaushalt des W as-
sers, die Kalk- und Kohlendioxydverhdltnisse und die mineralischen Né&hr-
stoffe, auch sind sie an der Ausgestaltung der Verdunstungs- und Temperatur-
verhéltnisse (Jakucs— Marosi—Szilard 1971), an der Verlandung, am
M aterial- sowie Energiehaushalt und schliesslich an der Selbstreinigung des
W assers beteiligt (Bittmann 1968). Bekannt ist auch die Filterwirkung des
Uferbewuchses (Fetfoldy—Toéth 1970, Téoth 1970, 1972). Wo im Wasser vor
dem Ufer der Schilfgurtel unversehrt steht, gelangen von Ufer her weniger
eingeschweminte Néahrstoffe und verschiedene Schmutzstoffe in den See. Nach
Untersuchungen am Velence-See war dessen Wasser, wo es keinen Schilf-
gurtel gab, an Né&hrstoffen reicher.

Die charakteristische Uferzonation hat sich in erster Linie am Nordufer
des Balaton und in der Bucht von Keszthely herausgebildet, wo sie dem See
den gleichen Schutz bietet, der ihm einst von dem Kisbalaton (der Kleine-
Balaton) und dem unterschiedlichen Buschwerk am Stdufer des Sees geboten
wurde.

Der weitgehenden Ausrottung der Uferzonen, die in den letzten Jahren
um sich gegriffen hat, ist die starke Ndhrstoffanreicherung am ganzen Balaton-
Nordufer entlang zuzuschreiben. Sie tritt besonders dort in Erscheinung, wo
der einst geschlossene Schilfbewuchs aufgelést wurde; an diesen Stellen er-
scheint als biologischer Indikator der Nahrstoffanreicherung Stratiotes aloides
in grossen Massen (Toth 1974).

Eine &usserstergiebige und stdndig fliessende Gefahrenquelle stellen die
landwirtschaftlich genutzten Gebiete (Erosion, Kunstdlinger- und Pestizi-
deauswaschungen, Viehhaltungsbetriebe usw.) dar. Nach Untersuchungen von
Németh und Téth (1974) in Jahre 1971 wurden in der Balaton-Gegend von 1 ha

Acta Botanica Academiae Scientiarum Hungaricae 22, 1976



DIE BEDEUTUNG DER BALATON-UFERZONE 87

landwirtschaftlich genutzter Fldche 199 kg Ndahrstoffe ausgewaschen, die zu
34% aus N, zu 24% aus P23 und zu 42% aus K_0, d. h. aus N&hrstoffen
bestanden, die in der Nahrstoffanreicherung der Gewadsser eine sehr bedeutende
Rolle spielen. Im Einzugsgebiet des Balaton ist von den landwirtschaftlich
genutzten Fldchen eine Stickstoffauswaschung von jahrlich 2000—3000 t zu
erwarten. In den rund 68 Viehhaltungsbetrieben und Stédllen fallen jahrlich
schédtzungsweise 800 000—900 000 m:i Jauche an (OMFB 1974).

Die Bodenverhéltnisse in der Uferzonalion

Zur Erfassung der Boden- und Vegetationsverhéltnisse in der Uferzone und zur Bestim-
mung der Okologischen und zdnologischen Unterschiede bedienten wir uns der Transekt-
Methode. Die Boden- und Pflanzenproben sammelten wir durch die verschiedenen Zonen (je
nach der rdumlichen Ausdehnung der Zonationen in Abstdnden von 1, 2 und 5 m an normal
auf das Balatonufer verlegten, gedachten Geraden entlang. Aufgrund der Methodik von
Ballenegger—Di Gléria (1962) bestimmten wir folgende Faktoren: die Wasserstoffionen-
konzentration (pH), das CaC03%, den Gehalt an hygroskopischem Wasser (hy) und an Humus
sowie die Humusstabilitdtszahl (Q), den Gesamtgehalt an Stickstoff, Ammoniak und Nitraten,
an Phosphor und an leicht aufnehmbarem Kalium, die adsorbierten Ca- und Mg-Mengen sowie
schliesslich das potentielle Nitrifikationsvermégen der Bdden.

Die chemische Zusammensetzung der Pflanzen bestimmten wir nach den Methoden
von Paech—Tracey (1956) und Cooke (1969).

Die Untersuchungen erstreckten sich auf folgende Stichprobengebiete:

a) Die Mindung des Flusses Zala (Abb. 1), der an Nahrstoffen reichste Teil des Balaton-
ufers. An der Belastung des Balaton mit organischen Substanzen ist die Zala mit
einem Anteil von 50% beteiligt, wéhrend sich die am Nordufer in den See ergie-
ssenden Gewadsser zur Belastung mit 20%, jene am Sudufer hingegen mit einem An-
teil von 30% beitragen. Mit Stickstoff belastet den See allein der Fluss Zala mit
einem Anteil von 30—40% (die Gewasser der nordlichen Seite haben eine Belastung
von 30—40%), jene der sudlichen Seite eine solche von 20%.) Ahnlich hoch ist auch
die Phosphor-Belastung der Zala (50% gegeniber der Belastung der Gewadsser der
nordlichen und stdlichen Ufer mit je 25%). Der Gesamtstickstoffgehalt der Zala
betrdgt 2,18 mg, ihr Gesamtphosphorgehalt 0,68 mg jeweils je Liter (OMFB 1974).
Stickstoff und Phosphor in solchen Mengen enthalten weder die fliessenden Gewas-
ser der nordlichen, noch die der stdlichen Seite.

b) Die Bucht von Szigliget (Abb. 2), wo der Gehalt des Seewassers an organischen
Substanzen und seine lonenkonzentration geringer, und die Uferzone auch dem-
entsprechend weniger eutroph ist.

c) Die Halbinsel Tihany (der Uferabschnitt unter dem Csucshegy).

Die Resultate der in Transekten durchgefiihrten Bodenuntersuchungen
sind in den Abbildungen 3, 4 und 5 dargestellt. Zusammenfassend kann fest-
gestellt werden:

Unter der Einwirkung von Wasser, Boden und Vegetation &ndern sich
auch die quantitativen Verhdltnisse der Bodenfaktoren. Bei der Ausgestaltung
der Bodenfaktoren aber spielen die Feuchtigkeitsverhdltnisse eine ausschlag-
gebende Rolle.

Als Folge der starken Vermehrung in der Produktion der bestandbilden-
den Pflanzen der Uferzone (Schoenoplectus lacustris, Typha angustifolia, Phrag-
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Abb. 1. Die Mindung des Zala-Flusses in der Bucht von Keszthely. Luftbildaufnahme der
W asserwirtschaftsdirektion Pécs

mites communis, Glyceria maxima, Phalaris arundinacea, verschiedene Carex
Arten usw.) gelangen alljahrlich grosse Mengen organischer Stoffe in das See-
tvasser bzw. auf die Bodenoberflache. Die Bdden der Schilfrohr- und Ried-
grasassoziationen sind wéhrend eines Grossteils des Jahres Uberschwemmt,
bzw. mit Wasser vollig durchtrdnkt. Die anaeroben Verhdltnisse fihren zur
Anh&ufung von erheblichen Mengen organischer Substanzen. Der Gehalt des
Bodens an diesen liegt fur gewohnlich Uber 10%. In der Mindung der Zala,
wo der Boden ausser der Produktion von Phragmites communis, Glyceria
maxima und Phalaris arundinacea zusdtzlich auch noch von den vom Fluss
herangetragenen organischen Substanzen belastet wird, erreicht die Menge
der angereicherten organischen Substanzen Anteile von 30—40%. Mit den
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Abb. 2. Dem Schutz des See-Okosystems dient der Schilfrohrgirtel vor dem Ufer der Bucht
von Szigliget. Luftbildaufnahme der Wasserwirtschaftsdirektion Pécs

angehauften organischen Stoffen schalten die Okosysteme der Uferzone aus
dem biogeochemischen Zyklus fir eine bestimmte Zeitdauer eine grdssere
Zahl von Elementen aus. Zwischen dem Gehalt der Béden an organischen Sub-
stanzen und ihrem Gesamtstickstoffgehalt besteht eine positive Korrelation
(Abb. 6). An der Mindung der Zala liegt der Gesamtstickstoffgehalt der Bdden
bei 0,7—1,3%. Die dauernde Uberdeckung mit Wasser bzw. die anaeroben
Verhdltnisse verhindern zwar die Mineralisierung von grossen Mengen orga-
nischen Substanzen beim Absinken des Wasserspiegels sind sie jedoch als
potentielle Gefahrenquellen anwesend (vgl. weiter unten).

Bdden mit hohem Gehalt an organischen Substanzen haben eine grosse
Adsorptionskapazitdt und Filterwirkung. (Nach den Untersuchungen von
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ZALA - MUNDUNG

Caricetum Scirpo- Glycerietum
gracilis Phragmitetum maximae
Wiesenboden Moorwiesenboden Balaton

(Wasserspiegel)
zunehmende Bodenfeuchtigkeit

pH - Wert

CaC03 %

Wasserkapazitat (hy)

Humus %

Humusstabilitatszahl (Q)

Gesamtstickstoff %

NH3 - N mg /100 g

NO3 -N mg/ 100 g

P2 Os mg/100 g

20
10. K20 mg/100 g
0.
S0-J
40- absorbiertes
20- Ca mval /100 g
0-

absorbiertes

Mg mval/100 ¢
AOI
30- in 28 Tagen
20- mineralisiertes
18, NO03 -N mg/100 g

Abb. 3. Die Anderung der Bodenfaktoren im Untersuchungsflachentransekt
an der Zala-Mindung

Bailey und White — 1964 — haben die Pestizide in den Bdden mit hohem
Gehalt an organischen Substanzen die geringste toxische Wirkung.)

Ab leicht aufnehmbarem Kalium enthalten die Wiesenbdden ( Festucetum
pratensis) der hoher gelegenen Zone 5— 10 mg/100 g, die Moorwiesenbdden
des unmittelbar am W asser gelegenen Uferstreifens 10—30 mg/100 g.

Die kaliumreichen (Tabelle 1) bestdndebildenden Pflanzen der wasser-
nahen Uferzone bleiben in der Regel an ihrem Standort stehen, so dass das im
Pflanzenorganismus angereicherte Kalium nicht aus dem lokalen biogeo-
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SZIGUGET
Festucetum pratensis Scirpo - Phragmitetum
magnocari - magnocaricetosum
cetosum hydrocharicetosum
Wiesenboden Moorwiesenboden Balaton

(Wasserspiegel )
zunehmende Bodenfeuchtigkeit

pH - Wert

CaCo03 %

Wasserkapazitat (hy)

Humus %

Humusstabilitdtszahl (Q)

Gesamtstickstoff %

NH3 - N mg/100 g

NO03-N mg/100 g

P20s5 mg/100 g

K20 mg/ 100 g

absorbiertes
Ca mval/100 g

absorbiertes
Mg mval/100 g

in 28 Tagen
mineralisiertes
NO3-N mg/100 g

Abb. 4. Die Anderung der Bodenfaktoren im Untersuchungsfliehentransekt bei Szigliget

chemischen Zyklus hinausgerdt. Demgegeniber werden die Sumpfwiesen der
réumlich héher gelegenen Zonen (z.B. mit Festucetum pratensis) Jahr fur Jahr
regelméssig geméht, womit erhebliche Mengen des in die Pflanzen eingebauten
Kaliums aus dem lokalen Kreislauf ausscheiden, wie dies die Anderung des
Gehalts des Uferzonenbodens an leicht aufnehmbarem Kalium bzw. die stufen-
weise Zunahme des Kaliumgehalts in der Richtung des wassernahen Ufer-
Streifens deutlich beweisen.
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TIHANY
Calamag- Caricetum Scirpo-
rostis gracilis Phragmitetum
Bestand
Wiesenboden Moorwiesenboden Balaton

(Wasserspiegel)
zunehmende Bodenfeuchtigkeit

701 pH - Wert

gg] CaCO3 %

20 s

O] Wasserkapazitat (hy)
201

10- Humus %

0J

é%%(()yi Humusstabilititszahl (Q)

10 .

O] Gesamtstickstoff %
1.0
0.0] NH3 - N mg/100 g
204
10. NO3 -N mg/100 g
0.0-

10

O] P20s5 mgrioo g
18] K20 mg/100 g
20 absorbiertes

O] Ca mval /100 g

absorbietes
Mg mval/100 g

in 28 Tagen
mineralisiertes
EZ NO3-N mg/100 g

Abb. 5. Die Anderung der Bodenfaktoren im Untersuchungsflichentransekt bei Tihany

An der Erhéhung des Nahrstoffgehaltes der Gewdsser und an der Ver-
mehrung der W asserpflanzen ist neben dem Phosphor-, Stickstoff- und Kohlen-
dioxydgehalt in erheblichem Masse auch das Kalium beteiligt (Dietrich 1973).

Im Moorwiesenboden des Uferstreifens findet sich im allgemeinen auch
eine grossere Phosphoranreicherung. In besonders grossen Mengen ist P 205 in
den Bdden um die Mindung der Zala anzutreffen (14 mg/100 g), was in erheb-
lichem Umfang auch auf die Phosphor-Belastung der Zala zuriickzufliihren ist.

Aufgrund der Bodenuntersuchungen in der Uferzonation kann zusammen-
fassend festgehalten werden: nach den tieferen Lagen und nach dem Wasser-
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Abb. 6. Der Zusammenhang zwischen dem Gehalt der Boden an organischen Stoffen und
ihrem Gesamtstickstoffgehalt

Spiegel des Sees hin wadchst parallel zur Zunahme des Gehalts an organischen
Substanzen die Wasserhaltefdhigkeit (W asserkapazitdt) des Bodens, seine
Adsorbtionskapazitdt sowie sein Gehalt an adsorbierten Kationen und an
Stickstoff, Phosphor und Kalium.

Die Dynamik der Nitrifikation in den Bdden der Uferzonation

Die Dynamik der Mineralisation (Nitrifikation) in den Béden der Ufer-
zone untersuchten wir unter Laboratoriumsverhéltnissen.

Die bis zu 60% ihrer W asserkapazitdt durchfeuchteten Bodenproben
Hessen wirim Thermostat unter sterilen Verhéltnissen 28 bzw. 35 Tage lang
reifen.

Die Bdden des sich unmittelbar am Wasser entlang hinziehenden U fer-
streifens sind durch eine gute Nitrifikationsdynamik gekennzeichnet. Auf den
Phragmites-Bdden mineralisierten sich in 35 Tagen 10—15 mg/100 g, in den
Carex-Bdden hingegen 13— 19 mg/100 g NO3—N (Tabelle 2).

Besonders reich an Nitraten waren die Bdden der Glyceria maxima-
Bestdnde im Mindungsgebiet der Zala (36 mg/100 g. S. Abb. 3,54 mg/100 g.
vgl. Tabelle 2, Probe 8).

Mit dem Rickgang des Gehalts an organischen Stoffen sinkt die Adsorb-
tionskapazitdt bzw. die Filterwirkung der Bdden.
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Tabelle 1

Chemische Zusammensetzung der aus den

Lfd. Nr Name der Pflanze Sammelstelle ASO(;:e Ca
I Glyceria maxima Zala-Mindung 10,4 0,18
2. Glyceria maxima Zala-Mindung 10,4 0,19
3. Phragmites communis Zala-Mindung 9,8 0,19
4. Phragmites communis Zala-Mindung 9,7 0,23
5. Phalaris arundinacea Zala-Mindung 10,2 0,14
6. Phalaris arundinacea Zala-Mindung 9,2 0,12
7. Carex gracilis Zala-Mindung 8,1 0,19
8. Phragmites communis Szigliget 9,9 0.30
9. Phragmites communis Szigliget 8,2 0.20
10. Carex gracilis Szigliget 8,3 0,15
11. Carex gracilis Szigliget 8,6 0,16
12. Festuca pratensis Szigliget 10,8 0,33
13. Festuca pratensis Szigliget 11,8 0.26
14. Phragmites communis Tihany 11,8 0,10
15. Carex gracilis Tihany 8,3 0,20
16. Carex gracilis Tihany 8,3 0,18
17. Calamagrostis arundinacea Tihany 7,3 0.06
18. Calamagrostis arundinacea Tihany 7,4 0,06
Tabelle 2
Die nach 28- und 35tagiger Inkubation in den Bdden der Uferzonation
mineralisierten NH3N und N O3N-Mengen
Der urspriingl. In 28 In 35
Gehalt des
Bodens an Tagen mineralisierte Mengen von
Lfd. Nr. Name der Pflanzengesellschaft Sammelstelle
NH3-N NOs-N NH3N NO3N 1NH3N NO3N
mg/200 g mg/100 g
. Scirpo-Phragmitetum B.f(izf6 0,8 0,3 3,6 1,8 Spuren 10,0
2. Scirpo-Phragmitetum B.almadi 0,9 0,3 1.1 10,6 0.6 11,4
3. Scirpo-Phragmitetum Tihany 0.9 0,3 0,5 15,1 0,4 16,1
4, Scirpo-Phragmitetum B.udvari 0,9 0,3 0,1 14,6 Spuren 15,8
5. Caricetum gracilis Abrahamhegy 0,8 0,5 2,6 14,6 0,6 19,6
6. Caricetum gracilis Badacsony 0,8 0,5 0,2 10,3 Spuren 135
7. Caricetum gracilis Gyenesdias 0,6 1,7 2,0 10,7 0,3 13,4
8. Glycerietum maximae Fenékpuszta 1,2 0,3 0,2 49,0 0,1 54,0
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Transekten stammenden Pflanzenarten

K Na Mg PA N Mn Fe Zn

% % % % % ppm ppm ppm
2,18 0,03 0,34 0,82 1,99 252 128 20
2.21 0,03 0,36 0,84 1,87 173 168 25
1,65 0,01 0,31 0,69 4,13 466 121 32
1,31 0,01 0,47 0,63 3,95 488 171 24
1,42 0,01 0,28 0,38 2,33 97 114 21
1,66 0,01 0,29 0,46 2,37 61 150 22
1,67 0,01 0,34 0,45 1,90 217 203 16
1,03 0,02 0,43 0,37 2,46 113 99 33
1,37 0,01 0,29 0,46 2,85 241 94 18
1,20 0,02 0,29 0,29 131 184 137 15
1,18 0,02 0,22 0,24 1.36 171 116 15
0,39 0,06 0,46 0,24 1,06 54 164 11
0,46 0,07 0,46 0,23 1,11 56 141 18
1,20 0,02 0,20 0,36 2,97 174 98 38
1,27 0,01 0,30 0,20 1,31 178 96 20
1.26 0,02 0,29 0,20 1,36 155 101 15
1,05 0,01 0,19 0,19 0,99 59 87 30
0.98 0,01 0,18 0,17 0,82 48 58 24

Die Filterwirkund des Bodens ist flir den Schutz des Sees von grdsster
Bedeutung. Die N&hr- und ein Teil der Schmutzstoffe werden dem See durch
das stromende Grundwasser zugefuhrt. Nach Untersuchungen des Wissen-
schaftlichen Forschungsintituts fur Wasserwirtschaft strémt das Grund-
wasser den See zu; durch diese Strémung gelangen jéhrlich 168 000 m3Grund-
wasser in den See.

Zusammenfassend darf festgestellt werden, dass die Béden des unm ittel-
bar am See gelegenen Uferstreifens in grossen Mengen organische Substanzen
und Stickstoff enthalten. Im natlrlichen Zustand, d. h. unter anaeroben
Verhdltnissen geht der Abbau der organischen Substanzen langsam vor sich,
und ebenso ist die Dynamik der Nitrifikation schwach. Der aktuelle Nitrat-
gehalt der Bdden liegt bei 0,3—4,0 mg/100 g.

Durch die Lockerung der Uferzonenbdden, durch Konstanthaltung des
niedrigen Seewasserstandes und durch die zunehmende Durchliftung be-
schleunigt sich die Zersetzung der Keserven des Bodens an organischen Sub-
stanzen und die Dynamik der Mineralisation (vgl. Zimenko 1972), d. h. es
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Tabelle 3

Chemische Zusammensetzung einzelner

Lfd. Nr. Name der Pflanze Sammelstelle Af,zhe @
l. Phragmites communis B.f(izf6 12,8 0,30
2. Pliragmites communis B.almadi 10,3 0,29
3. Phragmites communis Tihany 14,0 0,31
4, Phragmites communis B.udvari 12,6 0,51
5. Phragmites communis Abrahamhegy 11,6 0,54
6. Phragmites communis Badacsony 11,3 0,31
7. Phragmites communis Gyenesdias 11,9 0,37
8. Schoenoplectus lacustris Fenékpuszta 13,0 0,28
9. Typha angustifolia B.udvari 5,6 0,51
10. Typha angustifolia Badacsony 7,3 0,39
11. Typha angustifolia Fenékpuszta 6,7 0,25
12. Sparganium erectum Badacsony 13,5 0.89
13. Carex riparia Tihany 9,1 0,18
14. Carex gracilis Gyenesdias 8.8 0,45
15. Carex acutiformis B.almadi 9,8 0,38
16. Carex acutiformis Badacsony 8,4 0,44
17. Carex acutiformis Badacsony 8,2 0,29
18. Juncus subnodulosus Abrahamhegy 11,9 0,32
19. Agrostis alba Fenékpuszta 12,3 0,13
20. Glyceria maxima Fenékpuszta 8,8 0,15

muss mit der potentiellen Gefahr gerechnet werden, dass Stickstoff in grossen
Mengen in den See gelangt.

Die chemische Zusammensetzung der bestandhildenden Pflanzen
der Uferzone

Neben der Filterwirkung des an organischen Substanzen reichen Bodens
macht sich zusétzlich auch die »Filter-Wirkung« der Pflanzen der Zonation
geltend.

Die chemische Untersuchung des Pflanzenmaterials, das von mehreren
Punkten der ndrdlichen Uferlinie des Balaton (Tabelle 3), ferner aus den
Transekten der Zala-Mindung und aus jenen von Szigliget und Tihany (Ta-
belle 1) eingesammelt worden war, sollte die Frage klaren, inwieweit der Nahr-
stoffgehalt des Bodens die Anreicherung biogener Elemente in den einzelnen
Pflanzenarten bestimmt.
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Pflanzenarten der Uferzonation

K Na My PA N Mn Fe Zn

% % % % % PPm PPI PPOL
0,81 0.03 0,38 0,20 1,95 233 63 32
0,41 0,04 0,30 0,20 1,56 85 58 35
0,54 0,03 0,40 0,16 1,58 131 63 35
0,50 0,04 0,31 0,14 1,36 114 55 26
0,54 0,03 0,31 0,13 1,24 237 55 23
0,45 0,02 0,43 0,17 1,55 159 70 38
0,34 0,03 0,38 0,14 1,52 114 55 16
3,71 0,06 0,39 0,22 1,97 234 78 16
0,85 0,27 0,39 0,19 1,52 346 55 46
1,03 0,57 1.22 0,26 2,15 1417 42 122
1,94 0,16 0,48 0,29 2,78 342 121 33
2,12 0,59 0,93 0,26 2,11 97 86 15
0,86 0,01 0,33 0,16 1,41 98 61 4
0,85 0,02 0,44 0,13 1,13 240 71 43
1,03 0,01 0,42 0,18 1.46 150 105 13
0,44 0,03 0,43 0,18 1,87 230 100 26
0,85 0,04 0.89 0,23 1,41 237 63 13
2,03 0,36 0,43 0,21 1,69 398 84 38
1,60 0,03 0,38 0,28 2,04 115 105 19
224 0,02 0,38 0,24 2,39 72 85 26

Im Wasser der Zala konnte neben grossen Mengen organischer Sub-
stanzen auch eine bedeutende Gesamt-lonenkonzentration festgestellt werden.
In besonders grossen Mengen fuhrt es Ca und Mg. In dem an organischen Sub-
stanzen reichen Boden der Zala-Mindung finden sich absorbiertes Ca (mit
80— 100 mval/100 g) und Mg (mit 10—20 mval/100 g) in grésseren Mengen,
wogegen sich stdrkere Ca-und Mg-Anreicherungen in den Pflanzen eindeutig
nicht nachweisen lassen (Tabelle 1).

Auf allen drei Transekt-Probefldchen enth&lt Phragmites communis mit
1,0-1,65% mehr K als beispielsweise die auf den hdher gelegenen Wiesen-
béden vorkommenden Calamagrostis arundinacea (0,9—1,0%) oder Festuca
pratensis (0,3—0,4%).

Bei regelmdéssigem Mdahen der hdher gelegenen Sumpfwiesen mit anschlie-
ssendem Fortschaffen der Mahd sinkt der Gehalt des Bodens an leicht auf-
nehmbarem Kalium.

Das gemeine Schilfrohr (Phragmites communis) vermag in seinem Orga-
nismus neben Kalium auch Phosphor und Stickstoff in grésseren Mengen auf-
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Tabelle 4

Der Gehalt von Unterwasserpflanzen

Lfd. Nr. Name der Pflanze Sammelstelle Af);ohe o
B Cercitophyllum submersum Tihany 26,9 2,03
2. Ceratophyllum submersum Badacsony 23,2 0,68
3. Elodea canadensis Tihany 27,5 2,57
4. Hydrocharis morsus-ranae Tihany 32,4 2,72
5. Hydrocharis morsus-ranae Badacsony 30,9 0,70
6. Myriophyllum spicatum Tihany 27,1 2,84
7. Stratiotes aloides Tihany 34,8 5,06
8. Stratiotes aloides B.udvari 35,2 5,47
9. Ltricularia vulgaris Tihany 31,7 3,78

10. Utricularia vulgaris Badacsony 27,9 3,08

zunehmen (Tabellen lund3). Diese beiden Elemente reichern sich im Schilf
besonders dort in grésseren Mengen an, wo sie auch in Boden stérker vertreten
sind. Phragmites communis aus der Zala-Mindung z.B. enthéalt 0,63—0,69%
P205und 3,9-4,1% N.

In grdsseren Mengen enthalten Phosphor und Stickstoff Glyceria maxima
(s. Tabelle 1, Proben 1—2 und Tabelle 3, Probe 20), sowie Typha angustifolia
(Tabelle 3, Proben 9—11).

Unter den Pflanzen der Uferzone reichern vorzugsweise Glyceria maxima,
Phragmites communis, Schoenoplectus lacustris und Typha angustifolia Stick-
stoff, Phosphor und Kalium an, d. h. jene Elemente, die bei der Erhéhung des
Né&hrstoffgehaltes des Wassers eine Rolle spielen.

Aus der Literatur ist das Elemente-Anreicherungsvermdgen von Schoeno-
plectus lacustris bekannt (Seidel 1966, 1967).

Relativ viel Na enthalten Sparganium erectum, Typha angustifolia und
Juncus subnodulosus (Tabelle 3). Bekannt ist auch das Kaliumanreicherungs-
vermdgen von Juncus subnodulosus (Kovacs 1974).

Yon den Spurenelementen kommt Mn in verhdltnismdassig grdsseren
Mengen vor. Nach den Transekt-Untersuchungen findet sich Mn besonders in den
Pflanzen der wassernahen Uferzone und der wahrend eines Grossteils des
Jahres wasseruberdeckten Fldchen, so in Phragmites communis (113—488 ppm),
in der Glyceria maxima (173—252 ppm) und in Carex gracilis (155—217 ppm)
(Tabelle 1). Einen héheren Mn-Gehalt kdnnen weiterhin Juncus subnodulosus,
Carex acutiformis und Typha angustifolia aufweisen (Tabelle 3).

Auffallend viel (1417 ppm) Mn enthdlt Typha angustifolia in der Ufer-
zone bei Badacsony. Wahrscheinlich besitzt Typha angustifolia in den an
Mn reichen Gewaéssern bzw. auf den Mn-reichen Sedimenten ein starkes selek-
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an mineralischen Stoffen

(Iy( l;la l\él/g P,Os y Mn Fe Zn

0 % 96 ppm ppm ppm

2,21 0.43 1,56 0.28 2.22 1065 959 67
4,96 0.53 1,57 0,38 2.95 1137 1219 236
2.10 0.44 0.66 0,29 2,88 260 565 31
3,84 0,83 1.92 0.23 2,25 215 1702 71
2,15 0,41 1,18 0.33 3,24 394 1485 183
1,65 0.10 1.07 0,26 1.90 229 1213 36
5,42 0,77 191 0.29 1.83 374 587 46
4.36 0.55 2,00 0,16 1.13 243 319 42
341 0.71 2,20 0.42 — 719 2781 16
2,24 0,82 1,22 0,63 — 1417 1459 236

tives Vermdgen zur Anreicherung von Mn-Kationen. Die Pflanze enthélt
Ubrigens auf dem Gebiet des Badacsony auch relativ viel Zn (122 ppm).

Kraft ihres grossen Né&hrstoffanreicherungsvermdégens »filtert« die
Ufervegetation einerseits die vom Land her dem See zustromenden N&hr-
stoffe, wdhrend sie andererseits die bereits in das Wasser gelangten Né&hr-
stoffe »ausfiltert«.

Gehen jedoch die Uferzone in ihrem natirlichen Zustand und deren Vege-
tation zugrunde, gelangen die Nahrstoffe mangels »Aufnehmer« ungehindert
in das Seewasser und verbleiben ebenso ungestdrt in diesem.

Es erscheint also geraten, die natiirliche Pflanzendecke der Uferzone zu
schitzen und die Rohr-, Binsengras- und Schilfbestdnde an den Ufern entlang
zu erhalten, und dies besonders dort, wo die Uferzonen an Nahrstoffen reich
sind, oder in der N&he von Einmindungen fliessender Gewadsser (wie etwa die
Zala-Mindung), die das Wasser des Balaton mit grossen Mengen organischer
Substanzen und Néhrstoffe belasten.

Bleiben die grosse Massen liefernden und grosse Mengen biogener Ele-
mente anreichernden Pflanzen des Uferzonengirtels an ihrer Stelle, dann
gelangen die biogenen Elemente bei der Zersetzung der pflanzlichen Organis-
men in die Bdden (Verlandungen) oder in das Seewasser zurlick, wo sie eine
weitere N&hrstoffanreicherung verursachen kénnen, weshalb es sich empfiehlt
bzw. erforderlich ist, die Gelege des Ufergurtels regelmé&ssig zu mé&hen und die
Mahd zu entfernen.

Zu Vergleichszwecken und zur Beantwortung der Frage, wieviele Bio-
elemente den Pflanzen des Uferzonengértels gegenuber die einzelnen Laich-
krautarten in ihren Organismen einzubauen vermdgen, bestimmten wir die
chemische Zusammensetzung einiger Laichkrautarten (Tabelle 4).
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Nach den Ergebnissen unserer eigenen Untersuchungen und nach
Literaturangaben (Harper—Daniel 1939, Téth 1962, Bojcenko—Udel-
nowa 1964, Bojcenko— Saenko— Udelnowa 1968 cit. in Stugren 1967,
Wagner 1966, Tolgyesi 1969 usw.) reichern die verschiedenen Laichkrduter
von Ca, K, Na und Mg das Mehrfache jener Mengen an, die die bestdnde-
bildenden Pflanzen der Uferzone aufnehmen. In besonders grossen Mengen
reichert mineralische Elemente die am Nordufer entlang infolge der zuneh-
menden Né&hrstoffanreicherung in starker Verbreitung begriffene Art Stratiotes
aloides an. N und P, die den Prozess der Ndhrstoffanreicherung fordern, kom-
men in anderthalb- bis zweimal so grossen Mengen vor wie in den Pflanzen
des Uferstreifens.

Unter den Spurenelementen ist es wieder das Mn, welches in den Laich-
krdutern in relativ grdsseren Mengen anzutreffen ist als in den Pflanzen der
Uferzone. Durch ihr selektives Kationenanreicherungsvermdgen ragen beson-
ders Ceratophyllum submersum (1065—1137 ppm) und Utricularia vulgaris
(719— 1417 ppm) hervor. Auch viel Eisen reichern einzelne Laichkrduter-
arten an, so Ceratophyllum submersum (959— 1219 ppm), Hydrocharis morsus
ranae (1485—1702 ppm), Myriophyllum spicatum (1213 ppm) und Utricularia
vulgaris (1459—2781 ppm). Die Untersuchung von Laichkrdutern aus den
Gewdéssern unweit des Badacsony ergaben, dass sie das Mehrfache jener Zink-
mengen enthalten, die in Proben derselben Arten von anderen Punkten des
Balaton anzutreffen sind.

Nach Literaturangaben (Pinkola—Toéth 1971) kdénnen sich in Laich-
krdutern des Balaton auch verschiedene Pestizide anreichern.

Wie die Untersuchung gezeigt hat, entziehen die Laichkrduter dem See-
wasser fur je eine bestimmte Vegetationsperiode grosse Mengen verschiedener
biogener Elemente und bauen sie in ihre Organismen ein.

Der relative »Ndhrstoffmangel«, der sich im Seewasser infolge der Auf-
nahme grdsserer Nachrstoffmengen durch die Laichkrduter einstellt, ver-
hindert die stirkere Vermehrung der Algen (Gessner 1939, Mackenthun
1962, Mulligan—Baranowski 1969, Toeth 1969, Téth—Tolg—Kontur
1969).

Die Dekomposition der Pflanzen, das Freiwerden
der biogenen Elemente unter Laborverhéltnissen

Fur die Verh&ltnisse im Seewasser des Balaton ist es von Bedeutung,
innerhalb welcher Zeit und in welchem Umfang sich die an Ort und Stelle
verbleibenden abgestorbenen Pflanzen, die pflanzlichen organischen Stoffe
mineralisieren und wie rasch und in welchem Umfang die verschiedenen Ele-
mente frei werden.
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Die Untersuchung der Dekomposition wurde an 5 Arten (Phragmites
communis, Glyceria maxima, Phalaris arundinacea, Carex gracilis, Festuca
pratensis) aus den Transekten an der Zala-Mindung, bei Szigliget und Tihany
(Tabelle 1) nach dem Verfahren von Jenny— Gessel—BINGHAM (1949) bzw.
Rapp (1967, 1971) unter Labor*..oriumsverhdltnissen vorgenommen. Die
Dekompositionsuntersuchungen erstreckten sich Uber einen Zeitraum von 20
Monaten (3. Okt. 1973—31. Mai 1975), wobei die mineralisierten Elemente
(Ca, K, Mg, N, P25 Mn, Zn, Fe) monatlich quantitativ bestimmt wurden.
Die Schaffung glinstiger Voraussetzungen fiir die Zersetzungprozesse beschleu-
nigt die Dynamik der Mineralisierung und gestattet Riuckschliusse auf die in
der Natur sich abspielenden Vorgéange.

Die Untersuchungsergebnisse

a) Gewichtsverlust:

Der Vergleich der Probengewichte (25 g) vor der Dekomposition mit den
nach 20 Monaten festgestellten Gewichten ergaben bei den verschiedenen
Pflanzenarten folgende durchschnittliche Gewichtsverluste:

Glyceria maxima 65%
Phragmites communis 60%
Phalaria arundinacea 55%
Carex gracilis 53%

Laut der Untersuchungen waren mehr als 50% der Pflanzen in 20
Monaten dekomponiert. Am schnellsten zersetzen sich die Pflanzen von den
unmittelbar am Wasser gelegenen Uferzonen, jene Arten also, die die meisten
biogenen Elemente enthalten (vgl. Tabelle 1). Die aus dem Transekt der Zala-
Mindung stammende, an biogenen Elementen reiche Art Phragmites communis
(Tabelle 1, Proben 3 und 4) erlitt in 20 Monaten einen Gewichtsverlust von
77%, wdahrend dieser bei den weniger biogene Elemente enthaltenden Schilf-
Proben von Szigliget und Tihany bloss 54—58% betrug.

b) Der globale Verlust an Elementen und die Zersetzungsgeschivindigkeit

Die Bestimmung der biogenen Elemente in den Pflanzen vor deren
Dekomposition, ferner der monatlich mobilisierten Mengen und schliesslich
der chemischen Zusammensetzung der nach 20 Monaten verbliebenen Pflan-
zensubstanz ergab fir die einzelnen biogenen Makroelemente folgende Ge-
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wichtsverluste (in %):

Ca K Mg N PA
Phragmites communis 35 100 27 72 41
Glycerin maxima 54 100 35 66 35
Phalaris arundinacea 59 100 61 52 51
Carex gracilis 49 100 38 40 56
Festuca pratensis 42 100 81 30 62

Am schnellsten wurde Kalium frei; nach dem Verlauf von 12 Monaten
wurde beijeder Art 100% des in den Proben befindlichen Kaliums mobilisiert.

Hier muss natirlich in Betracht gezogen werden, dass die Pflanzen der
Uferzone relativ viel K, N und P enthalten, die 41%ige Phosphorerschliessung
bei Pliragmites communis bedeutet also in absoluten Zahlen (54 mg) mehr als
der 62% bei Festuca pratensis (37 mg).

Die Geschwindigkeit des Freiwerdens der Elementen bei den einzelnen
Arten zeigt folgendes Bild:

Phragmites communis
Glycerin maxima
Phalaris arundinacea
Carex gracilis

Festuca pratensis

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

AXRXXRX

Nach der Zersetzungsgeschwindigkeit werden bei den bestandbildenden
Pflanzen der Uferzonation (Pliragmites communis, Glyceria maxima, Phalaris
arundinacea) im Laufe der Dekomposition von K und Stickstoff (Phragmites
und Phalaris) sowie von Phosphor (Glyceria maxima) jene Elemente relativ
schnell frei, die fir die N&hrstoffanreicherung im Seewasser besonders gefdhr-
lich sind.

c) Der globale Verlust an Mikroelementen
und die Zersetzungsgeschwindigkeit

Die prozentualen Gewichtsverluste (in%) an Mikroelementen (Fe, Mn, Zn)
wahrend der Dekomposition betrdgt:

Zn Fe Mn
Phragmites communis 64 47 40
Glyceria maxima 76 60 18
Phalaris arundinacea 48 40 10
Carex gracilis 50 42 33
Festuca pratensis 25 25 18
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Bei jeder der untersuchten Arten wurde folgende Geschwindigkeit der
Mikroelementenzersetzung festgestellt:

Zn > Fe > Mn

Zusammenfassung und Propositionen

Mit den ihr eigenen Boden- und Yegetationsverhéltnissen bildet die
Uferzonation einen organischen Teil des See-Okosystems.

Mit dem Fortschreiten vom Land zum Wasser hin und mit der Zunahme
der Feuchtigkeit bzw. der anaeroben Verhdltnisse &ndern sich auch mehrere
Bodenfaktoren.

Von den hdheren zu den niedrigeren Hdhenlagen zu steigt der Gehalt
des Bodens an organischen Stoffen und zugleich damit auch seine Adsorb-
tionskapazitat, ferner die Zahl der adsorbierten Kationen, sowie der Gehalt
des Bodens an Phosphor, Stickstoff und leicht aufnehmbarem Kalium.

Bei anhaltender Senkung des Wasserspiegels kommt es in der Uferzone
zum Ubergang zu aeroben Bodenverhéltnissen und damit zu einer intensiven
Mineralisierung der unter den anaeroben Verhé&ltnissen angereicherten organi-
schen Stoffe. Die hierbei freiwerdenden biogenen Elemente, besonders aus der
Umsetzung NO3—N, bilden eine potentielle Gefahrenquelle.

Der Seewasserstand des Balaton von 115 cm (in bezug auf den Null-
punkt bei Si6fok) muss unbedingt konstant gehalten werden. Bei anhaltend
hohem W asserstand verlangsamt sich infolge der anaeroben Verhdltnisse in
der Uferzone die Dynamik der Mineralisierung der Moorwiesen und Moor-
bdden und somit der Prozess des Einschwemmens der durch die Mineralisie-
rung frei werdenden N&hrstoffe in den See. Die Stabilisierung des Boden-
gehalts an organischen Substanzen verhindert die Herabsetzung der Boden-
adsorbtionskapazitdt und Filterwirkung.

Die Ufervegetation »filtert« dank ihrem grossen Né&hrstoffanreicherungs-
Vermdgen einerseits die vom Land her einstromenden Né&hrstoffe, wahrend sie
andererseits die bereits ins Wasser gelangten »ausfiltert«.

Die Uferzone und die naturliche Ufervegetation bedirfen in zunehmen-
dem Masse gezielten Schutzes. Ahnlich wie in den Umweltschutzgesetzen des
Auslandes misste der Schutz der Uferstreifen samtlicher naturlicher Gewadsser
in Rechtsnormen festgesetzt werden. Nach dem Umweltschutzgesetz der
Deutschen Demokratischen Republik muss in den Uferzonen natirlicher
Gewasser ein 200 m tiefer Streifen frei bleiben, d. h. er darf fiir keine wie immer
geartete Zwecke in Anspruch genommen werden. Der Schutz der Rohr-,
Binsenkraut-, Schilf- und anderen Bestidnde ist besonders dort von eminenter
W ichtigkeit, wo die Uferzone reich an Nahrstoffen ist, bzw. in der N&he von
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Einmindungen fliessender Gewdésser (am Balaton z.B. nahe der Zala-M (indung),
die den See mit vielen organischen und N&hrstoffen belasten.

Die Zersetzung des Pflanzenmaterials der Uferzone vermag dem See-
wasser grosse Mengen biogener Elemente zuzufiihren und damit eine N&hr-
stoffanreicherung zu verursachen, weshalb die Pflanzen des Uferstreifens regel-
maéassig gemdht werden missen, und auch die Entfernung der Mahd ndtig ist.

Da sie grosse Mengen biogener Elemente zu binden vermdgen, bedirfen
die naturlichen Uferzonen der Buchten von Keszthely und Szigliget, sowie die
Schilfrohrhestdnde des Nordufers des Balaton des gesteigerten Schutzes.

Die Pflanzen der Uferzone zersetzen sich verh&ltnismadssig rasch, und
ebenso geht die Zersetzung jener biogenen Elemente relativ schnell und in
hohen Prozenten vor sich, die eine N&hrstoffanreicherung im Wasser verur-
sachen kénnen.

Auch die Geschwindigkeit der Zersetzung der biogenen Elemente macht
es erforderlich, die abgestorbenen Pflanzen am Ende der Vegetationszeit zu
entfernen.
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PHLEUM STUDIES |I.

DATA ON THE TAXONOMY AND MORPHOLOGY
OF PHLEUM BERTOLONII DC.* AND PHLEUM
PRATENSE L.

By
D. Kovats
BOTANICAL DEPARTMENT OF THE NATURAL HISTORY MUSEUM, BUDAPEST

(Received January 17, 1976)

Comparative morphological measurements were carried out on the culms of the
diploid (2n = 14) Phleum bertolonii DC. and the hexaploid (2n = 42) Phleum pratense
L. On the basis of the measurements and observations it can be stated that differences
in size occur in the epidermal cells of culms, spikelets and grains, numbers and length
values of the internodes, at internode and node levels, when considering also the number
of tubers and innovations. The investigations were carried out on plants obtained from
original habitats and experimental gardens.

Introduction

In the Hungarian flora, the species character of the diploid (2n = 14,
Nordenskiold, 1941; 1945; Darlington—Wylie, 1955) Phleum species (Ph.
bertolonii DC.) has been mistaken. Thus it is not considered an independent
species but a subspecies of the hexaploid (2n = 42) Phleum pratense L., or
a variety of it, under the following names: Phleum pratense ssp.? var.? nodo-
sum (L.) Schreb. p. p.; Phleum pratense ssp.? var.? Bertolonii (DC.) A. et G.
p. p. Javorka, 1925 p. 71); Ph. pratense ssp. nodosum (L.) Rieht, p. p. (So6—
Javorka, 1951 p. 958); Ph. pratense ssp. nodosum (L.) Trabut p. p. (So6—
Karpati, 1968 p. 781; Sod, 1973 5. p. 407).

It should be mentioned that Degen in his work entitled Flora Velebitica
also wrote of Ph. bertolonii DC. as early as 1936, and according to his collec-
tions which have been preserved in the Herbarium of the Natural History
Museum, he indeed meant the diploid Phleum under the above name. In his
work cited above the Ph. pratense L. var. nodosum Auct. also occurs and in
his collection under this name there are also Ph. pratense L. stems.

* Concerning the types and nomenclature, there are a few questions still awaiting
clarification for me. | intend to deal with them in a later publication. Until that time, on the
basis of the German (Hermann, 1956), and the English (Clapham—Tutin —Warburg, 1959;
1962; Hubbard, 1968) literature, | use the name Phleum bertolonii DC. for the denomination
of the diploid (2n = 14) species (p. p. syn. Phleum nodosum L.).
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The Hungarian taxonomists separated the two plants on the hasis of the
nodosus character which is of no taxonomical value, therefore it is completely
obvious that they were unable to recognize the species character of the Ph.
bertolonii DC.

In the newer works on European flora, the diploid Phleum appears as
an independent species; under the name Ph. nodosum L. (Linné, 1759): Dalla-
torre— Sarnthein (1906), Grossheim (1928), Lid (1952); Hubbard (1954),
Butcher (1961) and Hess—Landolt—Hirzel (1967); and under the name
Phleum bertolonii DC. (De Candolle 1813): Grossheim (1928), Hermann
(1956), Dandy (1958), Crapham—Tutin—Warburg (1959), Crlapham—
Tutin—Warburg (1962) and Hubbard (1968).

In other works, the diploid Phleum species appears as a subspecies, or
a variety, of Ph. pratense L.. Visiani (1842); Fiori (1896—1908); Fiori
(1923—1925); Hegi (1927); Bordzilowskio—Lavrenko (1940); Dostal
(1954); Jordanov (1963); Savulescu Pop (1972); or Ph. pratense L. s. L1:
Schmeil—Fitschen (1965); or as a minor species: Ehrendorfer (1973).

In Hungary, Ph. bertolonii DC. grows in several habitats as a progenitor
of the hexaploid Ph. pratense L. (Nordenskiold, 1945), in original habitats
and in communities, mainly on acidic rocks substrates. Ph. pratense L. also
grows on water logged meadows, marshes, grazing lands and hayfields (So6—
Javorka, 1951; So6—Karpati, 1968; Mathé—Heszky, 1972; Sod, 1973); in
weed communities and on wastes.

When separating the two Phleum species, the designation “nodosus”
originating from Linneé (1759) is disturbing since the nodosus character in this
case cannot be used as a separating characteristic as is clear from the works
of the following authors: Hubbard (1954; 1968). Butcher (1961), Hess—
Landolt—Hirzel (1967).

So far as | know, the most thorough description originates from Hub-
bard; on the basis of this, the separation of the two Phleum species is justifi-
able.

According to Nordenskiold (1945), the two species can be clearly
separated genetically, cytologically and ecologically. He says that they are
morphologically very near to each other being different only in size. He even
details accurate differences in sizes of the organs of the two species.

In Hungary, Ujhelyi deals with the evolutionary research into Grami-
neae (Poaceae). He uses the method of exact examination of the histological
characteristics when describing taxonomically the various species (Ujhelyi,
1938), or pointing out affinities in Sesleriae (Ujhelyi, 1959). The evolutionary
examination of the European Koeleriae led to the establishment of natural
evolutionary rows or series (Ujhelyi, 1961—1974). In the course of morpho-
logical and anatomical examinations, several researchers have already dealt
with the development of internode length in the shoots of various plants. In
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Hungary, among others, Stieber—Pal (1957; 1959) and Stieber (1972)
examined it in wheat and rye; Barath—ifj. MAthé— Mathe (1973) in Sola-
num genus; Kovats (1973) in Lithospermum purpureo-coeruleum L.; Szujko-
Lacza—Sz8cs (1976) in Pimpinella anisum L.

In the present work, | intend to provide, on the basis of morphological
and anatomical data as well as on the basis of the investigations carried out
up till now, the reasoning behind the separation of the two Phleum species.
Owing to the difference in the “ploid” levels of the two species, the diploid
Ph. bertolonii DC. is far smaller than the hexaploid Ph. pratense L.

Materials and method

The overwhelming majority of the plants were collected from various parts of the
country by Jézsef Ujhelyi, who called my attention to this topic. It was at his inspiration
that | originally started to deal with Phleums. Ph. bertolonii DC. plants were provided from
Harskut in the Bakony Mountains, by Sandor Toth. In the last three years | myself have also
joined in collecting Phleum.

My Phleum plants all grow in identical conditions in an experimental garden; they are
planted side by side at a distance of about 40 cm from each other. The plants grown in the
experimental garden, and which have been examined and measured morphologically and
anatomically in the frame-work of the present work, were obtained from the following habitats:

Ph. bertolonii DC.

Hungéria septentrionalis. In saxosis andesiticis montis Salgévar ad pag. Salg6, prope
opp. Salgétarjan. Alt. cca 600 m.s.m. 4. VII. 1966. leg. J. Ujhelyi.

Hungaria occidentalis, Orség. In pratis montis Nagyhegy, ad pag. Zalalévé, prope opp.
Zalaegerszeg. Alt. cca. 250 m.s.m. 30. IX. 1970. leg. E. Valké et J. Ujhelyi.

Hungaria occidentalis. In pratis siccis pag. HA&rskdt, montium “Bakony hegység”,
prope opp. Zirc. 1. X. 1970. leg. S. Toth et 30. I1X. 1975. leg. J. Ujhelyi, S. Toth et D. Kovats.

Ph. pratense L.

Hungéria centralis. In (rbe Budapest. Ad ripam lacus “Varosligeti t6”. In ruderalis.
VI, 1966. leg. J. Ujhelyi.

Hungaria occidentalis. Orség. In pratis montis Nagyhegy, ad pag. Zalalévé, prope opp.
Zalaegerszeg. Alt. cca. 250 m.s.m. 30. IX. 1970. leg. E. Valké et J. Ujhelyi.

Hungaria septentrio-orientalis. Montes Matra-hegység. In pratis sylvaticis montis
K ékesteto, prope opp. Gyéngyds, solo andesitico. Alt. 1000 m.s.m. 23. VII. 1971. leg. J. Uj-
helyi.

Hungdria septentrio-orientalis. Montes Bikk-hegység. In pratis montis Nagyeged,
apud opp. Eger. Solo calcareo. Alt. cca. 400 m.s.m. 8. IX. 1971. leg. S. Téth.

The Phleum plants were dug up from the experimental garden on August 24, 1975.

The other portion of the experimental material was collected for processing from the
original habitat, the fields around Pilisszentldszl6 village, in the Pilis Mountains (on October
29, 1975); Phleum pratense L. var. pilisense Boros (1963) described by Addm Boros was
obtained from these fields.

Ph. bertolonii DC.: Hungaria centralis. In montibus “Pilis-hegység”, ad margines syl-
varum, prope pag. Pilisszentlaszl6, solo andesitico. Alt. cca. 500 m.s.m. 29. X. 1975. leg.
D. Kovats.

Ph. pratense L.

Hungéria centralis. In montibus “Pilis-hegység”, ad margines viarum, prope pag.
Pilisszentlaszld, solo andesitico. Alt. cca. 500 m.s.m. 29. X. 1975. leg. D. Kovats.

Cytological examinations, and chromosome counting were carried out on the root apex
of seedlings and of full-grown plants; for fixation CARNOY-type solution dyeing carmine-acetic
acid was used (Ostergren —Hensen, 1962; Sarkany —Szalai, 1964). Skin preparation from
culms (Ujhelyi, 1954) were from the uppermost internodes, below the panicles, where the
culm becomes free from the sheath. All the preparations were dyed with toluene, then photo-
micrographed on NP 15 ORWO negatives, with a Zeiss NfPK microscope, at identical mag-
nification.
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The lengths of the internodes are given in cm, the average values illustrated in graphs;
significance is calculated at internode levels by using tests t and d of two samples (Svab, 1967;
Hajtman, 1968).

The developmental stages and the phenophases of the specimens examined were la-
belled after Szujké6-Lacza—Fekete (1973) (Tables 1 and 2).

Results and discussion

Although the two Phleum species are easily distinguishable on the basis
of growth and external measurements, especially in their fully-grown state,
I myself verified whether the plants under investigation were indeed indi-
viduals of diploid (2n = 14) and hexaploid (2n = 42) chromosome numbers by
counting the chromosomes of a few of the experimental plants.

According to my observations, the epidermal cells of culms below the
panicles are smaller in Ph. bertolonii DC. than those at the same level in Ph.
pratense L. of the same growth stage (Photographs 1 and 2).

The differences in size also exist with regard to the much smaller spikelets
and grains in Ph. bertolonii DC. and those of Ph. pratense L. (Photograph 3,
Nordenskiold, 1945, pp. 94, 99, 102; Hubbard, 1954, pp. 294—7, 1968, pp.
320—23).

Distribution of culms according to internode numbers

| counted the internodes of the culms bearing panicles (relative
axis) on 4x30 (i.e. 120 culms). I compared the two species from this point
of view and examined the differences between plants from original habitats
and those from experimental gardens (Fig. 1).

According to the observations, the internode numbers of culms in Ph.
bertolonii DC. grown under natural conditions show greater variance than do
those of Ph. pratense L. since in the former, greater as well as smaller internode
numbers are to be found. Under garden conditions, the internode number of
Ph. bertolonii DC. is much greater than that of Ph. pratense L. Variance is also
greater here in the case of Ph. bertolonii DC. (Fig. 1).

The culms of Ph. bertolonii DC. examined have 5, 6, 7, 8, 9, 10 internodes
in original habitats, while those of Ph. pratense L. are only of 6, 7, 8 inter-
nodes. The latter plants show the smallest variation, their culms are only of
3 types of internode number, while Ph. bertolonii DC. has double this number,
that is 6 kinds (Fig. 1).

In garden conditions, the culms of Ph. bertolonii DC. are of the greatest
variance with regard to internode numbers in the examined material, since
they have 8, 9, 10, 11, 12, 13, 14, 16 internodes, that is 8 types; while those
of Ph. pratense L. only have 6, 7, 8, 9, 10 internodes, that is 5 types. The dis-
tribution according to internode numbers of culms in Ph. bertolonii DC. shows
a greater variation than that of Ph. pratense L. (Fig. 1).
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Photographs 1 and 2. Epidermal cells of Phleum bertolonii DC. culms, and Ph. pratense L.
culms, below the panicles (X 250 in every case)
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Photograph 3. Spikelets and grains with upper and lower glumes of Ph. bertolonii DC. and
Ph. pratense L. (x 14)

A comparison between the two species on the basis of their vegetative spreading

In the experimental garden, decumbency and the growth of steins planted
40 cm apart are not hindered by other plants, it is for this reason that under
garden conditions the strongly innovational Ph. bertolonii DC. stems were able
to develop. Their culms lie in a decumbent position, some of them extending
to a length of 72 cm (Photographs 4 and 5).

The Ph. pratense L. stems, on the other hand, are not innovational in
character, even under identical garden conditions, or, alternatively they have
innovations only to a small extent in spite of the fact that they have sufficient
space for development, similarly to the Ph. bertolonii DC. stems (the distance
between the various stems is 40 cm). Their culms mostly grow upright (Photo-
graph 6), they never creep along ground. They are only rarely broken at the
nodes, which on the other hand is a general characteristic of the culms of Ph.
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Fig. 1. Distribution of culms by internode number

bertolonii DC. The reclining culms, innovations of relative main axis, are in
many cases develop roots and they therefore reproduce themselves vegetatively
(Photographs 5 and 7).

Photograph 4. Ph. bertolonii DC. grown in the experimental garden; the plant is loose, it has
innovations, its culms are decumbent
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Photograph 5. The decumbent relative main and side axes exhibiting branching at several
node levels of Ph. bertolonii DC. grown in the experimental garden (original magnitude)

Distribution of the internode lengths of culms by levels

On the culms of experimental garden Phleums collected and measured
on July 24, 1975, the flowering was finished, the ripening of fruit was begun,
the panicles were still whole, marks of disorganization could not be seen on
them, unlike in the case of culms from Pilisszentlaszl6, which were collected
and measured on October 29 in the same year. In those the seeds had already
ripened, in fact, most of them had dropped, the panicles were broken and had
come off (therefore, their length could not be measured).

The internode lengths by levels of the culms of the two species were
measured and compared with one another. The internode numbers of the culms
examined varied to a very great extent (Fig. 1). The comparison of the various
internode levels was begun from below; that is from the rooty, underground,
tuberously thickened internodes. In this way, the most characteristic, longest
internodes of the various culms, that is, those under the panicles did not fall
into the same level. When the comparison started from above, the lower inter-
nodes became displaced; therefore, the internode lengths of the culm material
were compared in various ways.

Of the culms from Pilisszentlaszl6 and from the experimental garden,
I selected the ones which had the most frequently occurring internode numbers
and | measured their identical internode levels. As a result, from the Pilis-
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Photograph 6. From the dense stocks of Ph. pratense L. the culms climb high in an upright
manner

szentlaszl6 material of the two species only the culms having 7 internodes,
while from the garden material only those having 8 internodes were subjected
to comparison (Fig. 2a, b; Table 1). In these, the shifting of the internodes
of identical level was eliminated.

The internode lengths, from the average of 66 culms, are graphically
demonstrated (Fig. 2a, b). Curve S, characteristic of culms whose growth is
not unlimited (Troun1, 1937), is well depicted in the case of the non-decumbent
Ph. pratense L. culms obtained from the original habitat, while in the case
of Ph. bertolonii DC. (also obtained from the original habitat) it is exponential
(Fig. 2a). Under garden conditions, the internode lengths slightly fluctuate
initially, before reaching the maximum, in both of the species (Fig. 2b).

Naturally, the lengths of the internodes in the hexaploid Ph. pratense L.
are greater than those of the diploid Ph. bertolonii DC. With regard to the
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Pilis .mountains Experimental garden
"Pilisszentlasz16"

cm cm cm

Fig. 2. Distribution of internode lengths by levels of the culms

culms growing in the original habitats there is a significant difference of 1%,
at all the internode levels, between the two species (Fig. 2a, Tables 1 and 2).
With regard to the culms having 8 internodes of the two Phleum species grown
in the experimental garden, it is only the average lengths of the panicles and
of the two uppermost internodes (internodes 7 and 8) that differ significantly,
while the lengths of the 6 lower internodes do not (Fig. 2b, Table 1).

The experimental material showed that the internodes of the culms
having fewer internodes — in the case of Ph. bertolonii DC., the culms having
8 internodes, under garden conditions the ones which have the smallest number
of internodes (Fig. 1) — are in general longer than those having a great number
of internodes. This is probably why the lower internodes of the culms having
few internodes in the decumbent Ph. bertolonii DC., grown in garden condi-
tions, extend further than those of the hexaploid Ph. pratense L. at identical
levels. This difference in length is not significant (Fig. 2 b, Table I). As soon
as the upper internodes of the Ph. pratense L. are longer, the internode length
differences in the two species become significant (internodes 7 and 8 and the
length of the panicle).

In a comparison between the lower internodes of the culms of Ph. berto-
lonii DC. grown in the original habitat and those in garden conditions, the
internodes of the former are remarkably shorter than those of the latter. On an
average, it is only the internode 6 the length of which is slightly longer than
5 cm (5.3 cm), whereas in the culms grown in the experimental garden, the
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Table 1
Averaged data of internode lengths, cumulate lengths and significances by internode levels of

the 7 and 8 internode culms of Phleum bertolonii DC. and Phleum pratense L. grown in the original
habitat and in the experimental garden, based on 40 and 26 data

Culms of 7 internodes from “Pilisszentlaszl6”

Phleum bertolonii Phleum pratense
Develop-
Date mental Intseerr?:lde average cumulate average cumulate Signif- - Level,
psﬁ:gg;hzggs numbers length length length length fcance %
In cm In cm In cm In cm
29. X. 1975 24 | 13 1.3 2.3 2.3 S |
34 2 1.4 2.7 10.0 12.3 S |
41, 42 3 2.0 4.7 15.8 28.1 S |
Average height, in cm 4 2.1 6.8 12.7 40.8 S |
without panicle 5 2.6 9.4 12.9 53.7 S |
Ph. bertolonii 32.9 6 5.3 14.7 20.5 74.2 S |
Ph. pratense: 110.0 7 18.2 32.9 35.8 110.0 S |
Culms of 8 internodes from experimental garden
24. VII1. 24 | 2.3 2.3 2.3 2.3 NS
1975 33 2 3.6 5.9 3.1 5.4 NS
3 5.6 11.5 4.4 9.8 NS
. . 4 6.1 17.6 6.1 15.9 NS
Average height, in cm
. . 5 7.5 25.1 6.8 22.7 NS
without panicle
. 6 8.8 33.9 8.5 31.2 NS
Ph. bertolonii 56.2
7 8.5 42.4 13.6 44.8 S |
Ph. pratense: 72.1
8 13.8 56.2 27.3 72.1 S 1
panicle 6.1 62.3 8.9 81.0 S 5

third internode is already of an average length of 5.6 cm (Fig. 2a, b, Table 1).
This is all the more remarkable as, presumably, the garden culms — which are
still at the beginning of the fruiting stage — will further increase in length
(even though this may be only a few mm). In the fully-grown state, the average
length of the uppermost internodes beneath the panicles is indeed much greater
(18.2 cm) in the original habitat, than in garden conditions (13.8 cm) not much
later than the post-flowering state. In the case of the Ph. pratense L., all the
internodes of the fully-grown culms (except the lowermost) in the original
habitat are on the average longer than those of the garden culms in the post-
flowering state (Fig. 2a, b, Table 1).

In order to be able to evaluate not only the culms having 7 and 8 inter-
nodes, | have made a comparison also between the averages of the internode
lengths of all the culms measured (more than 200). The main problem with

Acta Botanica Academiae Scientiarum Hungaricae 22, 1976



118 KOVATS, D.

Table 2
Averaged data of internode lengths, cumulate lengths and significances by internode levels of the

culms of Phleum bertolonii DC. and Phleum pratense L. grown in the original habitat and in
the experimental garden, from the complete investigational material, based on over 200 data

“Pilisszentlaszl6”

Develop- Phleum bertolonii Phleum pratense
Date ste;g ::tzlnd Intsirr?;de average cumulate average cumulate Isclgl?ég Leoxoel,
b el e e
29. X. 1975 24 | 1.4 1.4 2.8 2.8 S I
34 2 1.6 3.0 9.1 11.9 S 1
41, 42 3 2.1 5.1 134 25.3 S |
4 2.6 7.7 11.4 36.7 S |
6 16 33.7 8.5 97.7 S I
5 2.1 32.1 13.8 89.2 S |
4 2.0 30.0 11.9 75.4 S |
3 2.9 28.0 11.8 63.5 S |
2 6.1 25.1 18.3 51.7 S |
1 19.0 19.0 33.4 33.4 S |
Experimental garden
24. VI11. 24 1 2.3 2.3 2.6 2.6 ns ;
1975 33 2 3.1 5.4 3.7 6.3 \s
3 4.0 9.4 5.0 11.3 NS
4 45 13.9 6.3 17.6 S 1
5 5.1 19.0 8.2 25.8 S 1
6 4.8 47.3 4.6 69.2 Ne
5 5.1 425 6.3 64.6 S 5
4 5.7 37.4 7.0 58.3 S 5
3 7.0 31.7 9.1 51.3 S 1
2 6.7 24.7 141 42.2 S 1
1 13.2 18.0 29.5 38.1 S 1
panicle 48 4.8 8.6 8.6 S 1

regard to the differences in internode numbers, which still awaits solution, was
attempted to be avoided by measuring only up to a certain level of nodes from
ebove downwards and vice versa. This way of measuring leads in principle to
real values which are usable to some extent. | should like to emphasize, how-
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ever, that this problem was not fully solved in this way, and | intend to deal
with this question in greater detail in the future.

Internode lengths were measured from below upwards, up to internodes
4 and 5, as long as the non-significant differences (NS) turned into significant
ones (S), and vice versa, that is from above, taking the longest internodes
below the panicles as No. 1, downwards to internode 6, experimentally, as long
as the difference S became NS (Fig. 2c, Table 2). Due to the causes mentioned
above, the continuation of the comparison between the internode levels was
not worth-while.

Now, after the averages of all the data have been compared, it can be
stated that the internode lengths of the culms of Ph. bertolonii DC. and Ph.
pratense L., originating from the original habitat of Pilisszentlaszl6, differ
significantly on a 1% level, at 10 internode levels. The internodes of Ph.
pratense L. are on the average much longer than those of Ph. bertolonii DC.
(Table 2).

In measuring and comparing the whole material of investigation, a more
significant difference is to be found between the two Phleum species grown
in the experimental garden in the case of culms having several internode levels
than in culms having only 8 internodes (Tables 1 and 2). In the case of all data
the length of the upper 5 internodes is S in character, while in the case of
culms having 8 internodes, only the upper 2 internodes are S in nature.When
considering all the data, the 4th internode from below is already S, while in
the case of culms having 8 internodes, only the 7th internode from below is
5 (Fig. 2b, ¢, Tables 1 and 2).

Since all the culms were considered, that is the Ph. bertolonii DC. culms
having greater internode numbers and shorter internodes, too, the difference
S occurred at more internode levels than when only the culms of Ph. pratense L.,
having longer internodes, were compared.

Distribution of the tubers* and of the innovations by
node levels

I counted and compared the number of tubers and innovations on
4x33 (i.e. 132) culms. The number of tubers and of innovations is, in
general, the greatest in relation to the lowermost nodes in most of the culms,
their number decreases to a remarkable extent in the case of the upper nodes.
The exceptions are the culms of the Ph. bertolonii DC. plants grown in garden
conditions. These are of another character (Fig. 3).

*The tuberous thickening of the lowermost internodes and of a few upper internodes.
| intend to deal with the description of their external and internal morphology, in one of my
future publications. | use the term: tuber, after Arber (1965).
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Pills mountains Experimental garden
"Pilisszentlaszl6"

internode serial numbers

Fig. 3. Distribution of tubers (pseudobulbs) and innovations by node levels, in 132 culms

Let us consider first the tubers. In the case of both species, the
lower part of the lowermost internode — in the Ph. bertolonii DC. species
mostly the whole internode — thickened tuber (Photographs 7, 8, 9).
This refers to 125 culms out of the 132; the 7 Ph. bertolonii DC. culms grown
in the experimental garden were exceptions. On the other hand, in the case
of the Ph. bertolonii DC. culms grown in the experimental garden, there were
tubers even at internodes Nos 6, 7 and 8. On the other culms examined
there were no tubers at such high internode levels. This is in connection
with the greater number of internodes in Ph. bertolonii DC. culms (Fig. 1, 3),
especially among garden conditions, where the culms lie in a decumbent posi-
tion and develop roots (Photographs 4, 6 and 7).

The distribution of the number of innovations by node levels is similar
to that of the tubers (Fig. 3). Naturally, most of the innovations are on
the lowermost nodes, their number decreases on the upper nodes. In the plant
examined, there are no innovations even at the 4th node. Deviations are also
in this case the Ph. bertolonii DC. culms grown in garden and having many
nodes, because they have innovations even on the 12th node. Most of the
innovations — altogether 14 — occurred on the 6th node level in the 33 culms
measured, i.e. more than on the lowermost nodes, where a total of only 9 inno-
vations started to grow (Fig. 3).
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Photograph 7. The side culm ramifying from the relative main axis of Ph. bertolonii DC;
its first internode has tubers

In secondary, disturbed habitats, the number of Ph. bertolonii DC.
tubers and the number of their innovations remarkably increase, whereas
the number of the Ph. pratense L. tubers and of their innovations do not
significantly change even under secondary conditions.

According to the observations, the innovations of the garden Ph. berto-
lonii DC. are mostly well developed by the middle of August, possibly they
exhibit multifurcation (Photographs 4, 5). The first internodes of the branch-
ings have tubers (Photographs 5, 7) and in many cases these already
come off the relative main axis. Since under garden conditions there is space
(the plants are 40 cm apart), the other plants do not hinder the plants lying
along the ground, the side culms which have come off, and have tubers,
continue their existence as independent geotrophic plants. They reproduce
themselves vegetatively. | have not experienced this in the case of Ph. pratense
L., even in garden conditions.
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Photograph 8. The lower internodes of Ph. pratense L. have tubers (original magnitude)

Photograph 9. The lowermost irternodes of Ph. pratense L. are completely “tuberouse d*
this is conspicuous in the stems freed from lea*’ sheaths (original magnitude)
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There is a difference between the two species also in the number of inno-
vations by the node. By examining the culms (relative main axes) each sepa-
rately, it can be stated that in both of the species, the most frequent occurrence

Photograph 10. Lower part of Ph. pratense L. upper internodes, with tubers

is that one innovation grows from one node. The case of two innovations start-
ing from one node is also rather frequent, but to have three of them is already
rare. By examining the culms of the two species by nodes, it is only the lower-
most nodes from which two or three innovations start by node, while from the
second and third nodes only one innovation grows. As opposed to this, from
the fourth, sixth and seventh nodes of the garden Ph. bertolonii DC. culms two
innovations start often by node. At the lowermost node | found three innova-
tions only once out of the 33 cases.
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In a comparison of all the node levels, it can be inferred that the number
of tubers and innovations decreases from the lowermost nodes upwards.
The number of tubers follows the decrease in number of innovations.
The culms of garden Ph. bertolonii DC. are different from this. Here, between
the 3rd and 5th nodes, the number of innovations increases with the decrease
in number of tubers. Concerning the culms of the garden Ph. pratense L. plants,
between the first and second nodes, the number of tubers remarkably
decreases, while that of the innovations increases to a slight extent (Fig. 3).

The tubers of the culms develop even at one-two node levels higher
(Photograph 10) than the innovations. Here again, the culms of garden Ph.
bertolonii DC. are different, since the innovations occurred at even four nodes
higher levels (the highest level of tubers was the eighth node, while that
of the innovations was the twelfth node; Fig. 3).

Summary

In all sizes, the diploid (2n = 14) Phleum bertolonii DC. is smaller than
the hexaploid (2n = 42) Phleum pratense L. (Nordenskisld, 1945; Hubbard,
1954; 1968). Qualitative and quantitative as well as informatory measure-
ments were carried out with regard to the sizes of the epidermal cells of culms,
spikelets and grains. In order to determine the number and length of the inter-
nodes and the number of tubers and innovations detailed measurements
and comparisons were carried out on the culms of the two Phleum species,
at internode and node levels.

The Phleum bertolonii DC. culms generally have more internodes than
have the identical Phleum pratense L. culms. This difference is more significant
in garden conditions where the Phleum bertolonii DC. culms spread in a de-
cumbent position, their rhizome develop innovations to a remarkable extent
and reproduce themselves vegetatively.

According to the examinations, the internode lengths differ significantly
at every internode level between the two Phleum species grown in the original
habitat. In the culms of the garden plants, the upper 5 internode lengths differ
significantly when applying a great number of specimens (which means a
method modified for reasons of principle), while the upper 2 only differ when
using few and selected specimens.

In the lower third of the culms of both of the species, the lower part of
the internodes, or alternatively the whole internodes thicken (tuber).
The number of the tubers decreases rapidly upwards on the culms, except
in the Phleum bertolonii DC. culms grown in the garden; with them, most of
the tubers appear by and large on the middle internodes of the culms on
the average.
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With both species, innovations grow from the lower nodes of the culms,
while from the upper nodes fewer grow. In the 33 Phleum bertolonii DC. culms
grown in the garden, innovations grow on the average from every node, except
the uppermost nodes.

In secondary, garden conditions, the tubers and innovations by
nodes of the Ph. bertolonii DC. culms increase remarkably as against those of
Ph. pratense L. grown under identical conditions. This is in connection with
the greater number of internodes in Ph. bertolonii DC. and especially with its
being inclined to reproduce itself vegetatively.
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THE MELOCACTUS SPECIES OF CUBA
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The author collected cacti in Cuba in 1974—1975. As a result of his collecting
activities he describes five new Melocactus species (M. jakusii sp. n., borhidii sp. n.,
evae sp. n., radoczii sp. n., nagyii sp. n.), a new subspecies (M. acunai Le6n ssp. lagu-
naensis ssp. n.) and a new variety (M. acunai Le6n var. flavispinus var. n.). On the
basis of the new species and of the four known Melocactus species (M. harlowii Br. et
Rose, acunai Leén, guitartii Le6n, matanzanus Le6n), the author submits also a mono-
graphic elaboration of the Cuban Melocactus species.

The first Melocactus species of Cuba (Melocactus harlowii) was described
by Britton and Rose, from the province Oriente (“Coastal cliffs, U.S. Naval
Station” — Guantanamo), in 1912. More than twenty years passed before
three other Melocactus species were described by Leon (1934) from Cuba,
namely Melocactus acunai (Punta Maisi, Oriente), M. guitartii (Sierra de Jati-
bonico del Sur, on the outskirts of Camagiiey and Las Villas, and M. matanza-
nus (Cuabal de las Trés Ceibas, Matanzas).

In the same work, Leson reported another locality of M. harlowii, namely
Imias on the southern coast. Referring to a personal communication by Brit-
ton, he mentioned a further site called Ensenada de Mora near Cabo Cruz
in the coastal section.

I had opportunities on three occasions in Oriente to collecting cacti with
the kind assistance of the Hungarian geologist expedition. The first occasion
was between December 29, 1974 and January 19, 1975, when | was with
Elemér Nagy, between Guantdnamo and Surgidero de Macambo, and also
Pilon and EIl Macio; the second occasion was between March 6 and 10, 1975,
when | was with Péter Jakus between Tortuguilla and Playitas de Cajobabo,
as well as in the Sierra Cerro Galano; the third occasion was between May
13 and 17, 1975, when | was with Gyula Radoécz, between Tortuguilla and
Punta Caleta, as well as in the areas of Sierra de Purial and Sierra de Baracoa.
In addition to these joint collecting activities, Elemér Nagy collected cacti
for me on the outskirts of Guantanamo, and of Punta Maisi, in April, 1975;
Gyula Radocz collected Melocacti for me between Pilon and Santiago de Cuba
on the southern coast, in May, 1975. Our collecting tours resulted in species
new for science, in addition to the collection of species already known.
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We also succeeded in collecting two Melocactus species (M. matanzanus
Ledn and M. guitartii Ledn) in localities outside of the territory of Oriente,
between March and May, 1975.

Difficulties arose when the nominate subspecies of M. harlowii was to
be determined. According to our collecting experience, closely related yet
district species grow in discontinuous areas on the southern coast. The popula-
tion found on the so-called “Macambo terrace”, west from the village Imias,
seems to come nearest Britton and Rose’s description. Since the original
description is rather taciturn, and the type-locality of the species (Guanta-
namo) is not accessible owing to strategic reasons, it seemed proper to give
a more detailed description of the morphological characteristics. This solution
seemed the more appropriate as Ledn (1. c.) mentioned the village Imias as
the second known locality of M. harlowii.

The southern coast of Oriente is remarkably rich in Melocactus species.
On the southern coast and in the dry valleys and the serpentine areas intruding
for some kilometres in many places towards the north numerous Melocactus
populations grow which have separated partly into distinct species partly into
subspecies. | am convinced that this coast section has other Melocactus species
and infraspecific forms still in store. My opinion in this respect agrees with
that of J. Riha (1971), who also collected Melocacti in the area. However,
a more accurate survey of the areas is hardly conceivable without the help
of the Cuban authorities.

The type-specimens of the new species and subspecies have been deposited
in the National Herbarium of Cuba (Santiago de las Vegas, La Habana, Cuba).

A survey of the Melocactus species of Cuba

Series: Matanzanus

1. M. matanzanus Ledn — Cuabal de las Trées Ceibas, north of Corral Nuevo
(Matanzas), on serpentine grounds.

Series: Guitartii

2. M. guitartii Ledon — Sierra de Jatibonico del Sur, to the north-west of
Arroyo Bermejo, in the direction of Boca Chica, in the territory of Finca
Dagamal and Finca Juan Ldpez (Camagiiey), on pyroxene andesite rocks.

3. M. jakusii sp. nova — Sierra Cerro Galano, to the east of Holguin
(Oriente), on serpentine rocks.
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Series: Harlowii

4.
4.a.

Fig.
hidii;

M. harlowii agg.

1.

M. harlowii Br. et Rose — Surgidero de Macambo, to the west of

Imias (Oriente), on coastal limestone terraces.

M. borhidii sp. nova — between Tortuguilla and Baitigniri, to the east

of the mouth of Rio Yateras (Oriente), on coastal limestone terraces.
M. evae sp. nova — on the western side of Guantdnamo Bay, to the

south-west of Caimanera (Oriente), on single conglomerations arising

from sandstone.

M. radoczii sp. nova — Sierra de Baracoa, to the north of La Tinta,

on the outskirts of Guajimero (Oriente), on serpentine substrate.

M. acunai Ledn

M. acunai ssp. acunai var. acunai — south-west and west from Punta

Maisi (the easternmost point of Cuba) up to Imias (Oriente), on coastal

limestone terraces.

— — var. flavispinus var. nova — in the former territory, around the
mouth of the Rio Tacre, on coastal limestone terraces.
M. acunai ssp. lagunaensis ssp. nova — Sierra de Purial, to the north

and north-west of Cajobabo, on the western side of Rio Jojo, to the
north and north-west of Laguna de Jojo, on local serpentine extrusions.
M. nagyii sp. nova — between La Mota and Ocujal, in the coastal belt
lying along the southern side of the Sierra Maestra (Oriente), on volcanic
rocks and cliff walls.

Melocactus species of Oriente. 3 = M. jakusii; 4/A = M. harlowii; 4/B = M. bor-
4/C = M. evae; 5= M. radoczi; 6 = M. acunai; 6/A = M. acunai SSP. lagunaense;
7= M. nagyi; 8= Melocactus Sp.?
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Identification key to the Melocactus species of Cuba

Plants of small or medium stature; flattened, globulose, or their height
not much differing from their diameter; not ramifying. Radial and
central bristles readily distinguishable, radial bristles curving towards
body, central ones protruding or curving towards body ........... 2
Plants of various sizes, approximately columellar, their height always
greater than their diameter (without cephalium). Mature individuals
rather inclined to ramification. Radial and central bristles hardly dis-
tinguishable, radial bristles not or hardly curving towards body .. 4

Stature small, flattened, globose; maximum diameter 10 cm; eight ribs.
Rristles not meeting, body of plant freely seen among its short grey
bristles, all bristles curving towards body, and even longest bristle not
reaching 2 cm

M. matanzanus Leon
Stature medium, diameter 10— 12 cm, height less or hardly more (with-
out cephalium); 11—13 ribs. Radial bristles bending towards body,
central bristles protruding and extending to a length of more than
2 o 1 1 TSSOSO URPPSURPTRPON 3

Flattened, globose, height less than its diameter (without cephalium).
Rristles dense, its two strong central bristles exceeding 3 cm

M. guitartii Ledn

Globose, broadest in its lower third, height identical with diameter or

slightly higher (without cephalium). Rristles sparser, one or two central
bristles generally 2—2.5 cm, or at most 3 cm

M. jakusii sp. nova

Rristles extremely strong and thick; central bristles exceeding 4 cmi
basally exceeding 3 mm. Stature large, columellar, often ramifying.
A varying species, rich in local forms.

M. acunai Leon
— Cephalium-bristles rigid, regularly arranged, fruit elongated obovate

M. acunai ssp. acunai Leon
— — Bristles brown — — var. acunai

— — Bristles honey-coloured, occasionally base of bristles brownish

— — var. flavispinus var. nova

— Cephalium-bristles soft, irregularly arranged, fruit short, widely
obovate

M. acunai ssp. lagunaensis ssp. nova

Bristles thinner, if subuliform, their length not reaching 4 cm, basally

not thicker than 3 mm
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5. a. Bristles rigid, non-elastic. Cephalium higher than wide; bristles of
cephalium loose, soft, more or less irregularly placed, dull. Columellar
plants of large stature, often ramifying. A varying species, rich in local
forms

M. nagyii sp. nova

b. Bristles thinner, more or less elastic. Cephalium discoid, height smaller
than wide (very rarely old individuals elongated). Bristles of cephalfum
hard, strong, erect, regularly arranged and generally of a vivid coloura-
TEOM e 6

6. a. Stature large, globose or elongately ovate (diameter 12— 16 cm, height
11— 18 cm, without cephalium)

M. harlowii Br. et Rose
— Fruit deep pinkish purpureous

------ f. harlowii
— Fruit white
------ f. candidus
b. Stature smaller in diameter (in fully grown state), generally less than
10 cm, exceptionally 10— 12 CM e 7

7. a. Slender, columellar, diameter of fully-grown individual not exceeding
6—8 cm, height at least twice greater; mature plant with 5—8 strikingly
lanuginose areolar rows below cephalium

M. borhidii sp. nova

b. Stature smaller elongately oval, diameter 8—10 (—12) cm, height al-
ways greater than diameter, but not one and a half or twice higher;
areolar rows below cephalium hardly lanuginose ... 8

8. a. Densely ribbed (13 ribs). Central bristles erect or slightly upcurving.
Bristles of cephalium dull brown, sparsely spaced, diameter of full-
blown flower greater than 20 mm

M. evae sp. nova
b. Sparsely ribbed (10 ribs). Central bristles definitely upcurving. Bristles

of cephalium bright rufous, denser. Diameter of full-blown flower
12— 14 mm or less
M. radoczii sp. nova

The Melocactus species of the Province Oriente

The southern coast of the Province Oriente is the poorest in precipitation
in Cuba. The annual quantity of precipitation is generally below 1000 mm, but
occasionally below 800 mm (Atlas Nacional Cuba, La Habana, 1970). Accord-
ing to the more detailed climate analyses by Attila Borhidi, at certain places
the precipitation is essentially less than that: between 300—500 mm (Bor-
hidi, 1974). W ith the exception of one species, all Melocactus species of Oriente
grow in this area.
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The exceptional species is M. jakusii sp. nova, growing on the serpentine
rocks of Sierra Cerro Galano, in NW Oriente. (The two species which grow
outside the boundaries of Oriente, viz. M. matanzanus Ledn and M. guitartii
Leon, are to be found more inland, in similar conditions, on serpentine or on
pyroxene andesite.) Concerning its morphology M. jakusii sp. nova stands
close to M. guitartii Ledon, which grows in the Province Camagiiey, and it can
be relegated to the same Series. M. jakusii is a transitory form between certain
forms of M. guitartii and M. nagyii sp. nova of SW Oriente.

The westernmost Melocactus species of the southern coast is M. nagyii
sp. nova, inhabiting a section of some 40 km in the lower regions of the southern
rock walls of the Sierra Maestra, between La Mota and Ocujal. This species
produces several local forms, more or less in contact with one another. The
type-specimens were collected between La Mota and El Macio on andesite
tufa-tufite rocks, about 10—20 m a.s.l. in January, 1975 (leg. Z. Mészaros
and E. Nagy). Additional specimens were collected by Gy. Radécz, in May,
1975. These originate from the following localities:

1. Between El Macio and the mouth of Rio Macio, on andesite porphyrine rocks, at
about 50 m a.s.l. Plants of rather small stature, conical, vivid green, with basal shoots.

2. Between the mouth of Rio Macio and EI Macho, on andesite tufa-tufite, at 20—50 m
a.s.l. More yellowish, conical plants.

3. East of EI Macho, on diorite rocks, at a distance of some 100 m from the coast,
about 50 m a.s.l. Medium-sized plants.

4. Between Magdelena and La Plata, on andesite tufa-tufite, on slanting, barren cliff
faces, along the clefts, about 10—20 m from the coast, about 50—100 m a.s.l. More vividly
shooting plants.

5. About 1 km eastward from the former locality, at the meeting of diorite and tufa,
about 100 m from the coast, about 20—50 m a.s.l. This population is rather heterogeneous,
with columellar to stout specimens.

6. At a distance of a few hundred meters to the west of the mouth of Rio La Plata,
on andesite tufa-tufite, at about 50 m a.s.l. The plants growing there are of the largest stature,
elongated columellar (one old plant is 38 cm high and 13 cm in diameter). This population is
probably identical with Riiia’s Melocactus labelled OL-21, of a high stature.

7. To the east of La Plata, on a diorite vein, about 50 m a.s.l. Elongated, globose plants
with extremely robust bristles.

8. Between Cuevas del Turquino and Potrerillo, on diorite, at about 30—50 m a.s.l.
The plants are of small stature, growing in the half shade of trees and shrubs, apparently
the easternmost locality of the species. Eastwards to Santiago de Cuba (that is, along the
great continuous block of the Sierra Maestra) no more Melocactus occurence was found.

An interesting datum should be mentioned here. In one of the localities
mentioned, in site 5, Gy. Radécz observed among the characteristic forms of
Melocactus nagyii some specimens of a strikingly different stature. He even
collected two of them. These are very slender, columellar plants with fine
bristles; unfortunately, at that time none of them had a cephalium as yet.
Presumably there lives in the higher regions of the Sierra Maestra, above the
habitat belt of M. nagyii, also another distinct species, and Radocz acciden-
tally collected exemplars of this species. However, to clarify this question
would be a task very difficult to accomplish technically.

Retween Santiago de Cuba and the Bay of Guantanamo, the Sierra

Acta Botanica Academiae Scientiarum Hungaricae 22, 1976



THE MELOCACTUS SPECIES OF CUBA 133

M aestra is a contiguous block with a name of its own: Sierra de la Gran Piedra.
We have data on Melocacti from two parts of the block. In the western end
of the area, between Siboney and EIl Morro (nearer to Siboney), we saw Melo-
cacti on the perpendicular cliff walls. Lack of time and technical conditions
prevented us from collecting specimens, and to adjudge specificity by binocu-
lars would, especially in this case, have been unfeasible. In the eastern end
of the block, in the valley of Rio Sigua, another Melocactus population occurs,
labelled OL—17 by Riha;he considersit a variety of M. harlowii. | was unable
to visit this site, but E. Nagy collected a few specimens in June, 1975, around
the mouth of Rio Sigua, on the coastal limestone terraces. These specimens
seem to confirm Riha’s assumptions. The Melocacti growing in the area of the
Sierra de la Gran Piedra require further study.

Around the Ray of Guantdnamo and to the east of it, there live distinct
Melocactus populations representing morphologically and geographically dis-
tinct species relegable to M. harloivii agg. Britton and Rose described M.
harlowii from the coast of Guantdnamo. This area is not accessible owing to
military reasons. East of the bay to Imias, the Melocactus species are closely
related to M. harlowii. Among them, the population growing mainly on the
first coastal limestone terrace (Surgidero de Macambo) between Imias and
San Antonio del Sur corresponds most to Britton and Rose’s original descrip-
tion. Assuming this as the lectotype of the species, the individuals collected
there serve as a basis for the redescription.

To the west from the Bay of Guantanamo, in a direction towards the
south-west from Caimanera, Melocactus evae sp. nova grows on a gravel-con-
glomerate field. A special feature of this relatively small-sized species is that
it has the largest flower (the diameter of the full-blown flower is 22—25 mm)
of all of its Cubanese congeners.

To the east of the Bay, on the eastern side of the Rio Yateras, from the
village of Tortuguilla to about the line of Baitiquiri, Melocactus borhidii sp.
nova grows near the coast. This slender columellar Melocactus species occurs
in large numbers on the barren rocks of the first, second, and sporadically on
the third, limestone terrace.

To the east of the line of Imias and in a long narrow strip up to the
eastern end of the island, grows Melocactus acunai Leén. This large and rather
varying species was described by Leon from the area of Punta Maisi, the
eastern end of Cuba. The speciesis not particular to substrate, occurring almost
everywhere within its range, in sites without a closed vegetation. We found
a population also in a half-shaded area: large-sized acunai specimens grew
among trees and shrubs on magmatic rock (diorite-porphyry) immediately
near Cajobabo. Within the range of the species, the variety with yellow bristles,
var.flavispinus var. nova, grows on limestone terraces on the two sides of the
mouth of Rio Tacre.
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To N—NW of Cajobabo, on the western side ofthe Rio Jojo (N—NW from
the Laguna de Jojo), ssp. lagunaensis ssp. nova, a morphologically well dis-
tinguishable subspecies of M. acunai, grows on local serpentine extrusions.

To the north of the long, narrow east-western zone of range of the former
species, Melocactus radoczii sp. nova grows on serpentine rocks in the area
of Sierra Purial. This small-sized species with fine spines grows in colonies
scattered in a relatively small area, around the valley of Rio Jauco, to the
north of La Tinta, and in the environs of Guajimero. Its probable northern
confines is the valley of Rio Yumuri, and to the west the block of Loma
La Farola.

Description of new taxa

Melocactus jakusii Mészaros sp. nova

Globose by columellar, widest in its lower third. Always occurring singly,
even old plants not ramifying. About as high as or slightly higher than wide.
Diameter 9—12.5 cm, height 10— 14 cm (without cephalium). 11— 13 angulate
ribs with 6—7 areoles per 10 cm.

Rristles robust, rigid, somewhat sparse, brownish corneous, young
bristles vivid reddish brown, apically slightly darker; 1—2 central bristles
porrect or slightly upcurving, about 2—2.5 cm long, with 8— 10 radial bristles
about 1—2.5 cm long, lowermost one longest, uppermost ones shortest.

Cephalium depressed, discoidal, 1.5—3.5 cm high, 4—5 cm wide. Cepha-
lium bristles pale reddish brown, soft, entangled, projecting about 6—10 mm
from a greyish white lanuginosity.

Flower deep purplish, 10— 11 mm wide, protruding from the short cepha-
lium bristles. Stigma 5—6-lobulate, hardly paler than petals. Fruit unknown.
Seeds black, shiny, submuricate.

Type: on serpentine rocks, SW slopes of the Sierra Cerro Galano, E of
Holguin, NW Oriente, Cuba. Leg.: Z. Mészaros and P. Jakus, March, 1975.

Dedicated to its discoverer, Péter Jakus, member of the Hungarian
geologist expedition.

Caulis subgloboso-ovatus, in parte tertia inferiore latissimus, semper simplex, nun-
quam ramificatus, latitudine aequilongus vel paullo longior, 10—14 cm altus (sine cephalio),
in diam. 9—12.5. Costae 11—13 angulatae emergentes, areolae 1.4—1.6 cm longe distantes
(6 —7 areolae per 10 cm). Spinae robustae, rigidae, subfusco-corneae, juveniles rufescentes vel
castaneae, apice obscuriores, centrales 1—2, rectae vel paullo sursum curvatae, 2—2.5 cm
longeae, radiales 8—10, 1—2.5 cm longae, infima longissima, supremae brevissimae. Cepha-
lium depressum discoideum, 1.5—3.5 cm altu, in diam. 4—5 cm. Setulae cephalii gilvo-ferru-
gineae, molliter curvatae, 6—10 mm longe exsertae. Flores obscure-purpurei, 10—11 mm in
diam., e setulis cephalii exserti. Stylus apice 5—6 lobulatus sepalis vix muricata.

Typus: Cuba, Provincia Oriente, Sierra Cerro Galano, in declivibus aridis serpentinosis,
meridionali-occidentalibus pr. opp. Holguin. Leg.: Z Meszaros €t P. 5awus, March 1975,
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Melocactus borhidii Mészaros sp. nova

Slender, columellar, diameter of fully grown specimen 6—8 cm. Generally
15—20 cm high, hut some old individuals even 22—29 cm high (without
cephalium); 11— 12 sharp, protruding, rather narrow ribs. Old individuals som-
times apically proliferating, sprouts globose, slightly elongated, 3—6 in number,
Bristles relatively acicular, flexible. Radial and central bristles hardly dif-
ferentiated, 2—4 central bristles 20—25 mm long, 10—15 (or less) radial
bristles 10—15 cm long. Bristles as a whole slightly upcurving, whitish corne-
ous, their tips reddish, fresh bristles entirely reddish. Distance between areoles
smaller than 1 cm; 11—14 areoles per 10 cm; 5—8 rows of areolae below
cephalium of fully grown plants whitish, lanuginose.

Cephalium slightly flattened, cylindrical, 2.5—3.5 c¢cm high, 3—4.5 cm
wide. Bristles of cephalium porrect, rigid, thin, aciculate, vivid fox-red and
protruding about 10—12 mm from the white lanuginosity.

Flower small, open blossom shorter than bristles of cephalium, some-
times just reaching their length; 7—9 mm wide. Petals deep pinkish pur-
pureous, stamen and 5—6-lobulate stigma pale pink. Fruit obovate, 8—9 mm
thick, 17—19 mm long. Seeds dark-brown, globose, shiny, slightly muricate.

Type: at 10—20 m height above sea level near coast, on the second and
third limestone terraces on the outskirts of Tortuguilla, E of the mouth of
Rio Yateras, on the southern side of the Sierra Purial, coast of the Province
Oriente, Cuba. Leg.: Z. Mészaros and E. Nagy, January, 1975.

Dedicated to Attila Borhidi, Hungarian botanist working in Cuba.

Caulis columnaris elongatus, cylindricus (in statu bene evoluto), 7—8 cm crassus et
15—20 longus, rare usque ad 22—30 cm altus, apice rare ramigerus, rami 3—6 globosi, sub-
globosi v. brevissime ovati. Costae caulinares 11—12. Spinae aciculares, tenues, flexuosae,
radiales 10—15, usque ad 10—15 mm longae, centrales 2—4, usque ad 20—25 mm longae,
leviter sursum curvatae, albo-corneae, apice purpurascentes, novellae per totam longitudinem
roseae. Areoleae dense dispositae, 0.7—0.9 cm longe distantes (11 —14 areoleae per 10 cm),
superiores in 5—38 lineis (sub cephalio) dense albolanatae. Cephalium leviter depressum discoi-
deum, 2.5—3.5 c¢cm longum, in diam. 3—4.5. Setulae cephalii rectae, rigidae, tenuiter aciculi-
formes, rubiginosae, ex lana cephalii 10—12 mm longe exsertae. Flores parvi, 7—9 mm in
diam., in statu aperto setulis cephalii breviores. Petala obscure roseo-purpurea, antherae et
stylus apice 5—6 lobulatus pallude roseae. Fructus obovatus, roseo-albicans, 17—19 mm
longus et 8—9 mm crassus. Semina suborbicularia, lucida, fusca, leviter muricata.

Typus: Cuba, Provincia Oriente. In saxosis calcareis litoralibus, in orientem de bucca
rivi Yateras, pr. pag. Tortuguilla, supra scalam secundam et terciteram, in altitudine 10—20 m
s.m. Leg.: Z. Mészaros et E. Nagy, January 1975.

Melocactus evae Mészaros sp. nova

Slender, columellar, of small stature, diameter of fully-grown plant
6—8 (—9) cm, height (without cephalium) 8—12 cm. Old specimens occasion-
ally ramifying, reaching a height of 18—20 cm. 13 sharp, protruding ribs.
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Distance between areolae about 1 cm; about 9—12 areolae per 10 cm; upper
areolae slightly lanuginose. Bristles relatively acicular, flexible, corneous,
apical two-thirds of young bristles brownish. 1—3 central bristles 25—30 cm
long, 12—14 radial bristles 10—20 mm long.

Cephalium slightly flattened, 2.5—3 cm high, 4—5 cm wide. Bristles
of cephalium pale brown, sparsely spaced and protruding about 4—6 mm from
yellowish-white lanuginosity.

Flower large, 20—25 mm wide, deep pink. Petals in several rows, ex-
ternal ones recurving. Style 5-lobulate, slightly lighter pinkish. Fruit obovate,
18—20 mm long and 9— 11 mm thick, deep pink, lighter basad. Seeds black,
muricate.

Type: on gravel conglomeration SW of Caimanera, on the western side
of Guantanamo Bay, Province Oriente. Leg.: E. Nagy, April, 1975.

I dedicate this slender, large-flowered Melocactus species to my wife,
without whose assistence this study could not have been accomplished.

Caulis columnaris elongatus, statura parva, 6—8 (—9) cm crassus, 8—12 cm longus,
sine cephalio. In statu evoluto raro ramificatus, usque ad 18—20 cm longus. Costae 13, acutae,
exstantes. Distantia areolarum ferme 1 cm, 9—12 areolae per 10 cm, superiores parumper
lanatae. Spinae aciculares, relative tenues, flexuosae, coloris cornei, novellae in parte superiore
subfuscae. Centrales 1—3, 25—30 mm longae, radiales 12—14, long. 10—20 mm. Cephalium
leviter depressum, 2.5—3 cm altum, 4—5 cm crassum. Setulae cephalii luride subfuscae, longe
distantes, e lana helochroleuca 4—6 mm longe exstantes. Flores magni, diam. 22—25 mm,
obscure rosei. Petala in pluribus ordinibus collocata, externa reflexa. Stylus 5 lobulatus, sub-
roseus. Fructus obovatus, 18—20 mm longus, 9—11 m crassus, obscure roseus, inferne albicans.
Semina nigra, muricata.

Typus: Cuba, Provincia Oriente, in régiéoné occidental! sinus Guantanemensis, prope
Caimanera, in conglomerato glareoso. Leg.: E. Nagy, April, 1975.

Melocactus radoczii Mészaros sp. nova

Barrel-shaped, of relatively small stature, widest medially. Diameter of
fully-grown plant 9—12 cm, height 11—13 cm (without cephalium). Old plants
frequently ramifying, branches often as high as 20 cm. Ten angular protruding
ribs; densely areolated, 11— 12 areoles per 10 cm.

Bristles finely acicular, as a whole upcurving, yellow, young bristles fox-
red. 3—4 central bristles 20—25 mm long, 14— 16 radial bristles 10—25mm
long.

Cephalium depressed, discoidal, 3 cm high, 4.5—5.5 wide. Bristles of
cephalium vivid fox-red, in a regular pattern, protruding from yellowish-white
lanuginosity to a length of 6—8 mm.

Flower 10—12 mm wide, intense pink; stamous and 6-lobulate style
lighter pink. Fruit obovate, 14—21 mm long and 7—10 mm wide, deep pink,
basally sometimes lighter. Seeds black, heavily muricated.
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Type: on serpentine rocks on the outskirts of Guajimero, north of La
Tinta, Sierra de Baracoa, Province Oriente. Leg.: Z. Mészaros and Gy.
Radoécz, May, 1975.

Dedicated to Gyula Radécz, member of the Hungarian geologist expedi-
tion.

Caulis relative parvus, dolio similis, in parte media latissimus. Diameter in statu evo-
luto 9—12 cm, altitude sine cephalio 11—13 cm. Caules Veterea saepe ramificati et usque ad
20 cm longi. Costae 10, acutae, exstantes, dense areolatae, per 10 cm 11—12 areolas, Spinae
aciculares, leviter sursum curvatae, subflavae, novellae rufae. Centrales 3—4, long. 20—
25 mm, radiales 14—16, long. 10—25 mm. Cephalium depressum, discoideum, alt. 2.5—3 cm,
diam. 4.5—5.5 cm. Setulae cephalii acriter rufae, ordinatae, e lana helvola 6—8 mm longe
erectae. Flores parvi, 10—12 mm in diam., intense rosae, antherae et stylus apice 5—6 lobu-

jatus pallide roseae. Fructus obovatus, obscure roseus, long. 14—21 mm, diam. 7—10 mm,
jnferne nonnunquam albicans. Semina nigra, manifeste muricata.

Typus: Cuba, Provincia Oriente, Sierra de Baracoa, in septemtriones a La Tinta,
circum vicum Guajimero, in saxis serpentinosis. Leg.: Z. Mészaros et Gy. Radécz, May, 1975.

Melocactus nagyii Mészaros sp. nova

Globose, slightly elongated, fully-grown specimen 10—16 cm wide, 12—
18 cm high (without cephalium). 10—12 acuto-angulose, emergent, mostly
straightly decurrent ribs, sometimes slightly curved. Mature plants sometimes
apically ramifying, shoots globose, 4—7 in number. Distances between areolae
rather varying, 7—12 areolae per 10 cm; bristles robust, subulate, 9—15 in
number. Radial and central bristles hardly differentiated, 3—4 central spines
25—38 mm long, radial ones 15—30 mm long. Bristles yellowish or brownish
corneous, fresh spines more brownish.

Cephalium cylindrical, slightly higher than wide (4.5—6.5 cm high,
4.5—6 cm wide). Cephalium of old plants often elongated. Bristles arcuate,
soft, pale brownish, protruding about 5—8 mm from yellowish-white lanugi-
nosity.

Flower emergents from bristles of cephalium, open blossom projecting
over bristles. Petals pinkish purpureous, stamens and 5—6-lobulate stigma
pale pink. Diameter of fully open flower 14—16 mm. Fruit elongated obovate,
20—22 mm long and 5—6 mm wide, deep rosaceous, basally white. Seeds
black, heavily muricate.

Type: near the coast between La Mota and El Macio, on the steep
southern rock walls of the Sierra Maestra, southern coast of Cuba. Leg.:
Z. Mészaros and E. Nagy, January, 1975.

Dedicated to its discoverer, Elemér Nagy, head of the Hungarian ge-
ologist expedition.

Caulis globosus, leviter oblongatus, diam. 10—16 cm, sine cephalio 12—18 cm altus
(in statu perfecte evoluto), costae 10—12 cm, acutangulosae, emergentes, plerumque rectae,
rariter leviter cuvatae. Caulis apice raro ramosus, rami 4—7 globosi. Areolae varie distantes,
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7—12 areolae per 10 cm. Spinae 9—15 robustae, subulatae, flavido- vel subfusco-corneae,
novae brunnescentes, radiales centralibus paullo differentes, radiales 15—30 mm largae, cen-
trales 3—4, 25—38 mm longae. Cephalium cylindricum latitudine paullo longius (4.5—6.5 cm
longum, 4.5—6 cm latum). Setulae cephalii cuvatae, molles, e lana lutescenti 5—8 mm longe
exsertae. Flos apertus, 12—14 mm in diam., setulos cephalii parum superans, petala roseo-
purpurea, antherae et stylus 5—6 lobulatus pallide roseae. Fructus lineari-obovatus, 20 mm
longus et 5 mm latus, intense roseus, inferne albicans. Semina nigra suborbicularia, manifeste
muricata.

Typus: Cuba, Provincia Oriente. In rupibus vulcanici litoralibus declivium meridiona-
lium montium Sierra Maestra, inter pag. La Mota et El Macio, 10—20 m supra mare. Leg.:
Z. Mészaros et E. Nagy, January, 1975.

Melocactiis acunai Le6n ssp. lagimaensis Mészaros ssp. nova

Robust, columellar, ramifying, branches of old plant occasionally again
ramifying. Entire plant 11— 13 cm wide, 13—16 ¢cm high (without cephalium).
10— 11 angulate, emergent ribs, 6—7 areolae per 10 cm. Multiply ramifying
old plants even 40—55 cm high and 20—22 cm wide. Bristles not differing
from those of ssp. acunai. Cephalium cylindrical, elongated in old plants, as
high as 15 cm and as wide as 7.5 cm. Bristles of cephalium soft, disarranged,
reddish-brown or pale brown, protruding some 5—8 mm from greyish-white
lanuginosity.

Flower pale pink, 8—10 mm wide. Stigma 6—8-lobulate, light pink.
Fruit short, wide, obovate, 8—9 mm thick, 12—14 mm long, deep pink,
basally whitish. Seeds dark brown, slightly muricate.

Type: on local serpentine extrusions on the NW side of the Laguna de
Jojo, NW of Cajobabo, in the area of Sierra de Purial, Province Oriente, Cuba.
Leg.: Z. Mészaros and P. Jakus, March, 1975.

Caulis robustus columellaris, saepe ramificatus, rami in statu evoluto non raro iterum
ramificati. Caulis in diam. 11 —13 cm, 13—16 c¢cm longus (sine cephalio). Costae 10—11 emer-
gentes, angulateae, areolae 6—7 per 10 cm. Caules evoluti pluries ramificati usque ad 40—
55 cm longi et 20—22 cm in diam. Spinae Uti apud ssp. acunai. Cephalium cylindricum, elon-
gatum, long, maxima 15 cm, diam. 7.5 cm. Setulae cephalii molles, irregulariter dispositae,
ferrugineae vel pallide subfuscae, e lana albida 5—8 mm exsertae. Flos pallide roseus, 8 —

10 mm in diam., stylus 6—8 lobulatus, gilvo roseus. Fructus brevis, late obovatus, 8—9 mm
crassus, 12—14 mm longus, intense roseus, inferne albicans. Semina fusca, submuricata.

Typus: Cuba, Provincia Oriente, Sierra de Purial, in regione boreo-occidentale, in clivo
Lagunae de Jojo serpentinoso. Leg.: Z. Mészaros et P. Jakus, March, 1975.

Melocactiis acunai Leén var. flavispinus Mészaros var. nova

Bristles entirely dark yellow, or dark yellow and basally brown.

The variety grows within the range of the nominate form, on the coastal
limestone rocks around the mouth of Rio Tacre.

Spinae aut per totam longitudinem flavae, aut in parte superiore flavae, inferiore sub-

fuscae. Haec varietas habitat intra territéorium subspeciei nomindlis, in saxis calcareis litora-
libus, apud buccam rivi Tacre.
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Melocactus harlowii Britton et Rose (redescription)

Globose, slightly elongated, fully-grown specimen 11—16 cm wide,
11— 18 cm high (without cephalium). 10— 12 angular, emergent, straightly
decurrent ribs. Old plants rarely ramifying. Areolae more than 1 cm apart
8— 10 areolae per 10 cm. Bristles thick, acicular, about 1 mm thick, corneous;
fresh bristles reddish brown, apically darker. Radial and central bristles hardly
differentiated, 2—4 central bristles 30— 38 mm long, 8— 10 (—12) radial ones
15—28 mm long. Cephalium discoid, depresso-globose; shorter than wide
(2—2.5 cm high, 3—5 cm wide); sometimes cephalium of very old specimens
elongated. Bristles of cephalium rigid, straight, protruding from greyish-white
lanuginosity to about 10 mm, reddish brown or dark brown.

Flower protruding from bristles of cephalium, fully open blossom pro-
jecting over bristles. Petals deep pinkish purple, stigma 5—7-lobulate, pale
rosaceous. Diameter of fully open flower 10— 12 mm. Fruit obovate, 9— 11 mm
thick, 20- 22 mm long; deep pinkish purple (f. harlowii) or bright white
(f. Candida). Seeds black, weakly muricate.

Lectotype: immediately on the coast at a height of 4—5 m, on the sur-
face of the first limestone terrace, in the area of Surgidero de Macambo (be-
tween San Antonio del Sur and Imias), southern coast of Province Oriente
Cuba.

Leg.: Z. Mészaros and E. Nagy, January, 1975.
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Fig. 2. Melocactus matanzanus Leon

Fig. 3. Melocactus matanzanus Ledn
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Fig. 4. Melocactus guitartii Led6n

Fig. 5. Melocactus guitartii Leén

Acta Botanicae Academiae Scientiarum Hungaricae 22, 1976



142 MESZAROS, Z.

Fig. 6. Melocactus jakusii Mészaros sp. nova

Fig. 7. Melocactus harlowii Britton et Hose
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Fig. 8. Melocactus harlowii Britton et Rose

Fig. 9. Melocactus harlowii Britton et Rose f. Candida
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Fig. 10. Melocactus borhidii Mészaros sp. nova

Fig. 11. Melocactus borhidii Mészaros sp. nova
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Fig. 12. Melocactus evae Mészaros sp. nova

Fig. 13. Melocactus radoczii Mészaros sp. nova
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Fig. 14. Melocactus acunai Ledn ssp. lagunaensis Mészaros ssp. nova

Fig. 15. Melocactus nagyii Mészaros sp. nova
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SOME RESULTS OF THE RESEARCHES OF CLUJ
CONCERNING THE NUTRITION OF ALGAE

By

I. Péterfi, F. Nagy-Toth, and A. Barna
INSTITUTE OF PLANT PHYSIOLOGY, BABE§-BOLYAI UNIVERSITY, CLUJI-NAPOCA, ROMANIA

(Received September 10, 1975)

A chronological review of the more important researches concerning the nutri-
tion of algae, made at the University of Cluj, shows that they became more and more
advanced.

These studies contributed to the explanation of the role of simple (Cu, Zn, Fe,
Ba, Sr, NHj, K, Mg, Ca, Na, Li; S03, S04, C03, |, Cr04 HP04 NO,, NO3, Cl, Br) and
complex (nitrato-borates, phosphato-borates, nitrato-phosphates, nitrato-cobalts) anor-
ganic nutrients and ofthe organic ones (glucides, amino-acids, alcohols, synthetic and en-
dogenous IAA extracted from various plants, gibberelline, ascorbic acid, degranol, mera-
pid) upon the growth and development in pure static and intensive cultures of different
alga species and strains (Chlorella pyrenoidosa, Coccomyxa dispar, Schizochlamys gelati-
nosa, Scenedesmus acutus, Sc. acutiformis, Sc. obtusiusculus, Sc. quadricauda, Sc. quadri-
spina, Oocystis pusilla, Stichococcus exiguus, St. mirabilis, St. bacillaris, Gloeotila proto-
genita, Pseudopleurococcus prinlzii, Microthamnion kiitzingianum, Stigeoclonium varia-
bile, Tribonema ulotrichoides) from Transylvania.

The action of the substances studied with algae and the nutritive medium was in
connection with simple media (Benecke, tW0o types, Knop—Pringsheim, Witsch) Of
more complete ones (Knop—Pringsheim —Felfoldy, Tamiya “urea EH” and “ni-
trate A”, Tamiya modified by us), and has allowed the selection of some sensitive strain-
biotests — suitable for the demonstration of different substances and for massive
cultures — as well as to prove the possibility of using some residual waters for the
cultivation of algae.

In the pure cultures of algae, the work done by Professor I. Grintzesco
(1902, 1903, 1930) made an important contribution. His first monographic
papers on the algae Scenedesmus acutus (1902) and Chlorella vulgaris, studied
in pure cultures, became classics in algology. The experimental algology in
Cluj has arisen from the activity of this scientist.

Based on pure cultures, I. Grintzesco and his co-worker Péterfi have
minutely studied the genus Stichococcus (1932), isolating and comparing the
action of different nutritive media and finally identifying and describing
several species from Transylvania.

The study in pure cultures of some species of Stichococcus (St. exiguus,
St. mirabilis) and Gloeotila (G. protogenita), in synthetical solutions of differ-
ent pH, proved that the tolerance limits of these algae are very large (pH
3.6—9.6). They are euryionic, but their maximum growth is found between
pH 6—7. In the acid media, Stichococcus shows a more evident growth than
Gloeotila. In media with pH 6.0—8.0 the developed cells are shorter (Fig. 1)
(Péterfi, 1939).
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The variation of these green filamentous algae in relation with nutritive
media was also studied (PEterfi, 1947). The action of anorganic ions is differ-
ent concerning the thallus growth, colony structure, cell growth and division.
According to their action on cell division, the anorganic ions may be divided
into two large groups:

a) ions stimulating cell division: CI, S04, N03 K, Na;

b) inhibiting ions which stop cell division: S03, Fe, Li, Sr.

Fig. 1. Thalii of Stichococcus mirabilis grown on media with pH 3.65 (1 — fo. filala,) 6.00 (2),
6.91 (3), 7.78 (4 — fo. coccoidea) and 9.60 (5)

The pH of the nutritive media and the ions, respectively, influence the
thallus morphology and structure by regulating the inhibition degree of cell
wall biocolloids and the cohesion of the daughter cells. In this way, unicellular
thalii (fo. coccoidea) arise under the influence of Na and K ions in acid media,
and pluricellular filamentous thalii (fo. filata) under the influence of Ca ions
in neutral and in the weakest alkaline media (Fig. 1). The recent works pub-
lished by Soeder and Thiele (1967) and by Iwasa and Murakami (1968;1969)
about the autosporulation of Chlorella and Chlamydomonas agree with these
conclusions formulated 35 years ago.

A monographic study was devoted to the species Microthamnion kiitzin-
gianum, cultivated on different nutritive media under various light conditions
(PEterfi, 1933; 1937; Grintzesco — PEterfi, 1936). In these researches the
sexual reproduction ofalga was discovered and its reproductive cycle was estab-
lished (1933).The action of nutritive medium composition and concentration was
also noted (1937), as well as the effect of different microelements (1936) on its
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growth and development. This alga shows different shapes according to medium
firmness (liquid or solid), reaction (acid, neutral or alkaline pH) and composi-
tion (sources and concentrations of nutrients). On firm media the thalli are
grouped in colonies, the vegetative growth is obvious and the cells tend to
have an isodiametrical shape. Development limits vary between pH 3.2—8.8,
hut the optimum growth is found at pH 5.0—6.0 (Fig. 2).

Foos3

Fig. 2. Growth of Microthamnion kiitzingianum depending of the complete Benecke medium
pH (1), free of Ca (2), or supplemented with H2504, or NaOH, respectively (3)

Microthamnion kiitzingianum can use mineral and organic nitrogen
(Fig. 3) as well as several organic substances (glucides, organic acids, glycerine)
which activate its growth.

The cations and anions were added to some nutritive media in equi-
molecular quantities (M/40—M/25) which, following the numerous experi-
ments, proved to be optimum for this species. It was established that the
cations and anions — depending on their effects upon the alga — can be
placed in the following toxicity liotrop series:

Cations: Cu Zn Fe Ba Sr NH4;, K Mg Ca Na
Anions: S03 CO03 l: Cr04 HPOt NO, (I Br NO3 S04

Sodium chloride added to nutritive solutions enhanced the growth of Micro-
thamnion kiitzingianum. The range of optimum growth is between 0.97—
2.92 ¢g/1.
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The nutrition problems were more deeply studied in the researches con-
cerning the action ofsome microelements (Grintzesco—P éterfi 1936, Péterfi,
1937). By means of pure Microthamnion cultures, the effect of Mn, Zn, and F
(1936), and of Li, Cu, B, Al and Co (1937), respectively, was biotested. It was

Fig. 3. Effect of different N sources upon the growth of Microthamnion kiitzingianum;

Benecke medium with KNO03 (1), KNO02(2), NH4AN03(3), (NH4A2H P04 (4), (NH,)2S04 (5),

NH4-oxalate M/40 (6), and M/160 (7), NH4-tartarate (8), asparagine M/40 (9), M/80 (10) and
M/160 (11), and peptone (12)

found that very high dilutions of these elements favour the growth and repro-
duction of the species. The optimum concentration for MnCl2was of 0.0001 gl
for ZnCIl2it varied between 0.0001—0.00001 g¢/1, and for NaF between 0.01—
0.001 g¢/1. The yield increase under the influence of MnCI2 was of 150%, of
ZnCl250% and of NaF 100%. Thus in experimental conditions, Zn was more
toxic than F.

These results, published 30 years ago, represent a significant experimental
performance even in the light of the recent advances regarding the action of
microelements (cf. Dear—Aronoff, 1968).
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The action of certain complex anorganic salts was thoroughly studied
by our group. Experiments were made on effect of borato-phosphate (Péterfi
et ah, 1958), nitrato-phosphate (Péterfi et ah, 1962), and nitrato-cobalt
(Peterfi et ah, 1961; 1964; 1973), on static and intensive cultures of Cocco-
myxa dispar, Scenedesmus quadrispina, Sc. acutiformis and Stigeoclonium
variabile. The results showed that the growth of these algae was stronger in the
presence of complex salts than in their chemical simple equivalents. For
Coccomyxa and Stigeoclonium, the optimum concentration of horato-phosphate
and nitrato-phosphate varied around 0.05%. The growth and development
difference depend also on the relation of the complex elements. Thus, in the
case of borato-phosphate complex, at the relation 1 B : 1 P, the increase was
198% in comparison with the control in Benecke solution; in the relation
1B :4 P it was 388%. In the case of the nitrato-phosphate complex, at the
proportion 1 N : 1 P, the increase was 390%, and at the proportion 1 N : 5 P
it was 428%.

The chlorine-pentamine-cobalt-chloride (Co(NH3)4CI)CI2) and the nitrate-
hexamine-cobalt (Co(NH3)6)(N03)3) complex also stimulated the growth of the
algae studied; this latter salt proved to be better and Scenedesmus quadrispina
reacted to it more sensitively (Fig. 4).

Nitrate-hexamine-cobalt was also used under intensive cultivation condi-
tions with Scenedesmus acutiformis. It was showed (Péterfi et al. 1973) that
the optimum concentration is 0.001 mg%, but that the favourable action is
more moderate under intensive conditions than in static runs (Fig. 5). This
may be due not only to the much more favourable nutritive conditions but
probably to the season periodicity of algae. It was found that in Stigeoclonium
the action of complex salts is faster in summer and slower in autumn; in Scene-
desmus acutiformis, on the other hand, the optimum growth was recorded
during the spring and late autumn months (Péterfi Nagy-Toth, 1972).

The fact that the complex salts have a markedly higher favourable action
than the similar simple salts proves that they are absorbed, probably as mole-
cules or as complex ions, and thus they enhance the metabolism and therefore
the multiplication of algae.

These results may be important for the use of some preparations where
the nutritive substances should be combined in different optimum proportions,
balanced for massive cultures; they are also important in view of the use of
some contaminating residues.

The high tolerance of algae towards the quality and quantity of the
substances, as well as their capacity of concentrating ions from more diluted
media — found also in the experiments mentioned — demonstrate that these
organisms are suitable for water decontamination with radionuclides. In this
line of study, the accumulation of 90Sr and 1%Cs by Scenedesmus acutus was
successfully experimented (Péterfi et al., 1966) (Fig. 6).
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The researches on the action of some organic substances, physiologically
ative upon the algae, are of interest for biotesting and for productivity stimu-
lation. It was showed that IAA stimulates the multiplication through zoo-

E%

E%

Fig. 4. Effect of complex (A, B) and simple (a, b) salts upon the growth of Coccomyxa dispar
(1) and Scenedesmus quadrispina (Il) in static cultures

gonidia and gametes, as well as cell division and growth of the pure cultures
od Microthamnion kiitzingianum and Pseudopleurococcus printzii; its action is
more favourable in an alkaline than in an acidic medium (Péterfi, 1946).
In the case of static pure cultures of Scenedesmus quadrispina, the effect of
synthetic IAA was much more reduced (142%) than that of the endogenous
substances extracted from corn (Csanad 117 and Fleischmann 481), vernalized
and non-vernalized (180—351%). The gibberellic acid, added to the Benecke
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days

Fig. 5. Effect of nitrate-hexamine-cobalt complex in simple (Knop—Pringsheim) and
complete (Knop—Pringsheim—Felfsldy) nutritive solutions on the intensive cultures
of Scenedesmus acutiformis

Acta Botanica Academiae Scientiarum Hungaricae 22, 1976



156 PETEITFI, I_NAGY-TOTH, F.—BARNA, A.

nutritive medium in concentrations of 1.0-—10.0 mg%, stimulated the multi-
plication of Scenedesmus quadrispina, Coccomyxa dispar and Stigeoclonium
variabile. The most sensitive was Sc. quadrispina (Péterfi—Nagy-Toéth, 1963).
In Oocystis pusilla, Scenedesmus quadricauda and Microthamnion kiitzingianutn,
the ascorbic acid, in suitable concentrations (10—50 mg%), also stimulated
cell division, but did not influence the lengthwise growth of cells. The increase
of cellular biomass was 3— 15 times higher than that of the controls (Péterfi,

Fig. 6. Accumulation of 90Sr by Scenedesmus acutus from solutions of 0.0345 fid (a) and
of 0.06909 j«Ci (c), and its concentration variation in solutions non-inoculated with algae (b, d).
14Cs was not accumulated (e)

1948). Among the cytostatic substances, degranol and merapid were bio-
tested. In a concentration of 1.0 mg°/0, degranol hinders the growth and
multiplication of Stigeoclonium variabile, but Coccomyxa dispar grows also at
100 mg% (Peéterfi et al., 1959). Merapid, added to Benecke solution in con-
centrations of 1000— 10 mg%, inhibits the multiplication of these two species,
but in smaller concentrations it stimulates this process (Péterfi—Brugo-
vitzky, 1965).

These experimental investigations, confronted with reference biblio-
graphical data, have suggested some theoretical generalizations about the role
of algae in the treatment of polluted water (Péterfi et al., 1972), their use
as biotests (Péterfi—Nagy-Toth, 1973), and the principles of nutritive media
preparation (Péterfi—Nagy-Toth, 1973).

On the basis of the experience accumulated in our laboratory, the studies
were directed toward the possibilities of intensive cultivation of algae. There
were devised and made some equipments of the closed-circuit type, appropriate
for intensive cultures under long standing sterile conditions (Péterfi—Nagy-
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TOTH, 1967). Some elements of the methodology used in our equipment were
applied by also other research workers (the spraying system of the bubbling
gas by Ciement, 1968; the method of air sterilization by Eichhorn, 1969).

The comparative experiments with the native species Chlorella pyre-
noidosa, Scenedesmus acutiformis, Schizochlamys gelatinosa and Tribonema
ulotrichoides in these devices, in simpler media suitable for static cultures
(e.g. Benecke) and in complete media (Benecke and Knop—Pringsheim
supplemented with microelements and soil extract) intended for intensive
cultures, have shown that for strains selection the solutions poorer in nutri-
ents — where the sensitivity of organisms is more evident — are recommended,
while for biomass yield the complete and balanced ones (Péterfi—Nagy-
Toth, 1967/a). The experiments with Scenedesmus acutiformis proved that the
increased biomass yield by the simple increase of the nutrient of a given
medium is limited (Péterfi, Nagy-TOtii 1967/b), and that the reactions of
Scenedesmus (Sc. acutiformis, Sc. acutus, Sc. obtusiusculus) to the complete
nutritive solutions are different (Péeterfi et al.,, 1967) (Table 1). Therefore,
for almost every species or alga strains several alternative combinations must
he tried, until a satisfactory solution variant is obtained. The more complete
factor of the nutritive media is the soil extract. Added to the Tamiya “urea
EH” in a proportion of 1:9, it produces the intensification of cell multiplica-
tion and consequently an increased biomass, both in Scenedesmus acutiformis
(Peéterfi et al., 1969) andin Stichococcus bacillaris (Marton, 1975). In Knop—
Pringsheim and Tamiya, supplemented with soil extract and applying the
fractionated sampling, a long lasting (continuous) cultivation of Scenedesmus
acutiformis, Sc. acutus and Sc. obtusiusculus was possible (Péterfi et al., 1969)
(Fig. 7), without a decrease of the yield. The “autoinhibitors” biotesting with
the alga itself was negative.

Among the studies intended to find the more appropriate conditions
of nutrition, there were a series of researches on the possibilities of using
mineral and residual waters for the intensive cultivation of algae. It was found
that Tamiya nutritive solution supplemented with soil extract and diluted
with an equal volume of “Zizin” mineral water is an excellent new nutritive
solution for Scenedesmus acutiformis (Péterfi —Nagy-Toéth, 1970). The use of
the residual water from the beer factory in Cluj, in different combinations with
nutritive solutions and natural or mineral waters, had the result of stimulating
the growth of Scenedesmus acutiformis (Péterfi et al., 1974) (Fig. 8) and mean-
while purifying the residual water (Barna, 1973; 1974).

These briefly presented results, representing the work performed over
three decades lead to the conclusion that only complex studies can contribute
to the explanation of the complicated physiological processes of algae. Only
this kind of investigation will demonstrate that algae could be used without
risks for the solving of some contemporary problems.
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Table 1

Influence of medium and light conditions upon the growth and composition of Scenedesmus

Cultiva-

No Algael Nutritive solution2 Light, luxa tion,

clays
a
1. b Knop-Pringsheim-Felfoldy 6500 41
¢
Knop-Pringsheim-Felfoldy 11
2. a Idem-f-EDTA and urea instead
of KNO03 15
Tamiya (original form) 5000 15
TAMiYA-modified —soil extract! 1
Knop-Pifiingsheim-Felf61dy4-

3 a (ethanol in 25% 10
Knop-Pringsheim-Felfoldy 5000
TAMIYA-modified+ “Zizin” min-

4. a eral water 8
TAMiYA-modified 5000

5. a Knop-Pringsheim-Felfoldy B —R--Y W&

W<-Y—R- B 1
4000
5000- 6400 -
6. a TAMIiYA-modified -8000-13,000
5000
TAMIiYA-modified, daily refreshed

7. a in proportion of 0.10

Idem in proportion of 0.15 6000 30

Idem in proportion of 0.20

Extinction

0.600
0.503
0.585

1.350

1.580
0.835
1.590

1.295
1.310

1.510
1.230

1.110
1.280

1.860
1.680

1.470
1.260
1.240

Cellg/mm8

75,125
101,375
111,125

146,625

186,250
87,750
226,000

114,375
153,125

323,875
190,875

117,250
122,500

250,000
270,375

278,125
256,375
215,312

Dry

weight,

P/1

1.52
1.17
1.86

4.59

5.02
2.30
5.82

3.90
3.76

4.33
3.14

3.24
4.61

7.12
5.62

3.83
3.28
3.08

Total sugar,
%/d. w.

14.20
13.65
29.10

33.90

12.40
5.20
3.85

26.80
35.50

5.10
5.45

25.37
34.90

6.20
6.00

6.30
5.95
4.80

1. Algae: a Scenedesmus acutiformis Schroed., b — Sc. obtusiusculus Chod., e — Sc. acutus (Meyen) Chod.

2. In No. 1 the cultivation was carried out in vertical columns with central illumination, for No. 2 7 parallel-piped vessels were used

3. Length of light period: 12 hours, alternated with 12 hours of dark

4. After 12 hours of dark, 1 hour of B blue light of 400 —600 nm and 1400 Ix intensity; R

Proteins,

%/d. w.

63.12
62.69
61.19

red light of 530 —750 nm and
—yellow light of 440 —650 nm and 3100 Ix. Before the end of the light period the succession was inverse

Total sugar/
Proteins

0.31
0.26
0.80

1.52

0.23
0.09
0.068

1.28
1.50

0.08
0.094

0.73
1.40

0.11
0.12

0.099
0.094
0.078

1700 Ix;
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Fig. 7. Variation of optical density (a) and of dry substance (b) in the intensive cultures
of Scenedesmus acutiformis, daily refreshed in proportion of 0.10 (1), 0.15 (2) and 0.20 (3)

Modified Tamiya (control)

Fig. 8. Growth of Scenedesmus acutiformis intensive cultures in media prepared with residual
water from the beer factory
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The first paper of this series discussed the microclimatic conditions in several
natural and secondary ecosystems (Pécs, 1974: 115—135).

The present paper is an attempt to find correlations between the orography and
the climatic conditions, and between the climatic conditions and the distribution of
different vegetation types in the Uluguru Mountains, by the aids of vegetation tarnsects
and of Gaussen —W atter diagrams; and finally to establish the altitudinal zonation
there.

Introduction

To obtain useful information concerning the climatic conditions which
determine the vegetation boundaries in the Uluguru Mountains, | studied
the available data of different sources (East African Met. Dept. 1964, 1971 and
Jackson, 1970). A sketchy rainfall map of the Ruvu basin was drawn by
Jackson, and a more detailed one of the Uluguru Mountains by the author
(L. c. and Pocs, 1976/a). Jackson went in details of the probability of rainfall,
while the author analysed the duration of the dry season in the mountains,
both factor being important for crop production.

Although there are more than 30 rainfall recording stations, mainly at
lower elevations of the mountains, only two of them measured systematically
also temperature, and one, the Morogoro Agricultural Office, where it is being
recorded since long (for more than 50 years).

The rainfall distribution itself seemed to me insufficient to explain the
great diversity of vegetation types. The very variable relief combined with
the effect of the eastern rain carrying winds produced a very interesting,
complicated asymmetric pattern in the distribution of vegetational elements
and also in the agricultural potential of the area.

Therefore | attempted to find an indirect method to obtain temperature
data for the mountains and to construct this way Gaussen—Walter dia-
grams for all Uluguru rain gauge stations. These diagrams proved to be very
useful in the climatological interpretation of the vegetation.
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Methods

For the composition of diagrams, the temperature values were estimated by extrapola-
tion from the data available for Tanzania, from a total of 35 stations. “If the height of a loca-
tion is known, its temperature may be calculated with a probable error of only 2° Fahrenheit”
(East Afr. Met. Dept. 1959). This is by far not so simple. Moreau (1935), analysing the climate
of the Usambara Mountains, has found different gradients in the eastern and in the western

Fig. 1. Variation in absolute minimum temperature with height in Tanzania (left). Variation

in mean annual temperature with height (right). A: Stations located in the dry forest and in

woodland zones. B: in the mesophilous, and C: in the rain forest zones. (Values of lake and
central plateau stations framed)

parts, and established that “the Usambara Mountain temperatures are exceptionally low for
their altitude and in particular lower than those for Kenya at corresponding altitudes”.
Kenworthy (1966) also pointed out when he analysed the temperature gradients against the
altitude in tropical East Africa. He found that the obtained data show often a deviation of
2—3°C from the average, and that the thermal gradient in the drier West Kenya is less than
in the more cloudy eastern part of the Kenyan Highland.

When | analysed the temperature data of Tanzania, | found an interesting connection
between the values of temperature and the vegetation zone from where the data were obtained.
The main temperature at the same altitude above the sea level shows a gradual decrease from
the grassland and semidesert thicket, through the woodland, dry forest and closed forest zones,
to the rain forest belts. If we represent the thermic gradients for the different vegetation zones
by different curves, we can diminish the error of this method from an interval of 2—4 to
0.5—1 centigrades among limited conditions (see the Figs 1, 2, 3). The method could be applied
to calculate the main annual temperature, the main temperature of the warmest and that of
the coldest month and, with some restrictions, to obtain the absolute minimum temperatures.
The method was not accurate enough for stations in the centre of the East African Plateau
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and near Lake Victoria. In both cases the values, especially the coldest month’s temperature
and the absolute minima, are higher than expected owing to the plateau heating effect (see
Kenworthy, 1 c.) and to the water mass of the Lake.

One more interesting fact appeared from the data: the warmest time of the year falls
at a much earlier date in the interior of the continent, and follows gradually later seawards.
In Tanzania the warmest month varies from September to February or March (see Fig. 4).

Fig. 2. Variation in mean temperature of Fig. 3. Variation in mean temperature of
coldest month with altitude in Tanzania warmest month with altitude in Tanzania
Discussion

By the aid of the obtained temperature data for the rain stations,
Gaussen— W alter diagrams were drawn in an attempt to find the climatic
factors which determine the existence of different vegetation types and which
delimit their boundaries. The following transects show parallelly the relief,
climatic elements and vegetation types in the northern and in the southern
half of the Uluguru Mountains (Fig. 7). The location of the rain measuring
stations for which Gaussen— W arter diagrams were drawn, and the lines
along which the vegetation transects were figured, are shown in Fig. 5, com-
pared with the precipitation map of the Ulugurus (Fig. 6, original, published
also in Pécs, 1976/a). Finally, for the better interpretation, and for comparison,
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an other selection of diagrams was made from different parts and vegetation
zones of the country (Fig. 8).

From the transects shown and from the vegetation map of the Ulugurus
(Pb6cs, 1975), several interesting facts can he drawn and some problems ex-
tracted:

Fig. 4. The warmest month of the year in Tanzania

1. The eastern slopes exposed to rain-carrying winds, and the lee side
of the mountains show a very asymmetric pattern of vegetational distribution.
On the one hand, the vegetation zones descend deeper on the eastern than on
the western side, on the other hand, there are plant communities which domi-
nate the eastern, and others which better developed on the western, slopes.
On the eastern slopes, there is practically no dry season, therefore, in natural
circumstances the evergreen forests descend to the foothills. On the western
side, the natural boundary of evergreen forests lies much higher, and the sub-
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Fig. 5. Relief map of the Uluguru Mountains, with the indication of the site of vegetation
transects and location of diagrammed rainfall stations
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montane forests, which dominate the eastern slopes are substituted by dry
forests and by deciduous woodland. This is the situation everywhere in the
mountains where the dry season is longer than 1.5 months. Therefore the rem-
nants of evergreen forests are good indicators of a climate practically without
dry seasons.

Fig. 6. Mean annual rainfall map of the Uluguru Mountains

2. There is no climatic evidence of the presence of a natural treeless
vegetation in the mountains. Most probably all savannalike plant communities
and a great part of the woodland area are dérivates of dry semievergreen or
of dry deciduous forests, for which the duration of a 2—6 months long dry
season with 800— 1300 mm annual rainfall cannot be an excluding factor. Only
where the duration of the dry season is longer than half a year, does there
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develop a natural wooded Acacia grassland (savanna), north- and westwards
from the Ulugurus. The presence of relic forest patches (Wingfield, 1975;
POCS, 1975) in the concerned zones on the western slopes underlines this fact.
The valley grasslands are also not climatic communities (see Vesey-Fitz-
GERALD, 1970).

3. A natural upper limit of high forests exists in the Uluguru Mountains.
This lies in the more oceanic and more isolated northern part at about 2100 m
while in the southern half of the mountains at about 2450 m altitude, where
the forest gives place to either dwarf elfin woodland (pocs, 1974) or to bamboo
thickets or (on tha Lukwangule Plateau) to subalpine spring bogs and moor-
lands, although a great part of the grassland on the Plateau is secondary
(POCS, 1976/a). | consider this forest line in the Ulugurus in most cases a climatic
one. As it is shown in the graph, the absolute minimum can fall well below
zero at this altitude. Among other conditions, like on Mt. Kilimanjaro, the
frost line and the forest line lie much higher, between 2600 and 3250 m respec-
tively (see Hedberg, 1951: 165, 186). No doubt, the frost at the altitudes of
Uluguru Mts. is still not a diurnal phenomenon, but | observed obvious frost
phenomena seriously damaging the montane forest vegetation, especially the
tree ferns, as low as at 1800 m altitude ! (See Fig. 13). The elfin woodland and
heath vegetation can occur below the upper limit of high forests, but this is
usually the result of special circumstances, as severe soil conditions, or very
strong winds (Baynton, 1969, telescoping effect of Van Steenis, 1972),
similarly to the appearence of subalpine Pinus mugho scrub at low altitudes
in the Central European Mountains (“Gipfelphenomd&n”). The elfin forests of
the Uluguru Mountains are analogues of that of Indomalaysia and in many
aspects similar to the giant heath (subalpine Erica arborea forest) of Mt.
Kilimanjaro.

4. “Mossy” types of forests and woodlands develop at very different
altitudes (from 800 up to 2500 metres) in the Ulugurus, due to continuous
cloud formation. These mist-effected woodlands or forests covered by very
large amount of epiphytic bryophytes and lichens are good indicators of the
continuous high air humdity.

These mossy forests and woodlands play a “buffering” role in the water
balance (pocs, 1976/b). Often, due to the turbulence of winds, the most humid
mossy forests are on the lee side of sharp ridges, and summits, where the
uppermost part remains drier than the slopes below.

5. The presence or absence of the giant African bamboo (Arundinaria
alpina) cannot be interpreted merely by the actual climatic conditions.
Althought it descends in the Ulugurus to the lowest point in East Africa
(Mgeta valley at 1630 m altitude), its occurrence represents a disjunct pattern
with very isolated patches. This fact suggests a possible retreat of the species
here. The only locality in the northern part is the very steep eastern face of
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Mondo (1120 m)
[11] -19,6° 2877,9mm

a)

Fig. 7. Vegetation transects through the Uluguru Mountains. The upper one is made through
the northern part, the lower one through the southern part. The Gaussen—wW a1ter climatic
diagrams bear the same Nos, as in the map of Fig. 5; dwl: dry woodland, smf: submontane
forest, mtf: montane forest, msf: montane mossy forest, ew: elfin woodland, Irf: lowland rain
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2rs0 rr

b)

forest, rv: rock vegetation, dgl: dry grasslands replacing woodlands, wgl: wet grasslands

replacing forests, rvf: riverine forest, hmg: high montane short grassland replacing elfin wood-

land, Sph: sphagnum bog, mb: occurrence of montane bamboo (The horizontal—vertical ratio
of the transect is 1:5.)
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the Magari peak between 2150 and 2250 metres. In the southern Ulugurus,
there is a very small patch of bamboo stand at the western edge of the Luk-
wangule plateau; there are very many tall bamboos in the Mgeta river valley
from 1630 up to 2300 metres, intermixed with the trees of the montane broad-
leaved forest; finally it forms pure thickets on the 2650 m high summit of
Kimhandu, where it completely substitutes the elfin woodland.

Lake Manga (/R0 m) Mombo (Al m) Tanga Met. Station (Airport) (35m)
[-61 225,3° 201mm [6-11] 25,1°  611lmm [13-19] 26.3° 1321mm
JASONDIJFMAMIJ

Kiwira Forest Station (2280 m)
-3 2127° 3540 mm

Fig. 8. Selected Gaussen —W alter diagrams, representing different climates and vegetation
zones in Tanzania. (When the temperature curve was prepared by the above method of extra-
polation, the place of the number of years when temperature should have been measured is
empty between the brackets.) Manga: Semidesert. Lowest measured rainfall in Tanzania.
Mombo: Dry thicket rich in succulents. Tanga: Semievergreen coastal forest. Kiwira Forest
Station: Typical montane rain forest. Highest measured amount of rainfall in Tanzania.
Mbeya: Miombo (Brachystegia-lsoberlinia) woodland. Amani: Submontane rain forest

6. A wide range of vegetation communities, and first of all most types
of closed forests or theirremnants, are climatically induced and therefore good
indicators of climatic conditions for Agriculture and for Forestry. On the other
hand, the human influence on the Ulugurus is quite important. A series of
vegetation types, although not used directly for agricultural purposes, is
secondary derivate of other communities. These are, among others, the mon-
tane grasslands, in some case the miombo (Brachystegia— Isoberlinia) wood-
land, and in most cases the common slope woodlands (Pterocarpus— Cornbre-
tum) on the northern, western and on the southerns slopes.
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Conclusions

The following, climatically induced, altitudinal zonation can be estab-
lished in the Uluguru Mountains, see (Fig. 9).

A. Low altitude dry forest and savanna woodland zone. Only at the
western and northern foot of the Ulugurus, below 600 m altitude.
Annual rainfall between 700—900 mm, the dry period lasts for
4—6 months. Main annual temperature 24—26°C. The whole area
is densely cultivated, therefore only small remnants of the original
vegetation can be detected.

B. Lowland semievergreen rain forest zone between 250—500 m alti-
tudes at the eastern foothills of the central part of the mountains.
Annual rainfall 1700—2400 mm, no dry season or maximum
1—2 month, main annual temperature 24—25°C. On the limestone
ground of a carst plateau, including the Kimboza Forest Reserve,
the lowland rain forest exists even through a 2.5 months long dry
season.

C. Submontane dry forest and miombo woodland zone. Actually mostly
replaced by an open woodland of Pterocarya angolensis, Combretum
and Terminalia species, or by dry secondary grassland. On the
eastern foothills, only on drier slopes, up to 800 m altitude. Wide-
spread on the western, northern and southern slopes, as high up
as 1500 m in the northern, and up to 1600—1700 m in the southern
Ulugurus. With 950— 1300 mm annual precipitation, 2—6 months
dry season and 19—23°C main annual temperature. These com-
munities suffer the most from the bush and grass fires.

D. Submontane evergreen and semievergreen forest zone. Contiguous
belt on the eastern slopes, between 500 and 1500 metres, except
in places used for agriculture. They occur in small patches also
on the western side, in protected valleys at the lower edge of the
evergreen forest belt. The submontane rain forests show the opti-
mum of forest growth in East Africa. The average of rainfall is
well over 1800 mm a year, usually exceeding 2500 mm and in some
cases higher than 3000 mm, without being interrupted by a dry
season. The main annual temperature lies between 23 and 17°C,
at the lower and upper limits of this zone.

E. Montane evergreen forest zone. It forms a broad belt around both
sides of the Mountains. The montane forest remained in relatively
good condition, most of them falling inside the protected forest
area. Their altitudinal limits are 1500—2100 m in the North and
1600—2400 m in the South. The annual precipitation varies locally
between 1300 and (more than) 3000 mm. Especially the upper edge
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Fig. 9a. The vegetation zones of the Uluguru Mountains. Northern part (upper diagram) and
southern part (lower diagram). The altitudinal zonation of Mt. Kilimanjaro is shown on the
right in the same scale, based on Hedberg (1951: 165). 1: Alpine zone 2: Subalpine ericaceous
shrub zone 3: Subalpine moorland and Erica arborea forest zone 4: Subalpine or upper montane
elfin forest zone 5: Bamboo thickets 6—7: Mist-effected “mossy” types, and the upper limit
of cultivation 8: Montane evergreen forest zone 9: Submontane evergreen forest zone 10: Low-
land rain forest zone 11: Submontane dry forest and woodland zone 12: Lowland dry forest
and savanna woodland zone
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Imatong Cherangani
#3000
«2000
-1000
3000- -3000
2000 +2000
1000- 1000

0J

Fig. 9b. Vegetation zonation in some african mountain areas of medium altitude, from the

continental types (above) to the oceanic ones (below). Explanation of the symbols the same

as on Fig. 9a. (Based partly on Jackson 1956, Mabberley 1975, Greenway 1955, Moreau
1935, Monod 1960, Rivals in Knapp 1973, partly original.)
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Fig. 10. Dry woodland vegetation on the NE slope of Nguru ya Ndege hill, 700—1200 m

of this zone receives a high amount of rainfall without a seasonal
interruption, or even if short dry periods occur, they are com-
pensated by the contiguous cloud and mist formation at this alti-
tude. Main annual temperature: 12—17°C. The diurnal change of
temperature is very low (when measured, it was only 4°C), and oc-
casional frost occurs.

F. Upper montane or lower subalpine zone with elfin woodlands, bamboo
thickets, peat bogs and with secondary grasslands, above altitudes
2100—2400 m. Although the annual variation of temperature is
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Fig. 11. Lowland rain forest on dolomitic marble; carst plateau of Kimboza Forest Reserve

12

at the E foothills, 300 m altitude above sea level

low, the diurnal change becomes much higher than in the high
forest zones, reaching more than 15°C, and it often sinks below or
near zero. The dwarf and very closed canopy of the elfin forest
is a good adaptation against the strong reradiation during cool
nights when the cloud belt usually sinks down and the high sum-
mits of the Ulugurus remain exposed.
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Fig. 12. Submontane rain forest on the SE slope of Mt. Tumbako, 900—1300 m
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Fig. 13. Tree ferns damaged by frost in the montane forest of Mt. Kifigo, 1800 m
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Fig. 14. The north slopes of Magari peak, covered by montane forests and by elfin woodland,
1600-2340 m

Fig. 15. Montane rain forest near Hululu Falls, south of Bunduki, at 1500 m altitude. In
the foreground dragon trees (Dracaena steudnerii), in the background tree ferns
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Fig. 16. Seminatural grasslands and forest line on the Lukvangule Plateau at 2450 m alti-
tude, with scattered Agauria salicifolia trees. In the background the highest point of the
Ulugurus, the 2664 m high Lukwangule peak, can be seen

Fig. 17. Elfin forest at the edge of Lukwangule Plateau, at 2450 m. The very dense canopy
of the dwarf (2—4 m tall) trees is to be noticed
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The paper deals with the growth analysis of two maize hybrids (OSSK-218 and
DKXL-342). The investigations were carried out in maize grown under factory condi-
tions (Agricultural Combine, B&bolna), between May 22 and August 15, 1974, from
the 6th week to the 16th week of age. The weight of above-ground parts and leaf area
were measured in two-week periods. For the description of growth in weight and of
leaf area, the exponential equation was used. On the basis of the equation, the weight
and leaf area of a plant were determined for every week. In the possession of these
data, the RGR, NAR, LAR, RLGR and CGR as well as the efficiency values were
estimated for every week. The study also deals with the changes in the growth charac-
teristics of hybrids mentioned above. The relationships between the various climatic
factors (weekly mean temperature, weekly amount of rainfall, observed weekly total
hours of the duration of sunshine) and the growth characteristics as well as the cor-
relations between the growth characteristics themselves are analyzed. Finally, the
effect of climatic factors on the variability of the growth characteristics and the influ-
ence of growth characteristics on RGR variability are discussed.

Growth analysis is a method which can be used as an approach in the
examination of plant photosynthetic production. The result of net assimilation
taking place in the plant is considered as net production (NP = NA — D =
= (GA — R) — D; NP = net production, NA = net assimilation, D = decay,
GA = gross assimilation, R = respiration).

According to Kvet—Ondék— Necas—Jarvis (1971), growth analysis
is employed in two directions: (i) examination of the relationships between
the productive capacity of a plant genotype and the internal factors; (ii) in-
vestigations of production and growth influenced by environmental factors.

The daily rate of growth (relative growth rate, RGR) is determined by
two parameters (if no special mention is made of the kind of growth, for
example of leaf area, then weight gain is meant): the daily net efficiency of the
assimilation per unit of assimilatory surface (net assimilation rate, NAR) and
the relationship of the total assimilatory surface to the weight of the whole
plant (leaf area ratio, LAR), writes Bi1ackman (1968). Of the two parameters,
the first contains a physiological, the second a morphological meaning (Evans
1972). In the knowledge of relative growth rate and of leaf area ratio, the net
assimilation rate can he assessed.
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Relative growth rate is not constant during plant life, therefore, a good
approximation can be achieved only if samples are taken frequently, in short
intervals (Briggs— K idd— W est, 1920). Since the relative growth rate is
formed by the net assimilation rate and because the leaf area ratio and the
latter decreases from a certain time point of development, the net assimilation
rate has a great role in the formation of the relative growth rate.

The subject of our study is the growth analysis of two maize hybrids
(OSSK-218 and DKXL-342), grown in the area of the Agricultural Combine,
Béabolna, in 1974.

Material and method

The measurements were made on individuals grown in factory conditions. The above-
ground plant parts were considered.

1. Characterization of the hybrids: OSSK-218, Yugoslavian hybrid; FAO number: 460.
A hybrid permitted to be marketed in 1970. A two-line hybrid grown from the hybridization
of two inbred lines. Its stalk has a dark-green colour and medium width. It has no offshoots.
Its leaf is dark-green, large, and lanceolate. The tassel is loose of medium size. The colour of
the anthers is green. Spaced sparsely, is inclined to have two cobs. The peduncle of the cob
is long, therefore in ripening the cob is abaxial. The cob is cylindrical, the kernel flattened,
its colour yellow. The colour of the ear is red. Ratio of kernel/ear: 84/16. The hybrid is of
excellent stalk strength, thus it is suitable for mechanized harvesting. Growing period is
145 —148 days. Medium to early ripening, at about the end of September. Moderately sensitive
to infection by strumous smut, fibroid smut, European corn-borer and also to damages caused
by them. It is resistant to Fusarium. The hybrid was produced in the State Farm of Boly,
in 1974.

Dekalb XL-342 (DKXL) American hybrid maize; FAO number: 580. Quality degree:
a variety permitted to be marketed in 1970. The three-line hybrid has been produced by the
hybridization of three inbred lines, in the USA and in Italy. Its stalk is very high (270 —
300 cm), thick, dark-green and of large, vivid green leaves, without offshoots. It develops one
thick and long cob. The cob is at the same height in all plants. The cob is cylindrical, with
a medium long peduncle. The cob is well-covered with husks. The kernel is flat and large,
of a light-yellow colour. The kernel/ear ratio is 84/16. The growth period is 156—160 days.
The hybrid is of late ripening and of excellent productivity. Its stalk strength is very good.
Resistant to diseases. Not sensitive to damages by the European corn borer. Optimal plant
density is 46—50,000 plants/ha. In 1974, Italian-produced seed was sown in the area of the
Combine.

2. Workshop conditions: in the maize area of the Combine, the industry-like production
of maize takes place in monocultures.

Since 1960, weed-killing has been carried out by chemical control. The herbicides used
in the maize fields from which the plants were gathered in 1974 are listed in Table 1, where
also the more important economical data are to be found.

3. The characterization of soil conditions is given in Table 2, containing the results
of the analysis of soil samples taken on May 22, 1974.

4. Climatic conditions: on the basis of field observations, the climatic conditions of the
vegetation period are shown in Table 3.

5. Sampling: 10 or 5 plants were cut at each sampling (May 22, June 5 and 19, July 3,
18 and 31, August 15). Sampling began on the fifth week after sowing, when the plants were
in their four-leaf state. Table 4 shows the maturity of stands on July 31, 1974. The dry weight
of the plant, the length of the leaves and their largest width were measured in the laboratory.
The average was used in the calculations. The weight of the under ground plant parts was
not measured. Neither was the stalk width, therefore the method suggested by Giovanardi
(1972) was not used for the assessment of the total assimilatory surface.

6. Calculation of leaf-area: the equation LA=(length) X(largest width) X 0.74 was used
for the calculation of leaf-area (K emp, 1960). The multiplier 0.74 was determined on the basis
of samples. This value is within the limits given in the literature (Kvét —Marshar1, 1971).
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Table 1

The main economic data

Symbol of the hybrid

0OSSK-218 DKXL-342
Place and number of field B 8 Ba 15
Years of monoculture 9 4
Herbicide Oleo-Hungazin Aktikon PK
Sowing time April 15-23 April 22—23
Number of plants, plant/ha 62,000 58,000
Crop* average, g/ha 64.6 79.8

* Eared; B = Bébolna, Ba = Bana

Table 2

Results of soil analysis
(May 22, 1974)

pH Easily soluble Total Carbon-  Arany’s

Humus ; \
; ! icchalk, binding
of field inwater KL n % mg/%())%g n&%Og N% % number
B 8 7.35 7.20 3.50 6.35 225 10.8 0.18 0.12 33.8
Ba 15 7.60 7.60 1.50 5.29 12.8 11.2 0.19 5.89 39.0
Table 3
Meteorological data
(Bé&bolna, 1974)
Average Deviation from Amount of Deviation from  Amount of the  Deviation from
Month  temperature (C) the 50 years” precipitation the 50 years’ monthly total the 50 years
average (mm) average hours of sunshine average
in. 1.7 +2.2 5.1 -34.9
V. 11.0 +0.5 28.9 -19.1
V. 14.6 -1.2 76.4 + 144 75*
VI. 17.6 —1.8 73.9 + 149 184 -72
VIL 20.3 -1.1 36.3 -27.7 208 —78
VIII. 22.4 +1.8 95.3 +31.3 214 -52

* Data measured beginning with May 21

7. Description of the growth (weight and leaf area): for this, the equation
= X Oekl

was used (Brody, 1945). The weight and leaf area of a plant were calculated for each day
between the individual samplings, by the assumption that the value of exponent k does not
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Table 4

Growth phase of stands
(July 31, 1974)

Average height (cm)

Symbol for the hybrid Plgce a?dh Tasseling fﬁ’!iﬂe'l?ﬁé
ym or the yori number of the Julv 24’ August 15‘
% 1974 1974
0SSK-218 B 8 90 75 180 227
DKXL-342 Ba 15 5 175 244

essentially change between two samplings. On the basis of the weight and leaf area values
calculated per day, the characteristics used in the growth analysis (see later) were determined
for every week. The first and last (incomplete) weeks were left out of considerations (May,
22 —25 and August, 11 —15).

8. Characteristics examined: the method used here was taken from the works of
Briggs —Kidd —West (1920), Kvét—Ondék —Necas—Jarvis (1971) and Evans (1972).
The characteristics are as follows: CGR = crop growth rate (= productivity. Odum, 1971);
RGR = relative growth rate (= efficiency index, Blackman, 1919; cit. in: Kvet—Ondoék —
Necas —Jarvis, 1971; = instantaneous relative growth rate, Brody, 1945); RLGR = relative
leaf growth rate; NAR = net assimilation rate (= unit leaf rate, Evans, 1972); LAR = leaf
area ratio: efficiency = the capability of the plant to solar energy conversion. The calcula-
tion of efficiency was carried out as follows: weight gain and increase of leaf surface per day
were calculated. The daily total hours of the duration of sunshine were known for every day.
W ith these data and on the basis of the equation

Q= (0.22 f 0.52 n/N)QO

the daily total amount of incoming solar radiation was calculated as cal./cm2day. The equa-
tion was taken from the work of Mitsudera —Sakai (1975) and Durand (1974). The coeffi-
cient of the equation given by Durand hardly differs from the values given in the publication
of Mitsudera —Sakai. The latter values agree with the average of the values contained in
Table 1 of Durand. In the above equation, n = observed daily total hours of sunshine dura-
tion; N = maximum possible amount of the daily total hours of sunshine; Q = daily total
amount of solar radiation falling on a horizontal surface of the earth; Q0 = daily total amount
of global solar radiation outside of the atmosphere.

Half of the Q value was used in the calculation, since only about half of the incoming
solar radiation falls on the interval which is converted by the plants (PAR). Having these
data, we calculated the incoming solar radiation falling on the leaf surface at time 8, and
the amount of weight gain between the points of time tI—t0 (one day); this was multiplied
by 4.00, which is an estimation of the calory value of the dry matter. Dividing the value of
plant growth expressed in calory by the quantity of calory incoming on the leaf surface gives
the efficiency (in our study, the result is given in percentages).

Results and evaluation
Weight gain

For the description of weight gain, we used the equation mentioned
above. The value of K in the exponent was calculated by the equation

k= In(WLIWO)I (t, - tO)

(Brackman, 1919; Fisher, 1921; both cit. in: Kvét—Ondék—Necas—Jarvis,
1971; Brody, 1945), which is the equivalent of RGR estimation.
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Table

5

The change of RGR and RLGR in OSSK-218 and DKXL-342 hybrids

Sampling time
0OSSK
1974. V. 22—VI. 5. 0.0685
VI. 6-VI. 19 0.1385
VI. 20-VII. 3 0.1003
VII. 4—VIIl. 18. 0.1331
VIl 19—VII. 31 0.0331
VI 1-VIII. 15 0.0284

By using the RGR = « values given in Table 5, we calculated the daily
weight of one plant. The curves shown in Fig.
Beginning with the 13th week, the drop in weight gain of the hybrids is well
observable. This is even more obvious if the logarithm of the weight is taken.
Our system was to consider the weeks 6—13 as belonging to one curve, and
those between 13—16 to another one. In the first phase the sixth week was
taken as the first one, while the 13th week as the eight one; in the second phase
the 13th week was the first and the 16th week was the fourth. The curves are
shown in Fig. 1, their equations are given in Table 6. The regression coefficients

g/plant

RGR
(9/g/day)

DKXL

0.1063
0.0762
0.1319
0.1164
0.0338
0.0281

RLGR
(cm2cm2day)
OSSK DKXL
0.0858 0.1181
0.1120 0.0716
0.0867 0.1065
0.0831 0.0775
0.0011 0.0175
-0.0027 0.0060

Fig. 1. The growth rate of the hybrids (for explanation see text)

1 are drawn on this basis.
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Table 6
Weight gain of the hybrids (log W) as a function of time (detailed explanation
in text)
Correlation
Hybrid Phase coefficient Regression equation n
M

OSSK-218 l. 0.996*** lg W, = 0.3565X1!1-0.9417 8
1. 0.955* lg W.,, = 0.1146X,+ 1.8485 4
DKXL-342 l. 0.996*** lg WI = 0.3295X1!-0.7621 8
il. 0.989* lg W2= 0.1084X2+1.8367 4

* 5% level; ** 1% level; *** 0.1% level significant value (hereinafter the marks will
be used with the same reference)

calculated for the two hybrids do not differ in any of the phases; in Phase |

t = 1.81, in Phase Il

t = 0.24.

Table 7 contains the weights calculated and measured in three different

ways. With the first
can be assessed very
estimation.

Sampling time

Hybrid: OSSK-218

VI. 5.
VI. 19.
VIl 3.
VII. 18.
VIl 31

Hybrid: DKXL-342

VI. 5.
V1. 19.
VIl 3.
VIl 18.
VII. 31:

W0 = observed weight; Wel

and second methods, the observed and measured values
well, while the third method resulted in less satisfactory

Table 7

Estimation of the hybrid weights (g/plant)

w,
0.49 0.49 0.49 0.59
3.47 3.46 3.41 3.05
14.13 14.10 13.89 16.12
104.00 103.81 102.28 91.85 (VII. 17))
160.00 159.63 157.28 155.70
091 0.91 0.91 0.79
2.64 2.64 2.64 3.60
16.74 16.72 16.72 16.40
96.00 95.84 95.86 88.12 (VII. 17))
149.00 148.75 148.75 145.20

Woek, calculated on the basis of t — i, —<0; we2 =

= woe calculated on the basisoft = 1 day; we3is calculated on the basis of the equations

given in Table 6
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Leaf area growth rate

In the description of the leaf area growth rate our system was similar
to that used in weight gain description. The RLGR values are given in Table 5.
The curves drawn on the basis of leaf areas calculated for days are shown in
Fig. 2. Ry drawing the logarithm of the leaf area, the break on the 13th week
in the weight gain mentioned above is observable also here, therefore we give
two equations (Table 8). It can be seen that in the case of OSSK the value ofr
is not significant in the second phase. The regression coefficients do not differ
in any of the phases of the hybrids (Phase I: t = 1.42; Phase Il: t = 0.78).

A
cm2/plant

Fig. 2. The leaf area growth of the hybrids (see text)
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Table 8

Growth of the leaf area of the hybrids (log A) as a function of time

. Correlation . .
Hybrid Phase coefficient Regression equation n
M
OSSK-218 1 0.998*** lgA, = 0.2856X, -f 1.4548 8
il 0.550 lg A2= 0.0110X2+ 3.6925 4
DKXL-342 | 0.998*** lg A, = 0.2727Xt+ 15229
1 0.956** lgA2- 0.0506X2+ 3.6465

The leaf area values measured and estimated in three different ways are
given in Table 9. The values obtained on the basis of equations involving
logarithms differ very much from the observed values in the case of both
hybrids.

Table 9

Estimation of the leaf area of the hybrids (cm-/plant)
Sampling time w,, w el ) wed*

Hybrid: OSSK-218

VI. 5. 95.32 95.33 95.31 106.20

V1. 19 457.28 457.33 457.33 395.50
VIl 3. 1538.5 1539.5 1539.1 1473.8
VIl 18. 5350.7 5354.5 5353.3 5023.0 (VII. 17)
VIl 31. 5429.3 5431.6 5430.4 5284.0

Hybrid: DKXL-342

VI. 5. 134.54 134.58 134.60 117.07
VI. 19 366.40 366.70 366.70 395.50
AVA | P 1627.20 1628.80 1628.80 1473.80
VIl 18. 5204.50 5208.90 5208.70 5023.00 (VII. 17)
VIl 31 6536.30 6539.50 6539.40 5284.00

References as in Table 7

A strong positive correlation exists between the logarithm of weight (W)
and that of leaf area (A); see Fig. 3 (OSSK: r = 0.992*** Ig A = 0.7225
lg W + 2.2293; DKXL: r = 0.988***, |g A = 0.7731 Ig W + 2.1793).
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IgA

Fig. 3. Correlation between the logarithm of weight and of leaf area

Growth characteristics

a) The weekly change in the crop growth rate is of an identical tendency
in hybrids up to the 14th week (Fig. 4). On the 15th and 16th weeks the produc-
tivity of DK XL rises, while that of OSSK drops, yet to a smaller extent than
on the 14th week. From the 12th week, OSSK productivity surpasses DK XL
productivity. However, on the 16th week the productivity of the two hybrids

shows very close values. The maximum productivity on the 13th week isidenti-
cal in the hybrids.

week

Fig. 4. Weekly CGR changes in the hybrids

b) Figure 5 shows the weekly changes in the relative growth rate of the
hybrids. Until the 12th week, the RGR of the hybrids changes contrarily,
then it decreases in both of them. The greatest decrease occurs on the 13th
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Fig. 5. Weekly RGR changes in the hybrids

mweek turning into the 14th week. During weeks 14—16, the RGR of the two
hybrids is about identical.

c) The relative leaf growth rate (RLGR) is of a declining tendency
already from the 10th week in the hybrids (Fig. 6). Until the 10th week, the
RLGR changes oppositely in them. From the 11th week to the 14th week
almost identical values emerge. The greatest drop occurs also with this charac-
teristic on the turn of week 13 to 14. The relative leaf growth rate of OSSK

1100
1000- 0SSK
900-

g 800-

o

A 700-

o

10. 10
week

Fig. 6. Weekly RLGR changes in the hybrids
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becomes negative on the 15th and 16th weeks, that is a reduction arises instead
of growth. This phenomenon is in connection with the decaying of the lower
leaves; around the end of July, the lower 3—4 leaves dry and fall off of the
stalks.

d) The weekly changes in NAR showed a rising tendency in OSSK,
between weeks 6—13. In DKXL the NAR value rose from the 8th week
(Fig. 7), while in the 12th and 13th weeks it was about the same. The hybrids

1600-
1500- J
1400- DXL

5 1200-
~ 1100 i

or 1000-
o

§ 900-

700-

e
——

600-

500-

400-

300i

e 17 1 Q1 @ 1 o2 | B VAR R A R
week

Fig. 7. Weekly NAR changes in the hybrids

had the greatest NAR value in the 12th and 13th weeks. By the follow ng
week the NAR values of both hybrids dropped back to their halves, then they
rose again on the 15th week.

e) Figure 8 shows the leaf area ratio. On the seventh week a maximum
occurred in the hybrids, then the LAR values decreased until the end of exami-
nation.

f) The weekly changes in the efficiency percentages of the hybrids showed
a similar tendency in almost all cases (Fig. 9). The highest values occurred on
the 12th week. The values in the figure are the weekly average. The daily
values exceed them or they are lower than the weekly values. The maximum
OSSK estimated efficiency is 8.4% (July, 12), its minimum efficiency per-
centage is 0.6% (June, 4 and 5). The maximum estimated DKXL efficiency
is 7.6% (July, 12), its minimum efficiency is 0.9% (June, 9).
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Fig. 8. Weekly LAR changes in the hybrids

Fig. 9. Weekly efficiency percentage changes in the hybrids

Correlation analysis

Let us now examine the relationships between climatic factors (weekly
mean temperature, weekly amount of precipitation, and weekly amount of
solar radiation) and growth characteristics as well as the interrelationships of
growth characteristics. Correlations were calculated by arranging the growth
characteristics with the climatic data of the preceding week. In this way the
total number of pairs makes 10. The correlation coefficients are given in
Table 10. As is seen, the hybrids show an approximately identical correlation
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Table 10

Correlations between the climatic factors and growth characteristics and between
the growth characteristics themselves

1 2 3 4 5 6 7 8 9
1 - -0.72 0.66 -0.53 0.16 —0.56 -0.59 0.47 0.07 OSSK-218
2 = = -0.91 0.32 0.15 0.18 0.30 —0.10 -0.06
3 = = = -0.19 -0.13 -0.06 -0.16 0.00 0.14
4 -0.41 0.27 -0.27 = 0.20 0.72 095 -0.59 0.52
5 0.10 0.12 -0.20 0.59 = -0.01 -0.09 0.62 0.82
6 -0.64 027 -0.12 0.58 -0.26 = 0.89 —0.91 —0.10
7 —0.53 0.27 -0.23 0.94 0.32 0.81 = -0.78 0.28
8 0.51 -0.08 0.01 -0.42 048 -0.91 —0.65 = 0.26
9 0.09 -0.08 0.04 0.67 090 -0.04 0.47 0.25 =
DKXL-342
1 = weekly average temperature (°C)
2 = weekly amount of precipitation (mm)
3 = weekly amount solar radiation (h)
4= RGR; 5= NAR; 6 = LAR; 7= RLGR; 8 = CGR; 9 = efficiency, %

0.63—0.75, significant on 5% level
0.76 —0.86, significant on 1% level
0.87—0.99, significant on 0.1% level

- = =
o n

with the climatic factors. There is only one significant correlation between
the climatic factors and the growth characteristics. Most significant correla-
tions with another growth characteristic were manifested by the RLGR in
both hybrids.

In the knowledge of the correlation coefficient, path analysis was car-
ried out, in order to detect, and to estimate the causes of variabilities. The path
diagram was prepared so as to allow the estimation of the influence of the
climatic factors mentioned above on the growth characteristics examined, and
also of the effect of growth characteristics on the RGR variability (Fig. 10);
the enumeration in the figure is in agreement with that used in Table 10,
the arrows indicating correlation — double-headed arrows — are used only
between the climatic factors, and they are not represented between the growth
characteristics; the error paths belonging to the various growth characteristics
are not marked, with the exception of RGR; one-headed arrows indicate direct
paths. The case of the correlated causes was chosen. First the effect of climatic
factors on the variability of growth characteristics is discussed. Table 11 con-
tains the estimation of the effect of climatic factors on the variability of growth
characteristics in the hybrids. Each of the climatic factors has a positive effect
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RGR

Fig. 10. The path diagram plotted by the authors (see text)

on the OSSK variability of NAR and efficiency. As for the RGR variability
in DKXL, each of the climatic factors has a negative effect on them. It is
remarkable that the other factors exert a relatively great influence in all cases.

Table 11

Paths between the climatic factors and the growth characteristics

RGR
. -0.628
2. 0.419
3. 0.606
E 0.805
1 -0.446
2. 0.168
3. -0.128
E 0.909
1 =
2. =
3. =
E =

NAR

0.556
0.571
0.022
0.823

0.392
-0.088
-0.539

0.831

LAR

-0.899
0.104
0.629
0.718

0.933
0.287
0.757
0.645

weekly average temperature
weekly precipitation

amount of weekly hours of solar radiation
error = other factors

RLGR

-0.783
0.354
0.676
0.734

-0.698
0.132
0.111
0.831

CGR

0.832
0.006
-0.541
0.781

0.943
0.243
-0.392
0.778

Efficiency |

0.051
0.427
0.495
0.976

0.069
-0.205
-0.193

0.992

OSSK-218

DKXL-342

The other growth characteristics exert different effects on the RGR vari-
ability of the two hybrids (Table 13). While RLGR exerts the greatest influ-
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Table 12

199

Percentage distribution of the paths given in Table 11

RGR
1 39.46
2. 17.58
3. 36.73
Direct effects 93.77
Indirect effects —58.58
Other effects 64.18
l. 19.92
2. 2.83
3. 1.65
Direct effects 24.40
Indirect effects — 7.18
Other effects 82.78

NAR LAR
30.94 80.98
32.58 1.09
0.05 39.55
63.57 121.62
—46.40 — 73.13 -
68.61 51.51
15.40 87.01
0.78 8.27
29.07 57.35
45.25 152.63
—1430 - 94.26
69.05 41.63
Table 13

RLGR

CGR

69.19
0.00
29.26
98.45
59.53
61.08
88.98
5.89
15.33
110.20
— 70.74
60.54

The effect of NAR, LAR, RLGR, CGR and efficiency on the

NAR

LAR

RLGR

CGR
Efficiency
Direct effects
Indirect effects
Other effects

OSSK-218

path

-0.082
0.124
0.920
0.215
0.284

0.179

%

0.67
1.54
84.73
4.63
8.05
99.62
2.82
3.20

Efficiency

0.26 OSSK-218

DKXL-342

RGR variability

DKXL-342

path %
0.929 86.43
—0.057 0.33
0.339 11.48
—0.657 43.19
—0.164 2.69
144.12
- 4411
-0.0001 0.01

ence on the variability of RGR in OSSK, the greatest positive effect is exerted
by NAR in DKXL. The influence of the other characteristics is not significant
in any of the hybrids, which is contrary to the case of the climatic factors.
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UBER EINIGE PFLANZEN
DES WESTLICHEN TIENSCHAN. 1.

Von

Sz. Priszter
BOTANISCHER GARTEN DER EOTVOS L. UNIVERSITAT, BUDAPEST

(Eingegangen am 2. Januar, 1976)

The author makes us acquainted with the history of the discovery of Eremurus-
hybrids; enumerates all the artificial and spontaneous hybrids known up to now. He
gives a name to the crossing Eremurus regelli x K. turkestanicus found in the West-
Tien-Shan (Eremurus X ludmillae Levitschev et Priszter). The author describes a new
variety of Alcea nudicaulis (var. marthae) and gives informations about several lususes
and forms — all can be found in the Natural Protection Area of Tshatkalski Shapo-
vednik. Finally there are mentioned some adventivous plants occurring in the neigh-
bourhood of Tashkent.

5. Eremurus-Hybriden

Heute sind in dem sich von der Krim bis zum Himalaja erstreckenden
ausgedehnten Gebiet schon mehr als 80 Arten der Uber einen sehr charak-
teristischen, eigenartigen Habitus verfiigenden Eremurus-Gattung bekannt.
Die erste Eremurus-Axt (noch unter dem Namen Asphodelus altaicus) ken-
nen wir fast seit 200 Jahren, den grossten Teil der Arten hat man aber — vor
allem aus Mittelasien — erst in den letzten Jahrzehnten beschrieben. Systema-
tiker der letzten Zeit (z. B. Khokhrjakov 1965) erheben ztvar die anfangs
als Genera, spdter als Subgenera bzw. Sektionen betrachteten Namen (Am-
molirion, Henningia, Selonia usw.) wieder auf den Rang eines Genus, jedoch
wurde dies nicht allgemein angenommen. So gebrauchen wir im weiteren nur
den Gattungsnamen Eremurus.

Wegen der auffallenden, exotischen Form und Grdsse der Eretnurus-
Arten (viele von ihnen sind 50—80, andere 100—150 cm hoch, einige errei-
chen sogar die Héhe von 3 m), ferner ihres massenhaften Auftretens fallt
ihnen in der xerothermen Gebirgs-, zuweilen W ustenvegetation Mittel- und
Sltdwestasiens eine bedeutende Rolle zu. Mehrere ihrer Arten hat man bereits
vor etwa 100 Jahren wegen ihrer prachtvollen Bluten auch in die Garten-
kultur einbezogen (ich habe z. B. im Garten sogar 250—400 Bliten tragende,
80— 100 cm lange Infloreszenz von E. himalaicus und E. robustus gesehen)
und zur Jahrhundertwende begann man sogar einzelne Arten zu veredeln.

*1.: Acta Bot. Acad. Sei. Hung. 21 (1975) p. 377—386.
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Zuerst wurde bloss die spontane Kreuzung einiger, in den europdischen
Garten gedeihender Arten beobachtet, aber in kurzer Zeit hat man auch mit
der bewussten Arbeit der kiunstlichen Kreuzung begonnen. Die bekannteren
&lteren Kreuzungen (vgl. Fedtschenko 1909: 83, 154—160) sind:

E. Xisabellinus

. X Michelianus (E . stenophyllus var. bungei X W'arei)
.XM rs. Reuthe (E . spectabilis var. marginatusxW arei)

Das Vorkommen der Fremurus-Hybriden in der Natur begann man erst
spdter zu erforschen. O. Fedtschenko hat im Jahre 1909 das Vorhandensein
der natirlichen Hybride E. olgae X stenophyllus nur noch in einer vorsichtigen
Abfassung verifiziert (Fedtschenko 1909: 94), B. Fedtschenko verweist
1935 noch ebenfalls nur auf die Gartenhybriden der vier dekorativen Arten
(E. olgae, robustus, spectabilis, stenophyllus), obwohl er die Aufmerksamkeit
eigens auf die in der Natur entstehbaren Fremurus-Hybriden lenkt. Wendelbo
schreibt hingegen schon (1964: 26), dass ». ..natural hybrids may be quite
common as several species often grow together«. In einem eigenen Abschnitt
seiner Arbeit (p. 26—29) erdrtert er ausfihrlich drei Hybriden aus Afgha-
nistan:

E.xWarei (JE. olgaeXstenophyllus var. bungei)

E. X Shelford

E. robustus Superbus (E. himalaicus X robustus)

E. X Himrob

E.xTubergenii (E . himalaicus X stenophyllus var. bungei)
E

E

E. kaufmannii Xstenophyllus ssp. aurantiacus
E. olgaeXstenophyllus ssp. stenophyllus
(E. albocitrinus Bak., E.X Shelford, E.X isabellinus, E.xW arei)

E. robustus X stenophyllus ssp. aurantiacus.

Vvedensky erwdhnt in einer seiner letzten Arbeiten (1971) unter den
aus Mittelasien aufgezédhlten 45 Eremurus-Arten schon in grosser Zahl Hybri-
den ohne bindre Nomenklatur, lediglich mit der Angabe der Eltern. Diese
sind — in alphabetischer Reihenfolge der Arten — die folgenden:

1. angustifolius X stenophyllus 6. kaufmannii X robustus

2. brachysternon X comosus 7. olgaeXstenophyllus

3. fuscusX regelii 8. regelii X turkestanicus

4. iaeX regelii 9. robustus X stenophyllus

5. iaeX robustus 10. sogdianusX turkestanicus.

Anlésslich unserer in den Jahren 1973 und 1975 vorgenommenen For-
schungen in Usbekistan konnte ich mit den botanischen Mitarbeitern des
Gebietes von Tschatkalski Sapowednik unter den stellenweise in Massen ge-
deihenden vier Eremurus-Arten (F. regelii, robustus, sogdianus und
turkestanicus, Abb. 1—4) die naturliche Hybride des Eremurus regeliix
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Abb. 1. Eremurus sogdicinus (Rgl.) Benth. et Hook, f., Blutenstand
Abb. 2. Eremurus robustus Rgl., auf den Hé&ngen Uber dem Tal des Basch-Kysil-Sai
Abb. 3. Eremurus regelii Vved., Blitenstand
Abb. 4. Eremurus turkestanicus Rgl.,, im Tal des Iran-Sai
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turkestanicus an mehreren Stellen beobachten. Diese Hybride hat zwischen
den voneinander morphologisch abweichenden beiden Eremurus-Arten einen
ziemlich intermedidren Habitus. Der Bliitenstand der Art E. regelii (Abb. 3)
ist dicht, das Perigon rosa-weinrot, die Kapsel hat eine tief gefurchte Ober-
flache. Der Bliitenstand der Art E. turkestanicus ist hingegen ziemlich locker
(Abb. 4), das Perigon gelblich-grin, die Oberflache der Kapsel glatt.

Die Hybride Eremurus regelii X turkestanicus habe ich zuerst am Fuss
des Ak-Tasch in einer Hohe um 1800 m gesehen, wahrend die im Laboratorium
der Forschungsstation tatigen Forscher I. G. Lewitschew und L. S. Kra-
SOWSKAJA einige Exemplare ihrer in etwa 2000 m-Hdéhe im Unteren Minara-
Gebirge beobachtet und auch eingesammelt haben. Da diese Hybride noch
keinen bindren Namen hat, haben wir sie zu Ehren der Sammlerin Eremu-
rus X ludmillae genannt.

Eremurus X ludmillae Levitschev et Priszter, NOMen novum
(E. regelii Vved.X-E. turkestanicus Rgl.)

Color perigonii ill6 E. regelii pallidior, sed E. turkestanico atrior. Inflorescentia non tarn
densa, quam apud E. regelii. Capsula leviter (non dense) rug6sa. Antherae illis E. turkestanici
similes: longae et deorsum recurvatae. Holotypus: inter parentes, in declivibus saxosis meri-
dionalibus montis Minara Inferior (montiuin Tien-Schan Occidentalis), territorii protectionis
naturae Tschatkalski Sapovednik dicti, alt. 2000 m.s.m. Leg.: lgor Levitschev et Ludmilla
S. Krasovskaja, 30. 5. 1975. Herbarium Horti Botanici Universitatis Scientiarum Budapest
(Hungéria).

6. Alcea nudicaulis (Lind1.) Boiss. var. marthae Priszter

Die von Althaea abgesonderte Gattung Alcea* ist im Kaukasus und in
Mittelasien ziemlich artenreich (11jin beschrieb z. B. 10 neue Arten im Jahre
1949). Von den Arten ist in Mittelasien Alcea nudicaulis (Lindl. sub Althaea)

* Da die neuere internationale Fachliteratur noch kaum davon Kenntnis genommen hat
was seit 1969 in der ungarischen Literatur bereits publiziert worden ist, muB ich hier erwéh-
nen, dal wenn wir die von den Althaea abgesonderte Gattung Alcea anerkennen (und dies
wird immer mehr anerkannt), so ist der giultige Name der urspringlich aus Ungarn beschrie-
benen Art »Althaea pallida W. et K. ex Willd.« (Sp. pl. 3. 1800) nicht Alcea pallida (W. et
K. ex Willd. 1800 vel 1801) W. et K. 1800 vel 1801 (Descr. Icon. PI. Rar. Hung. 1.). Diese
Pflanze hat namlich urspringlich J. J. Wintert um 1780 in Ungarn entdeckt und in seinem
»Catalogue« aus dem Jahre 1785 (in Manuskript) kann die Art schon unter dem Namen »Alcea
nova« (Priszter 1972b: 147, 1973: 99) angetroffen werden. In dem in Druck erschienenen
»Index« des Botanischen Gartens zu Pest — der zugleich das erste Florenwerk Uber den
mittleren Teil Ungarns ist — bringt winter1 eine kurze Beschreibung und ein gultiges Binom
daruber (dieses ist fast der einzige gultige Pflanzenname von W inter1, da die Namenseiner
tbrigen Entdeckungen wegen des Gebrauches des bloB »neues« bedeutenden Wortes »novum«
ungultig sind; vgl. Priszter 1972a: 7). Wintert hat auBer der kurzen Diagnose (»floret
secundo anno, mox peritura. Spontanea hungariae flore pallido, caulis solitarius simplex«)
auch eine Kupferstichtafel (fig. 23. p. 153) der Pflanze publiziert. Der giltige frithere Name
von Alcea »pallida (W. et K.) W. et K.« ist demnach: Alcea biennis W inter1 1788 (Index Horti
Bot. Univ. Hung. p. 3). (Priszter 1969: 211, 1972a: 15; cf. So6 Syn. 4 1970: 587, 5 1973: 689.)
Syn.: Alcea pallida W. et K. ex wirtta. 1800 vel 1801

Althaea pallida (W. et K. sub Alcea) W. et K. 1800 vei 1801; Besser 1822 (sec. FI.

URSR 7 1955: 286.)
Althaea biennis (Winter1 1788 sub Alcea) Borb. 1900, non Althaea biennis (M. B.
1808 sub Alcea) O. Ktze. 1891 quod est Lavatera biennis M. B. 1808.
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Boiss., mit ihren schonen, weissen Bliten ziemlich verbreitet und kann
eventuell als Ahne der bloss aus Kulturen bekannten Alcea rosea betrachtet
werden. Der Alcea rosea &hnlich verfigt auch Alcea nudicaulis Uber einen ziem-
lichen Formenreichtum. So hat 11jin (1949) — ihre Behaarung sowie die
Zerteilung der Blattspreite in Betracht gezogen — mehrere ihrer Formen
unterschieden (f. subglabra, f. pilosa, f. hirsutissima; f. obtusiloba, f. acuti-
loba Iljin).

Im Westlichen Tien-Schan haben wir eine auffallende Blitenabwei-
chung beobachtet. Die Kronbldtter der typischen Alcea nudicaulis sind unten
und oben so breit, dass sich ihr Band zum Teile deckt und die Blite demzu-
folge dem Anschein nach eine Trichterform bildet (Abb. 5). Einen &hnlichen

Abb. 5. Alcea nudicaulis (Lindl.) Boiss. var. nudicaulis, Blite

Bliutenaufbau zeigen noch Alcea rosea oder auch mehrere Linum-Arten. —
Bei der selteneren neuen Varietdt der Art Alcea nudicaulis sind die Kron-
blatter hingegen schmal, stehen weit voneinander und im Spalt zwischen den
Kronlilattern sind die Kelchblatter gut sichtbar (Abb. 6—-7). Einen diesem
&hnlichen Blitenaufbau kénnen wir auch bei anderen Malvaceae-Arten (z. B.
Lavatera thuringiaca, Malva silvestris oder auch bei der in Tadschikistan hei-
mischen Art Alcea baldshuanica (Bornm.) Iljin vorfinden.

Das im Gebiet Tschatkalski Sapowednik an mehreren Stellen vorkom-
mende (und gewiss auch anderswo vorfindbare) neue Taxon habe ich mit
meiner Frau gemeinsam gefunden und als Varietdt (nicht bloss als Form)
nach ihr benannt, da diese Varietdt vom Typ morphologisch in bedeutende-
rem Masse abweicht und dieser abweichende Blitenaufbau bei anderen Arten
der Familie Malvaceae — wie gesehen — ein konstant auftretendes Merk-
mal ist.

Alcea nudicaulis (Lind1.) Boiss. Var. marthae Priszteh, Var. nova

A typo petalis angustis (supra 20—26, infra 7 mm latis) bene differt. Calyx inter un-
gues petalorum eminens.
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Habitat in territorio protections naturae Tschatkalski Sapovednik dicto (et verisimi-
liter in aliislocis) montium Tien-Schan Occidentalis. In valle Iran-Saj prope stationem meteoro-
logicam (cca 1200 m. s. m.) die 4. 6. 1975 legerunt M. et Sz. Priszter. Ad honorem detectoris:
uxoris mei nominata. Holotypus in herbario Horti Botanici Universitatis Seientiarum Buda-
pest (Hungdria) conservatur.

Abb. 6. Alcea nudicaulis (Lindl.) Boiss. var. marthae Priszter, Blite

UScm

_ !

Abb. 7. Alcea nudicaulis var. nudicaulis (links) und var. marthae (rechts), Kronblatt und
Kelchblatter

Die weissblutige Art Alcea nudicaulis haben wir im allgemeinen zwi-
schen 1000—1500 m. U. M., in der Waldsteppenzone gefunden. An den west-
lichen Ausldaufern der Gebirge — so z. B. in der Umgebung von Parként —
haben wir auch rosafarbene Individuen gesehen (jedoch nur aus dem Autobus
beobachtet). Es werden weitere Untersuchungen an Ort und Stelle nétig
sein, um entscheiden zu kdénnen, ob die dortige Pflanze eine Hybride der Art
Alcea rosea ist oder ob sie eventuell mit der aus Tadschikistan erwé&hnten
Alcea sangardensis Iljin (nomen nudum, in Fl. URSS 15. p. 110—111) mit
rosafarbenen Bliten und tiefgespalteten Bldttern identifiziert werden kann.
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7. Einige Farbabweichungen aus dem Westlichen Tien-Schan

Calopliaca tianschanica (B. Fedtsch.) Boriss. lus. aurantiaca Priszter, lus. novus
A typo floribus aurantiacis (non aureis) differt.
Cerasus erythrocarpa Nevski lus. albiflora Priszter, lus. novus
A typo floribus albis (non roseis vel purpureis) differt.
Onobrychis grandis Lipsky lus. purpurea Priszter, lus. novus
A typo floribus laete purpureis (non roseis vel alboroseis) differt.
Hypericum scabrum L. lus. citrinum Priszter, lus. novus
A typo floribus citrinis (non flavis) differt. Frequens.
Impatiens parviflora DC. f. albiflora Priszter, f. nova
A typo floribus albis (non ochroleucis) differt. Formé&é ab hoc divergentes sunt: f.
albescens Rohlena 1926 (fauce aurantiaco) et f. bicolor Leeder in Neumann 1929 (fauce
calcarique purpurascente). Forma nostra albiflora in regione Tien-Schan Occidentalis
frequens esse videtur.
Helichrysum maracandicum M. Pop. et Kirp. lus. albescens Priszter, lus. novus
A typo squamis fere albis (non laete flavis) differt.
Korolkowia sewertzowii Rgl. lus. viridiflora Priszter, lus. novus
A typo floribus toto viridibus (non brunneo-purpureis vel viride-purpureis) differt.
Allium barszczewskii Lipsky lus. albidum Priszter, lus. novus
Color florum plantae typicae varidbilis: laete purpureus, roseopurpureus, roseus;
pedunculis purpureis. Lusus albidum a typo petalis fere albis pedunculisque albis (vel
purpurascentibus) differt.
Allium iodanthum Vved. lus. roseolum Priszter, lus. novus
A typo floribus roseolis (non atropurpureis) differt.
Juniperus serawschanica Kom. f. glauca Priszter, f. nova
A typo foliis glaucoviridibus differt. Color haec apud diversas Coniferas frequenter

proveniens.
Lusi formaeque haec omnes in territorio protectionis naturae Tschatkalski
Sapovednik dicto provenientes. Holotypi omnes — anno 1975 lecti — in herbario

Horti Botanici Universitatis Scientiarum Budapest (Hungdaria) conservantur.

Isatis boissieriana Rchb.f. lus. purpurea Priszter, lus. novus
A typo siliculis purpurascentibus differt. Prope urbem Samarkand, die 2. 6. 1975 lecta.
Holotypus (Nr. 8125/75) in herbario Horti Botanici Universitatis Budapestinensis con-
servatur.

8. Einige Adventivpflanzen aus Taschkent

Crambe amabilis Butk. et Majlun. Eine im Jahre 1962 aus Kasachstan beschriebene Art, die
an Ruderalstellen auch in Usbekistan sich zu verbreiten scheint. — In ruderatis ad
urbem Taschkent et in regione vicina (e. gr. prope Tschimgan). An apophyton?

Polygonum cuspidatum Sieb, et Zucc. = Reynoutria japonica Houtt. — In hortis culta et
in urbe Taschkent pluribus locis subspontanea.

Duchesnea indica (Andr.) Focke. — Planta ornamentalis et in locis compluribus urbis Tasch-
kent (e. gr. in hortis publicis privatisque) saepe subspontanea.

In Horto Botanico Academiae Scientiarum Usbekistanae (in urbe Taschkent) plantas sequen-
tes adventivas vidi: Fibigia macroptera Boiss. (ex Caucaso et Asia Minore), Anemone
pennsylvanica L. (ex America Boreali), Duchesnea indica (Andr.) Focke (ex Asia Austra-
li et Orientali).
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ADDENDA AD PARTEM I. HUIUS OPERIS
(Acta Bot. Hung. 21. 1975. p. 385))

Loca natalia nova Sedi eiversii ex Herbario Univ. Hauniensis
(Kobenhavn, Danmark):
Sedum ewersii Ledeb. var. ewersii:
Afghanistan: Minjan (leg. L. Edelberg, 1948),
W. Pakistan: Naran (leg. G. Hammer, 1969);
Sedum ewersii Ledeb. var. homophyllum Praeg::
Afghanistan, Nuristan: Pashki (leg. G. Hammer, 1969); (varietas haec ad floram afgha-
nicam nova; determ. Sz. Priszter, 1967).
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The author carries out his botanical examinations of wild vine stands in the
Carpathian Basin, i.e. in the area of Hungary, rich in characteristic autochthon species.
Since the end of the 19th century, no thorough studies on the stand have yet
been published. It is noteworthy that the northern boundaries of Hungary more or
less coincide with the northern boundaries of both the distribution of Vitis sylvestris
Gmel. (grove vine) and the growth of V. vinifera L.

In the area mentioned above, V. riparia Michx. besides V. sylvestris, increasingly
gains ground too. It is for the first time that, after the cenological characterization of
the habitats of both species, the diagnostic character and data of cluster-, berry-, and
seed, among them berry size and berry weight correlation data, of V. sylvestris obtained
from nine habitats are described on the basis of a botanical analysis.

The seed plays a primary part also in the classification of the basic species of
vine. The author considers as basic species those wild vines which use to grow for the
selection of stock cultivars or fruiting cultivars (grapevine, table grape).

The most important dimensions of V. sylvestris seeds, compared to those of the
Austrian and Upper-Rheinish vine-seeds, are given in tables, with reference to habitats.
The V. riparia seeds are presented in a similar manner. The author groups the wild
vine seeds by the length data of the seeds.

Investigations into the two species reveal that during seed length growth the
seed beak grows quicker as compared to seed corpus.

Several comparisons have been made with the diagnostic characters of V. vini-
fera seeds. By means of calculating several ratios — diameter/length (occasionally its
reciprocal that is length/diameter), beak length/seed length — the author characterizes
the seed of the two wild-growing vine species in Hungary. While making the com-
parisons with V. vinifera, the author calls attention to similarities (for example, seed
diameter) and to dissimilarities as well; as for example the problem of short beak and
wide chalaza.

Introduction

The rich flora of the Carpathian Basin, the occurrence of the character-
istic Pannonian-Balkanian and Pontian plant species had already early aroused
the attention both of Hungarian, and especially West-European botanists.
Many eminent botanists like Pal Kitaibel, Vince Borbas, Arpad Degen,
Arpéd Kiss, Lajos Simonkai, Viktor Janka, Sandor Javorra, Zoltan
Karpati, Jené Keller, Imre Mathé, Gusztav Moesz, Gyula Nyaradi,
Antal Pénzes, Raymund Rapaics, Janos Wagner, Endre Gombocz, Jené
Bernatsky, Rezsé6 Sod6, Balint Zélyomi explored the Hungarian flora, and
achieved noteworthy results even at international level. Notwithstanding all
this, the Vitis stands with regard to taxonomy have remained almost untouched.
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The Hungarian-born Professor E. RAthay of Klosterneuburg (Austria)
was almost the first (1889 Vol. V.) after Kerner (1857) to pay attention
to the vine populations alongside the Danube (1888/1889; 1892/1893). His
vine carpological examinations, the detailed analysis of the sexual dimorphism
of V. sylvestris serve as a basis even today for every research into V. sylvestris
and V. vinifera. Today in Hungary P. Kozma (1963, 1964, 1966 etc.) is an
outstanding contributor to the carpological research of cultivated vines at
an up-to-date level.

Hegedds (1966, 1968, 1969) published the results of his vine anatomical
and morphological research in several papers and books.

Andrasovszky (in Javorka, 1924—1925), also a Hungarian, who
achieved fame with his systematization of cultivated vines, did not deal
with vine stands growing wild. Andrasovszky’s view (l.c.) on wild-growing
vines is well-reflected by his following words: “The V. silvestris Gmel. . ..
contains the forms of several V. vinifera group cultivars occurring especially
in the south; their flowers, owing to the discontinuation in cultivation, are
often but not always unisexual”. Adnrasovszky’s contemporary, Gayer
(1928), who was a great advocate of Andrasovszky’s system of cultivated
vine, considered V. sylvestris as an autochthony of vines growing alongside
the watercourses.

Andrasovszky (1915—1917) was the first in Hungary to systematize
the vine species by the shape characteristics of the seeds. Today it is Facsar
(1967; 1970; 1971) in our Institute who deals with the question and who
compiled the so-called seed type group system of V. vinifera cultivars (1972).

Among the specialists of the practical field 1's6 (1954) was the first
to take notice of the mass occurrence of V. riparia alongside the river Tisza.
Botanists did not indicate the presence of this species; it is considered even
today as V. sylvestris (for example, Magyar, 1960). In our opinion, a thorough-
going botanical elaboration was much hindered by the view—which can be
considered as general — that the wild-growing vine stands of Europe essen-
tially consist of escaped plants, thus it is not worth-while to deal with them. This
attitude seems to be confirmed by ‘accepted’ handbooks, too. For example
Rehder (1951) says: “The spontaneous or subspontaneous form is sometimes
distinguished as (V. vinifera L.) var. sylvestris Willd. . ..”

These had been the preceding phases of research when we started to
make a project and became engaged in solving this problem (Terpo, 1962;
1963; 1969; 1974). Our research could essentially be based besides the results
of RAthay, on those of the French Levadoux, the Roumanian Pop, the
Yugoslavian Turkovic and Soviet Negrul’. The good personal relationships
that developed between the latter two and us had to a great extent favourably
influenced the organization and accomplishment of V. sylvestris research, the
final target of which was to elaborate the origin, taxonomical classification
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and ecological conditions of V. sylvestris, and the problem of its being related
to V. vinifera and V. riparia.

In the present paper we describe and discuss only the characteristics
and correlative connections of the fruit and seed.

M aterial and method

Research into wild vine partly consists of field study. By doing this we carry out
the cenological elaboration and the collection of soil samples to obtain ecological data; the
investigations into sex distribution; the estimation of the conditions of the plants (disease,
etc.); the surveying of phenological data; and the collection of fruits.

Since 1964, continually, we have established a living collection from the materials
gathered — in the “Botanical Gardens of Soroksar” belonging to the Department of Botany
of the University — mostly by sowing the seed. The soil of the area (slightly humic sand of
chernozem character) developed on sand dunes characteristic for the Danube-Tisza Mid-
region. Its annual moisture quantity is 552 mm, annual mean temperature 10.2°C, the first
autumn frost generally appears on the 11th of October.

The fruits of the cultivated and of the wild-grown materials were measured and evalu-
ated according to practice in ampelography; the shape of the berry was depicted by drawing.
The berries were grouped according to the number of seeds they contains; their shape data were
obtained by means of a stereomicroscope, on the basis of the pattern shown in Figs 8—9; the
magnification of the ocular micrometer was 12.5 X, that of the objective was 1X. We en-
deavoured to obtain data useful both in taxonomical and archaeological research.

In the evaluation of the data recorded | applied various mathematical-statistical
methods. In order to determine the rate of variability of the characteristics, of their distribu-

tion and variation, | calculated the variances and the significance |s = j/ ~ ~ = Jfs2j .
| compared the variation of the different characteristics of the fruit and the seed — the devia-
tion related to the average, in percentage — by means of the variation coefficient as

:C\/:s-mo
X

The values of the variation coefficients were estimated as the following variation
classes:

1. 0—10% — the characteristics are invariable and as such are usable also for dis-
tinguishing infraspecific taxa;
2. 10—20% — the characteristics show a moderate variation, and can be used satis-

factorily in distinguishing species;

3. 20—30% — the coefficient represents a high degree of variation which can be traced
back to species rich in infraspecific taxa, to hybrid populations, and often to the effect of
extreme ecological conditions;

4. 30% — the coefficient represents an extreme fluctuation in the characteristics.

When examining the correlations between seed number and berry volume, | also
calculated the values of confidence interval.

Among the ratio numbers, mainly the seed index values (length/diameter or its recipro-
cal diameter/length), used also in ampelogical researches, were calculated and the results were
plotted graphically. This mode of representation was considered important especially since
through it a possibility was offered to me to compare my data with those of other authors.

The length and diameter of the seed were measured and used in all cases, similarly to
the length of the beak. Certain morphological characteristics (such as the length and diameter
of the rosette) were measured only for informatory purposes.

Besides the above data, the qualitative diagnostic characters of the seeds were also
determined: the shape of the seed, the form of the base and beak, the sculpture of the dorsal
and the ventral sides, the colour and the glaziness of the seed.

A minimum of 20 seeds of one type was used in the calculations; in cases of easy access
100 seeds per plant were collected.

14* Acta Botanica Academiae Scientiarurn Hungaricae 22, 1976



212 TERPO, A.

The correlations between seed numbers and berry sizes per berry were examined by
means of a regression analysis; the results are given as correlation coefficients, data pairs,
regression coefficients with their significance and the regression equation.

The mathematical-statistical calculations that have been applied are principally based
on the work of Svab (1967).

Results

In our research we examined also the origin of the wild vine populations
since in the case of every plant which has also a category of cultivated form,
the suspicion of the plant having heen escaped from domestication inevitably
arises. Another view is that which simply considers all wild vine plants as the
remnants of old civilizations, that is “escapes”. | have already used the method
of investigating the origin of other plants, too (Terpo 1960); the fruitfulness
of this method has emerged especially in the case of wildgrowing Pyrus stands.

Wild vine stands can be classified into the following groups:

(1) Autochthon stands or species, the origin of which can be proved
irrespective of any doubt (by means of cenological, palaeontological and
archaeological, etc. methods). Similarly, as every plant, anyhow these original
basic species can be drawn into cultivation (for example as stock cultivars,
or ornamental plants) as well, when, however, they maintain their original
characteristics. Such vine plant is Vitis sylvestris in the examined area.

(2) Subspontaneous vines, which are adventitious elements for the
natural flora (Figs 1 and 2). They can behave in an ephemeral way or
as naturalized plants and can become permament members of the natural flora
in Europe as well; such are for example V. riparia. These plants under such
ecological conditions that is they are similar to their original habitat, are
(a) competitive; (b) resistant to various diseases and insect damages to localities
at least to as high an extent as in their original lands; (c) their variability also
attains the degree detectable in their old habitat: (d) they spontaneously
hybridize with the related species to be found here. All these allow us in Hun-
gary to infer in the case of V. riparia that the secondary centre of origin of
the species has developed here (of which hybridization is, of course, not a
criterion).

2.1. Subspontaneous basic vine species (see the foregoing paragraph).

2.2. Subspontaneous variety (cultivars). In the course of our researches
we have found a few plants of direct producer of variety in subspontaneous
state in Hungary. The subspontaneously growing roots of the variety tradi-
tionally cultivated here (for example, ‘Harslevell’, ‘Furmint’ and ‘Kovi-
dinka’) have not been found in the original vegetations. For the time being only
one plant of V. vinifera-like vine has come into light in the subspontaneous
state from the outskirts of the village Csesznek in the Bakony Mountains.

(3) Culture relicts. In discontinued plantations, viticultures often con-
tinue to grow where they had been cultivated even at the time when as a
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Fig. 1. Feral Vitis riparia Michx. in the edge of the reed bank; Békésszentandrds 1962
(photo: A. Terpé)

Fig. 2. Feral, direct producing vine cultivar of V. labrusca origin; Iregszemcse 1965 (photo:
A. Terpé)
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result of succession the area is gradually reclaimed by the original flora.
Owing to various causes (wars, phylloxera), mainly in the Hungarian Central
Range of Mountains, the plantations of the mountain sides often were aban-
doned. Unfortunately, in these areas, where in several cases natural forest
stands have already developed (for example, Tallya in the Zemplén Moun-
tains), no vine plants of several centuries old have been found. In the areas
the flora of which originates from only the last 30— 100 years (after the
phylloxera plague), V. vinifera cultivars were found in a very run-down state,
and some relatively more vigorous direct producers (for example, the cultivai-
‘Jacquez’, which is of V. aestivalis origin) in the abandoned vine-yards of the
Pilis Mountains.

Nor did we find the continuation of reproduction of the cultivars in
these areas. On the other hand, the under-stock vines manifest great vitality
in the abandoned vine plantations, first of all the V. riparia derivatives, but
the plants of V. berlandieri and V. rupestris origin live also for a rather long
time (Plate 11).

The method of Levadoux (1956) was to classify wild vine stands also
according to their origin. Levadoux’s point of departure is the supposition
that the origin of feral vine plants can he traced back to one-time cultivated
hut later abandoned vine plantations where they reached a wild-growing state.

We cannot start from this standpoint, i.e. beginning the “system” of
wild-growing vine stands with cultivated vines, since at the very beginning
the thought would arise that we wantto deduce autochthon species from culti-
vated varieties.

We can prove without doubt that V. sylvestris has been autochthon
(JArai-Komiaédi, 1966; 1968; 1969) in the area of Hungary, in the
Carpathian Basin, since the post-glacial warm periods (7500 B.C.); wild
vine stands are primary to the cultivated vine stands of various origin.
The European wild vine which had lived in this area as early as the Atlantic
phase (Holocene 5th zone) can without hiatus he fit into the category of V.
sylvestris form which exists today. (On this question we shall report in detail
at a later date).

If we want to group the wild-growing fruit-plants according to their
“origin”, automatically the question arises whether only the state of going
feral is possible; we think that domestication also exist and did exist, and we
must emphasize that the cultivated vines of today have come into existence in
this way. The process of domestication cannot be left out of consideration. To
this, significant examples are to be found in Pyrus species, in Bulgaria and
Yugoslavia, where several wild Pyrus species are autochthon. The very prim-
itive cultivars are still “pure” species dérivates and are not the elements ofthe
so-called multi-hybrid garden pears. These forms are not the products of going
feral, hut are on the boundaries between wild and cultivated state.
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Similarly as in the case of other fruit-growing plants, we shall have to
suppose that the cultivated V. vinifera segregated from a V. vinijera population
which, although it was growing wild, had already been bisexual. Bisexuality
also meant a guarantee for a higher production rate and promoted a better
fertility rate and, indirectly, the formation of larger berries. (We cannot now
go into details of this topic.)

Habitat data. For the presentation of earlier Vitis habitat data the
most appropriate thing to do is to quote the Austrian Kerner (1875), who
paid attention to the occurrence of vine both in the Hungarian Central Range
of Mountains (Pilis Mountains), and the areas of the Hungarian Plain: “nir-
gends aber schdoner und in grésserer Menge als zwischen Yisegrad und Szt.
Laszl6, wo auf einer Strecke von mehreren Jochen im Buchenwalde fast
jeder Baumstrunk des Hochwaldes von Weinreben umrankt und die Baum-
kronen mit den Uppigsten Rebengewinden Ubersponnen sind. Massenhaft in
den Auen im Stromgeldnde der Donau hei (Parkadny) Nana und auf der
Margaretheninsel hei Ofen (Budapest), wo die Reben uralter Weinstocke
bis zu den hdchsten Wipfeln der Pappeln und Eichen emporklettern. In der
Stuhlweissenburger Niederung im Walde bei Vajta und auf der Kecskemeter
Landhohe in den Wéldern bei Monor und Pilis und auf Puszta Peszér bei
Als6 Dabas.” Thus, wild vine — presumably and mostly V. sylvestris —
had a mass occurrence in Hungary. Today we can see only the traces of the
one-time frequency of V. sylvestris, the last decaying roots, which are partly
replaced by the spreading V. riparia, alongside with our large rivers (Fig. 3).

In the light of cenological literary data (So6, 1966), V. sylvestris is a
Salicion albae and Alno-Padion species (Fraxino pannonicae-Ulmetum, Salice-
tum albae-fragilis) of narrow forests along watercourses. Our researches into
origins were launched on the basis of data partly from former flora works
and literary reports (Borbas, 1879; Boros, 1925; Gayer, 1925; 1928; |’sd, 1954,
Javorka, 1924—1925; Kerner, 1873; 1875; Magyar, 1960; Mathé, 1936;
Neilreich, 1866; Rathay, 1888; 1889; 1893; Zo1yomi, 1958) and partly from
personal communication with botanists, and specialists of horti- and sylvi-
culture (e.g. Z. Karpati, I. Karpati, M. Ujvarosi, |. Mathé, J. Papp and
G. Vida). Our results are as follows.

(@) At a few points of the Hungarian Central Range of Mountains,
Vitis sylvestris still occurs in a very small number; namely, (i) in the Naszaly
Mountain below the Bdrzsény Mountains, (ii) in the Northern Bakony Moun-
tains, (iii) at Diosgy6ér on the eastern flank of the Bikk Mountains, and
(iv) in the Zemplén Mountains. (We have only a herbarium sheet of the plant
obtained from the Biukk Mountains, the plant of the Zemplén Mountains has
been cut out”

Another of the most precious habitats lies in the Southern-Trans-
danubian part of Hungary, where — in the “Zselicség” and on the southern
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Fig. 3. Vitis riparia Michx. in the willow-poplar groves of “T6&serd6” alongside the river
Tisza; Lakitelek 1975 (photo: Gcy. Terpo)

slope of the Mecsek Mountains — some extensive stands of Vitis sylvestris
occur here and there.

Grove vine grows in habitats Nos (i) and (ii) in the beech forest zone.
It is characteristic of the association \Melico-Fagetum(Melitti- Fagetum So6 62)]
that it consists of trees not of the same age. The vines creep up to enormous
beech trees that have lived up to at least two cutting turns (about 200 years
old). Acer pseudo-platanus, Cerasus (Prunus) avium and Fraxinus excelsior
also are to be found in the tree stratum in addition to the beech trees. Hedera
helix, Carex pilosa, Vinca minor, Viola silvestris, Asperula odorata and Lamium
geleobdolon appear in the herb stratum (frequently as facies) with a rather large
coverage (A—D: 1—3). In the Bakony Mountains, even Arum alpinum
occurs frequently. In the Bd&rzsdny Mountains, Carpinus betulus and in the
Bakony Mountains Quercus cerris and Acer campestre push inward the stands
of the beeches.
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1 25 4 5"

Plate 1. Vitis sylvestris Gmel. from the forests south of Kaposvar, in the Transdanubian
Hills drawn by Mrs. F. Lexa

In habitat No. (i), in associations of talus slopes with linden woods
(Mercuriali-Tilietum Zso1yomi et Jakucs 58), V. sylvestris grows in the almost
impenetrable shrubbery of Clematis vitaiba and Staphylea pinnata, and it
even creeps up to the crowns of Fagus silvatica and Tiliaplatyphyllos (Terpo,
1969).

(b) The V. sylvestris habitats of hilly countries and flat-lands in Hun-
gary are also worthy of note. Grove vine occurs in greatest number in the
Tilio argenteae-Quercetum petraeae-cerris So6 57 association in Hungary, in
the habitats of Southern-Transdanubian, Zselicség, south of Kaposvar.
Besides the characteristic sub-Mediterranean-lllyrean species of the associa-

Acta Botanica Academiae Scientiarum Hungaricae 22, 1976



218 TERPO, A.

Plate Il. Vitis riparia Michx. from the Island of Haros alongside the Danube near Budapest
(drawn by Mrs. Lexa)

fions which have developed on loess soil (Tilia argentea. Rosa arvensis. Helle-
borus odorus, Tamus communis, etc.) Fagus silvatica also occurs sporadically.
It was only here that the revival of V. sylvestris from seeds could be ex-
perienced.

Grove vine has disappeared from the overwhelming majority of our
flat-land areas. A few specimens of it grow on the edges of small forest spots
in the habitat remnant embraced by the towns of Pécs and Szigetvar and
by the river Drava. These hornbeam grove associations of the Hungarian
Plain (Querco robori-Carpinetum Soé et Pocs (31) 57b) represent a transition
to the oak-ash-elm groves which are close to them both ecologically and
floristically; the rather frequently-occurring Acer tataricum is remarkable,
while in the herb layer Arum alpinum is replaced by Arum maculatum.

It is characteristic of the entire European area of distribution of V.
sylvestris that it follows river courses. As it has been mentioned in the intro-
duction, V. sylvestris occurred in masses in the whole of its European area.
Today it is rare everywhere.
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Fig. 4. Old Vitis sylvestris Gmel. (grove vine) in an island along the Danube; Alségéd 1970
(photo: A. Terpos)

Vitis sylvestris is to be found in a very small number (sometimes only
a plant here and there, as for example on the banks of the Danube near
Szentendre) in a few stands of the oak-ash-elm groves (Fraxino pannonicae-
Ulmetum Sodé 60). It is characteristic of the association that on higher altitude
Quercus robur (A—D: 1—3), Acer campestre (1—2), Ulmus foliacea (1—3),
U. laevis (1), Acer tataricum (1), Corylus avellana (1—2) and Ligustrum vulgare
(1—2), while on herb stratum Iris variegata, Arum maculatum, A. alpinum,
Galanthus nivalis, Convallaria majalis, Scilla bifolia, Polygonatum latifolium,
and P. multiflorum are frequent (Fig. 4).

On river terraces the slope of which are shelter-like, V. sylvestris associa-
tions join together, mix with the Salicetum-albae-fragilis Issler 26 em. So6 57
species which is usually characteristic of the next, lower terraces. In these
cases, Populus alba (A—D: 2—3) and Fraxinus pannonica (1) appear with
greater coverage, but in certain areas the feral species appear in great masses.
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Thus, Acer negundo, Morus alba, Celtis occidentalis, Amorpha fruticosa and
Parthenocissus quinquefolia can he referred to as generally wide-spread in
these areas.

The true hahitat of Vitis riparia is found mostly in this willow-grove.
The extensive establishments of this so-called riverside vine usually develop
into impenetrable ‘mjungle”, often overlapping into the shrub-willows (Salice-
turn triandrae Malcuit 29 and Salicetum purpureae Wendelberger—Zelinka 52;
the latter by the Danube hank) and into the hardwood groves lying on the
higher terraces (Fraxino pannonicae-Ulmetum), especially along the stream
Bodrog and the Danube. The hybrids of the two vine species are found also
in the transitory zone. Vitis riparia by creeping up the trees, gradually inter-
twines the Salix and Populus species, and also the crown of Ulmus laevis,
producing thereby huge green curtains which are tent- and labirinth-like at
the same time. The mass of lianes of a great weight, sooner or later “strangles”,
the trees, due to covering their foliage; the weakened or destroyed trees inter-
woven by masses of lianes fall onto the ground giving the area the appearance
of a tropical undisturbed jungle.

The fruit of vine

Fruit-growing plants are usually first examined as far as the distin-
guishing character of the fruit, the development of the characters, the cor-
relation between useful and less valuable diagnostic characters are concerned.
The fruit characteristics of wild-growing basic species (parent species) are
essential from the viewpoint of survival and spread of the plant but — since
in the investigations into cultivated plants the basic species may represent
the “real control” — the results obtained in this way are also worthy to be
used in cultivated plant researches (by improving them).

Maturing time. According to Gmelin (1805), V. sylvestris is of late
ripening: “Baccas maturat Novembri”. Our own observations generally con-
firm him. In the habitat areas of both the Bakony Mountains and the Zselic-
ség (south of Kaposvar) certain specimens occur w'hose fruit ripen only in
10%. And when the December freeze ensues, the clusters remain on the leaf-
less lianes, often until spring-time. Owing to the variability of the popula-
tions certain specimens of the vine establishments ripen already as early as
the end of September (Fig. 5).

The fruits of V. riparia ripen earlier: from the end of August. A larger
proportion of maturing time falls in September. It is a remarkable phenom-
enon that the riparia X sylvestris hybrids are mostly early maturing (second
half of August) and that they are much favoured by birds.

The clusters of the wild vine species mentioned above are generally
loose (Figs 5 and 6); this refers especially to V. sylvestris. Dense squat clusters
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Branched-winged clusters of Vitis sylvestris Gmel.; the fruit gathered in October 1975
was still unmatured (green); Cs6szpuszta, Balcony Mts. (photo: H. B.)

Loose clusters of Vitisriparia, Michx.: September 1975; willow groves along the river
lisza; Csongrad (photo: H. B.)
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are to be found mostly in V. riparia (Fig. 7). The clusters of both species are
usually aliform (with developed side- clusters); from the sometimes
bifurcated branches twin-clusters develop (the right-side clusters in Fig. 5);
the length of the clusters is variable, and it is usually characteristic of the
individual plants. Clusters of 17 cm length together with the pedicel of the
berry (2—5 cm) are found only in a few specimens of V. sylvestris and riparia.

Fig. 7. Dense, winged clusters of Vilis riparia Michx.; September 1975; willow groves along
the river Tisza; Csongrdd (photo: H. B.)

In both species the clusters are generally 3.5—10 cm long. One shoot mostly
bears two clusters, but three clusters may also occur. For example, in one of
the specimens of V. sylvestris occurring in the Zemplén Mountains, clusters by
shoots were found in the following numbers: 2, 3,2, 3,2,2,2,3,2,2,2,2,1,
2, 2,2,2,2,3

The variance of the cluster-length is significant. In V. riparia it is be-
tween medium and strong variability (s% = CV = 21.3%), in V. sylvestris it
is even greater than that (s% = 37.9%).

The total number of berries was also determined; this, in most cases,
shows a small value, which can be traced back to the loose-type of cluster,
and of course, to its relative smallness. In Table 1 some data are given com-
pared to those of V. vinifera species. (The data of the latter are taken from
the ampelograph of Németh, 1967.)
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The berry number of V. riparia given in the above table is extremely
characteristic of the wild-growing stand, which is clearly demonstrated also
by Figs 6 and 7. There are even greater deviations than that, when berry
numbers attain 70— 100 (e.g. in the case of a few V. riparia along the Danube).

In the case of both wild-growing species, the variance in berry number
is greater than that experienced with regard to the clusters. The variation
coefficient of V. sylvestris (s% = 47.3%) basically shows wide fluctuation;
in reality, deviations from the average to such a large extent are frequent
even within the individual plants.

Berry sizes and weights are also characteristic of the two wild species
(Tables 1 and 2). The variation coefficients of both V. sylvestris and V. riparia
show that the length and diameter values are of greater stability. It is interest-
ing that the variation coefficient of the diameter shows a smaller significance
in both species (in V. sylvestris 10.2%, in V. riparia 9.6%; while the length
values are 14.2% and 11.6% respectively).

In Table 2, we give data of riparia vines from Danube-banks (with one
exception); their berries are to a certain extent larger than those of the plants
from Tisza-banks. In Hungary the mean value does not surpass 8 mm even
in this comparison, accordingly it may be inferred that the berry size of
V. riparia stands is generally between 6 and 8 mm.

The mean berry size of V. sylvestris appears to be above 8 mm. This,
even within one plant, may reach 10 mm in length or diameter; e.g. the V.
sylvestris plants growing along the Danube below Budapest Haros (S-2 in
Table 2) have fruit length and diameter values related to data from 100
berries can be given as follows: 1= 109 — 6.5, d = 10.8 — 6.0.

Berry weight usually show a correlation with the length and diameter
data. Flesh in the V. sylvestris forms is of a greater weight than in V. riparia
(this will be seen later on, at the evaluation of the seeds). We should mention
only incidentally that, since the berries belonging to a cluster weights are
very low.

Weight of one cluster

V. sylvestris No. H. 100 12¢g
No. H. S-2 20g
V. riparia No. H. 105 12¢g
No. H. 104 20g

Among the cultivated vines appearing in ourtables,‘Chardonnay blanc’
has a 69 g mean cluster weight, while ‘Cabernet sauvignon’ 59 g.

Among the shape characteristics of the berries, we use habitus to char-
acterize the category. Table 2 provides data on the length and diameter
of the berry, and from these we can infer that our wild vines have globular,
slightly flattened berries. Slightly oblong berries (they are usually of a drop-
shape) were found in a few of Danube-side V. sylvestris.
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Table 1

Comparison of the diagnostic characters of Vitis sylvestris and V. riparia clusters with the data
of a few cultivated vine cultivars

) Length of cluster, )
Name of species cm Type of cluster No. of berries

Vitis sylvestris

Szentlorinc No. 1 7.6 Loose-}-cluster branch 60
Szentlorinc No. 3 3.5 Dense 12
Szentlorinc No. 4 6.0 Dense-~cluster branch 31
Szentlorinc No. 5 5.2 Dense-[-cluster branch 26
Botykapeterd-63 8.8 Very loose-[-cluster branch 39
Nagypeterd U-63 8.9 Very loose-[-cluster branch 35
Haros S-2 12.0 Very loose-[-cluster branch
of 7—8 cm 60
Average and standard deviation
(X +sj) 7N +2.81 37+17.53
«% 37.9% 8%
Vitis riparia
Héaros No. 8-75 10.0 Loose-f- cluster 43
branch
Héaros No. 13 7.3 Loose f cluster branch 38
Papsziget No. 15-74 7.8 Dense 38
Papsziget No. 41 5.0 Cylindrical-Dense 21
Papsziget No. 79 6.2 Loose-cylindrical 33
Csongrad-75 7.0 Loose- cluster 24
Mindszent No. 8 8.0 branch 31
Average and standard deviation
X ts- 7.3£1.56 32+7.93
9% 21.3% 24.7%
Vitis vinifera
Medoc noir 12.0 Dense 50
Chardonnay blanc 12.0 Dense 54
Cabernet sauvignon 14.0 Loose-branched 66
Kovidinka 14.0 Dense 99
Kadarka 15.0 Dense 76
Kékfrankos 15.0 Dense 107
Average and standard deviation
Xts- 13.6+1.36 75+23.44
% w % 31.2%

s% = CV = variation coefficient
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Name of species

Vitis silvestris
Szentlorinc No.
Szentlorinc No.
Szentlorinc No.
Szentlorinc No.

a A W N e

Szentlorinc No.
Botykapeterd-63
Nagypeterd U-63

Kacsota No. 2

Kacséta No. 5

Simonfa No. 18

Héros S-2

Héros (Hybrid) No. 15-68
Average and standard deviation
(Xts,)

*%

Vitis riparia

Héaros No. 6-64

Héros No. 13

Papsziget No. 5-63

Papsziget No. 6

Papsziget No. 8

Malomszég No. 110

Average and standard deviation
(X+s7)

0%

Vitis vinifera

Medoc noir

Chardonnay blanc

Cabernet sauvignon

Kovidinka

Kadarka

Kékfrankos

Average and standard deviation
(X£s?

s%

15

Table 2
Size and weight of berries

Berry size, mm

8.8
7.6
9.5
9.6
8.3
9.1
8.5
9.1
8.2
6.4
8.6
11.6

8.7+1.24
U.2%

1.7
7.4
8.9
8.5
8.4
6.4

7.8+0.91
11.6%

155
14.0
13.7
16.2
14.8
14.8

14.8+0.92
6.2%

Dia

9.1
7.8
9.5
9.4
9.2
9.3
8.6
8.7
8.6
6.8
8.3
10.3

8.8+0.9
10.2%

8.1
7.4
8.9
8.5
8.6
6.9

8.0+0.77
9.6%

14.1
13.7
12.8
15.3
143
14.4

14.1+ 0.82
5.8%

225

Weight of 100 berries,

42.00
30.00
52.16
52.98
33.16
50.21
38.84
44.84
34.72
16.66
40.00
56.00

40.96+11.33
27.6%

31.68
29.30
38.88
45.08
39.96
24.21

34.85+7.75
22.2%

180.00
150.00
120.00
180.00
160.00
170.00

160.00+22.80
14.2%
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Comparing the data given in Table 2, a correlation between berry sizes
and weights may also be inferred. This supposition has been confirmed also
by the calculation of the SPEARMAN-type rank-correlation coefficient. The
significance analysis of the berry length and berry weight correlation shows
that the correlation is close in both species.

In the case of V. sylvestris, the calculated r between the two features
is +0.979, which is considerably greater than the r value (0.5760) given at
a probability level of P = 5% for the statistical control of the rank-correla-
tion coefficient. A similarly close correlation can he stated when examining
the correlation between berry diameter and berry weight, although this value
is to a certain extent smaller than the previous one. In this case, the value
of the rank-correlation coefficient r, at a probability level of P = 5%, is
+ 0.853, which is again higher than the value given for its statistical control
(r5% = 4.227).

Comparing berry lengths and berry weights of V. riparia, the result is
also significant but not so close. The calculated r = +0.828 is higher than the
r value given at P = 5% probability level (it is 0.8114). It is remarkable that
no correlation exists between berry diameter and weight already at P = 5%
level. According to the correlation, the calculated r = +0.7714 value is
greater than the given value (r10% = 0.7293) at the probability level mentioned.

The examined correlations call attention to the fact that in the grow-
ing of the vine berry, the berry weight may considerably increase with the
increase in length, which is experienced primarily with cultivated vines. As
will he seen later on, the increase in the seed number or seed weight is never
of such a great extent as that of flesh.

The colour of vine berries is blue, black or bluish black; this is character-
istic of the basic species of the Vitis genus. The berries of our two main wild
vine species are often pruinose and this waxy cover almost entirely deface
the original colour of the berry. Therefore, the V. riparia fruits are often
of a sky-blue colour. The fruit wall is usually plain (unsculptured) and more
rarely, tiny para-flecks (dotted) are sporadically found in certain forms. In
describing the berry, we use the size of the pistil remains (stigma); it is especi-
ally developed in certain V. riparia forms. In Hungary no forms of white berries
have been found. On my wild vine study tour in Yugoslavia | could gather
extremely tiny, white-coloured V. sylvestris fruits from the karst area above
Kotori. TuRKOvid (1955) reported the occurrence of V. sylvestris plants
with white berries growing in other areas of Yugoslavia

The fruit of V. sylvestris is pleasant acidic to the taste. The berry of
V. riparia is of characteristic “labrusca” taste, often of “grass-taste” more
rarely it is sweetish; its flesh is “jelly-like” in character, the quantity of
juice obtainable from it is very small; its skin is tough. The stands of V.
sylvestris include both thin and tough skin forms.

Acta Bolanica Academiae Scientiarum Hungaricae 22, 1976



CARPOLOGICAL EXAMINATION OF WILD-GROWING VINE SPECIES, | 227

The seed

The characteristics of the seed of vine plants, especially in connection
with the origin of V. vinifera species, have been studied by very many authors,
like Andrasovszky (1915, 1926), Goethe (1881, 1887), Facsar (l.c.), Kirch-
heimer (1939; 1955), Baranov—Negrul’—Frolov (1955), Krimpas (1943),
Levadoux (1956), lanouchievitch-Peliach (1971), Pratt (1971), Schie-
mann (1953), Negrul’ (1946; 1960; 1968), Vassilczenko (1947), Potebnja
(1911), etc. It is indeed for the first time that data has been published on the
seeds of wild vine stands in Hungary, of course, without a claim of completeness.

In taxonomic works, investigating the evolutionary state of vines,
the diagnostic value of the vine seed, in contrast to the other organs of
the plant, is still considered primary even today (e.g. Levadoux, l.c.; Neg-
rul’l.c.).

According to the basic equation, in the pistil of the vine, in the two-
carpelled and two-celled ovary, 2-ovuled cells are differentiated; from this,
theoretically, giving rise to four seeds. The pistil may consist of three carpels
also in our wild vines; accordingly a total of six seeds develop. In both vine
species, very rarely 6 seeded berries can be found. The number of seeds per
berry naturally influences the outline of the seeds to a considerable extent,
which is given in Fig. 8.

It is clearly observable also in the previous figure that the regular
dorso-ventral character of the vine seeds (in the case of 1l-seeded berries)
becomes distorted in the case of 2-seeded berries. The extent of the distor-
tion depends also on whether the seeds have developed from both ovules of
only one cell or from one ovule of each cell (Fig. 8). The situation is
slightly analogous with regard to the 3-seeded berries. The approaching of
the basal placentation to the pedicel of the berry, or its moving off, can be
noticed in the ovary, effecting also the shape of the fruit.

The sizes of the shape characteristics, and of the sculptural elements
of the surface were determined on the basis of the sketch given in Fig. 9.
I have taken into consideration the seed classification which has been used
so far in the literature, so that the data obtained until now in wild vine re-
search could be compared with those of my own research. Similarly, when
using terms describing shape characteristics and parts of the seed, | en-
deavoured to choose a terminology corresponding to that used in ampelo-
graphy and botany.

Several authors have given a summary of the role played by seed char-
acteristics in systematization and of the taxonomical value of the individual
characteristic. By Prlanchon (1887), the seeds of the Vitis genus possess
typical and permanent features of the species. In speaking about ancient
types the following features are of diagnostic value: (1) small size, (2) glob-
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Fig. 8. Conditions of vine seeds (top and side view) in matured berries: a two seeds have
grown in one cell of two-seeded berry; btwo-seeded berry with one seed by cell; c—d three-
seeded berries; e characteristic four-seeded “wild vine berry” of regular growth; f —g the

position of the seeds in the placentation of various “heights” (drawing hy I. Kiss)

ular form, (3) short beak (—1 mm), (4) shape of chalaza (round), its sharply
outlined, central position on the seed.

At the beginning of the century, Potebnja (1911) and Stummer (1911)
dealt with the classification of the diagnostic values of vine seeds. Stummer
was the first to focus attention on seed length and diameter in distinguishing
between V. vinifera and V. sylvestris.

Although it was the grape cultivar-taxonomical value of the seeds of
the V. vinifera that was examined by Potebnja (l.c.), still we shall have to
consider him as an author who was the first to determine and classify those
features of the vine seed which are also significant in the “natural” classifica-
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Fig. 9. Sketch of a vine seed and seed sizes, a Dorsal side, bventral side, ¢ profile (side view;;

1 LS: total length of seed, 2 LROST: beek length, 2A LROST-P: beak length from profile view,

3 LCO: corpus length; 4 LSCH: length of chalaza scutate; 5 LCH: total chalaza length; 6

BRCH: breadth of chalaza scutate; 7 DIAS: total diameter of seed; 8 TH; thickness of seed;

9 THB: thickness of beak; 10 LSS: length of fossette; 11 BRSS: breadth of fossette; AS: apex

of seed; DS: dorsal side; RS: raphe line; SS: fossette; BS: base of seed; HS: hilum of seed;
ROST-S: rostrum of seed; VS: ventral side

lion. He used the following diagnostic characteristics in the classification of
cultivars:

(1) seed weight,

(2) seed length,

(3) seed diameter,

(4) seed size,

(5) form and place of the chalaza,
(6) raphe,

(7) fossette,

(8) seed outline,

(9) form and size of the beak.

Potebnja elaborated 28 V. vinifera cultivars and on these bases com-
piled their cultivar system. He also distinguished a typical, so-called “Euro-
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pean” group, and determined the basic diagnostic characteristics of the V
vinifera seed. His work is essential even today, and I myself also relied on it.

Among the French authors, Viala and Péchoutre (1910), then later
on Rodrigues (1953) deal mainly with the American species among the wild
species, but they also published data referring to V. sylvestris.

Andrasovszky (1915; 1917) also attempted to determine a V. vinifera
cultivar system on the basis of the diagnostic features of the seeds. He con-
sidered the following features characteristic and evaluable in the systema-
tization:

(1) for group characterization: general shape of seed, depending on the
shape of the corpus and the beak of the seed; volume and size of
seed, expressed in weight; length and diameter of seed (mm); ratio
of seed length and diameter;

(2) for the characterization of the various cultivars: seed colour, posi-
tion and shape of chalaza, fossettes, profile of seed.

The diagnostic values of the seeds of wild vines and cultivars were
dealt with in several publications by Negrul’ (1946; 1958; 1960; 1965).
According to him, the most important characteristics of the seed are the
measures of the corpus (length and diameter), and of the beak, the form of
the chalaza and sculpture of the fossette.

In Hungary, the seed data of V. vinifera cultivars are used for the cultivar
grouping by Neémeth in the ampelographical series published recently (1966;
1970; 1975).

In the subsequent paragraphs | shall evaluate the following charac-
teristics of V. sylvestris and V. riparia seeds: (1) size based on length and diam -
eter, (2) beak length (3) corpus length (4) chalaza length, (5) diameter of
chalaza scutate; among the qualitative characteristics: (6) habitus (general
outline), (7) beak properties, (8) dorsal- and (9) ventral-side sculpture (see
also Fig. 9).

Seed size

Since Stummer’s publication (1. c.) the size of the seed is given
as the diameter/length or length/diameter index. Stummer also defined
the seed characteristics of V. sylvestris: the seed of the grove vine is small,
robust with rounded outline or is cordate, and the seed beak is almostcomplete-
ly missing. On the other hand, the seed of V. vinifera is large, elongated,
ovate or pyriform, having a well-elongated beak.

Kirchheimer (1955) was the first to describe in detail the data of V.
sylvestris seeds obtained from the Danube-banks near the borders of Hungary
(environs of Lobau and Eckartsau, east of Vienna).
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Length Diameter
Lobau 4.2—6.6 3.0—5.6
Average 5.7 4.1
Eckartsau 4.4—64 2.7-4.9
Average 5.6 3.9

Kirchheimer also elaborated the seeds of V. sylvestris obtained from
the Upper-Rheine and he stated that they do not essentially differ from those
obtained from Danube groves of Lower-Austria. For a comparison, his data
referring to the length and diameter of V. sylvestris seeds obtained from the
Upper-Rheine habitat area are given below.

Length Diameter

(1) Schwetzingen

(Ketsch) 4.3-7.0 25—48

Average 5.4 3.8
(2) Germersheim

(Hordt) 3.0—6.4 2.6-3.9

Average 5.3 3.9
(3) Speyer

(Otterstadt) 3.5-5.7 3.0—45

Average 4.9 3.7

In the interest of a complete comparison, | consider it necessary that a
few data should be presented also on the seeds of the wild-growing stands of
the northern boundaries of the distribution ofgrove vine, or more exactly from
the Eastern-European areas.The botanical investigations into V. sylvestris grow-
ing in the Moldavian areas of the Soviet Union have been completed recently
(lanouchievitch and Peliach 1971). The authors carried out the processing
of data by means of Negrul’s method. The V. sylvestris data were gathered
from vines growing in the groves alongside the rivers Pruth and Dniester.
In the vicinity of the Danube mouth, only a few ofthe wild-growing vines were
examined.

The average length of the seeds obtained from the 16 V. sylvestris samples
that have been analyzed is 5.2 mm, their mean diameter is 3.9 mm, the mean
heak length is 0.67 mm, the average length of the seed corpus without beak
is 45 mm. Incidentally, Negrul’ (1960) gives the seed length of V. sylvestris

Acta Botanica Academiae Scientiarum Hungaricae 22, 1976



232 TERPO, A.

— in a comparison with that of the V. vinifera cultivar groups — as 5.00 mm
(4—6 mm).

The V. sylvestris specimens whose seed lengths are below 5 mm are in
minority among those obtained from the wild vine establishments of Hungary
(Tables 3 and 4). There are only two such plants in the material obtained from
Kesztolc (Pilis Mountains), and there is only one in the samples each obtained
from Simonfa (Zselicség) and from Szendehely (in the Naszaly Mountain,
north of Vac), the length values of which are low (Table 4). The average values
are almost identical with the seed values obtained from the habitats in the

Table 3

Main data of V. sylvestris seeds obtained from habitats of Hungary, compared with afew data
of specimens received from abroad (Bulgaria, France, German Republic), in mm

The habitats in Hungary are grouped as:

(1) Pilis Mis. (Nos 1—3); (2) Naszaly Mt. south of Borzsony (Nos 4—9); (3) Bakony Mts.

(Nos 10—11); (4) Zselicség southern edge of the South-Transdanubian Hills, between Szigetvar

and Pécs (Nos 12—15); (5) the northern edge of the Zselicség, south of Kaposvar (Nos 16 —19);
habitats along the Danube: from Mosonmagyar6var to Budapest (Nos 20—24)

No. Label oi the specimens LS DIAS LROST  LCORP LCH BRCH ’\égedgf
Vitis sylvestris

I.  Kesztélc No. 4 6.11 3.091 1.15 5.05 2.72 1.29 50

2. Kesztéle No. 14 4.94 3.73 0.77 4.14 2.15 1.34 12

3. Kesztélc No. 35—68 4.32 3.86 0.56 3.76 2.08 1.08 25

4.  Szendehely No. 4/a 5.46 3.80 0.84 4.60 2.56 1.48 25

5. Szendehely No. 4/c-I 5.23 3.68 0.98 4.22 2.40 1.33 25

6. Szendehely No. 4/c-11 4.88 3.53 0.83 4.03 2.23 1.15 40

7. Szendehely No. 10 5.68 3.67 0.97 4.70 2.45 1.47 25

8. Szendehely No. 10/a 5.69 3.92 0.89 4.78 2.36 1.24 25

9. Szendehely No. 17 5.54 3.60 0.90 4.56 2.59 1.29 25

10. Csoszpuszta No. 10 5.64 3.54 1.37 4.24 2.69 1.36 95
11. Csoszpuszta No. 9 5.07 3.50 0.84 4.25 2.42 1.32 105
12. Botykapeterd S-111-68 5.44 4.05 0.82 4.66 2.72 1.39 100
13. Nagypeterd 5.61 3.64 1.24 4.33 2.39 1.17 25
14. Szentl6rinc 571 4.18 0.94 4.87 2.92 1.49 25
15.  Szentlérinc No. 22 5.10 371 0.78 431 2.26 112 37
16. Simonfa No. 1 4.85 3.77 0.76 4.09 2.46 1.24 25
17. Simonfa No. 24 5.54 4.20 0.90 4.77 3.09 1.28 100
18. Simonfa No. 51 5.51 4.02 0.98 4.56 2.73 141 25
19. Simonfa No. 53 6.17 3.67 1.24 4.87 2.81 111 25
20. Feketeerd6 No. 4 5.71 4.24 1.09 4.55 2.48 1.46 25
21. PapszigetNo. I-S-H-68 5.95 3.87 1.31 4.63 2.91 1.37 25
22. Alségéd No. 3-S-VI-68 5.80 4.23 1.05 4.74 3.01 1.38 25
23. Héaros No. 2 5.78 3.94 0.99 4.79 2.24 1.24 66
24. Héros No. 100 5.78 4.18 1.04 4.73 2.93 1.40 128
A verage 5.51 3.70 0.97 4.54 2.63 1.32 1083

(X %sj) +0.44 +0.23 4-0.19 +0.32 +0.28 +0.12
g4 8.0%  6.4%  10.9%  7-1% 108%  R99%

(1s = Length of seed, dias = Diameter of seed, 1rost = Length of rostrum,
LCORP = Length of seed corpus, LCH = Length of chalaza, BRCH = breadth of chalaza
scutate; Fig. 9)
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(Table 3 cont.)

No. Label of the specimens LS DIAS  LROST LCORP  LoH  BRoH o Of
Bulgarial
BG Kam. No. 1 4.88 3.65 0.91 3.96 2.25 1.18 31
(Xts-t) +0.26 +0.26 +0.16 +0.33 —0.07
S% 5.3% 7-1%  18.1% 14.7% 6-1%
France2
FR No. L-31 5.44 3.59 1.07 4.37 2.62 1.29 48
+0.38 0.25 +0.18 0.32 +0.14
2% 71%  7-2%  17.3% 12.5%  11.3%
German Federal Re-
public3
Alzey-Mi. No. 1, 2,3 5.27 3.97 0.94 4.33 2.29 1.47 18
(XtS;) +0.32 +0.14 +0.15 +0.28 +0.12
*0f 6.2% 3.6% 16.4% 12.4% 8.4%
Alezy-N. No. 1,2, 3 4.86 3.79 0.85 4.00 2.03 1.33 23
(N £ S7) +0.26 +0.20 +0.15 +0.30 +0.12
S% 5.5% 5.4%  18.0% 15.1% 9.0%

1 The seeds were collected by J. Fodelmesi;

2 The seeds were sent by J.”P. Doazan;

3 The seeds were sent by F. Schumann
Danube-banks of Lower Austria and in Schwetzingen of the Upper Rheine
region. On the other hand, the seed length values of the few living vine plants
growing along the Danube in Hungary (Nos 20—24 in Table 3) are to a certain
extent higher. However, it seems that the values of the foreign specimens
mentioned above surpass our values in seed diameter.

The end length groups in the V. sylvestris species can be established as
the following limit values: up to 4.5 mm they are considered small seeds,
4.5—55 mm medium-sized seeds, above 5.5 mm large seeds. (The V. vinifera
categories cannot be used.) Thus, among the 24 specimens, 15 falls into the
group of large seeds, 8 belong to the medium-sized, and 1 to the small-sized
category. The data processed by Kirchheimer (l.c.), and those included in
our Table 3, also belong to the V. Sylvestris category of medium or large-
sized seeds.

The thickness of V. sylvestris seeds has been dealt with only by a small
number of authors: we have taken the data and processed them hut for the
time being we do not intend to publish them. The data related to the seed
beak of view, one of the most appreciated organs of the seed has up to now
been the beak (Potebnja l.c., Negrul’l.c.). It was especially Negrul’ (1960)
who dealt much in detail with the importance of the beak in its evolutionary
context. He testified by means of archaeological data that the beak grew
unproportionately faster than seed length under the effect of cultivation and
selection (Plate 111).
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Table 4

The main data of V. riparia seeds obtained from habitats in Hungary in comparison with the data
of cultivated V. riparia seeds from France and of the seeds of two understock vine plants used

in Hungary
No. Label of specimens LS DIAS LROST LCORP LCH BRCH ’\:)s%(ckgf
i
V. riparia
I.  Papsziget No. R-11/68 3.96 3.35 0.43 3.56 2.03 0.86 100
2. Haros No. 21/68 4.50 351 0.65 3.87 2.46 1.07 100
3. Haros No. 22/68 451 3.50 0.64 3.91 2.34 1.01 100
4. Héaros No. 27/68 4.41 3.41 0.59 3.83 2.20 0.87 81
5. Haros No. 27/68—VE 4.37 3.56 0.49 3.89 1.99 0.86 25
6. Haros No. 23/68 4.64 3.61 0.67 3.98 2.49 0.89 100
7. Haros No. 24/68 4.63 3.70 0.67 3.99 2.43 0.91 83
8. Haros No. 25/68 5.15 3.87 0.71 4.47 2.60 0.84 100
9. Haros No. 26/68 4.81 3.40 0.76 4.08 2.56 1.02 100
10. Haros No. 3/75 4.54 3.37 0.65 3.93 2.30 0.83 186
Average 4.57 3.51 0.64 3.95 2.36 0.91 975
(X £sx) +0.33 +0.16 +0.09 +0.22 +0.21 +0.08
5% 2 9o 4.7% 15.5% 5-8% 8.9% 9.4%
Francel
Fr No. 10,715 5.30 3.93 0.55 4.75 2.95 1.08 88
(X £5T) +0.28 03 +0.08 — +0.31 +0.14
s% 5.3% 8.1% 15.4% - 10.7% 13.3%
Under-stock vines2
No. 1616. C. 4.37 3.75 0.57 3.80 2.32 0.85 20
s% 5.8% 4.6% 22.4% - 7.8% 18.0%
No. T-K. 5BB 4.11 341 0.59 3.52 2.20 0.77 20
% 8.7% 4.5% 16.3% — 12.8% 24.5%

1 Seeds were sent by J. P. Doazan
2 Data by Facsar (L c.)

By taking in V. sylvestris 1 mm as the upper limit of the short beak,
then 16 of the 24 specimens (67%) belong here, and 8 belong to the group of
medium length (with an interval of 1.0—2.0 mm); and no specimen belongs
to the group of seeds with beaks longer than 2.0 mm. The seed of the plant
from Cs6szpuszta (No. 10) of the Bakony Mountains has the longest beak.
The data of beak length in seeds obtained from the Upper-Rheine region
approach our data.
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Plate 111. Vitis riparia var. syrticola, the villosité variety, a rare
plant of the groves alongside the rivers of Hungary. Budapest,
Island of Haros (drawn by Mrs. Lexa)

Plate V.
alongside

Vitis sylvestris Gmel. from the most important habitat
the Danube, from an Island near Alségdéd (drawn
by V. . Csapody)
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In examining the beak dimensions, a comparison with the length of the
seed corpus cannot be left out of consideration. It has also been noticed that
the seeds of the berries differing in seed number deviate from one another both
in shape and in size. This seems to be a constant characteristic of the basic
wild vine species. Therefore, right at the launching of the researches we
measured in several specimens separately the seeds of the berries with different
seed numbers. (See table below).

In b