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SCIENTISTS AND PEACE

On 4—35 September 1981 the international symposium ‘Scientists
and peace’ developed its proceedings in Bucharest, under the high patron-
age of the President of the Socialist Republic of Romania, Nicolae
Ceaugescu.

~ The symposium was attended by 68 scientists from 32 countries
among whom Nobel Prize winners, presidents of some academies of science,
other prestigious scientific personalities, as well as general directors of
international organizations.

In the opening session, they read the message of Nicolae Ceaugescu,
President of the Socialist Republic of Romania, to the participants in
the Symposium.

Expressive of the lofty conception of the Secretary-General of the
Romanian Communist Party, the President of the Socialist Republic of
Romania, concerning the problems of peace and international security,
détente and disarmament, cooperation and understanding among peoples
in their efforts to build a new economic order in the world, as well as the
scientists’ responsibility for the solution of national and international
issues by placing the most advanced achievements of the contemporary
scientific and technical revolution exclusively in the service of the peo-
ples’ peaceful development, President Nicolae Ceaugescu’s message made
an appeal to scientists all over the world to close their ranks in order to
fight the hazards which crises, confrontations and war pose to the future
of mankind. The President’s message was a guideline for the proceedings
of the Symposium.

The participants expressed their support for the leading ideas con-
tained in the message of the President of Romania.

ed to the scientists worldwide. Reflecting the basic ideas contained in
President Ceaugescu’s message, the appeal suggested the establishing of an
Action Committee for the organization of the World Congress ‘Scientists
and Peace”.

As an extension of this prestigious’international reunion was found-
ed the National Romanian Committee ‘“‘Scientists and Peace” that
unanimously elected as president of the Committee and of the Executive
Bureau Academician Elena Ceausescu, D. Chem. Eng., first vice-prime
minister of the Government of the Socialist Republic of Romania, Pre-
sident of the National Council for Science and Technology, illustrious
political personality and internationally reputed scientist.
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The Romanian National Committee ‘‘Scientists and Peace’ adopted
a comprehensive programme of scientific manifestations, meant to illus-
trate the contribution of Romanian scientists to the efforts of the Romanian
people, alongside all peoples, for safegnarding peace.

The National Romanian Committee ‘‘Scientists and Peace” takes
action on the international plane for the preparation of the World Congress
“Seientists and Peace”. The Committee is also represented at the
Special Session of the General Assembly of the United Nations Organi-
zation devoted to disarmament.

MESSAGE
TO THE PARTICIPANTS IN THE INTERNATIONAL SYMPOSIUM
“«SCIENTISTS AND PEACE” FROM THE PRESIDENT OF THE
SOCIALIST REPUBLIC OF ROMANIA, NICOLAE CEAUSESCU

It gives me particular pleasure to send to you, the participants in the
Symposium “Scientists and Peace’ which opens teday in Bucharest —
distinguished figures in contemporary science and technology — cordial
greetings and best wishes for the success of the meeting, so that it may
give an impetus to the struggle of progressive forces throughout the world
for world progress and peace.

The Socialist Republic of Romania attaches the greatest importance
to scientific activities; it gives the achievements of science and culture
a place among the very foundations of its efforts to construct the new
socialist system, in the belief that they are vital factors for progress and
civilization.

We are living in the era of the greatest advances in scientific thought
that mankind has ever experienced throughout the ages, in the midst
of the most awesome technical and scientifie revolution, marked by extra-
ordinary discoveries which are constantly changing man’s ideas about
nature, society and the universe and influencing all aspects of human
existence. We see science directly influencing the never-ending change
in the conditons of material production, the discovery of the secrets of
matter and the increasingly efficient exploitation of our natural wealth
and the development of the creative capacity of peoples.

The development of a nation — both in terms of enhancement of
the productive forces of society and as regards thinking and mental
creativity — is inconceivable without the input of advanced science and
technology. One cannot even envisage the future of mankind without the
major accomplishments of seientific thought.

However, we must candidly admit that a great many of the major
discoveries of scientific research and technological innovation are current-
ly used for the production of highly sophisticated weapons of mass des-
truction, from atomic weapons down. We are witnessing a particularly
alarming emphasis on the arms race, and a major build-up of military
arsenals capable of annihilating the entire planet and endangering the
very existence of mankind.

We see tension growing, world-wide, as a result of the imperialist
policies of domination, force and diktat. A strong tendency to consolidate
and divide up spheres of influence is evident, and conflicts between States
and groups of States are becoming more and more bitter.

At the same time, peoples throughout the world are asserting with
increasing vigour their will to live in freedom, to develop in complete
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mdepen‘denee, to put an end for ever to colonialism, neo-colonialis
and all topms of oppression, to secure the democratic and p’rowressiv 'la m'n
al of society, to ensure the welfare of the great working Z;nasse'se16]319“‘-
introduce a genuinely new seb of relationships on the woild scene _a,nr ‘t'o
ing full gqt}allty between countries, détente, collaboratioﬁ and oo,
~ Socialist Romania is doing all in its power to develop it 1'elp’fc5'ace.
with all States irrespective of their social system. We base ou; 1'31&1;!0ns
with all countries on the principles of full equality of rights, pr %fh 10n§
?espect for l_mtlonal independence and sovereifraty: non-inter’felreo i
internal affairs and non-use of force or threat of fo,rce. We believréc‘?hlr‘;
every effort must be made to stop the deterioration in the world situati 21;
to ensure that all problems arising between States are settled e\){clusiv((;lz
by negotiation and to revive and pursue policies of détente aAnd emcg

In the serious international situation which now obtains seig)nt(ists'
bear a tremendous responsibility for the present and future of, m‘mkill'ld"
No one knows better than the scientist or researcher the destruetivé power
?(f) 111_0(.1191’11]0}"0&1)0113 and the danger which the continuing arms mcelp(;‘sgé
o I(;}I;/Ilultz; ion, to the security of peoples and to the very survival of

The choice between a policy of intensifying the arms race and manu-
fa(}turmg new nuclear weapons of mass destruction and a policy of d;q' -
mament, détente and peace is today a question of conscience ) o

There is no middle course ! .
’ It it obvious that scientists, who are very well aware of the destruc-
tive power of weapons, especially nuclear weapons, cannot but side with
the policy of disarmament and peace. They therefore have a greater duty
than ever to speak out and do all they cant to ensure that the amazing
attainmeunts of the human spirit are no longer used in the manilffwt‘urz
off weapons of mass destruetion, in preparing for war or to serve th:; holi-
cies of aggression, force and domination. The noblest task of scienluists
and researchers, in all fields and throughout the world, is to see to it tl;a,t
the entire potential of modern science and technolofrgr is devoted to the
progress, welfare, freedom and independence of peopl%s and to the preser-
vation of the supreme human right to life and to peace. P

We must work with great determination and resolve for an end to
the arms race, for disarmament, especially nuclear disarmament, for a
cessation of the deployment and development of medium-range rhissile‘s
In Burope, against the production of the neutron bomb, for abreduction
in military budgets and armed forces, for the final abal’ldonment of the
use or threat of force in international life and for the creation of a world
without weapong and without wars. (

Under-development affects most of the population of the earth :
nearly half a billion people suffer from chronic malnutrition. We ans‘é’
therefore establish a new international economic order guaranteeing free
access by all peoples, particularly the least advanced, to the an;)azinw
ach‘leven‘lents of the humau spirit — a new international economic order
which will guarantee the free flow of knowledge and discoveries and turn
science into something that belongs to all mankind.

As the world economic crisis grows worss, seience can play a parti-
cu_larly important role in the discovery and development of new sources
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of energy and raw materials to be placed at the disposal of people every-
where, making the earth more fertile, increasing its output and solving
the great food problem. It has an cbligation to contribute to protecting
the health of people throughout the world, combating poliution, improv-
ine the environment, protecting natural resources and transforming

ing
the earth into a verdant garden which can sustain a decent existence for

all peoples.

Scientists and specialists in Romania, being profoundly dedicated
to the interests of the people, devote all their energies to Romania’s eco-
nomic and social prosperity while at the same time co-operating actively
with seientists of other countries in campaigning for progress, for disarm-
ament and for the basic right of all nations to existence, peace and
freedom. B
Nowadays, the peoples, the masses, throughout the world play an
essential role in determining the course of history. S

Scientists, vitally involved in the cause of progress and peace, must
fight side by side with the peoples for the right to live and work in peaece,
freely to build their own future withcut external interference or pressure,
to devote their resources and energies to their material and spiritual well-
being. Scientists, whatever their philesophical, political and religious
views, must close ranks and, together with the peace-loving and anti-im-
perialistic forces throughout the world, take a stand against the imperia-
list policy of domination, against war, and for a world of justice, equality
and peace. :

It is more important than ever to organize a world-wide front of
scientists to act and convey their authoritative views to the United Na-
tions, the Committee on Disarmament and other international bodies,
concerning disarmament and the establishment of lasting peace on earth.

We are firmly convinced that united action by the men of science
and culture, the workers and the progressive forces of all peoples can end
the arms race and bring about a move to general disarmament, and in
particular nuclear disarmament. : ‘

Let us do all we can to ensure for our children and grandchildren,
for our generation ard future generaticus, reace, freedom and happiness
in a world without war, a mcre htmane, more just and better world !

In keeping with these sentiments, I am convinced that this impor-
tant meeting in Bucharest will have a great impact on researchers and
scientists throughout the world, and T send you my most cordial wishes
for muech success and satisfaction in your noble work for the advance-
ment of science and for the cause of collaboration, peace and the inde-
pendence of peoples.

NICOLAE CEAUSESCU
President of the Socialist Republic
' of Romania

Bucharest, 3 September 1981



APPEAL
BY THE PARTICIPANTS IN THE INTERNATIONAL
SYMPOSIUM “SCIENTISTS AND PEACE"

Meeting in Bucharest on 4 and 5 Septembef 1981 for the Symposium
““Scientists and Peace” in order to discuss, in a wide-ranging and fruitful

dialogue, the fundamental issue of the present day — peace, to which all -

mankind nobly aspires — we, the scientists from many countries of the
world and from all continents, aware of the serious hazards which science
and its servants may pose to the halting of the arms race, to continuing
progress and to the future of the whole world, urgently appeal to scientists,
researchers and intellectuals everywhere, and to all peoples, to join forces

and co-operate ever more closely in defence of peace, the supreme good of
mankind.

The world today is witnessing not only the giant strides of scicnce
and technology, as evidenced by awesome discoveries affecting all areas
of human existence, but also anachronistic actions which go against the
interests of mankind, applying the products of science and technology
to destructive ends injurious to the peace and freedom of peoples. Our
age i8 one in which mankind is confronted by highly complex problems,
with a new, frenzied arms race, unprecedented growth of military budgets,
and the manufacture and development of new means of mass destruction,
all of which severely aggravate the international situation, weighing
more and more heavily on peoples and increasing the danger of confla-
grations which may destroy life everywhere on earth and civilization itself,

a8 it has evolved over the millennia.

Let us, in full awareness of the fact that seientists, faced with the
alternative of peace or war, have a duty to defend peace, say a firm NO
to war and armaments, this being not only our moral responsibility but
essential to the continued existence of all mankind. We call on all scientists,
whatever their political, philosophical, religious or other beliefs, to work
side by side with the peoples of their countries to halt the deterioration
in the international situation, the arms policy, so that we may resume
and tirelessly pursue the course towards détente, peace and wide-ranging
international collaboration !

Let us act now, before it is too late, now, when we have so great a
responsibility for the fate of mankind, to end the arms race, to bring
about disarmament, especially nuclear disarmament, to create a world
without weapons and without wars and to defend basic right of indi-
viduals and peoples — the right to life and to peace.

Let us, as scientists more aware than anyone of the destructive power
of modern weapons and the tremendous danger they present to the secu-
rity of peoples and to the very survival of humanity, join forces more
closely and act resolutely against the use of atomic cnergy for other than
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peaceful purposes ! Let us do all we can to ensure that the immense po-
tential of scientific and technical research is not used for weapons pro-
duction but contributes exclusively to economic development and progress
in every country, to the preservation of the finest that the human Spirit
has accomplished and to the creation of new and important values !

In present circumstances, when there exist numerous economice,
social and political problems at the world level, it is our special duty as
scientists constantly to increase our contribution to the solution of these
problems for the well-being of all nations. Let us use our discoveries to
close the great gaps between the rich and poor countries of the world,
to eradicate the malnutrition and under-development affecting two thirds
of the world population, to eliminate the diseases which continue to claim
millions of human lives, and to protect the environment and conserve it
for the benefit of future generations ! Let us exert every effort to disco-
ver new sources of energy and raw materials, to solve the problems of
food, water supply, health, and so forth, on which depend the progress
and the future of all mankind ! Let us resolutely oppose any obstacle
to the movement of the world’s scientific and cultural assets, so that all
peoples can derive extensive benefit from the awesome accomplishments
of science and technology, so that science may truly become the property
of all mankind !

Today, international peace and security provide the most favourable
conditions for economic and social progress and for the application of
what the human spirit has achieved, the daunting modern technical and
scientific revolution, to the benefit of all mankind. Consequently, every
effort, every action by scientific and cultural associations, civic organi-
zations and private individuals, or by politiciang, Governments and par-
liaments, that will help to defend and consolidate peace, to promote the
cause of peaceful international collaboration based on respect for national
independence and sovereignty, equal rights, non-interference in internal”
affairs and mutual advantage must be appreciated and given determined
support, 8o that the legitimate aspirations of the peoples, of all who are
aware of their responsibility for the fate of civilization, may be realized.

We call on scientists, and on their national and international a8s0-
ciations, to establish suitable forms of co-operation transcending national,
ideological or political differences, to the end that science may be used
exclusively in accordance with its humanistic calling.

With this in mind, we have established an International Action
Committee to organize scientific activities, to expose the dangers created
by the frenzied arms race, particularly the nuclear arms race, to in-
form public opinion about these dangers and formulate concrete measures
to avoid them, and to prepare for a world congress of scientists in the
service of peace. We appeal to scientists and intellectuals throughout
the world fo join the Committee in this noble initiative for peace, to do
all in their power to make our views known in the United Nations, in
the Committee on Disarmament at Geneva and in all international forums
where disarmament, peace and international security and co-operation
are discussed.

Let us, in realization of our responsibility to science and to mankind
and of the fact that we cannot create an acceptable future without 3 peace-
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ful present, muster our strength of persuasion and the force of our argu-
ments in order to induce the arms enthusiasts to change their approach,
in order to influence Governments, parliaments and politicians to promote
policies of peace, understanding and collaboration and to abandon entirely
the use or threat of force, ensuring that all disputes are settled solely by
peaceful means, through negotiation.

Let us do all in our power to ensure that the funds spent on arma-
ments, the enormous military budgets, are used for socio-economic develop-
ment programmes in each country, for helping the peoples of the deve-
loping countries in their struggle for progress, and for creating a more
just and better world free from the threat of war !

Let us dedicate ourselves to the noble ideals of peace : let us do our
duty to our own consciences, to our contemporaries, to the supreme com-
mandments of mankind ! Let us show mankind a future commensurate
to its most cherished aspirations and its creative abilities, let us prove
worthy of all the most precious accomplishments of human civilization
down through the centuries! L ) )

We are firmly convinced that, if we join forces and intensify our
co-operation, science will truly beecome a weapon for living, enabling all
peoples to increase their contributions to the heritage of universal know-
ledge, so that peace, security and collaboration may triumph on earth !

The participants in the
International Symposium
“Scientists and Peace”

Bucharest, 5 September 1981

COENO-ECOLOGICAL GROUPS IN GRASSLANDS
OF ROMANIA

BY

A. J. KOVACS and G. DIHORU

It is a first attempt to synthesize the ecologic-phytocoenologic informations
on the Romanian grasslands. The basic components of the plant communities
are considered the main 64 coeno-ecological indicator groups, which are present-
ed on zones and belts of vegetation. Individual species groups are assessed by
habitat and coenotaxa characteristics. These groups, real coeno-ecological nuclei
of indicator plants, arc of major interest in biology, ecology, phytocoenology and
utilization of grasslands. '

The biotypes collected from a plant community (in investigations
about the forage germplasm sources) are an expression of the multiple
interactions among species, on the one hand, and the species and the ha-
bitat on the other. Therefore, the informations obtained about the na-
ture of ‘local population’ (habitat, community, technology) are of a
special interest in evaluating the genetic resources and in establishing
the grassland management.

The plant communities containing these useful populations (eco-
types, genoecodemes) are the main important structural components of
the grassland ecosystems and are organized in clustered coenopopulations,
in various species groups with essential coenological and ecological fea-
tures. These species gropups, as structural and functional units of the
community/ecosystem, can be treated like coeno-ecological indicator
groups [7, 9]. This concept brings together the species with closed ecolo-
gieal exigencies (light, temperature, humidity, trophicity, soil reaction) and
similar coenotic behaviour (frequency and wide coverage, vitality and
capacity of competition among the same coenotaxa).

The coeno-ecological species groups of indicator plants from Ro-
manian grasslands have been realized from the statistical analysis of a
vast information material and they have a general character, with possi-
bilites of further detailing (regional gioups) according to the local para-
meters.

The synopsis of the coeno-ecclogical groups (Gr.) has an arrange-
ment on zones and belts of vegetation. The species are displayed alpha-
betically in three categories (Poaceae--Cyperaceae—+Juncaceae; Faba-
ceae; other botanical families), using the taxonomy and nomenclature in
Flora Europaea. Those in brackets are considered of a secondary/trans-
gressive importance.

REV. ROUM, BIOL,—BICL, VEGET:, TOME 27, NO 2, P, 91~103, BUCAREST, 1982




92 A. J. KOVACS, G. DIHORU 2

ENUMERATION OF COENO-ECOLOGICAL GROUPS

I. THE ZONE OF STEPPE - FOREST STEPPL - OAK FORESTS

1. Gr. Fpstuca valesiaea : Agropyron cristatum subsp. pectinatum
Bromus japonicus, Cleistogenes serotina subsp. bulgarica, Phleum phleoides’
Stzpw capillata, S. werainica ; Astragalus ponticus, A. onobrychis, A fuesi:
carius, Medicago lupulina, M. minima, M. orbicularis, M. sativa éubsp
falcata, Or_»ob?_‘ychis arenaria, 0. gracilis, Oxytropis pilosa; Achillea nobilis
subsp. neilreichii, A. setacea, Adonis vernalis, A. volgensis, Allium mos-
chatum, Carduus hamulosus, Centaurea orientalis, Gifrsim;?/ “serrulatum
Dianthus membranaceus, D. pallens, Perulago campestris, Galium humifusum’
Linum austriacum, L. hirsutum, Phlomis herba-venti subsp. pungens Planj
tago argentea, Rumewx tuberosus, Salvia nemorose subsp. tesquic;)la S
nutans, Tarazacum serotinum, Trinia ramosissima, (Verbascum speciosu’m )'
Veronica austriaca, Viola ambigua. ’

Qontinental-xerothermic biotopes, flat areas or sunny slopes ; eubasic
and slightly acid-neuter (alkaline) soils. Oligotrophie, Xerophilou’s 0’1;0111)
Festucion rupicolae, Festucetalia valesiacae.b .

2. Gr. Stipa lessingiana: (Festuca valesiaca ), Stipa pu PEING 5
Astragalus austriacus, A. asper; Ajuga lazmannii, ii,lliun]; al%))idl;%“@g%i
taurea trinervia, Cephalaria wralensis, Crambe tataria, Haploph?/llu;n sua-
veolens, Jurinea mollis subsp. transylvanica, Nepeta ucranica, Salvia
nutans, Scorzonera hispanica, Teucrium polium. ’

Vegetation of primary steppe grasslands, rocky slopes; dr -
alkaline, loamy or with loess soils. Oligotro’phic, };eroghiléus yssgltlflg-
mophilous group. Stipion lessingianae, Festu;:etalia
valesiacae.

3. Gr. Thymus zygioides: Agropyron ocristatum subsp. br
Festuca callieri, Koeleria lobata; Astmg{;lus VESLCATIUS 5 O’onvcﬁvu%? 7;?5»353
tus, Dianthus nardiformis, D. pseudarmeria, Euphorbia nicaeensis subsp
glareosa, Gypsophila glomerata, Paronychia cephalotes, Pimpinella tmgz'un;
subsp. lithophila, Satureja caerulea, Scutellaria orientalis.

Sunny plateaus and slopes on calcareous substratum in the South-
East of the country; very dry superficial, skeleton, eroded, rocky soils
Oligotrophic, xerophilous, tharmophilous group. Pimpinello-Th y,
mion -2y groidi.

4. Gr. Festuca pseudovina — Achillea setacea : (Festuca rupicola)
(F. valesiaca ), Koeleria macrantha, Poa angustifolia; Astragalus ono-,
brychis, Medicago lupuling, M sativa subsp. falecata, Onobrychis arenaria
Tf:ifo'lium repens; Achillea collina, (EBuphorbia cyparissias ), H. salicifolia’
Hieracium pracaltum subsp. bauhinii, Potentilla argentea, P. cinereé
Sedum acre, S. sexangulare.

Dry sunny habitats; eubasic slightly acide-alkaline soils, Meso-
trophic, xeromesophilous group as far as the sessile oak belt. Festu cet a-
lia valesiacae, Festuco-Brometea.
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5. Gr. Poa augustifolia * : Carex praecox, Cynodon dactylon, Dactylis
glomerata, (Festuoa rupicols), (F. wvalesiaca ); Medicago lupulina, M.
sativa subsp. falcata, Lotus corniculatus, Trifolium repens; Achillea mille-
folium, A. setacea, Cichorium intybus, Eryngiwm campestre, Plantago lan-
ceolaia.

Dry-slightly moist habitats; eubasic slightly acid-neuter soils,
Mesotrophic, mesoxerophilous group, appearing as a successive stage after
fertilization. Festuco-Brometea. ‘

6. Gr. Artemisia austriaca — Poa hulbosa: (Agropyron cristatum
subsp. pectinatum ), (Dichanthiuwm ischaemwm ), (Cynodon dactylon ) ;
Astragalus onobrychis, Trigonella monspeliaca; ( Achillea setacea ), Andro-
sace elongata, Ceantaurea diffusa, Ceratocephalus testiculatus, Buphorbia
nicacensis, Galium humifusum, Herniaria incandg, Marrubium peregri-
num, Verbascum phlomoides. :

Degraded vegetation, ruderal (fallow, pastures); eubasic-mesobasic,
slightly acid, neuter soils. Mesotrophic, xerophilous, subthermophilous
group. Festucion rupicolae, Festucetalia valesiacae.

7. Gr. Dichanthium ischaemum: Bromus squarrosus, Cleistogenes
serotina, (Cynodon dactylon), Festuca rupicola, F. valesiaca, Stipa capil-
lata; Astragalus asper, A. monspessulanus, Medicago lupulina, M. mini-
ma; Aster amellus, Bombyc:laene erecta, Centaurea rhenana, Cephalarie
transylvanica, Dianthus capitatus, Brysimwm diffusum, Euphorbia nicaeensis,
B. sequierana, Xeranthemum annwum, X. eylindyaceum.

Degraded, steppizated habitats, rocky slopes; the soils are dry-
slightly moist, sandy, skeleton, with loess, slightly acid-neuter, poor in
humus. Oligotrophic, xerophilous, subthermophilous group, especially in
the South-East of the country. According to the geographical zone and
altibude the nucleus of the species is modified. Festucetal Q@ va-
lesiacae, Festuco-Brometlea.

8. Gr. Chrysopogon gryllus: (Agrostis capillaris), (Dichanthium
ischaemum ), Danthonia alpina, (Elymus hispidus ), (Festuca pseudovina ),
(F. rupicola), (F. valesiaca); Coronille varia, Medicago sativa Subsp.
falcata, Onobrychis arenaria, ( Trifolium ochroleucon ), Triagonella gladiata ;
Centaurea salonitana, Inula ensifolia, Jurinea mollis subsp. transylvanica,
Orlaya grandiflora, Ornithogalum pyramidale, Prunella laciniata, Ranun-
culus illyricus, (Rhinanthus rumelicus ), Salvie transylvanica, Thymus
glabrescens, Th. pannonicus, Verbascum banaticum.

Dry habitats on slight poorly drained slopes ; the soils are eubasic,
slightly acid-neuter, sandy, sometimes skeleton, poor in humus. Oligo-
trophic, xerophilous, subthermophilous group. Danthonio Chry-
sopogonion, Festucetalia valesiacae.

9. Gr. Thymus pannonicus — Salvia pratensis : Artemisia campes-
tris, A. pontica , Cephalaria radiata, O. uralensis, Euphorbia cyparissias,
Fragaria viridis, Potentilla cinerea, Salvia nutans, S. transylvanica, S.
verticillata, Teucrium montanum, Thymus glabrescens.

* One should not take Poa angustifolia L. for P. prafensis L. which has other coeno-
ecological characteristics (Gr. 12). : :
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Pionecr vegetation on the degraded slopes; mesobasic, eroded,
slightly acid-neuter soils. Oligotrophic, mesoxerophilous group. Festu-
cton rupicolae Festuco-Bromelea.

II. BELT SESSILE OAK — BEECH

10. Gr. Lolium perenne — Trifolium repens: Festuca pratensis, I
pseudovina, Poa angustifolia, P. pratensis; Lotus corniculatus, Medicago
lupulina, Trifolium pratense; Achillea millefolium, Carduus acanthoides,
(Eryrgium campestre ), Inula britannica, Plantago lanceolata, Potentilla
argentea, Taraxacum officinale. ‘

Fertile, slightly moist habitats ; eubasic and mesobasic soils. Eutro-
phic group (sometimes even nitrophilous), mesophilous. Cyno s u-
rion, Arrhenatheretalia.

11. Gr. Arrhenatherum elatius — Crepis biennis : Dactylis glomerata,
Festuca pratensis, (F. rubra ), Phleum pratense, Poa pratensis, Trisetum
flavescens; Lathyrus pratensis, Trifolium hybridum, T'. pratense; Achillea
millefolium, Carum carvi, Centaurea jacea, Cichorium intybus, Daucus
carota, Heracleum sphondyliuvm, Laserpitium latifolium, Leucanthemum
vulgare, Pastinaca sativa, Picris hieracioides, Tragopogon pratensis subsp.
orientalis.

Fertile, slightly moist and nondegraded habitats; cubasie-meso-
basic, moderately-slightly acid, loose soils. Eutrophic, mesotrophic, meso-
philous group. Arrhenatheretalia.

12. Gr. Festuca pratensis: _dlopecurus pratensis, Bromus commu-
tatus, Carexr melanostachya, C. otrubae, Dactylis glomerata, Poa pratensis,
P. trivialis; Trifolium dubium, T. hybridum, 1. patens, T. pratensis;
Cichorium intybus, Galium palusire, Gladiolus imbricatus, Leucanthemum
vulgare, Pimpinella saxifraga, Prunella vulgaris, Bhinanthus angustifolius
(R. rumnelicus ), Tragopogon pratensis subsp. orientalis.

Fertile fields (orchads), eubasic, moderate to slightly acid-neuter
and fresh soils. Eutrophic mesophilous-mesohygrophilous group.
Agrostion. stoloniferae, Molinietalia, Arrhena-
theretalia.

13. Gr. Cynosurus eristatus : (Agrostis capillaris ), Festuca praten-
sis, I. rubra, Dactylis glomerata, Lolium perenne, Phleum pratense, Poa
pratensis; Trifolium pratense, T. repens; Bellis perennis, Leontodon au-
tumnalis, (Prunella vulgaris ), Ranunculus acris.

Moderately fertile, slightly moist habitats; eubasic-mesobasic mo-
derate-slight acid, sandy-loam or clay-loam soils. Eutrophic-mezotrophic,
mesophilous group. Cynosurion, Arrhenatheretalia.

14. Gr. Plantago major : Lolium perenne, Sclerochloa dura; Chamo-
milla suaveolens, Coronopus procumbens, Poa annua, Polygonum aviculare,
Potentilla anserina, Sagina procumbens, Tarazacum officinale (Verbena
officinalis ).

Alongside roads, pastures, ploughed fields, trodden lands; eubasic,
moderate, slight acid, compact soils. Eutrophic (nitrophilous), mesophi-
lous-mesohygrophilous group. Polygonion avicularis, Plan-
taginetalia majoris.
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15. Gr. Festuca pallens : (Helictotrichon decora ), Dianthus spiculi-
folius, Hieractum bifidum, Sedum hispanicum, Silene nutans subsp. dubia,
Thalictrum foetidum.

Calcareous rocks, rocky slopes; eubasic, neuter, slightly acid soils.
Oligotrophic, saxicolous group. Stipo-Festucetalia pallentis.

16. Gr. Phleum montanum : (Fesiuca rupicola ), Melica ciliata;
Aster amellus, Campanula Sibirica, Centaurea atropurpurea, Erysimum
comatum, Galium album, Seseli gracile, 8. libanotis, Leucrium chamaedrys.

Rocky and sunny slopes; eubasic, slightly acid, alkaline soils. Oli-
gotrophic, mesophilous, subthermophilous group. T hymo-Festu-
cion rupicolae, StipoFestucetalia pal lentis.

17. Gr. Carex humilis — Thymus eomosus : (Dichanthium ischae-
mum ), Festuca rupicola, Poa badensis; Allium flavum, Alyssum murale,
Carduus candicans, Centauren triumfetti, Cytisus procumbens, Helianthe-
mum canum, Teucrium montanuym.

Rocky biotops, sunny slopes, on limy substrata; eubasic, neuter,
alkaline soils. Oligotrophic-mesotrophic, Xerophilous-mesoxerophilous
group. Thymo-Festucion rupicolae.

18. Gr. Danthonia alpina : (Agrostis capillaris ), Brachypodium pin-
natum, (Festuca rupicola ); Astragalus monspessulanus, Cytisus multi-
florus, Trifolium montanum; Clematis recta, Hieracium praealium subsp.
bavhinit , Inula hirta, I. salicina, Leontodon crispus, Orchis tridentata,
Polygala major, Potentilla alba, Veronica austriaca, (Viola hiria ).

Plateaus and dry-slightly moist slopes; eubasic-mesobasic, slight
acid-neuter, p2rmeable, often skeleton soils. Oligotrophic, mesoxerophilous,
subtbhermophilons. Danthonio-Brachypodion, Festuceta-
lta valestacae, Brometalia.

19. Gr. Brachypodium pinnatum —Deryenium pentaphyllum subsp.
herbaceum : (Carex humilis ), (Festuca rupicola ), Poa angustifolia, Stipa
tirsa; Cytisus multiflorus; Buplewrum falcatum, Cirsium pannonicum,
Fragaria viridis, Hypericum elegans, Jurinea mollis subsp. transylvanica,
Linum  flavum, Origanum ovulgare, Plantago media, (Polygala major ),
( Prunella laciniata ), Thesium linophyllon.

Degraded slopas; mesobasic, slightly acid, alkaline, loose, often
skeleton soils. Oligotrophic, mesotrophic, xeromesophilous, subthermo-
philous group. Spread from the forest steppe to the beech belt. Cir s 7 o-
Brachypodion, Brometalia.

20. Gr. Festuea rupicola — Onobrychis vieiifolia : (Agrostis capil-
laris ), Anthowanthum odoratum, Carex humilis, C. montana, Koeleria
macranthe; Lotus corniculatus, Medicago lupuline, M. saiiva subsp.
faleata, Trifolium montanum ; Allium albidum, A. oleraceaum, Aster amel-
lus, Asperula cynanchica, Campanula glomerata, C. sibirica, Dorycnium
pentaphyllum subsp. herbaceum, Linum austriacum, Orchis trideniata,
Pulsatilla montana, Salvia austriaca, S. nutans, Stachys recta, Veronica
spicata subsp. orchidea. v

Moderate slopes, especially exposed to the South and South-West ; .
eubasic-mesobasic, slightly acid-neuter-alkaline soils. Oligotrophic, meso-
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xerophilous, xerophilous group (incl. in the zone of common oak).
Festucion ruptcolae,Festucetalia valesiacae.

21. Gr. Agrostis capillaris : Anthowanthum odoratum, Briza media,
Dactylis glomerata, (Festuca rubra ), (F. rupicola ), Poa pratensis; Coro-
nille varia, Genista tinctoria, Medicago sativa subsp. falcata, Trifolium
montanum ; Anthericum ramosum, Campanule patula, (Centaurium ery-
thraea ), Filipendula vulgaris, Hypericum perforatum, Leucanthemum vul-
gare, (Moenchia mantica ), Pimpinella saxifraga, Polygala comosa, Pru-
nella vulgaris, Rhinanthus minor, Rumex acetosa, Salvia pratensis.

Dry-slightly moist biotopes, moderately wet ; mesobasic, moderately
acid, sometimes skeleton or destitute of humus. Mesotrophic (oligotro-
phic), mesophilous-mesoxerophilous group. Cynosurion, Arrhe-
natheretalia.

III. BELT OF SPRUCE

22. Gr. Festuca rubra: (Agrostis capillaris ), Anthoranthum odora-
tum, Phleum pratense ; Anthylis vulneraria ?subps. kerneri, Chamaespartium
sagittalis; Achillea distans, Alchemsilla vulgaris agg., Campanula serrala,
Carlina acaulis, Centaurea phrygiec subsp. melanocalathia, Dactylorhiza
cordigera, Gentiana lutescens, Hieracium aurantiacum, Hypericum macu-
latum, Hypochoeris radicata, Omalotheca sylvatica, (Viola declinata ).

Moderately wet habitats, on plane fields or slopes, in all aspeets,
at 600—1500 m; oligobasic-eubasic, acid-neuter soils. Oligotrophic-eu-
trophic, mesophilous (mesohygrophilous) group, in the beech and spruce.
belts. Cynosurion, Arrhenatheretalia.

23. Gr. Festuea nigreseens: Nardus siricia, Phleum alpinum;
Chamaespartium sagittalis, Trifolium repens; Campanula patula subsp.
abietina, Centaurea wuniflora subsp. nervosa, Hieracium aurantiacum,
Hypochoeris uniflora, Scorzonera purpurea subsp. rosea, Viola declinata.

Brown acid soils or podsols, incl. in the belt of mountain pine.
Transgressive-mesothermic,  mesotrophic group. Cynosurion,
Nardion. ‘

24. (Gr. Nardus stricta — Viola ecanina subsp. montana: Carex
pilulifera, Danthonia decumbens, Deschampsia flewuosa, (Festuca rubra ) ;

Genista tincloria agg.; Aniennaria dioica, Arnica moniana,Hieracium.

argillaceum, H. lactucella, H. pilosella, Potentilla erecta, Polygala vulgaris,.
Vaccinium myrtillus.

Habitats with oligobasic, acid-moderately acid, poor in humus,
moderately wet or dry-slightly moist (rarely slightly moist — modera-
tely moist) soils. Oligotrophic (mesotrophic) group, sometimes with alter-
nating moisture conditions. Some species appear in the beech belt too.
Nardton strictae, Nardetalia.

25. Gr. Deschampsia eespitosa subsp. alpina — Carex ovalis : Carex
canescens, Festuca pratensis subsp. apennina, Poa itrivialis; Alchemilla.
glabra, Caltha palusiris, (Rumex alpinus), Senecio subalpinus, (Vera-
trum album ). :

7 COENOECOLOGICAL GROUPS IN GRASSLANDS OF ROMANIA 97

In wet biotopes with tendency to bogging up, on hard permeable.
substrata ; mesobasie, slightly acid soils, often in peats. Mesotrophic,
mesohygrophilous, hygrophilous group. Deschampsion cespi-
tosae, Adenostyletalia.

26. Gr. Rumex alpinus: (Dactylis glomerata ), (Deschampsia ces-
pitosa ) Poa annua, P. pratensis; Alchemilla vulgaris agg., Chenopodium:
bonus-henricus, Rumewx alpestris, R. obtusifolius subsp. subalpinus, Senecio
subalpinus, Taraxacum officinale, Urtica dioica, (Veronica chamacdrys ).

Round of sheepfolds on nitrificated soils. Megatrophic, mesophilous,.
mesohygrophilous group. Rumicion alpini, Adenostyle-
talia.

27. Gr. Calamagrostis arundinacea : Festuca arundinacea subsp. sub-
alpina, F. rubra, Dactylis glomerata, Poa nemoralis; Campanula glome-
rata, Cirsium erisithales, Digitalis grandiflora, Origanum vulgare, Picris
hieracioides, Tanacetum corymbosum subsp. clusii.

Sunny slopes or forest glades; oligomesobasic, acid, moderately
acid soils. Oligotrophic-mesotrophic, mesoxerophilous-mesohygrophilous,
group. Calamagrostion arundinaceae, Adenostyle-
talia.

28. Gr. Epilobium angustifolium : Calamagrostis arundinacea, C. epi-
geios, Dactylis glomerata, Festuca rubra, Poa memoralis; Chaerophyllum
aromaticum, Fragaria vesca, Rubus idaeus, Senecio sylvaticus, S. nemo-
rensis subsp. fuchsit.

Pioneer vegetation in the mountain cutting areas and forest glades
with eutrophic (nitrophilous), mesophilous (sometimes mesoxerophilous)
character. Epilobietalia angustifolid.

29. Gr. Sesleria rigida : Avenula decora, Carex sempervirens, Festuca
rupicola subsp. saxatilis, Poa memoralis (var. agrostoides ), Trisetum al-
pestre; Alyssum petraeum, Athamanta turbith subsp. hungarica, Cnidium
silaifolium, Ranunculus oreophilus, Seseli libanotis, S. rigidium, Thalic-
trum  foetidum.

Calcareous rocks. Saxicolous, xerophilous, thermophilous group.
Seslerion rigidae, Seslerietalia.

IV. BELT OF MOUNTAIN PINE (subalpine belt)

30. Gr. Nardus strieta: Poa media; Genista tinctoria agg.; Crepis
conyzifolia, Gentiana punctata, Homogyne alpina, Luzula sudetica, Omalo-
theca norvegica, Plantago atrata, Polygala alpestyis, Potentilla aurea subsp.
chrysocraspeda, Pseudorchis albida, Solidago virgaurea subsp. minute.

Habitats with excessive water content in spring from the melting
of snow. Podsolized soils or acid humus podsols. Mesothermic heliophi-
lous, oligotrophic group. N ardion, Nardetalia.

31. Gr. Festuea airoides: Agrostis rupesiris, Avenula versicolor,
Bellardiochloa violacea, Nardus stricia; Alchemilla flabellata, (Campa-
nula serrata ), Buphrasia minima, Gentiana acaulis, Geum montanum,
Ligusticum mutellina, Polygonum wviviparum, Potentilla aurea subsp.
chrysocraspeda, Pulsatilla alba, Senecio carpathicus.

2—¢, 2463 21
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- Dry, slightly moist habitats ; podsolized brown or humic-silicated-
podsolized acid-moderately acid soils with low t}‘ophieity. Oligotrophic,
mesoxerophilous, oligothermic group. Caricion curvw lae.

392. Gr. Festuca amethystina : Carex sempervirens, Koeleria macrantha
agg., Bellardiochloa wiolacea, (Sesleria rigida ); Anthyllis vulneraria,
Onobrychis montana; Allium ericetorum, Centourea kotschyana, Dianthus
tenwifolius, Helianthemum nummulariwm subsp. tomentosum, Iris ruthenica,
Knautia longifolia, Phytewma orbiculare, Potentilla crantzit, Thlaspt
dacieum.

Steep slopes in calcarcous mountains; oligomesobasic, profound,
loose, slightly acid-neuter soils. Heliophilous, thermophilous, mesotro-

phie, calcicolous group. Seslerieta lia calcariae sl
V. ALPINE BELT

33. Gr. Carex curvula: Agrostis rupestris, Festuca airoides, Juncus
trifidus, Luzula alpinopilosa, Oreochloa_disticha, Poa media ; Anthemis
carpatica, Campanula alpina, Dianthus glactalis subsp. gelidus Hieractum
alpinum, Leucanthemopsis alpina, Omalotheca alpina, Qmalotheca supina,
Phyteuma confusum, Plantago gentianoides, Primula minima, Ranunculus
crenatus, Sedum alpestre, Soldanella pusilla.

Primary grasslands on siliceous substratum; oligobasic, acid-mo-
derately acid, often skeleton soils. Oligotrophie, oligothermic group.
Caricion curoulae, Juncetea trifidi.

34. Sesleria bielzii : Carew sempervirens, Festuca picta, Festuca ni-
tida, F. versicolor; Astragalus alpinus, A. frigidus, Hedysarum hedysa-
roides, Oxytropis carpatica, Trifolium repens subsp. ochranthum; Alys-
sum repens, Barisia alpina, Biscutella laevigata, Linum perenne subsp.
eatraazillare, Tarazacum panalpinum, Thymus pulcherrimus, Viola alpina.

Steep slopes on calcareous substratum; eubasic, alpine rankers,
humic-silicated, pararendzinas, rich in humus, moderate-slight acid soils.
Oligotrophic, mesoxerophilous, rupicolous, oligothermic group. Ses-
lerietalia calcariae.

35. Gr. Minuartia sedoides : Androsace chamaejasme, Cerastium al-
pinum subsp. lanatum, Festuca bucegiensis, Loiseleuria procumbens, Minu-
artia gerardi, M. recurva, Silene acaulis.

Habitats with the eolian erosion; skeleton, rocky, humic-silicate
soils. Meso-oligotrophic, mesophilous, oligothermic group. Elynion,
BlynoSeslerietea.

36. Gr. Kobresia myosuroides : Chamorchis alpina, (Dryas octo-
petala ), Saliz reliculata, Silene acaulis. . o

Wind-beaten habitats ; eubasic, superficial, humic-silicate, moderate
acid soils. Oligotrophic, mesophilous-mesoxerophilous, oligothermic group.
Elynion, BElyno-Seslerietalia.

vI. FLOOD PLAINES AND DEPRESSIONS
37. Gr. Phragmites australis : Agrostis gigantea, Glyceria Mmarimae,

Poa palustris, Phalaris arundinacea ; Glycyrrhiza echinata ; Alisma plantago-
aquatica, Butomus wmbellatus, Bquisetum fluviatile, Iris pseudacorus, Leu-
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canthemella serotina, Lycopus europaeus, Oenanthe aquatica, Rumex hydro-
lapathum, Scirpus lacustris, S. sylvaticus, Scrophularia wmbrosa, Siwm
latifolium, Sparganium erectum, Stachys palustris, Typha angustifolia
T. latifolia. ' ’

Habitats with stagnant or slow flowing water, depressions; tem-
porary or permanent submerged slightly acid — slightly alkaline, fertile
soils. Eutrophic-mesotrophic, hygrophilous group. Phragmitete a.

38. Gr. Phal;u‘i§ arundinacea : Poa palustris, P. trivialis; Mentha
aquatica, M. longifolia, Ranunculus repens, Rorippa amphibia.

Wet biotopes near rivers and lakes, depressions; temporary sub-
merged, slightly acid-neuter soils. Eutrophic-mesotrophic, hygrophilous
(with alternating conditions). Phragmitetea.

39, Gr. Seirpus maritimus : (Aster tripolium subsp. pannonicus),
(Galzum palustre ), (Juncus gerards), Polygonum amphibivm, Scirpus
lacustris subsp. tabernaemontani, (Triglochin maritima ).

Swampy habitats ; eubasic-mesobasic, humic gley, ofen salinized
(alkaline) soils. Me_sotrophic-eutrophic (halophilous) hygrophilous group.
Bolboschoenion (Festuco-Puccinellietalia).

40. Gr. Thelypteris palustris: Carex elata; HMenyanthes trifoliata
Peucedanum palustre, Ranunculus lingua, Saliz aurita, S. cinerea. ’
_ Swampy biotopes, peat bogs ; mesobasic-eubasie, slightly acid, peaty
soils, moistened with stagnant water. Mesotrophic, hygrophilous group.
Magnocaricetalia.

) 41. Gr. Carex rostrata — C. acuta : Calamagrostis stricta, Carex acu-
tiformis, O. disticha, C. melanostachya, C. pseudocyperus, C. riparia, C.
vesicaria, C. vulpina; Epilobium palusire, Myosotis scorpioides, Senecio
paludosus, Teucrium scordium, Veronica scutellata.

) Li@ble to inundation depressions, swampy grasslands, swamps R
oligobasic-eubasic, pseudogleyed, peaty-gleyed, often poor in limestone,
querate-slightly acid soils. Mesotrophic (oligotrophic-eutrophic) hygro-
philous group. Magnocaricion, Magnocaricetalia.

42. Gr. Eriophorum latifolium — Carex flava: Carez appropin-
quata, C. davalliana, C. lepidocarpa, Schoenus nigricans, Sesleria caerulea ;
Galium boreale, Pedicularis palustris, Pinguicula vulgaris, Swertia peren-
nis, (Tofieldia calyculata ).

. Swa,m_py habitats and grasslands, fen peats; mesobasic, moderate
slightly acid, gleyed or peaty-gleyed soils. Oligotrophic-mesotrophic,
hygrophilous (alternating) group. Caricetalia davallianae.

43. Gr. Molinia caerulea : Carex hostiana, C. panicea, Juncus con-
glomeratus ; Tetragonolobus maritimus ; Achillea ptarmica, Cirsium canum
Dianthus superbus, Epipactis palusiris, Gentiana pneumonanthe, Sangui-’
sorba officinalis, Silaum silaus, Succisa pratensis, Thalictrum simples.

. Swampy (periodically dried) habitats ; oligobasic-mesobasic, slightly
acid (-neuter), often pseudogleyed, gleyed or peaty with nondecomposed
organic substances soils. Oligothrophic-mesotrophic, mesohygrophilous
(alternating) group. M olinion, Molinietals a. )
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_ Gr. Deschampsia cespitosa — Juneus effusus : Agrostis camina,

A. sto%inifem; (A. capgllaris )y (Festuoa rubra ), Juncus atratus, J. conglo-
meratus ; Cardamine pratensis, (Lythrum salicaria ), Teucrium s.cordmtlm.
Wet habitats, swampy grasslands ; oligobasic-mesobasic, a;'Old-Iéli).(re-

rate acid, often pseudogleyed, rich in humus (hy.dromodelr).smls. igo-
trophic, mesotrophic, hygrophilous (in a.ltel:natlng conditions) group.
Agrostion stoloniferae, Molinio-Arrhenatheretea.

5 Gr. Cirsium oleraceum : (Dactylis glomerata ), Festuca arundi-
mweop,4 109’ gol'atensis; Angelica sylvest(ri:s, G‘ho'wrophyll@%m hirsutum, Fglﬁgen-
dula wlmaria, Gemniumspalustre, lLy;’?machm vulgaris, Petasites hybridus,

"ePens cirpus sylvaticus. . '
(Raméggglgisog;{;es, s)v,va,mp}]r) grasslands, river banks ; the soils are eubas;e-
mesobasic, moderate-acid-neuter, rich in humus, often gleyed or pea ‘y,
moisted by the mobile infiltrating water. 'Mesotrpphlc-e}ltr.ophlc,dmelso-
hygrophilous-hygrophilous group. Molintetalia, Fitlipendulo-
Petasttion. .

46. Gr. Agrostis stolonifera — Elymus repens: _O’_are'a:. hirta, C
otrubae, Festuca arundinacea, Juncus compressus, Poa tmmal@, IL}OWfi cor-
culatus, Trifolium hybridum, T. repens; Fritillaria meleagris, Lepi T
latifoliwm, Oenanthe silai{oliq, flqntago altissima, (Potentilla anserina ),

. i Serratula tinctoris. '
Rumel?lggg];ﬁtgi’e&s; eubasic-mesobasic, slightly acid-neuter, of‘ifenhgf)m-
pacted and pseudogleyed soils. Mesotrophxc—.eutrpphlc, mesqhyglotp 1Z ous
(alterna.ting)group.Agrostion stoloniferae, Molintetalia.

_ Alopecurus pratensis : Carex melanostachya, C. otrubae, (Des-
champ%iz. chzl)i?osap), Festuga arundinacea, F pratensis, Poa tr.@ma%zs ;s ( T?‘-
folium angulatum ), T. hybridum, T. machelianum ; Lyohm.s:uf os:cut(m Ty
Oenanthe banatica, Orchis lawiflora subsp. elegans, Potenti tlt reptans,
Ranunculus repens, Rumewx obtusifolius, Symphytum officinale. o
Wet habitats from flooded plains, with short periods of flooding ; 1?}1
basic-mesobasic, moderate acid-neuter, loamy or clayey soils. Elutrop 12_,
hygrophilous-mesohygrophilous group. Agrostion 8stolomnt f
rae, Molinietea. bt Aorostis stolomifora, Alo
. Poa trivialis subsp. sylvicola: Agrostis stolomijera, -
pecumfsg }Jggensis, Festuca pratensis; Medicago lupulina, Tmf%lu;'rmn hyg)zz:
dum, T. pallidum, (T. patents )5 T. ;;s%;;n%fo::; ;‘ S( Galium palustre ),

) ippa austriaca, Ity { . ) .
tenmllghrgeﬂ?;sr,nggg ﬁgbita,ts in si_mny flooded plains ; eubailpl, shght{)y
acid-neuter, (rich in humus) soils. Eutrophic, mesohygrop Ml OI;S., su e:
thermophilous group. Agrostion .stolonzferae, olini
talia (incl Agropyro-Rum@czon).

i : (Agrostis stolonifera ),

49. Gr. Elymus repens — Rumex erispus: (Ag ‘
Dactylis glomemstra, Festuca arundinacea, Juncus compressus, Lolium pe-
renne; (Lrifolium hybridum ), T. repens; Inula britannica, Mentha lon-
gifolici, Potentilla anserina, P. reptans, Pulicaria dysenterica, Rorippa

sylvestris. ' ) . ) )
Y Wet ruderal depressions, river banks; eubasic, mesobasic, loamy or

- clayey, often compact, moderately-slightly acid, (sometimes slightly sali-
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nized, moistened by phreatic water or by stagnant infiltration water)
soils. Pioneer, eutrophic-mesotrophic, mesophilous-mesohygrophilous (al-
ternating) group, spread from the forest-steppe zone as far as the beech
belt. Agropyro-Rumicion, Plantaginetea.

50. Gr. Lindernia pyxidaria : (Alopecurus aequalis ), Eleocharis aci-
cularis, Isolepis supina, Juncus bufonius, (Zingeria pisidica ); (Chamo-
milla recutita ), Elatine alsinastrum, Filaginella uliginosa, Lythrum hysso-
pifolia, Mentha pulegium, (Myosurus minimus ), Veronica acinifolia.

In microdepressions on grey-brown podzolic soil of depression, gene-
rally wet, sometimes with stagnant water, rarely slightly salinized.
Nano-Cyperion, Nanocyperetalia.

VII. SALINIZED AREAS

51. Gr. Salicornia europaea: (Puccinellia festuciformis subsp. con-
voluta ); Bassia hirsuta, Salsola soda, Suaeda maritima.

Inland salt areas; slightly moistened-wet, often in alternating
conditions of humidity. Mesohygrophilous, halophilous group, T her o-
Salicornion, TheroSalicornietalia.

52. Gr. Crypsis aeuleata: Crypsis alopecuroides, C. schoenoides;
(Heliotropium supinum ), Spergularia marina, S. media, (Suaeda mari-
tima ), (Verbena supina ).

Salinised areas with humic gley soil and alternating conditions of
humidity. Oligotrophic, mesohygrophilous, halophilous group. C¥y p e o-
Spergularion, Festuco-Puccinellietea.

53. Gr. Juneus gerardi: (Agrostis stolonifera ), Carex distans; Cen-
tawrium pulchellum, (Glawr maritima ), Lotus tenuis, Peucedanum latifo-
lium, Scorzomera parviflora, Trifolium fragiferum, Triglochin maritima.

Habitats with salinized, moderately wet, moderately moistened,
eubasic, slightly acid, alkaline soils. Mesohygrophilous (alternating),
halophilous group. Juncton gerardi, Festuco-Puccinel-
lietalia.

54. Gr. Beckmannia eruciformis: (Agrostis stolonifera ); Carda-
mine parviflora, (Mentha pulegium ), (Ranunculus sardous ), Rorippa
sylvestris subsp. kerneri, Rumex stenophyllus.

Marshy grasslands on the river banks ; salinized (solonetzs), clayey
soils. Mesotrophic, mesohygrophilous (alternating) halophilous group.
Beckmannion, Festuco-Puccinellietalia.

55. Gr. Pholiurus pannenieus: (Chamomilla recutita ), (Hordeum
hystriz ), Plantago tenuiflora, (Zingeria pisidica ).

Habitats of moderate salt march, flooded, with humic gley soils,
poor in humus (solonetzs), under temporary drying. Mesohygrophilous
(alternating), halophilous group. Festuco-Puccinellietalia.

56. Gr. Puceinellia festuciformis subsp. convoluta : Elymus elonga-
tum, B. repens; Lotus tenuis; Lepidium crassifolium, Myosurus minimus,
Scorzonera cdana, Taraxacum bessarabicum.

Moderately wet fields or with alternating hydroregime ; salinized,
neuter-alkaline soils, poor in humus. Mesohygrophilous (alternating), halo-
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philous group. Puccinellion limosae, Festuco-Puccinel-
lietalta.

57. Gr. Puecinellia distans subsp. limosa: Puccinellia festuciformis
subsp. intermedia; (Artemisia santonicum ), Aster tripolium subsp. pan-
nowicus, Atriplex Uttoralis, Limonium gmelinii, Triglochin maritimum
(T. palustre ).

Moderate salt habitats; salinized (solonetzs, solonchaks), neuter-
allcaline soils. Kutrophic, mesophilous (mesohygrophilous, alternating)
group. Puccinellion iimosae, Festuco-Puccinellie-
talia.

58. Gr. Halimione verrueifera : (Puccinellia festuciformis subsp. con-
voluta ) ; Halimione pedunculata, (Suaeda maritima ).

Marine and inland salt areas, sulfate-sodium salt marshes, modera-
tely moist-dry soils. Mesohygrophilous, halophilous group. Festu co-
Puccinellietalia.

59. Gr. Festuca pseudovina — Artemisia santonieum ¢ (Hordeun hys-
triw ), Poa bulbosa; Lotus angustissimus, Trifolium angulatum, T. micran-
thum, T. strictum, T. subterraneum; Bassic sedoides, Bupleurum tenuis-
stmum, Camphorcsmae annua, Petrosimonia iriandra, Plantago schwarzen-
bergiana.

Slightly salt habitats, salinized humic gley soils ; dry-moderately
moist, neuter soils, poor in humus. Xeromesophilous, halophilous group
intermediary between steppe-forest steppe and halophytic vegetation.
Festucion pseudovinae.

VIII. SANDY AREAS

60. Gr. Leymus racemosus subsp. sabulosus: Agrostis gigantea subsp.
pontica, Aeluropus littoralis; Astragalus varius, Medicago marina, M.
orbicularis, Melilotus alba; Achillea clypeolata, Cakile maritimae subsp.
euwina, Corex ligerica, Crambe maritima, Kphedra distachya, Eryngium
maritimum, Gypsophila trichotoma.

Maritime sands and dunes ; soils poor in humus. Oligotrophic, Xero-

philous, psammophilous, subthermophilous group. Festucetalia

vaginataec.

61. Gr. Bromus tectorum : Digitaria sanguinalis, Secale sylvestre,
Tragus racemosus, Vulpia myuros; Medicago minima, Trifolium arvense;

Anthemis ruthenica, Ceratocarpus arenarius, Mollugo cerviana, Polygonum-

arenarium.

Dry biotopes, continental sands, rocky slopes; eubasic — meso-
basic, loamy — sandy, skeleton soils, poor in humus. Oligotrophic—meso-
trophic, xerophilous — mesoxerophilous group, of annual pioneer psam-
mophytes. Bromion tectorum, Festucetalia vaginatae.

62. Gr. Festuca vaginata : Trigonella monspeliaca; Achillea ochrole-

uca, Carex stenophylla, Centaurea arenaria, Gypsophila paniculata, Heli-
chrysum arenarium, Kochia laniflora, Minuartia viscosa, Planiago are-

naria, (Polygonum arenarium ), Rumex tenwifolius, Silene conica.
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Sandy biotopes (forest steppe — sessile oak); sandy or loessoidy,
slightly acid — alkaline soils. Oligotrophic, xerophilous, thermophilous
group.Festucion vaginatae, Festucetalia vaginatae.

IX. BORDER OF IFORESTS

63. Gr. Geranium sanguineum: (Dactylis glomerata ), (Festuca rupi-
cola ) (Coronilla varia ), Trifolium alpestra, T. rubens; Clematis recta,
Clinopodium vulgare, Dictamnus albus, Fragaria viridis, Galium glawcum,
Inula hirta, I. salicina, Peucedanum cervaria, P. oreoselinum, Rosa gallica,
Thalictrum minus, Seseli elatum subsp. osseum, ( Tanacetum corymbosun ),
(Verbascum lychnitis ).

Dry, dry-moderately moist, basiphilic biotopes eubasic, neuter-
alkaline, loose, often superficial, skeleton or rocky soils. Oligotrophic,
xerophilous, xeromesophilous, thermophilous group. At the contact area
of xerophilous grasslands (Festuco-Brometea ) and thermophilous (Quer-
cetea petraeae ) or temperate forests (Carpinion, Fagion). Geranion
sanguinei, Origanetalia.

64. Gr. Trifolium medium : (Brachypodium pinnatum ), Calamagro-
stis arundinacea, (Dactylis glomerata ); Astragalus glycyphyllos; Achillea
distans, Agrimonia eupatoria, Gentiana asclepiadea, Laserpitium latifo-
liwm, Origanum vulgare, (Pteridium aquilinum ).

At the contact area between mesoxerophilous grasslands and meso-
philous forests, on moderately moist soils. T'rifolion medit, Ori-

S ganetalia.
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CERTAINS ASPECTS DE L’EMBRYOLOGIE
CHEZ LE NOYER EN RELATION AVEC LA TAXONOMIE
DE LA FAMILLE DES JUGLANDACEES

PAR
TRAIAN I. STEFUREAG ct C. TABACARU

The analysis of embriological data (microsporogenesis, macrosporogenesis, game-
togenesis, pollination) as well as of the ecological-climatological (seasonal) and
biological ones in Juglans regia L., performed by the authors, provided new evi-
dence as regards the taxonomy and phylogeny of fam. Juglandaceae belonging to
Monochlamydeae as well as to Angiospermae in gencral, The processes of progres-
sive individualisation of the cells of the embryo sacks are pointed out as well
as the penetration of the pollinic tube (porogamy), the form of stomates, pre-
sence of calcium crystals in the palisade tissue, a.s.0., in comparison with the
related units.

Some characters of similitude and differentiation are debated, revealing the
progresses obtained in evolution. The valuc of the derived characters as well as
the characters of primitivity are underlined, peculiarities through which the
Juglandales are rclated to the Amenliferae and to Terebinthales, respectively.

Dans la taxonomie des Spermatophytes on utilise aussi de plus en
plus de nos jours en dehors des caractéres de appareil végétatif (strue-
ture, consistance et autres), ainsi que ceux de la fleur, du fruit, de Ila
graine — les résultats des recherches de cytologie, d’embryologie, de gé-
nétique, d’écologie, de florogenése.

Les études embryologiques ont une particuliére importance, puisque
les caractéres et les diagnémes que 1'on saisit comme progressions dans
le déroulement des divers processus de morphogenése florale relatifs &
la structure des fleurs, des inflorescences, du pollen, des stomates, de
méme que ceux de microsporogeneése et de macrosporogendse, y compris
de métabolisme, constituent des preuves dans 1’établissement des rela-
tions taxonomiques phyllogénétiques.

Pour I'explication de I’évolution des Juglandales, la connaissance de
la structure et de l'organisation florale, en relation avec les facteurs du
milieu et des rapports biotiques, constitue une source d’importantes don-
nées. Mais 'interprétation de celles-ci différe, dans la bibliographie, chez
différents auteurs quant a la détermination de la valeur des caractéres
essentiels, deux courants étant connus & ceb egard : 'un qui considére
primitif le groupe des Monochlamydeae, Pautre comme des plantes déri-
vées, résultats secondaires dans 1’évolution. Les présentes recherches ont
justement le but d’apporter de nouveaux éléments et de nouvelles inter-
prétations d’embryologie dans ce probléme fondamental de 1’évolution
des certains groupes d’Angiospermes et notamment chez les Juglandales.

Chez Juglans regia L. ’'ovule est orthotrope (PL I, fig. 1), (type ren-
contré chez la plupart des Gymnospermes, chez les Préphandérogames, les
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Polygonacées), basilaire, avee un téguinent vascularisé, conerescent avec le
nucelle (comme chez les Fagacée, les Salicacée). La vascularisation est
plus développée & la base de Vovule; le trajet des vaisseaux suit une
courbure allant de I'ovaire vers la base de 'ovule.

Te nucelle est volumineux, non vascularisé, conerescent avec le
tégument, caractéres voising des Casuarinacée, des Fagacée, des Myri-
cacée, des Salicacée.

L’archespore femelle est multicellulaire, caracteérc qui attesterait
lancienneté et la primitivité de ce groupe, caractére rencontré aussi chez
les Polycaspicae, ce qui constitue un argument pour la ressemblance entre
ces groupes ancestraux dans le systéme des Angiospermes.

Selon certaines considérations (parues) dans la littérature de spc-
cialité (P. M. Jucovschi, 1953, p. 363), l'archespore phuricellulaire de cer-
tains groupes plus primitifs (Casuarinacée) ne constituerait pas une
preuve de leur primitivité, puisque l'on rencontre aussi un archespore
de ce type chez des familles plus jeunes du point de vue évolutif, phy-
logénétique (Apiacée, Asteracée).

Des recherches sur la gamétogenése femelle chez Juglans regia ont
mis en évidence la formation de la cellule-mere des macrospores Vers
le centre du nucelle massif, formant une tétrade de type linéaire des ma-
crospores. Le sac embryonnaire complet & 8 noyaux se différencie pen-
dant la phénophase de la floraison maximale de la fleur femelle dans
la période optimale de fécondation. Apreés le stade eénocytique octonu-
clée, le sac embryonnaire subit un proCossus de cellularisation, qui se
déploie dans une certaine succession caractéristique : d’abord se forment
les antipodes & grands noyaux et & une cytoplasme intensément colorée
(PL. 1, fig. 2), aprés quoi suit la formation de DUoosphére ayant une grande
vacuols et une membrane mince (Pl T, fig. 3) et cnsuite les synergides
avec de grandes vacuoles du ¢dté micropylaire du cénocyte. Les noyaux
polaires présentent des nucléoles évidents, grands.

Irindividualisation progressive dans une certaine succession des
cellules du sac embryonnaire constitue un ecaractére utile en taxonomie
et en phylogénie, étant considéré une ressemblance avec Pontogenese
du gamnétophyte chez les plantes archégoniates (J. Bouillot, 1969). En
poursuivant la pénétration du tube pollinique dans Povule et dans le sac
embryonnaire, on observe que celui-ci pénétre par porogamie (Pl T,
fig. 4) et libére ensuite les deux noyaux spermatiques (PL. 1, fig. 5).

T1 existe une corrélation entre la conformation de la fleur et la ma-
niére dont pénétre, par porogamie, le tube pollinique, stade ou la struc-
ture anatomique de la fleur est adéquate & ce processus par la présence,
dans le canal du style, d’un tissu conducteur rudimentaire, formé de 2—3

Planche I — Aspects de Vembryologic chez Juglans regiuL.: Fig. 1. — Ovule
orthotrope, ayant un intégument et nucelle volumineux, non vascularisé ; Fig. 2.
_ Stade de la gamétogenese femelle (formation des antipodes) ; Fig. 3. — Le
sac embryonnaire (on observe les synergides, Poosphere, le noyau secondairc);
Tig. 4. — Pénétration du tube pollinique dans le sac embryonnaire ; Fig., 5. — Le
tube pollinique pénétr¢ dans le sac embryonnaire libérant deux noyaux sperma-
tiques ; Fig. 6. — Section transversale du limbe foliaire (on observe les cristaux
@oxalate de caleium dans le tissu palissadique) (X 100) (orig.).
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Planche II — Aspects embryologiques et morpho-a11atoxnique§ ch.ejz.Juglan's regia L.:

Tig. 7. — Section transversale du limbe foliaire (le tissu lacu’nalr.e, I’épiderme inférieur a}l‘\f

stomates de type anomocytique, renonculé); Fig. .8 - Pél]ftratxon de deux_ Spex:{natleb

prés du noyau secondaire du sac embryounnaire; Fig. 9, — Endosperme nucléz.ure; Plg. 10.

— Section transversale du limbe foliaire (poils sécréteurs); Fig. 11. — La feuille dor51'venA

trale & deux couches de cellules palissadiques; Fig. 12. — Section transvers ale. du limbe
foliaire (poils glandulaires, cristaux d’oxalate de calcium), (X 100). (orig.)
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rangs de cellules séeréteuses, glandulaives. Ta pénétration du tube polli-
nique se réalise sur le plan de la conerescence des carpelles, endroit ou
se forme le tissu conductear du tube pollinique caractérisé par un
riche contenu en lipides. '

Sur le mode de pénétration du tube pollinique dans 'ovule chez
Juglans regia, les opinions des auteurs sont différentes: il y en a
quelques-uns qui soutiennent la theése de l'existence de la chalazogamie
(G. G. Nast, 1941 ; 8. G. Navagin, 1951), et d’autres qui soutiennent celle
de la porogamie (H. Schanderl, 1969). La chalazogamie a été identifiée
aussi, outre chez les Monochlamydeae, chez d’autres groupes (Ranales,
Jucurbitales ), constituant  Paporogamie; cela montre que Jon
rencontre ce caractére concernant la pénétration du tube pollinique dans
Povule, de méme chez certains groupes plus spéeialisés, plus simplifiés,
done plus évolués, ce qui dénote que ce type dérive d’un type plus primitif,
ancestral. La présence de la porogamie chez les Gymmnospermes ¢t chez
hon nombre d’Angiospermes, ainsi que la présence de 1’aporogamie chez
les Angiospermes spécialisées et ¢voluces, tout cela aboutit & la consta-
tation que la porogamie est plus primitive et que 'aporogamie en aurait
dérivé. Ainsi, la présence de la porogamie chez le genre Juglans repré-
senterait un caractére plus primitif, par lequel il se rapproche de groupes
inférieurs d’Angiospermes. D’ailleurs, le type spécifique des fleurs, aussi,
est considéré un caractére qui les rapproche du.groupe inférieur, celui des
Gymnospermes. :

Selon la conception de Iichler et de Fingler les fleurs apétales, uni-
sexuées, sont primitives et, & partir de cette hypothése, les . réductions
au niveau de la fleur ont une importante signification en phylogénie, par
exemple le fait de situer l'origine des Monochlamydeae, parmi les Gymno-
spermes (R. Wettstein, 1935; A. Engler, 1936), sur la base des carac-
téres suivants: fleurs unisexuées, simplifiées, anémophilie, ovule uni-
tégumenté, intervalle prolongé entre la pollinisation et la fécondation et
autres.

Les Juglandales ont des caractéres communs avee plusieurs unités
taxonomiques; c¢’est pourquoi leur position systématique est aujourd’
hui encore incomplétement clarifiée. Sur la base de certains caractéres,
les Juglandales se rapprochent des Amentiferae : inflorescences en aments,
fleurs unisexudes, périanthe simple ou absent, étamines épithépales, ovules
vascularisés, pollen binueléé, l’archespore femelle pluricellulaire, 1'ané-
mophilie, la présence de l'oxalate de calcium dans le tissu palissadique des
feuilles (PL. I, fig. 6), la forme des stomates (PL. II, fig. 7). :

Les études de morphogenése, portant sur la connaissance du déploie-
ment {visant & connaitre le déploiement) de la méiose et sur 1’établisse-
ment du nombre fondamental des chromosomes, ont conduit & la conclu-
sion que la famille des Juglandacée serait, du point de vue phylogétique,
apparentée a la deuxiéme section de la famille des Betulacée (Carpinus.
Ostrya, Ostryopsis), ou le nombre fondamental des chromosomes ecst
8 comme dans la famille des Juglandacée (R. H. Woodworth, 1930).

Sur la base des caractéres ci-haut énumérés, quant & lorigine des
Monochlamydeae parmi les Grmnospernies, & leur parenté avee les Amen-
tiferae (2 leur vapprochement des Amentiferae ), les Juglandales sont insé-
rées différemment dans les systémes de classification, soit au commen-
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cement comme, par exemple, dans le systéme de Engler, dans la sous-
classe des Archichlamydeae, soit dans d’autres, comume par exemple, dans
le systéme de Takhtajan (1959) dans le surordre des Amentiferae. La posi-
tion des Juglandales varie également dans différents systemes. Dans le
systéme élaboré par Pulle (1952), les Juglandales (comme les Sali-
cales, les Myricales) sont inserites dans ’Appendix, et dans de nom-
breux autres systémes, elles tiennent diverses places dans le systeme
des Angiospermes, tels les systémes R. So6 (1953, 1961), Novak (1954),
Benson (1954), Takhtajan (1959) chez les Amentiferae; Cronquist (1957),
Hutchinson (1959), dans la Division 1. Lignosae; Zimmermann (1959)
insére les Juglandales avec les Casuarinales, les Salicales, les Fagales,
les Myricales; Engler (1964) groupe, dans le cadre de ordre des Juglan-
dales, les familles des Myricacée et des Juglandacée.

D’aprés une autre hypothése, le type unisexué avec le réceptacle
non bombé, la gaine florale simple, la disposition verticillée des ¢léments
tloraux, 'ovaire infére (Juglandales ), le gynécée cénocarpique, Panatomie
du bois & vaisseaux développés et autre, constitue des caracteres dérivés
en évolution.

Conformément & la théorie strobilaire, la primitivité apparente
des Monochlamydeae 3 la gaine simple, aux fleurs unisexuées, Panémophilie,
est le résultat de la réduction et de la simplification des éléments floraux,
Povaire infére chez le Juglandacée, tout cela constitue des caracteres
dériveés, évolués, résultés de la différenciation et de 'adaptation supérieure.

L’anémophilie est apparue comme un caractere secondaire dans 1’évo-
lution des Angiospermes ligneuses, du fait que celles-ci se constituient
dans les foréts dépourvues d’insectes abondants, le périanthe de la fleur
slest réduit et les fleurs se sont rapetissées et agglomérées en inflorescences
(aments, épis), sans nectaire ni odeur, mais avec du pollen en grande
quantité, léger, de sorte que certains groupes de Amantiferae sont rede-
venus (secondairement) des plantes anémogames. Pendant le développe-
ment du gamétophyte, le noyau génératif se divise dans le tube polli-
nique et cela, & la différence d’autres espéces plus évoludes, chez lesquelles
le noyau génératif se divise & lintérienr du grain de pollen. La cellule
générative se divise en deux cellules spermabiques qui partimperont au
processus de la fécondation. Dans certains cas on a remarque dans le
processus de la fécondation, la présence de deux sperinaties & coté du noyau
secondaire du sac embryonnaire (Pl. II, fig. 8). Aprés la fécondation, le
zygote accessoire se divise & un rythine intense et forme Pendosperme de
type nucléaire (PL II, fig. 9).

Quelques traits des Juglandales les sépavent des Amentiferae : feuil-
les composées, poils séeréteurs, cellules séeréteuses (Pl II, fig. 11—12),
ovule unitégumenté et d’autres, caractéres quiles rapprochent des Tere-
binthales, les Juglandales étant considérées, par certains auteurs des
Terebinthales réduites (Emberger, 1960). '

La phylogénie basée de plus en plus sur des données paléontologi-
ques explique de maniére plus documentée la descendance monophyléti-
que polytope des unités dans le cadre des Angiospermes trés anciennes
de trois branches indépendantes : Casuerinales, Monochlamydeae, Ranales
(Emberger, 1960). Les Monochlamydeae constituent un groupe hétérogéne
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représentant l'extrémité d'une série d’évolution et nullement le com-
mencement, comme voudrait le prouver Wettstein dans son systéme
(M. Gusuleac, 1949, 1956).

Par la simplification, la réduction et la spécialisation dans le proces-
sus évolutif des séries d’Angiospermes avec la prédominance du type
lignicole, de méme que par toute une série de caractéres supérieurement
différenciés de l'appareil reproducteur, proposés de maniére évolutive, les
Juglandales, comme les Monochlamydeae, en général, avec leurs ordres
différemment intégrés dans le systéme constituent des unités taxonomi-
ques perfectionndes du point de vue adaptatif, dans leur organisation et
leur évolution (Tr. I. Stefureac, 1973).

En approfondissant les recherches de hiomorphogenése en utilisant
les nouveaux éléments d’embryologie et de cytologie, ainsi que certains
aspects concernant les processus microévolutifs, on pourra préeiser
—a coté de considérations morpho-anatomiques phénoménologiques,y com-
pris certaines données paléontologiques, écologiques, biologiques et géo-
graphiques de florogenese — leur place adéquate dans le systéme. Le
caractére primitif ou dérivé de la valeur de certaines progressions dans
I’évolution se référant surtout aux unités taxonomigues de rang supé-
rieur, tel que celui des Monochlamydeae et des ordres compris dans leur
cadre, justifie la position taxonomique naturelle dans les séries varides
du systéme des Angiospermes dicotylédones.

Les résultats des études actuelles, y compris celles embryologiques
considérées dans leur ensemble, sous le rapport morphobiogéographique,
contribueront & I'intégration de l'ordre des Juglandales & juste titre compte
tenu de la valeur des caractéres interprétés a la lumiére des conceptions
modernes de phytotaxonomie phylogénétique.

Les caractéres morpho-anatomiques, en corrélation avec ceux embryo-
logiques, cytologiques et génétiques, ainsi que les considérations écologi-
ques, biologiques et phyto-historiques, peuvent constituer, avec d’autres,
une ligne directrice dans les recherches taxonomiques et phylogénétiques
des Juglandales. Ce groupe présente une particuliére importance, sous le
rapport théorique-scientifique, fondamental, pour faire comprendre 1’évo-
lution des Angiospermes ; sous le rapport pratique, elles présentent, pav
les avantages qu’elles offrent (bois, fruits) un réel intérét économique.
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MODIFICATIONS DES VALEURS OSMOTIQUES
DANS LES CONDITIONS DE I’ABSENCE DE IL’EAU
DANS LE SOL CHEZ LE MAIS (ZEA MAYS L.)

PAR

GEORGETA TFABIAN et E. GOMOIU

The behaviour and changes of some physiological processes in planis exposed
“ to drought (water stress) under controlled conditions (phytotron) were studied. -
The experiments were carried out in order to find some criteria for the sclection
of plants resistant at drought. .

The results point out that osmotic pressure, suclion force and cellular sap
concentration offer suitable criteria for the estimation of the resistance to drought

of genotypes.

Ces derniéres décennies le probléme de déterminer le nécessaire d’ean
des plantes, ainsi que de trouver certains critéres de sélection des plantes
résistantes & la période de sécheresse a constamment préoccupé les cher-
cheurs. En ce sens les investigations ont été orientées tant vers I'étude du
comportement des plantes que vers 'étude des modifications de certains
processus physiologiques ayant lieu chez les plantes soumises & des con-
ditions spécifiques a la période de séeheresse.

Louvrage 2 le but d’étudier les modifications de la pression osimo-
tique, de la force de succion et de la concentration du suc cellulaire, en
tant que processus qui changent rapidement en fonction de Vintensité
et de la durée de la période de séchercsse.

MATERIEL ¥T METHOBE

Tes études ont porté sur les hybrides HS-218 et HS-275 erédés a
I'Institut de Recherches pour les Céréales et les Plantes Techniques —
Fundulea. La pression osmotique & été déterminée par la méthode de
Hugo de Vries, la force de succion par Sardakov (53/11) et la concentration
du suc cellulaire par réfractométrie. Lies méthodes présentent 'avantage
d’étre cffectuées sur un matériel vivant et & des intervalles de temps
relativement courts. Les déterminations ont été effectuées au cours de la
période de végétation chez les plantes de contréle aussi bien que chez
les plantes soumises 4 la sécheresse lors des prineipales phases, & savoir :
croissance, apparition de la panicule, apparition des stigmates et emplis-
sage du grain.

Les conditions d’expérimentation dans le phytotron ont été : hu-
midité du sol 75 pour cent de la capacité de chamyp pour les plantes té-
moin et 40 pour cent pour les plantes soumises & la sécheresse. L’humidité
de Pair a été de 40— 459, tant pour les plantes de controle que pour celles
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d’expérience, la température de 25°C pendant le jour et de 20°C au cours
de la nuit et la lumiére 45—50000 lux.

En conditions de stress d'eau, les plantes peuvent ajuster leurs
valeurs osmotiques. Telles modifications osmotiques commencent deés
I’aube jusque pendant Vaprés-midi et se produisent dans la plante en fonc-
tion des oscillations de Pean dans le sol. Cette osmorégulation tient de la
photosynthése, de laccumulation, ainsi que de 'hydrolyse du sucre dans
les feuilles.

La comparaison des deux hybrides mis & Détude, HS-218 et HSF-
275, révele des valeurs de la pression osmotique presque égales chez les
plantes témoins et & tendance d’aceroissement des valeurs & mesure que
les plantes avancent dans les phases de végétation. Toutes autres gsont les
valeurs osmotiques des plantes soumises 4 des conditions de sécheresse.

Ainsi, au cas de HS-275, sur le parcours de Dentiére période de végé-
tation, les valeurs sont beaucoup plus élevées en comparaison de celles
de HS-218 (fig. 1), ce qui montre que HS-275 peut modifier plus aisément
les concentrations du suc cellulaire comparativement & 1’HS-218. Lors
.des phases critiques pour le mais telles celles de Iapparition de la panicule
et des stigmates, les valeurs de la pression osmotique enregistrées au cas
de HS-218, & savoir: de 10,8 et 13,1 atm,, sont moindres que celles de
PHS-275, de 12,6, respectivement 14 atm., ce que 'on peut constater en
suivant 'amplitude des deux courbes, celle du témoin et de la plante
soumise & la secheresse.

Dans le méme sens vont aussi les valeurs de la concentration du
sue cellulaire qui sont beaucoup plus élevées au HS-275, notamment 8,6
dans la phase d’apparition de la panicule, 10,0 %, dans la phase d’appari-
tion des stigmates et 9,0% dans la phase d’emplissage du grain contre
8,2% ; 9%, respectivement 8,59, obtenues chez le HS-218 (fig. 2).

Les valeurs de la concentration du suc cellulaire chez les plantes
témoins sont moindres chez HS-275 que chez HS-218.

Dans la figure 2 on peut observer qu’au cas de HS-218 dans la phase
d’emplissage du grain la concentration du suc cellulaire est de beaucoup
inférieure & celle du témoin, ce qui montre que l'osmordégulation chez cet
hybride peut &tre assurée jusqu’a un certain point, celle-ci étant corrélée
avec les produits de la photosynthese. Au dely d'un tel seuil de la pé-
riode de sécheresse la synthése d’assimilation est génée, et lo processus
d’osmorégulation est plus difficile surtout chez les plantes 1noins résis-
tantes & la période de sécheresse.

Lapparition de certains déficits d’ean dans la plante détermine
des modifications promptes et aisément saisisables des valeurs de la force
de suceion. A Dintérieur de la plante leau circule a partir des zones &
force d» suceion moindre vers une zone & force de succion plus dlevée.
Ainsi, eau est prise des organes phis vieux de la plante (feuilles de Ia
base) et utilisée par les organes A activité plus intense. Plus les valeurs
de Ia force de succion sont grandes d’autant plus le déficit d’eau dans la
plante est plus aceru. La figare 3 permet d’observer facilement une ampli-
tude des valeurs de la force de succion chez HS-218 de beaucoup supé-
rieure & celle de HS-275, tant dans les phases d’apparition de la panicule
ot des stigmates que dans celle d’emplissage du grain.
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DISCUSSIONS

En vertu des données que nous avons obtenues on constate que les
modifications de la pression osmotique sont déterminées par la synthése

‘et Paccumulation du sucre aussi longtemps que la photosynthese n’est

pas affectée par le manque d’eau. :

s La pression osmotique décroit &4 mesure que Passimilation ou la
transformation CO, diminue ou se trouve inhibée. Weatherly [14]et Boyer
[3] ont montré que la modification de la pression osmotique, dans les
conditions de manque d’eau, a licu sur la base de la mobilisation et de la
concentration des solutions dans les cellules de la feuille. Kramer [7]
opine que toute valeur élevée de la pression osmotique confére un avan-
tage en ce qui concerne les espéces soumises & la sécheresse. Stout et Simp-
son [13] se rallient & cette opinion en montrant que I'osmorégulation a un
role important du.fait qu’elle prépare la plante de supporter le manque
d’eau. Brévedon et Hodges [4] ont constaté chez les hybrides moins ré-
sistants & la période de sécheresse une tendance de diminution de la con-
centration des hydrates de carbone dans les tissus assimilateurs, fait que
nous avons également constaté au cas de HS-218.

Saldgeanu [9], Turner [13] et Kramer [7] soutiennent que la force
de succion est 'un des indices les plus strs qui puissent indiquer 1’état
de la quantité d’eau dans les plantes. I’allure des courbes des valeurs de
la force de succion obtenues chez les hybrides étudiés a montré que la
force de succion s’accroit & mesure que 'eau du sol décroit et surtout 3
mesure que les plantes perdent de 'eau. La période de sécheresse influence
beaucoup tant la croissance que le développement des plantes, fait montré,
entre autres, par Robins et Domingo [8], Denmed et Shaw [6], Acevedo,
Hsiao et Henderson [1].

La période de sécheresse a une influence directe sur la récolte, dont
la diminution est fonction des phases de végétation dont les plus sen-
sibles sont : les phases d’apparition des stigmates et d’emplissage du grain,
quand la production de grains a été plus réduite que dans la phase d’appa-
rition de la panicule.

En utilisant les indices physiologiques tels que : pression osmotique,
concentration du suc cellulaire et force de succion on obtient des indica-
tions qui concordent avec les observations et les déterminations effec-
tuées en plein champ.

En conclusion, on peut affirmer que la pression osmotique, la force
de succion et la concentration du suc cellulaire utilisées jusqu’a présent
surtout pour la détermination du nécessaire d’eau des plantes et pour
Pétablissement des dates d’arrosage peuvent servir avec succes
la caractérisation des génotypes en vue de la tolérance & la période de sé-
cheresse quand les recherches sont effectuées en conditions controlées
(phytotron).
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L’INFLUENCE DE LA KINETINE
SUR LA CROISSANCE DE I’ALGUE SPIRULINA
PLATENSIS (GOM) GEITL

PAR
IOANA SPIRESCU, LUCIA POLESCU et L. ATANASIU

The influence of kinetin (conc. 10™4—10-7M) on the culture growth of pluri-
cellular alga Spirulina platensis was studied. An obvious stimulation of the algae
culture growth, of the photosynthesis (oxygen evolved), of chlorophyl a and
b contents and of the value of dry biomass was ascertained. !
The most significant effects were observed by using concentrations of 10-6M
and 5.107®M Kkinetin.

Les effets de la kinétine sur certains aspects de la croissance dans
la culture de ’algue Chlorella ont été exposés dans un autre ouvrage [1].
Des modifications évidentes ont été enregistrées dans 1’évolution du fae-
teur de multiplication des cellules avec le temps et en ce qui concerne I'in-
tensité de la photosynthése, le contenu en chlorophylle et la biomasse
entiére.

Cette étude présente des données sur Pinfluence de la kinétine, en
différentes concentrations, sur l’algue pluricellulaire Spirulina.

MATERIEL ET METHODES

L’algue Spirulina platensis (Gom) Geitl. a été cultivée au labora-
toire dans un milieu Zarrouk, en systéme clos, le barbotage étant assuré
par un courant d’air, en lumiére fluorescente de 8000 lux et & 30°C.

La kinétine a été introduite dans le milieu de culture avant I’ense-
mencement et en concentrations molaires comprises entre 104 et 107 M.

La croissance des algues en culture a 6té déterminée journellement,
pendant Pentier cycle de culture (5 jours) par photoélectrocolorimétrie.
I’intensité de la photosynthése a été déterminée par la méthode Warburg,
en utilisant la suspension d’algues traitée et la solution tampon n° 9.

La teneur en chlorophylle a été établie aprés Pextraction & ’acétone
85 %, suivie d'une lecture au spectrophotométre. I'extinction de la chloro-
phylle a ét¢ mesurée en cuves de 2 cm, & 663 et 645 nm, les chlorophyl-
les a et b étant ensuite calculées selon la formule de Mackinney [6].

. La biomasse entiére a été récoltée  la fin du cycle de culture, aprés
5 jours, au moment ou la culture avait touché sa densité optimale.

RESULTATS ET DISCUSSIONS

. Les données obtenues sur 1’évolution de la croissance des algues,
szmlzna en culture sous l’influence de diverses concentrations de la kiné-
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1. Dans toutes les variantes étudiées,
stine dans le milieu de culture stimule
émoin. On observe, méme

Fig. 1. — Dynamique de
I’accumulation de biomasse
chez Spirulina platensis,
cultivée en présence de la
kinétine.
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le premier jour apres l'exposition, que les épreuves traitées se détachent
nettement du témoin, la plus forte stimulation étant enregistrée dans la
suspension & kinétine en concentration de 510 % M.
~ Lintensité de la photosynthése, déterminée selon le dégagement
d’oxygéne, présente la valeur la plus élevée a la concentration de 5.10 °M,
comme ’on peut observer dans la figure 2.
La libération de 'oxygéne & des concentr:
a montré une diminution par rapport aux concentrations
5.107% M. :
Te contenu en chlorophylle indique une augumentation chez les al-
gues traitées & la kinétine, la concentration optimale étant enregistrée
toujours & 5.107° M, mais les concentrations dépassant 1075 et 10 M
produisent une diminution des chlorophylles a et b, méme par rapport
3 Dépreuve témoin.
' La biomasse séch
augmente par rapport au témoin & partir des concen

ations plus grandes, 10 °M,
de 10 7 et

6o totale déterminée & la fin du cycle de culture
trations de 1077,
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F.lg. 2. — Influence de la
kinétine sur la teneur en
chlorophylle des cellules,
le dégagement d’oxygéne
et la biomasse séchée
accumulée.
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106 et 5.10°M, indiquant ensuite une lggérte/ diminution, qui cependant
: -dessous des valeurs du temoin. » .
ne de%g;%lé) aése ?;1 kinétine chez les plantes siupex_*leu,ljes a été éta.l;h l({l?nﬁ
uelques travaux remarquables. Ainsi, on a étudié 1 mﬂl}eno&s de &téﬁeq
gine sur la chloroplastogenése [2], [3], [8], sur la synthese des pro i su;*
[4], [5], sur le contenu en pigments chlorophylhe[ns] [41;|, [[g]] ainsi qu
: i i ilisations [7] e .
i Hill et les photophosphorilisa
. léaﬁg,l()lﬁtér;ture spéeli)alisée ne mentionne pas des (}onnées cqncl(;,lx;?:i?g
les algues. Cependant, nos experiences portant sur ’lalgue {ml'cellula,ire
Chlorella [1], ainsi que les résultatg oé)tenus chez Llnzigt;:gtpd%nggnstater
iruli : tte étude, nous per te
Spirulina et présentés dans ce ide), Toug pewmmafent fe COMBL R
inétine ajoutée dans les solutions de culture p
gg&olﬁskiﬁporta,n‘ges sur le dévellloll)lpenge{}t dein ?Jllliltlieosl,l sgzr ];?0 gli‘%asgfrggﬁg
¢ : chloro e et Vaccu _ i
?’Osxeflgeﬁg’léasiﬁl?lggﬁm de ce% grocessus sous 'influence des oon((:ient;a-
t?ons de la kinétine comprises entre 10 et 10 —4M. Evu_iermilenti,1 edse fa,
cherches supplémentaires sont nécessaires, a,f,m_ de Prémser e role
kinétine dans le métabolisme des plantes inférieures.
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GAMMA TIRRADIATION, ETHYLMETHANESULFONATE
AND DIETHYLSULFATE TREATMENTS INDUCED
CHANGES IN MORPHINE CONTENT
AND OTHER BIOCHEMICAL PARAMETERS
IN PAPAVER SOMNIFERUM I.

BY
G. I. GHIORGHITA, ELVIRA V. GILLE, ECATERINA T. TOTH

The successive treatments of Papaver somniferum seeds with gamma rays and
alkylating agents in the first generation, and gamma rays in the second gene-
ration induced a high variability of the plants. The self-pollinated poppy plants
had a clearly higher morphine content in the capsules. There have not been
evident relations between the morphine content and other analysed parameters,
such as: the sizes of plants and capsules, their content of soluble sugars and
free amine nitrogen. There were isolated individuals of P. somniferum with a

relatively high morphine content in the capsules (0.53—0.549% reported to dry
weight).

It has been recently ascertained that the mutagen agents may
cause quantitative and qualitative changes of the so-called secondary
products of the plant metabolism such ag : alkaloids, glycosides,antho-
cyanes etc. and that they may even induce new forms of plantg, changed
from this point of view. Our researches on Cynara scolymus, Datura
mnowia, Vinca minor, Digitalis lanata proved that the seed irradiation
resulted in a raising of the content of active principles in plants of the first
generation [3], [4], [14]. This effect was noticed even at high doses

of irradiation. Tihonov et al. proved it irradiating Datura innozia with
small doses [13].

Two generations of successive seed treatment in Atropa belladonna
and Vinca minor caused the appearance of new plant forms, which dif-
fered from the initial ones as regards the morphology, the content of alka-
loids, the esterase and peroxidase isoenzymes and other biochemical com-
ponents. We obtained similar results in Digitalis lanata, applying a suc-

cessive two generation treatment with gamma, rays, or with gamma rays
and ethylmethanesulfonate [5].

Taking into account our results and those of the other authors on
medicinal plants, we considered that the experimental mutagenesismay
be promising in the melioration of Papaver sommiferum species. This
Species is part of the Mecones Section belonging to the Papaver genus,
characterized by a basic chromosome number x = 11 and by basic alka-
loids-morphine and codeine, [12]. Some researches conducted on this
Species have already proved that the treatments with gamma rays and al-
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kylating agents determined a change in the content of morphine in the
capsules and even the obtaining of mutants valuable from the economic

point of view [7]—[11],
MATERIAL AND METHODS

On April 1%, 1980 we treated separately and combined, with gamma
rays and alkylating agents — ethylmethanesulfonate (EMS) and diethyl-
sulfate (DES) — Papaver sommwiferum seeds, the variety Extaz. The
seeds were received from the Migurele-Bragov Research Station. We
used 10 and 15 kR doses and the concentration of 0.19%, for the chemical
mutagens. The treatments with EMS and DES lasted for 10 hours. After
treatment, the seeds were thoroughly washed and sown on the experiment-
al field of the “Stejarul” Research Station Pingiirati-Neam{. When the
plants reached maturity, we determined the total alkaloid content and
the morphine content of the capsules (medium test per variant) following
9 micro-method proposed by Gyéresi and Récz [6]. The results are pre-
gented in Table 1.

Table 1

The influence of the treatment with gamma rays and
alkylant mutagens on the total alkaloids and morphine
content in Papaver somniferum L. (first gencration)

Total Morphi
No. The treatment alkaloids | Oor;(; 108
o dm. | 7 dm
il Control 0.98 —
2 | 019% EMS 0.80 0:19
3 | 10 kR 0.88 0.09
4 | 15 kR : 1.06 0.15
5 | 10 kR + 0.1% EM 1.18 0.31
6 | 15 kR + 0.1% EMS 1.02 0.25
7 | 10 kR + 0.1% DES 1.23 0.18
8 | 15 kR + 0.1% DES 1.06 0.32

Seods harvested in 1980 from the plants of each experimental
variant were treated with 10 kR gamma rays in the second generation (1981)
experimental field. Before the flowering, the cap-
sules of 15—20 plants from each experimental variant were isolated with
free pollination. We determined the height of the
plants at the harvesting moment and the dimensions of the capsules
(height and diameter) in order to correlate them with the morphine
content. Then we made biochemical analyses of the capsules, consisting
of : the morphine content, soluble sugars and free amine nitrogen on ave-
lated (with paper bags) capsules, on average and
les from isolated capsules. The morphine content was
analysed by the already mentioned method, and the content of the
sugars and amine nitrogen by the methods presented in other papers [2].

and then sown in the

paper bags to prevent

rage samples from noniso
individual samples

The results of these investigations are presented in Tables 2 and 3.
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RESULTS

In the pedoclimatic conditions of Pingfirati i
. arat ¢ i revi
article _[14], jche values_ of the total &lkaloifi cgﬁlt,egss(f)lfl ?)f)% - &I&ev?us
generation are ra‘gher I}lgh ‘(Ta,ble 1). It may be possible thatlge C Jf” }rst
well represented in this soil, favours such a manifestation. Wh " ];g)n,
this gta‘tement we eqn_sxder the results obtained by Cosffes etegl m? %
2%3;;231? ?ﬁag (Eil)e }(,iefllclt;tm ([zi,l]cium determines a lowering of the aik%l?ggg
Py plants . The separate tr i
agents has a negative effept on the alkaﬁ)id synthe;sti);ni;méiemﬁh mu};agen
The synthesis of these biochemical compounds was :slightlp I;It)'y pidnts.
in the case of corgbmed treatments. The highest value of tge toltmlu a.ted
Eﬁoui go&lter_ltth (1.239%, d.m.) was recorded by capsules harvested fron(;L ?lka-
1}'1ea e g}l : 10 kR and 0.1% DES (see variant 7, Table 1). As tpbinlGS
8 (()1“&, : efxe is no direct correlation between the total alkajloid Ca, te ;
a?var'a 87ntlﬁrphmg in the poppy capsules. Thus, for example, the 01:ll e
0 : ia.n at registered a high level of total alkaloids 1'eé t o
tngfe y low morphine content in the capsules (0.18%, d.m.) %v%il 211; o
of variant 8, with a reduced content of total alkaloids (.1, 06% (21 e
the h%heit morphine content (0.329,), (Table 1) Pgo| S Fhow
‘We have to remark also the very low val . i
teﬁt in the capsules treated wtih 10 kR (O.09%a(£fngfagh£elllllzrpltl;1ne o
rally higher valu_es of this parameter in the capsules of the 1S ehion
recelv}%c; aar‘n ?gigbu%gd :c-ire?tm?nt with gamma rays and alkylar,)tgnlgsagégg ;
ing the data of Table 2 we may noti ve
{;)y(ta@tme?ts with physical and chemical muta,genoalgcsnzsa{fuitllllgesueces'sw'e
tilo ;onTgeifhg it%lglw.th processaels of the poppy plants in the SeCOIld&g]':(li‘,I;gII'l -
S p sions, as well as those of the capsules are inferi .
(())i glle co}fforol plants. In the plants with free poll%)nation rfh?]i?gl?;? tl;ose
0.19 Or]gﬁge was registered by the individuals of the v;u'ia,nt treat (‘17 : 1'198
—.-O/SMO in the first generation and with 10 kR in the sza : dWmh
s D (fvarla,nt 2, Table 2). Rather high values of morphine e
A Th(g? 37 : glgrcoxgméo%“g'e registered by the plants of the variz;nilsl%e;lr?é
. eated both with gamma r i i
firgt g(t)aner.a,tiomt and with gammga rayg ;Ss;zshzn&&lﬁglatmg 2
ur investigations do not show any correlation :
: } ) amon,
lﬁ?rﬁzrslgterf. Even if t}}e helghp/dlameter ratio of the cagsfﬁg ?lléalysed
co% tent \;a xlrl;l 1(1}3 : S(}}i,)szag‘laaf. 2), in ;olhe case of those with a raised morsph?lig
¢ o this one (1.68) in variant 4 present i
fgg]‘gglég Elﬁlslfgtéﬁgs tsllllza:cl(l)ert(O.t15‘;AJ dlnll) .). Although thlz, applllisd%rlfe;qcl;ﬁ}é;ll‘lcg
) ntent of soluble sugars and i i
nitrogen, these changes are not in correlatio% with tﬁg ggﬁpﬁfﬂ?f&ftﬁﬁe

Poppy plants are characterized b

i : y low values of th

%zlnlzla,tfzur? capsules. We must still mention the higheg \faligslg?lfhsugars

ye tho soluble sugars (total and reducing) and that of free amin tegeon-
e capsules of variant 8 (treated with 15 kR + 0.1% DES ¢ nitrogen

generation and with 10 kR in the second). /0 in the first

The values of the investigated biochemical parameters are generally

E . R . ( ] .
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its level does not lower in any variant under 0.30%,, while this value
represents a maximum in the case of free-pollinated plants. The analyses
reveal also the fact that the applied mutagen treatments had a negative
effect on the capacity of plants to synthesize morphine, the isolated cap-
sules of the treated plants showing lower values of the morphine content
as compared to the controls. For some experimental variants (var. 4, 5,
7 — Table 3) the morphine content is good. Neither in the case of iso-
lated capsules did we succeed to render evident any correlation between
the registered level of morphine and the other investigated parameters.

But, as we have already stated, we selected from the self-pollinated
capsules of each variant the biggest one for individual analysis. With three
of the 8 variants we succeeded to identify capsules with a high content
of morphine, ranging between 0.43 and 0.539, (variants 2,6 and 8). These
individual analyses rendered evident once more the inexistence of any
correlation between the weight of the capsule and the level reached by
morphine content (see variants 1, 6, 8). The individual analyses provided
us a valuable material for the melioration of Papaver somniferum from
the point of view of the morphine content.

CONCLUSIONS

— The single treatments with gamma rays, EMS and DES of the
seeds of Papaver somniferum, the variety Extaz, had a negative effect
on the synthesis of alkaloids in the capsules of the first generation plants.
The combined treatments with the two categories of agents stimulated the
alkaloid synthesis in plants. There has not been evinced any direct corre-
lation between the total alkaloids in the capsules and their morphine con-
tent.

— Irradiation in the second generation of the poppy seeds, that
were treated with gamma rays and alkylating agents in the first genera-
tion, induced a pronounced variability of plants as to their size at har-
vesting, the sizes of the capsules and their content of soluble sugars, free
amine nitrogen and morphine.

— The poppy plants of second generation forced to self-pollination
registered clearly higher values of morphine in the capsules as compared
to the free pollinated plants.

— There has not been rendered evident any relation between the
morphine content value and the values of other analysed parameters,
such as : sizes of plants and capsules, their content of soluble sugars and
free amine nitrogen.

— We identified and isolated individuals of Papaver sommwiferum
with a relative high morphine content in the capsules (0.53—0.54 9%,)
d.m.) which will be tested as to the stability of this characteristic in the
future generations and under different growing conditions.
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THE EFFECT OF MIXED TREATMENT
WITH GLUCOSE, NaF AND DNP ON ROTATIONAL
STREAMIN G

BY
ROZALIA VINTILA and V. SORAN

Gluzose (5.107 M) was supplied to barley (Hordeum wvulgare 1..) root hairs
and an increase of the rate of rotational streaming was obtained. With NaF
(1.1072M) and DNP (1.1073M) two different experiments were performed.
Firstly only glucose was added for 30 minutes and then a mixture of glucose
and an inhibitory substance was applied. Secondly, the inhibitor only was added
for 30 minutes and after that the mixture was applied. The rate of the rotatio-
nal streaming enhanced by glucose proved to be very sensitive to NaF treat-
ment. The treatment with DNP in contrast caused only little inhibition of the
glucose action on rotational streaming. Several patterns of the streaming oscil-
lations after these treatments are also discussed. The authors suggest that the
enhancement of rotational streaming after treatment of barely root hairs with
_ glucose may be related to ATP which is produced by glycolysis.

Many experiments [2], [16] prove that the energetical source of
the protoplasmic movement is the ATP formed in metabolic processes
of the cell. Four main sources of ATP necessary to maintain the intra-
cellular movements are taken into account : the glycolysis [2], the oxi-
dative phosphorylation [12], the photophosphorylation [10], [18], and
the ATP supplied in the external medium of the cell [3], [11], [13].

In previous papers the stimulating effect of some monosaccharides
on the rotational streaming [6] was tested. The stimulatory effect may
be considered as a result of the supplementary synthesis of the ATP in
the glycolytic process. The decrease of the rotational streaming speed
through hexoses absorption blocking [14] strengthens the above men-
tioned idea. The use of some inhibitors for oxidative phosphorylation
[3], myosin ATP-ase [13] or of ethionine with its “ATP trap-like” action
[15], suggests that the protoplasmic streaming depends on ATP synthesis
and its further hydrolysis. '

In this paper we try to show new aspects about the energetics of the
cytoplasmic streaming using in two experimental variants two inhibi-
tors : NaF — an inhibitor of glycolysis and 2,4-dinitrophenol (DNP) — an
uncoupler of oxidative phosphorylation.

MATERIAL AND METHOD

The plant materials used in our investigation were the barley
(Hordewm wvulgare L.) root hairs, 750—1000 wm in length. The rate of
rotational streaming with the aid of stop-watech was recorded about
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three hours, both in control and treated cells. Ior each treatment five
repetitions were made. The obtained data were statistically tested to
establish several patterns of streaming oscillations [5].

The treatment consists of a continuous percolation of the root hairs
under cover-glass with the following solutions : glucose 5 <102 M, NaF
110-2M and DNP 1-:10-5 M. Besides the concentration for each inhi-
bitor, we performed two kinds of experiments : a) by adding glucose for
30 minutes and then a mixture of glucose and the inhibitor and b) by
adding the inhibitor for 30 minutes and after that a mixture of inhibitor
and glucose, in equal shares.

RESULTS AND DISCUSSIONS

The continuous treatment with glucose 5103 M by percolation
under cover-glass, every 15 minutes, caused the increase of the rate of
the rotational streaming in barley root hairs. The ideal curve represent-
ing the increase of the streaming rate after glucose supplying (Fig. 1)
is similar to an asymptotic function (y = A—D.107**) [5]. It suggests
that an enzymatic reaction is probably the cause of the increase of the
streaming rate. At the end of the experimental period the steady state of
the streaming was reached and the speed showed about a constant value.
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Fig. 1. — The effect of glucose and of mixed treatment with glucose and NaF on the
rate of rotational streaming within barley (Hordeum vulgare L.) root hairs.
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In Fig. 1 is shown the evolution of the rotation ing
after supplying NaF in the two experimental Varian%IS.StTrliméer-&ﬁgg%
with a mixture of glucose and NaF in the two variants leads to nb con
tinuous a,nq cqqstant inhibition of the speed of the rotational streamino:
b1_1t to a s1gn.1fleafnt decrease of the speed to a certain level (Fi 13’
ynth some oscillations, which may be explained by the continuous 0"1%1;303’
inflow (i.e. the percolation under coverglass every 15 minutes? Tl s
result su_ggests that the NaF ‘““in vivo”’ might be not a drastical inhibi't 'ni
glycolysis as compared to the ‘““in vitro” processes. th O
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Fig. 2. — The effect of glucose and i
1 of mixed treatment with glucose and D
of rotational streaming within barley (Hordeum vulﬁare L.) root I\}Ill;r(;n s

If the NaF was applied in the first 30 mi i
j _ minutes, a glight i
gf ttI}:e'rOtatl'Oml streaming speed was noticed. It Waé prob%,blyug'lfggg
inyg r% ;ﬁ;?gzglcamqﬁ c;}f the r(;:spiratory processes [8]. After that the stream-
! d oscillatory at a certain level, when the treat:

contmIl%e‘d with the inhibitory substance anzi glucose mix‘m?r;n ?E‘Jiog vs;a)s
e 1s well known that sugars lead to the increase of the protopla,émio:
Wt o(fm’;h(;f glr{%rcisgt Ilolant.; §peguélens [6], [7], [14], probably by the in-
ol 1L level originated into the glycolysis. Th i
:(fbggl)‘n UOXff glqcosq In maintaining and resuming the prgtoplasm(aicgléggsgigg

micro-irradiation [4] was explained in the same way. s

4—c, 2463
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i i ing depends on concen-

ffect on the protoplasmic streaming :

t t'or—lgh%ﬁlg?hl? s?n.:ll concentrations it may stlmulage t'.]Ll‘?l 015(7)‘5351}?;?(1)%
ff(?wl by; a favourable effect on respiratory processes [8]. e g

" the protoplasmic streaming speed or even its stopping by using high con-
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These oscillation phenomena are observed at different levels of
biological organization [1], [9], [17]. With the slime mould Physarum
polycephalum it is assumed that the cytoplasmic actomyosin, the energe-
tical supply system, the internal deposit of Ca?*, and the plasmalemma,
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Fig. 3. — The patterns of different oscillations of rotational streaming within barley (Hor-
deum vulgare L.) root hairs caused by glucose and different mixed treatment.

must all be implied in the contraction oscillatory activity [17 1. Our
results suggest that with the rotational streaming these oscillatory pheno-
mena may appear too, and that a correlation can be done with the gly-
colytic system of energy supply [9].

The experiments proved that the stimulation of the streaming
speed induced by the external supplied glucose is very slightly delayed
or slowed down by the DNP treatment. On the contrary, it is very sen-
Sitive at the NaF treatment. This underlines that the stimulation of

rotational streaming by glucose is a consequence of glycolysis and of the
ATP synthetized in this metabolic process.
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ing protoplast isolation from the mesophyll cells of Nicotiana tabacum, Vitis
vinifera and Citrullus lanatus and from callus and cell suspension cultures of

i ary 28, 1982 Daucus carota.
Received January f Biological Seiences The influence of the enzyme type and concentration, and the physiological cha-
Ceg;{:} lsapocao %epublicii 48 racteristics of the starting material used as source on the efficiency of proto-
- )

plast isolation are presented.

During the last two decades, after the elaboration by Cocking (1960)
[3] of the enzymatic method for the isolation of plant protoplasts, their
use in the understanding and solution of a variety of experimental biology
problems gained a considerable extent. Such techniques offer unique Sys-
tems for investigation in plant genetics, biochemistry and cell biology
[21, [6], [8], [9]. 3

The somatic hybridization by protoplast fusion represents a
potential method for obtaining interspecies and intergenera hybrids which
are not feasible by conventional methods. The lack of the cellulosic wall
permits the use of protoplasts in transformation experiments by the
incorporation of exogen DNA and cell organelles and facilitates the under-
standing of the transport phenomena through membranes, of the plasma
membrane properties during the endocytosis and fusion as well as for the
interrelations existing within the cell and between cells.

This kind of research is at the beginning in our country, the present
work being an attempt to put under discussion some methodological
aspects regarding the possibilities for the isolation of protoplasts from
various types of cells belonging to different plant species.

MATERIAL AND METHOD

Leaf mesophyll and cells from “in vitro” cultures (callus and cell
Suspensions) were used as sources of protoplasts. The chosen species, the
type of tissue, its morpho-physiological characteristics and the experi-
mental conditions are presented in Tables 1, 2. We specify that for obtain-

REV; ROUM. BIOL:.—BIOL., VEGRET., TOME 27, N° 2, P. 133—139, BUCAREST, 1982
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ing protoplasts from the callus, pieces of approximately 1 g were process-
od after the method described by Power and Cocking [12] for leaf meso-
phyll. For cell suspensions the method described by Conspabel [7 ] was -
used, the incubation taking place under continuous shaking conditions

Table 1
Biologic material
Age

. Cultures < o
No. phgrica collldi;ions Tyjpe of tissue material characteristics

icoti in si 3 cpanded leaves (cca.
1 | Nicoliana in situ mesophyll Fully expan
taba(::um (green- (peeled of the lower 20 cm in length) of 80—.100

house) epidermis) pieces of day-old plants from the middle
1 cm? area of the stem

e R 110 days-old plants with dif-
R " Y : ferentiated flower buds;

Fully expanded leaves

(cca. 35 cm in length)

110 days-old plants with very

tor —
3 | N. tabacum | laboratory 5 o i |
yellow leaves (15—20 cm in
length)
[ i allus (small pieces) 3 days from the last subculture
. gzc;zltc: { © 801 : ( ' on the LS basal media

suspension (sedimented 2 days from the last subculture

5 | Daucus in vilro 1
carota by centrifugation at on the LS basal media
500 g for 15 minutes)
in vi i res from the plant-
iti tro mesophyll (with lower young leaves from
° v‘gf;;era s epidelr)mis) lets grown by in vitro bud cul:
cv. Dattier very small pieces ture
] in vi hyll young leaves from plants grown
3 Ay i (k. 1o in v?tro by meristem culture

(with lower epidermis)
very small pieces 3

in situ cotyledon (small pieces plant}ets - 10 days from the
(laboratory) | from the mesophyll) germination

lanatus

of 30 r.p.m. The exf,ent of incubation varied with the experimental pat-

tern (4, 6, 16, 18, 20 and 24 hours).
(Tile,N ‘ 7tabc;cum mesophyll was taken from the 80—100 day-old

plar : . the ereenhouse or in the laboratory, under natural light
Eéaﬁ?iﬁiiﬁgg?v?nlzhzhca%e of V. vinifera and C. lanatus, plants obtained by
“in vitro” bud or meristem cultures represented the' protoplast sources.

Tor protoplast isolation from the mesophyll, variants of the one-step
method elaborated by Power and Cocking [12]. were used; the more
laborious sequential method [15] was not experimented . .
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Conditions
statie, dark
idem
idem
idem
idem
shaken
shaken
dark
idem
idem
static
idem
idem
idem
idem

Time of
maceration
over night
over night

idem
idem
idem
idem
idem
idem
idem
idem
idem
idem
idem
idem
idem

Plant material
mesophyll of Nicotiana from
plants grown under physio-

mesophyll of Nicotiana,
logical stress ;

Vitis, Citrullus

suspensions of Daucus;
idem

mesophyll of Nicotiana
suspensions of Daucus
callus of Daucus;
Vitis, Citrullus and
Nicotiana mesophyll

callus of Daucus
idem

idem

idem

idem

idem

idem

plants with flowers
idem

idem

pH =5.8

5.5

5

D
i55

5145,
5% F
B
5

5
5.6

pH
5.6
525
5.5

Table 2
Enzyme mixtures and maceration conditions

— 101.0 mg/1
— 0.16 mg/l

Osmoticum agent

idem

Sorbitol 100 mg/1 ml
idem

Mannitol 0.7 M
Mannitol 0.7 M
Salts solution*
Sorbitol 0.7 M
Buffer TRIS
HC1 0.05M1ml
1.2M KCl1
0.02M MgSO,
Sorbitol 0.7M

salts sol.*
[ Sorbitol 0.7M

|
|

CuSO; x 5H,0 — 0.025 mg/l
KNO,
KI

Congentration
0.19%
0.029
0.19
0.029,

250 mg9,

50 mg %

20 mg/1 ml

10 mg/1 ml

40 mg/1 ml

10 mg/1 ml
0.29
1509

4 ml/25 ml

20 mg/1 ml

10 mg/1 ml
0.19
0.029,
0.2%
0.029,

— 27.2 mg|l
— 1,480.0 mg/l

Enzyme mixtures

Cellulase (EC 3.2.1.4)

from Aspergillus niger
MgSO, x 7TH,O0 — 246.0 mg/l

Macerozyme R-10

(Trichoderma viride)
Macerozyme R-10
Macerozyme R-10
(Rhizopus sp.)
Cellulase R-10
Hemicellulase

Cellulase R-10
Cellulase R-10

Cellulase (EC 3.2.1.4)
* Composition of salt solution :

Hemicellulase
Cellulase (EC 3.2.1.4)

(Aspergillus niger)
Macerozyme R-10
Cellulase R-10
Snail enzymes
Cellulase R-10
Hemicellulase
Cellulase R-10
Macerozyme R-10
Macerozyme R-10
CaCl, x 2H,0

KH,PO,

1
2
3
4
5
6
7

Exp.

var.
8
e

10




136 AURELIA BREZEANU et al. 4

RESULTS AND DISCUSSION

THE PROTOPLAST ISOLATION FROM MESOPHYLL CELLS

The leaf mesophyll of the tested species proved to be the optimal
source of protoplasts. The success of the isolation depended on the species,
the enzymatic mixture, the physiological state of the plant and the osmo-
tic solution used. As regards the differential receptivity of the experiment-
ed species for the digestion conditions, we mention that the best results
were recorded for N. tabacum. After 16 hours of incubation in the enzy-
matic solutions 1 and 3 (table 2) almosb the whole mesophyll was digest-
ed and single cells were releagsed in suspension (Fig. 1). The microscopic

Fig. 1.— The maceration of the leaf mesophyll from Nicotiana tabacum by the
i enzymatic treatment

A — Mesophyll samples in the incipient stage of digestion;
B — The complete maceration of the tissue and protoplast releasing in suspension.
after 16 hours of incubation in the enzymatic mixture no. 1.

survey showed dissociated cells, most of them in an advanced state of
plasmolysis (Plate I, Figs A, B,0).In the enzymatic mixture predominat-
ed round cells deprived of the cell wall (Plate I1, Figs. C, D, E) containing
chloroplasts with regular parietal distribution. The perfect spherical shape
demonstrates the accomplishment of the protoplasting process and the unal-
tered integrity of the membrane system. Similar quantitative results were
obtained in the experimental variant 6 but with a prolonged treatment of
about 18—20 hours. The enzymatic mixture no. 5 had a too much hard
effect, many cells being destroyed after 10—16 hours of incubation.

. For Vitis vinifera, the literature indicates the possibility for enzy-
matic isolation of protoplasts from pericarp callus cells [14]. In our ex-
periments positive results were recorded by the incubation of mesophyll

Plate I — The mo A g

rphological ch: isti ; —

tabacum mesophyl LAlLe aracteristics of the pr: a3

(), s ‘they aII; Se’al, by using the enzymatic combin];t(i)toplabt isolated from the N,
pear in phase contrast microscopy (Fig oAns 11310'(: 1 (A, B, G, D)and3

Fi :
ig. A shows isolated protoplasts and debris
(arrow).

D x 188, E x75).

of undigested vascular elements



isolated from Daucus carola callus, observed in phase
contrast microscopy (x 188)
ated from Daucus carola cell(susi)seél)swns cultures,
hase contrast microscopy (x 5 :
C, D — Protoplasts g-om Vitis vinifera (C) and various: degl.'ees lof -fleigilx‘[o];asttméh) azng
: 1t of the prolonged enzymatic treatm(:l}t, exammedv 111) ]p hase ¢
phe direct light (D) microscopy (x 1.66). Bt
E. F — Successive stages of protoplast obtaining fr(.)m_lc'at 1\1@150[.)113111'3(1:??5]:;) an,(zi rtl]l)e
lu’s lanatus,observed in phase contrast micro‘scopy.; mc{plen\t ;;Sagmo ysis (I
' final stage of protoplast isolation () (x ).

Plate II — A — Protoplast

examined in
B— Protoplasts isol
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pieces in the enzymatic mixture no. 6, for 18—20 hours (Plate II, C).
The prolongation of the enzymatic treatment over 20 hours brought about
alterations in the cell structure and the agglutination of the whole cyto-
plasmic content at one of the cell poles (PL. II, D).

As regards Citrullus lanatus, the present knowledge did not offer-
ed us direct information concerning the possibilities of obtaining the
protoplasts from the genus Citrullus, and to a less extent from C. lanatus
forms with various levels of ploidy. Thereby, excepting the species Cucu-
mis sativus and C. melo, the representatives from the Cucurbitaceae family
were less studied from this point of view [4], [10], [11].

Our experiments proved the possibility of protoplast isolation from
the leaf mesophyll of this species, using the enzymatic mixtures no. 6
and 4 (Plate II, E, F'). The digestion took place slowly, requiring a pro-
longation of the treatment to 20—24 hours. The long contact between
cells and enzymes resulted in the destruction of protoplasts, the break-
ing of the plasma membrane and the release of plastids in the medium.
We presume that in this case the responsible factor is not an unsuitable
enzyme concentration, but rather an osmotic stabilizer.

The cotyledonary tissue did not represent an optimal source of
protoplasts. In our experimental conditions we did not notice the begin-
ning of the tissue digestion. Moreno [11] made similar observations on
Cucumis melo, mentioning a better receptivity of the mesophyll for the
isolation conditions in comparison with roots, cotyledon, callus or cell
suspension cultures.

Apart from Nicotiana, the mesophyll of Vitis and Citrullus needed
a longer time for incubation, and the frequency of the isolated proto-
plasts was lower. This may be owed not only to the characteristics of
specificity but also to the fact that in these cases the lower epidermis
was not peeled, and that slowed down the accomplishment of the diges-
tion process.

Along with the specificity and age, the physiological state of the
vegetal material used as source significantly influenced the isolation pro-
cess. Experiments with N. tabacum made evident the fact that the opti-
mal material for protoplasts isolation is the leaf mesophyll, during the
juvenile stage of the donor plant development (plants about 80—100
day-old, with cca. 7—8 fully expanded leaves), grown in greenhouse
conditions (Tabel 1). The obtaining of protoplasts was impossible when
mesophyll from plants with mature floral organs was used, as well as in
the case of using etiolated mesophyll from plants grown in the laboratory,
under unsuitable physiological conditions, despite of the providing with
the optimal enzymatic treatment (Table 2, var. 9).

As regards the quality of the experimented enzymes, the best re-
sults were given by the digesting media containing Onozuka enzymes
(Table 2, var. 1,3, 4,6). The enzymes supplied by Flukeca, Sigma or
Calbiochem companies (Table 2, var. 2, 5, 8, 10) gave less satisfactory
results, repeated testing of the concentrations, combinations and of the
digestion duration being necessary.

The raw snail gut enzymes did not give positive results in any of
the tested variants. It is necessary in this case its purification, the isolation
of the most active enzymatic fraction and after that the performing of
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a large number of tryings concerning the optimal concentrations and mace-
ration time.

As regards the effect of the osmotic stabilizer, we mention that
very good results were obtained by using 0.7 M mannitol and salt solu-
tion (Table 3, var. 3, 6). The- sorbitol in concentration of 0.7 M, as well
as the TRIS buffer in 1.2 M KCl and 0.02 M MgSO, (Table 2, var, 7,8
9,10, 11), did not give satisfactory results.

THE ENZYMATICG ISOLATION OF PROTOPLASTS FROM CELL SUSPENSION
CULTURES OF DAUCUS CAROTA

_ The microscopic survey of single cells and cell aggregates in their
logarithmic growth phase (3 days since the last subculture) showed, atter
4 hours of incubation in the enzymatic mixture 4 and 6 (Table 2), the
beginning of the cell wall digestion and the release of protoplasts. After
6 hours of incubation the process advanced, so after 10—18 hours cca,
909, of the initial cells were naked and perfect spherical (P1. II, B). The
event appeared also when cellulase and hemicellulase were employed
(Table 2, var. 5)es ‘ ;

Tn some experiments, protoplasts with two or.three nuclei are pre-
gent in suspension, as @ result of homoplasmabic fusions occurring be-
tween two adjoining cells dring the isolation Process.

Tn our experiments, this kind of fusions were not encountered.

THE ISOLATION OF.T_PROTOPLASTS FROM CALLUS CULTURES
OF DAUCUS CAROTA

Naked cells were obtained from the D. carota callus by the enzyma-
tic mixture 6 (Pl II, A), but in a lower proportion compared with the
cell suspensions; many cells retained their walls undigested even after
a longer interval of incubation.

The phenomenon is explicable taking into account that the callus
cultures are asynchronous, 20 at a given time coexist both young cells
with thin walls, easily digestible by th> enzymatic mixture, and mature
or even senescent cells, with thick, resistant walls. Moreover, there 18
also the inconvenience of obtaining impure protoplast sugpensions, due
to the debris resulted from the deteriorated cells or dead protoplasts.
This requires repeated filtrations, which sometimes have negative reper-
cussions on the cells. Consequently, we consider that the efficiency of the
protoplast isolation from callus cells is relatively low, ab Jeast in our
experimental conditions. One explanation could be furnished by the fact
that the callus sources were not represented by primary cultures but by in-
tensely proliferative calli (3 days after the last transfer), previously sub-
jected to repeated subcultures. It is possible that the meristematic cells,
the most competent for protoplast isolation, have been present in a rela-
tively low proportion, comparatively with the primary cultures.

Our investigations allow the drawing of the following conclusions

1. The leaf mesophyll from Nicotiana tabacum, Vitis vinifera and
Citrullus lanatus and the cell suspension cultures of Daucus carote repre-
sent the most efficient cell types for the enzymatic isolation of protoplasts.
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2. The success of isolatio

il O § K n depended 0 h - s .
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DATA ON THE VERTICAL DISTRIBUTION OF
PLANKTONIC PRIMARY PRODUCTIVITY
IN THE OFFSHORE ZONE OF CONSTANTA
(THE BLACK SEA)

BY
ALEXANDRU S. BOLOGA and PETRE T. FRANGOPOL

The study of the planktonic primary productivity in the offshore zone of Con-
stanta was performed by means of the 1C method, on the water column be-
tween 0—50 m. The results obtained in 1980 ranged between 1.7—1938.5 mg
C m~3day~, Maximum values were generally obtained in the upper layer
(0—10 m).

The study of the planktonic primary productivity, which had been
initiated in 1977 by the radiobiological method in the upper water layer
[1], [2], [8], was subsequently extended vertically down to the depth
of 50 m in 1980.

MATERIAL AND METHOD

Phytoplankton samples were collected every month in the east-
ward cross-section off Constanta from the same fixed 5 stations [2], [3],
from the 0, 10, 25 and 50 m horizons ; besides the main environmental
factors (Table 1), the total inorganic carbon content was determined with
the view of calculating the primary productivity.

The in situ “‘simulated” 14C method [9] was used, by liquid scin-
tillation counting [5]. The transparent (two) and dark (one) bottles con-
taining phytoplankton from each sample were inoculated with 25 pCi
(925 kBq) NaHX(O,, introduced into a basin and exposed to natural illu-
mination. The samples from 0 m were maintained at the surface of the
basin (1009, illumination) ; those from the other horizons were screened
(509, illumination).

The primary productivity was measured in definite conditions of
light and temperature (Table 2).

The content of the bottles was filtered at attenuated light, with
an in vacuum device, on Millipore membrane filters HA 04700 (0 =
0.45 pm) without any final washing.

The filters with radioactive phytoplanktonic residues were pre-
gerved in Packard type vials (with previously determined background)
and 4C aetivity was measured with the following scintillation mixture :
3 ml dioxan (for filter solubilization) and 5 ml N.E. 233 liquid scintil-
lator. Measurements were performed with a Packard Tri-Carb spectro-
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Table 1

Mean values of the main environmental factors in the Constanta
eastward section, stations 1--5 (0—50 m), in 1980 (*) cf. [10])

0,*) Total .
2 » " . . ! .| Organic
Month| t°C® |pE® | S0/0% N—=NO,*|N—NO,¥|P—P0Q,* S—8i0,"|inorganic *
P %0 emfl| o | (w&M | (e | (en) | (ug) | carbon mattg :
(mgp) | (m8 OalD)
I 3.64| 8.0 | 17.29 9.01/108.5 3.7 162.7 26.6 620 38.22 1.39
11 4.06| 7.9 | 16.42 8.90(107.5 6.2 94.5 7.5 588 40.76 1.90
111 3.01| 8.5 | 17.01 9.06(109.4 6.7 54.4 14.1 632 40.24 2.05
v 5.20 | 8.4 | 15.95 8.46/106.1] 11.1 76.7 8.3 731 38.22 1.42
V]11.16| 8.4 | 15.44 7.73{111.8 7.7 101.1 8.7 846 37.54 2.51
VI | 13.74| 8.4 | 15.77 6.90({107.6 4.6 51.3 10.8 699 1:36.72 2.29
VII| 12.96| 8.1 | 17.62 6.02( 92.8| 21.0 116.8 11.9 805 38.02 1.40
VIII | 17.84| 8.3 | 15.98 5.05| 85.0 4.6 60.1 15.4 801 37.82 2.16
IX | 14.99] 8.5 | 17.56 5.64| 87.3 5.2 110.5 5.4 823 36.81 0.99
XI | 10.66| 8.4 | 16.29 6.49( 93.8] 18.9 140.9 8.2 615 | 40.04- 1.53
XII 7.75] 8.3 | 16.19 6.86] 82.0/ 15.3 109.1 11.5 1141 38.78 2.21
Table 2

The experimental conditions (in situ “simulated”) during the determination
of planktonic primary productivity of the Constanfa offshore zone in 1980

Date of fl)ate O.f Humbas Horizons | Lime of Lightf ;Il‘lil;‘l(PEI‘g; NHHH.COJ Dos o
= etermi-|  of exposure | (X © X P activity | sample
sampling nation | statipus (m) 5 det 5 det.) 'Y
(hours) et.) 5 (uCi) measu-
- (lux) (°0) rement
Jan. 26 Jan. 28 3 0 12—1720( 11,086 1.5 25 Sept.29,
. 1980
Feb. 09 Feb. 11 4 0 1217301 28,117 12.0 25 o
Mar. 20 Mar. 21 5 0,10,25,50 | 12—1830| 11,245 10.8 25 5
Apr. 08 Apr. 09 4 0,10,25,50 | 12—-1850| 9,798 11.3 25 -
May 26 May 27 5 0,10,25,50 | 12—1950| 30,018 16.5 25 5
June 19 June 23 5 0,10,25,50 | 12—209%| 56,476 19.5 25 55
July 16 July 17 4 0,10,25 121955 | 47,741 21.1 25 »
Aug. 13 Aug. 14 5 0,10,25,50 | 12—1920| 5,952 18.5 25 R
Sept. 19| Sept.22| 5 |0,10,25,50 | 121910 | 20,165 | 20.0 25 o
Nov. 24 Nov. 25 5 0,10,25,50 | 121640/ 38,321 16.8 25 Jan. 24
1981
4 0,10,25 12—-16% | 32,438 13.0 25 3

Dec. 12 Dec. 13

meter model 3385. The samples were measured with 969 efficiency.
Appropriate background and quenching corrections were applied to the
results ; each sample was measured 3 times, for 1 minute. For verifying
the measurement precision, some samples were re-measured with a Pac-
kard Tri-Carb spectrometer model 2425 with 91.59, efficiency; most
of the repeated measurement results were close.

Calculation of planktonic primary productivity values was carried
out after Burkaltseva’s formula [4]. The total inorganic carbon-content
(CO,, HCO7, CO3~) of the sea water was determined by total carbonic
alkalinity analysis (cf. [11]). The measurement values for the dark (con-

B e
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trol) bottles were neither subtracted from the photosynthetic assimila-
tion values, nor calculated as percentage of the latter, but were considered
as such [8]. No light correction was applied to the values of primary pro-
ductivity for the 10—50 m horizons.

Primary productivity through the water column was calculated,
down to the lowest sampling horizon. Phytoplankton P/B annual coef-
ticient = 300 was used for establishing total planktonic production [6],
[7]. The results are expressed in mg C m~3 day ™ and g Cm~3 year™,
respectively. For the estimation of planktonic primary productivity of
the entire zone of Constanta, as considered between Chituc (44°20'N)
and the southern end of the Romanian coast (43°45'N) — down to the
depth of 50 m — a total water volume of 125 km? was taken into cal-
culation.

RESULTS AND DISCUSSION

The results on planktonic primary productivity which were obtained
in 1980 for the entire water column down to 50 m take values between
4.3—1,938.5 mg ¢m~3 day ! (Table 3).

High average primary productivity values were recorded during
this year in February at station 1 at 0 m (579.3 mg C m~3 day™), in
July at stations 1 (761.9),2 (942.9) and 3 (873) and in August at stations
1 (424.5), 3 (639.4), 4 (445.2) and 5 (548) (Table 4): accordingly, like
in 1979 (3), higher primary productivity values are found near the shore,
within 10 n.m. distance (stations 1—3), as compared to the main sea zone,
up to 30 n.m. (stations 4—25) (Table 4), with the insignificant exception
of April (station 4).

Seasonally, in contrast to the preceding year, when primary produc-
tivity had the usual higher values in spring and early summer [3], in 1980,
the maximum productive level was recorded by the radiobiological method
during the summer (July-August); this level may be correlated with the
yearly maximum salinity (17.62%,) and maximum NO, concentrations
(21 pg 1) in July, as well as the yearly maximum temperature (17.8°C)
in August (Table 1) — all factors favouring the development of an abun-
dant phytoplankton biomass and, consequently, an important primary
productivity.

As concerns the vertical distribution of primary productivity,
highest values at 0 m and 10 m horizons and a decrease with depth are
generally found (Table 3); exceptions are made by the months of June
and July, when maximum primary productivity was determined at sta-
tions 2, 3 and 4 and respectively, 2 and 4, at 25 m depth.

The monthly mean values of planktonic primary productivity dur-
ing the whole year range between 14.2 (December) — 695.0 (July) mg
C m~3day ! (Table 4) or for the period March — December between 0.4 —
14.5 g Cm2day ™ (Table 5).

The annual mean values over the stations range between 122.9
(30 n.m.) — 233.5 (10 n.m.) mg C m~3day ' (Table 4) or between 2.4—
6.7 ¢ C m—2day ! (Table 5).
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Table 3

Planktonic primary productivity in the Constanta
offshore zone in 1980 (mg G m™3 day™?)

Tori Stations
Month Horizons
() 1 | gy arc bl g
I 0 18.8 112.3 58.1
11 0 579.3 50.6 100.6 94.5
I1I 0 141.1 42 .4 67.9 52.9 62.8
10 19.6 148.3 40.9 4.3 14.2
25 — 15.9 32.1 23.3 31.6
50 — — — - 8.3
v 0 30.9 89.6 85.2 67.8
10 90.2 75 .4 36.9 61.9
25 — 19.5 22.3 64.4
v 0 71.8 40.7 16.1 79.8 110.7
10 36.8 25.5 33.8 40.6 99.9
25 — 17.9 7.9 33.9 11.8
50 — — — — 2.8
VI 0 33.6 12.9 45.3 76.9 106.9
10 241.3 395.1 5.7 218.8 106.1
25 — 452.3 393.9 613.7 52.2
50 —_ = — — 18.5
VII 0 432 .4 216.5 158.5 185.2
10 1089.7 1105.3 1291.5 161.9
25 — 1156.3 651.8 284.1
VIII 0 716.3 96.2 86.7 127.2 179 .4
10 132.6 263.0 | 1196.0 471.2 | 1938.5
25 - 153.6 80.2 613.7 101.4
50 — — — - 19.6
X 0 227.0 20.6 200 .4 249.1 223.5
10 184.8 46.2 43.1 13.5 15.3
25 — 59.8 41.2 17.8 21.6
50 = — — — 35.0
X1 0 82.7 12.4 76.5 41.6 25.1
10 755.9 64.5 732.1 776.9 28.2
25 — 61.6 665.5 48.4 15.6
50 — — — — 6.1
XI1I 0 16.6 132.4 6.3 10.8
« 10 15.3 6.0 1.7 3.7
25 — 3.7 6.6 6.3
Table 4
Mean values of the planktonic primary productivity
in the Constanta offshore zone in 1980 (mg C m~3day™1)
Stations Monthly
Month St
1(tnm)| 2Gnm) | 310 n.m)|4(20 nm) |5 (30 num.)
I 18.8 112.2 58.0 — — 63.0
1I 579.3 50.5 100.6 94.5 — 206.2
111 80.4 87.4 43.6 19.7 24.5 51.1
v 60.6 61.5 42.2 63.8 — 57.0
v 54.3 26.2 22.5 46.4 41.5 38.2
VI 137.5 335.8 130.1 308.9 62.7 195.0
VII 761.9 942.9 873 0 203.2 X 695.0
VIII 424.5 196.8 639.4 445.2 548.0 450.8
IX 205.9 45.2 74.0 61.9 43.6 86.1
XI 419.3 53.2 581 0 411.3 17.3 296.4
XII 16.0 30.6 4.1 5.9 — 14.2
Annual
mean 205.7 176.6 233.5 151.0 123.9

n.m. = nautical mile.
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According to the obtained results, the average primary productivity
during 1980 was 195.7 mg C m~3day ™ or 4.8 g C m 2 day 1, comparative-
ly higher than the surface primary productivity of the preceding year
(146.9 mg C m -3 day ). Applying the P/B annual coefficient for phyto-

Table 5

Values per m? of the planktonic primary productivity
in the Constanfa offshore zone in 1980 (8 G m™2day™)

Nl Stations Monthly
1@ nm)| 26 nm)| 310 nm) |4 20 nmy| 530 nm.)| mMean
111 0.8 2.2 1.1 0.5 1.2 1.2
v 0.6 1.5 11 1.6 > 1.2
v 0.5 0.7 0.6 1.2 2.1 1.0
VI 1.4 8.4 3.3 7.7 3.1 4.8
VII 7.6 23.7 21.8 5.1 ~ 14.5
VIII 4.2 4.9 16.0 11.1 27.4 12.7
IX 2.1 1.1 1.8 1.5 2.9 1.7
XT 4.2 1.3 14.5 10.3 0.9 6.2
XII 0.2 0.8 0.1 0.5 B 0.4
Annual
mean 2.4 4.9 6.7 4.4 6.1

plankton (300), a total planktonic production of 58.7 g Cm~3 year-!
or 1,455.9 g C m~2 year~! was estimated.

The total phytoplanktonic production in the section of Constanta,
which is less influenced by the Danube as compared to the northern
sections of the Romanian coastal waters, was estimated to be 7 ,625,000
t C year1

CONCLUSIONS

1. The application of the 14C method has been extended also on the
vertical, through the water column between 0 and 50 m depth.

2. The data obtained indicate, also in 1980, areal and seasonal va-
riability of planktonic primary productivity in the offshore zone of
Constanta.

3. The primary productivity ranges between 1.7 —1,938.5 mg C
m~3day~! or between 0.2—27.4g Cm ~2day-1 ; tho total primary produc-
tion has been estimated to be 7,625,000 t C year~! ir the water area be-
tween Chituc and the southern end o1 the Romanian coast.

4. Higher primary productivity values inshore (stations 1—3) and
decrease of the productive level offshore (stations 4—5) have been deter-
mined, although the decreasing trend is less evident when this level is
expressed as per m2,

5. Vertically, the maximum primary productivity has been esta-
blished in the 0--10 m water layer, except for June, when the highest
values have been found at 25 m.

c, 52463 21
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MICRORGANISMES FILAMENTEUX IMPLIQUTS
DANS LE GONFLAGE DES BOUES ACTIVEES. ESSAIS
DE LES PREVENIR OU DE LES COMBATTRE

PAR
EMILIA NESTORESCU et LUMINITA STEFANESCU

On a décrit et identifié toute une série de microrganismes filamenteux impliqués
dans le « bulking » des boues activées formés au cours de I’épuration des eaux

usées de 'industrie laitiére. On a testé I’influence des conditions d’alimentation,

de certaines substances azotées et de micro-éléments sur I’apparition du phéno-
meéne de « bulking ».

Les résultats ont démontré qu’une solution complexe de micro-¢éléments ajoutée
a4 raison de 20 %0 aux eaux d’alimentation prévient le gonflage de la boue. L’ali-
mentation discontinue favorise le développement des microrganismes filamenteux.

Parmi les types de « bulking » des boues activées rencontrés dans lIa
pratique de I’épuration des eaux, les plus fréquents sont ceux provoqués
par les microrganismes filamenteux. Par cebte dénomination on désigne
un groupe hétérogeéne de microrganismes différents comme dimension,
structure cellulaire et appartenance taXonomique ayant en commun la
morphologie filamenteuse. Le plus souvent, comme il en est aussi pour
las bactérie filamenteuse typique — Sphaerotilus natans — il ne 8’agit pas
de vrais filaments, mais de chaines de cellules envelopées dans une gaine
commune qui, & Pexamen direct, sur des préparations fraiches, non colo-
riées, cache les cellules faisant paraitre 'image d’un filament.

Bien que les boues activées contiennent divers types de microrga-
nismes filamenteux, ’opinion que le gonflage «filamenteux » des boues
est déterminé par la bactérie Sphaerotilus natans s’est enracinée et clest
pour cette raison qu’on lui a consacré de nombreuses études. Une meilleure
connaissance de tous les microrganismes impliqués dans le phénomeéne,
comme des conditions qui favorisent leur multiplication pourrait permettre
de prendre des mesures nécessaires susceptibles de les prévenir et de les
combattre. C’est ce que nous nous sommes proposé de faire par ce présent
rapport.

Le développement des recherches de la microbiologie des boues ac-
tivées ont conduit — ces derniéres années — 3 la découverte et & la des-
cription de nouveaux genres et de nouvelles especes de microrganismes
filamenteux. ,

Un essai de systématisation et de classification de ceux-ci, compte
tenu des caracteéres morphologiques et structurels, est prégenté dans I’ou-
vrage de D. H. Eikelboom (1975). En utilisant cet ouvrage comme guide
et en le complétant avec d’autres (Mulder—1964 ; Lewin—1969 ; Adamse
—1968 ; Mandel et al.—1969 ; Cyrus et al.—1970 ; Farquar et al., 1971 ;
Ueda et al.—1972; Van Veen et al. 1973 @, 1973 b; Liu et al.—1977)
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insi le bien connu : Bergey’s manual of determinative bacteriology —
aj_migf}z’e nous avons éla,bor(f I’étude que nous présentons dans la suite
et qui comporte la description et identification (1& oltilen était possible)
des microrganismes filamenteux des bou{es goqﬂées apparues dains une sé-
ries des installations expérimentales d’épuration des eaux usées prove-

nant d'une fabrique de produits laitiers.

MATERIAUX ET METHODES

Tes échantillons de boue activée ont été préle\_ré's dans des installa-
tions de laboratoire en épurant en différentes conditions des eaux rési-
duelles provenues d’une fabrique de traitement mﬂgstmel du lait et aux-
quelles on a ajouté des sels d’azote et une série de micro-éléments
(tableau 1).

Tableau 1

Types d’installations expérimentales

Substances ajoutées
N Mode aux eaux d’alimentation
No. de la om :
variante de la variante | d’alimentation 4 N
La formule en mg/l
Premiére
série
1 témoin continue — —
2 discontinue discontinue — —
3 NH,NO4 continue NH,NO,4 200
4 Ca(NO,), 55 Ca(NO,), 300
icro-éléments . Solution com-
‘ B " plexe de micro- 20 ml
¢éléments*
Deuxiéme
série
6 K 5
7 Ca ) continue 10
8 Fe ” 6
9 Mn T 0 ’ 1
10 Zn ” 0, 1

* L.a solution complexe des micro-¢éléments contient : 36 mg Na,HPO,.
2H,0 ;624 mg KH,PO, ; 600 mg FeSO,.7H,0 ; 6 mg MnCl,.4H,0 ; 13 mg ZnSO, .7

H,0 ; 12 mg CoCl, .6 H,0; 3,060 mg MgS0,.7 H,0; 780 mg CaSO, 2H,0
dans un litre d’eau distillée. ; i3l ;
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Leur choix a été fait en tenant compte du fait que la techno-
logie du traitement du lait implique des phénomeénes de préeipitation,
de fermentation et d’autres transformations des composés organiques du

Jait qui réduisent bien par I’insolubilisation ou la consommation la teneur

en calcium et en micro-éléments des eaux usées.
En outre, le lait méme représente un substrat non équilibré du

point de vue du rapport CBO;: N (consommation biochimique d’oxy-
‘géne par rapport a l'azote). Par l'addition des substances mentionnées

‘dans les eaux d’alimentation on a poursuivi son équilibre et visé & éviter

le «bulking» de la boue.

.« Les expériences ont duré 60 jours étant effectuées en deux séries.
Dans la premiére série on a étudié ’influence des sels d’azote et du complexe
de micro-éléments sur 'apparition du phénomeéne de « bulking ». Apres
que 1’on a constaté l'effet favorable du complexe de micro-éléments, dans
la deuxiéme série ceux-ci ont été testés séparément afin d’en dépister I'un
d’entre eux ayantun role prépondérant dans la prévention de I'apparition
du bulking. :

Pour étudier 'influence du mode d’alimentation parallelement au
témoin alimenté contintiment a fonctionné une variante ot l’alimentation
de Dinstallation s’est effectuée de maniére discontinue (une fois par jour).

" Les prélévements de boue ont été examinés et déerits directement
sur les préparations microscopiques fraiches et sur des frottis coloriés
‘Gram. Dang certains cas, on a effectué des colorations spéeiales pour la
‘gaine (la technique au rouge de Congo) et pour mettre en évidence les
dnelusions du poly-B8-hydroxybutyrate (technique au Sudan black-Burdon).

RESULTATS ET DISCUSSIONS

Premiére série : b : e :

L’examen microscopique des biocénoses développées dans les ins-
tallations expérimentales a mis en évidence ’apparition — tét ou tard —
— des micro-organismes filamenteux dans toutes les variantes, & ex-
ception de celle dans laquelle on a ajouté le complexe de micro-éléments
ou la boue a conservé ses qualités de sédimentation, pendant tout le cours
de I'expérience (fig. 1). Les échantillons récoltés dans Vinstallation témoin
variante no 1 — ont mis en évidence 'apparition des micro-organismes
filamenteux de différents types deés les premiers jours de 1’amorce. Vers
la fin de I’expérience sont devenus prédominants les microrganismes
ayant les caractéristiques suivantes : filaments minces (sous 1 pm) & lon-
gueurs variables (20—100 pm), légérement ondulés, sans gaine, Gram
négatifs, attachés par un bout & la surface des flocons (fig. 2). Les carac-
téristiques correspondent au genre Pelonema (Bergey—1974) qui semble
étre-identique au type 1702, I groupe de la classification de REikelboom—
1975, caractéristique des eaux a teneur élevée en hydrates de carbone,
~ Dans linstallation & alimentation discontinue — variante nof2 —
les microrganismes filamenteux ont ét¢ présents deés le commencement dans
des quantités importantes ; mais aprés environ 50 jours, ils ont comple-
tement disparu, étant remplacés par les bactéries zoogloéales et par
celles formatrices de flocons. On a relevé deux types de bactéries fila-
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menteuses : les 30 premiers jours la boue était constituée & raison de pres
de 809, de filaments de Sphaerotilus. A 1’examen microscopique sur des
frottis coloriés, ceux-ci sont apparues constitués de chaines de cellules
sphéroidales (2 X 3 pm), remplis d’inclusions grandes, globuleuses de
poly-B-hydroxybutyrate, entourées d’une gaine épaisse (fig. 3). Successi-
vement, elles ont été remplacées par des micro-organismes filamenteux
minces (0,5—0,7 um en diameétre), droits aux longueurs allant de 1042
30 pm, enveloppés dans une gaine mince, visible seulement chez certains
filaments (fig. 4). Les filaments sont disposés & la surface des flocons pa-
reils & des piques. La description correspond au genre Haliscomenobacter

_ ; ; hydrossis cité pour la premiere fois par Van Veen 1973 — qui indique comme
Fig. 1 Ligs 2 excellentes sources de carbone pour cette bactérie : la glucose, la lactose,
la saccharose et ’amidon et comme sources d’azote les acides casamini-
ques, I’acide glutamique ainsi qu’une série de composés inorganiques dont
(NH,),80,, KNO,;, NH,NO;. Les vitamines B, et la thiamine sont indis-
pensables & son développement. Ces préférences expliquent sa présence
fréquente dans la boue activée développée au cours de ’épuration des
eaux usées laitiéres.

Dans la variante expérimentale no 3 — avec addition de NH,NO,
le phénomene de gonflage est apparu beaucoup plus tard, vers la fin de 1a
période d’expérimentation et a ét¢ déterminé en premier lieu par la bac-
térie Haliscomenobacter hydrosiss — I groupe (Eikelboom—1975) iden-
tique a Streptothriz hyalina (Bergey — 1974) (fig. 5).

Le gonflage de la boue dans la variante no 4 — avec addition de
CaNO; — s’est produit dés les premiers jours, atteignant le maximum
aprés deux semaines. A I’examen microscopique on a relevé divers micror-
ganismes filamenteux parmi lesquels est prédominante une bactérie avec
les caractéristiques du genre Sphaerotilus mais ayant accrochées 3 la sur-
_ S face dela gaine de nombreuses bactéries, petites, & aspect d’épines (fig.6—17).
Fig. 3 Fig. 4 Les filaments groupés en faisceaux, attachés par un bout & la sur-

face des flocons, le bout opposé libre s’amincissant & mesure qu’il s’écarte
du flocon comme des queues, donnent au flocon un aspect caractéris-
tique (fig. 8).

La dewxiéme série

La deuxiéme série d’expériences a comporté cing variantes, chacune
testant I'influence d’un seul micro-élément. Dans toutes les variantes s’est
produit le gonflage de la boue déterminé par divers microrganismes fila-
menteux, mais dans aucun d’entre eux on n’a pu identifier la bactérie
S phaerotilus.

Ainsi, dans les variantes nos 7 et 9, & addition de Ca et respective-
ment de Mn, le microrganisme prédominant a présenté les caractéristiques
du type 0411-—VII® groupe (Eikelboom — 1975) ou celles du genre
Peloploca (Bergey — 1974) c’est-a-dire : chaines de cellules cylindriques
aux bouts droits (0,8—1,0 um X 4—5 pm) recouvertes d’une gaine mince.
Les filaments ondulés sont souvent groupés parallélement. Sur les frottis
coloriés, dans les cellules on remarque de nombreuses vacuoles & gaz (fig. 9).
‘ Dans Tinstallation & addition de Zn — variante no 10— le bulking
Fig. 5 ' Fig. 6 de la boue a été déterminé notamment par des bactéries similaires au




152

Fig. 7 ‘ . Fig. 8

Fig. 9 ‘ Fig. 10

Fig. 11 i Fig. 12

7 LE GONFLAGE DES BOUES ACTIVEES 153

genre Pelonema (Bergey — 1974) ou au type 1702 — I** groupe (Eikel-
boom) déerit ci-dessus (fig. 10). : :

Dans les autres installations — avee K et Fe — respectivement; les
variantes nos 6 et 8, la boue a été complétement envahie par une bactérie
en forme de filaments courts, ondulés, disposés en groupes paralléles et
contenant de nombreuses vacuoles & gaz (fig. 11, 12). Les caractéristiques
décrites correspondent & I'espéce. Peloploca undulate (Bergey—1974) ou
& Microthriz parvicells IV groupe (Eikelboom—1975).

CONCLUSIORNS

Des données présentées, il résulte la grande variété des microrganis-
mes filamenteux impliqués dans le phénoméne de gonflage de la boue
activée. Les possibilités de les identifier sont & présent limitées, d’une
part & cause de la pauvreté des données en vue d’une caractérisation com-
pléte et d’autre part du fait de leur extraordinaire plasticité quileur permet
l’adaptation rapide et continue aux conditions de Penvironnement.

I’implication des bactéries filamenteuses dans le phénomene de
gonflage, c’est une certitude. :

Ce qui reste & éclaircir ¢’est le mécanisme par lequel elles réalisent
cela car, en dépit des apparences, leur morphologie n’explique pas, mais
au contraire, contredit les modifications apparaissant au cours du gon-
flage. En effet, les chaines de cellules sont beaucoup pluslourdes que les
cellules isolées et, par conséquent, elles ont la tendance & se déposer et non
pas a flotter. En outre, on connait de nombreux types de hactéries fila-
menteuses qui ne modifient pas les caractéristiques de sédimentation de
la boue.

Il y a trois particularités de certaines bactéries aquatiques, rencon-
trées fréquemment parmi celles filamenteuses qui parait-il, se trouvent
2 la base du phénomene.

Il s’agit : de la présence de la gaine gelatineuse, des inclusions lipi-
diques qui réduisent leur poids spécifique de méme que des vacuoles &
gaz, dont la signification écologique est justement celle de les maintenir
a la surface de Peau ol I'oxygénation est meilleure.
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CONTRIBUTIONS TO THE STUDY
OF THE BIOLOGY OF GLIOCLADIUM ROSEUM BAINIER

BY
TATIANA SESAN

For the growth and sporulation of Gliocladium roseum, the most favourable
carbon and nitrogen sources were: glucose and mannose, and peptone, DL-
asparagine and ammonium nitrate and tartrate, respectively; the least favou-
rable ones were glycerin and the amino acids D-serine, glycocoll and L-cystine.
The optimum reaction of the Weindling medium for fungal growth was neutral
and slightly alkaline (pH 7.0; 7.5 and 8.5), whereas for sporulation it was
slightly alkaline (pH 7.5 and 8.0) and slightly acid (pH 6.0 and 6.4). The
least sporulation occurred on media with alkaline and highly alkaline reaction
(pH 10.0—13.0).

INTRODUCTION

The antagonistic ability of Gliocladium roseum Bainier to some
plant parasites is cited in the specialty literature, available to us since
1958 [2]. Among the papers consulted we have found no data on the
cultivation of this fungus on different growth media, on media with vari-
ous carbon and nitrogen sources or with different reactions. Therefore,
for the future use of this fungus in the biological control of plant diseases,
we considered that some contributions to the study of its biology would
be useful.

MATERIALS AND METHODS

Two isolates of Gliocladium roseum were used, i.e. Gl;— from soy-
bean plants, cvar Merit, sampled from the district of Cluj, and Gl, — from
pea seedlings, collected from the district of Arges.

The influence of the same culture media, the same carbon and nitro-
gen sources and the same ranges of reaction of the Weindling medium
on the growth and sporulation of G. roseum was followed up by the same
method [1], [3]—[5], as in the case of the study of the biology of T'ri-
choderma viride Pers. ex Fr. and Trichothecium rosewm Link.

Each variant was tested in 5 replications. The data were processed
statistically by variance analysis according to the PD,F program in For-
tran language.

RESULTS
The most favourable one out of the six culture media tested for
the growth of Gliocladium roseum (table 1) was the Weindling medium,
on which colony diameter was 1.900 cm after 2 days and 8.787 cm after

REV. ROUM. BIOL.—BIOL. VEGET., TOME 27, Ne 2, P. 155—162 , BUCAREST, 1982
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6 days. Next follows the Czapek-Dox medium, on which after 2 days
there was no growth (0.700 ¢m in diameter), and after 6 days it attained
6.260 cm. A poorer growth was recorded in descending order with the

Table 1

Influence of different culture media on the growth and sporulation of
Gliocladium roseum, isolate Gl,

Colony diameter (cin) after
) 2 days 6 days
Culture medium Dift it o S]p%ru-
: . ifferencef . . . ifference| . .. ation
Viereas tothe| et | Diamerfos ) St
' average : average
PDA 1.700 0.270 3.300 | —0.850 | 00O + 44+
Malt extract 1.380 | ~0.050 3.820 | —0.330 ++++
Czapek 1.380 | —0.050 3.700 | —0.450 1 +4+
Czapek-Dox G.700 | —0.730 000 6.260 2.110 | » x 4+
‘Warcup 1.520 0.090 3.520 | —0.630 (014] + 4 -
‘Weindling 1.900 0.470 | x x x| 8.787 +.637 | Mo x|+
Average growth (check) 1..430 — 4.150 —
LD 59 == (1.266 = 0.473
LD 19 == (.352 = (.626
LD O_.l% = 0.456 = 0.810

+-+ 4+ = very good sporulation
++ 4 = good sporulation
+ -+ = medium sporulation
+ = poor sporulation

I

malt extract media, Czapek and Warcup, on which colony diameter rang-
ed between 1.380 and 1.520 cm

and 3.520 and 3.820 cm after 2 and
6 days, respectively. The poorest results were obtained on PDA, on
which the diameter of Gliocladium roseum colony attained 1.700 cin after
2 days and 3.300 cm after 6 days,
The sporulation was very. good on Weindling; Warcup, PDA and
malt exbract and good on Czapek and Czapek-Dox media,
Among the different carbon sourees tested (table 2),
saccharides were best
saccharides.

As to the monosaccharides, the best results were obtained with glu-
cose, mannose, fructose and ribose, the growth of the Gliocladium rosoum
colonies determined by them ranging between 1.533 to 2.000 cm after
2 days and 4.067 to 5.300 em after 6 days. The assimilation of mannite,
galactose and arabinose was poorer. On media containing these sugars,
colony diameter was 1.033—1.667 cm after 2 days and oniy 3.238—3.767 em
after 6 days. Sorbose was least assimilated ; on the respective medium the
colonies attained 1.330 em and 1.667 em in dizmeter after 2 and 6 days,
respectively. -

Among disaccharides, melibiose and maltose promoted the best
growth ; in variants containing these sugars colony diameter ranged be-

the mono-
assimilated, jollowed by disaccharides and poly-
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tween 0.967—1.633 cm and 3.533—4.330 cm after 2 and 6 days, respec-
tively. Saccharose was the least assimilated by Gliocladium roseum and
determined a growth of 1.033¢cm after 2 days and 3.000 cm after 6 days,

Table 2

Influence of different carbon sources on the growth and sporulation
of Gliocladium roseum isolate A Gl,

Colony diameter -(cm) after
2 days 6 days
. Sporula-
Carbon source Diame-{ PO Signifi.| Diame-[DIIEFONCC) gignify. | tion
ter average cance ter average cance
MONOSACCHARIDES
glucose 2.000 0.575 | x x x| 4.467 0.851 X |44+
D-mannose 2.000 0.575 | x x x| 4.067 0.451 + 44+
mannite 1.667 0.242 3.767 0.151 ++ -+
D-galactose 1.433 0.008 3.467 | —0 .1%9 4+
fructose (levulose) 1.600 0.175 5.300 1.684 | X X X|++++
L-sorbose 1.333 [ —0.092 1.667 | —1.949 000 .+
D-ribose 1.533 0.108 4.500 0 .88i1 X X +4+
arabinose 1.033 | —0.392 00 3.233 | —0.383 +++
DISACCHARIDES
saccharose
(s:crose) 1.033 | —0.392 00 3.000 | —0.616 -+
D-maltose 0.967 | —0.458 000 3.533 | —0.083 +++
cellobiose 1.400 | —0.025 3 .03? —0.583 + 4+
lactose 1.167 | —0.258 | © 3.233 | —0.383 T
melibiose 1.633 | 0.208 4.333 | 0.717 x| +4++
POLYSACCHARIDES
cellulose 1.767 0.342 X x| 4.367 0.751 X| +++
starch 1.500 0.075 4.800 1.184 | X X X| ~+++
inulin 1.167 | —0.258 0 3.000 | —0.616 ++ -+
LCOHOLS

glycerine 1.000 | —0.425 00 1.700 | —1.916 000 +
average growth (check) 1.425 — 3.616 —

LD 5% © =10.246 =0.659

LD 1% =0.327 = 0.877

LD 0.1% =0.426 =1.141

Among polysaccharides, starch and cellulose were better assimi-
lated, the colony diameter increasing to 1.500—1.767 cm after 2 days
and 4.367—4.800 cm after 6 days. Inulin was less assimilated (1.167 cm
in diameter after 2 days and 3.000 cm after 6 days).

It was found that glycerin is a weak source of carbon, fungal growth
being poor on the respective medium (1.000 em in diameter affer 2 days
and only 1.700 cm after 6 days). . .

The sporulation of Gliocladium roseum was very high on media con-
taining mannose, galactose, fructose; high on media with mannite, ara-
binose, ribose, maltose, lactose, cellobiose, melibiose, starch, cellulose,
inulin and poorest on the variants containing sorbose, saccharose and
glycerin ; on those latter the lowest growth of the fungus was recorded.

Of the 23 sources of organic and mineral nitrogen (table 3), pep-
tone, followed by amino acids and amides, and then by ammonium salts and
nitrates, were most favourable to the growth of Gliocladium roseum.
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On peptone medium, colony diameter ranged from 2.800 cm after

2 days to 8.737 cm after 6 days.

; Among the amino acids tested, the following ones were best assimi-’
lated : DL-leucine, DL-citrulline, L-leucine, lysine. On the respective

Table 3

Influence of different nitrogen sources on the growth and sporulation of
Gliocladium roseum, isolate Gl

Colony diameter (cm) after
2 days 6 days
Nitrogen sources i ; Sporula--
Diame-| N Signifi_ | Diame- Ditferencel gignifi|  tion
ter average cance ter average cance
peptone 2.800 1.497 | x x x| 8.737 678 X
AMINO ACIDS e sl s
glycoc?ll 0.920 | —0.383 | 000 2.760 | —0.304 00 +
L—leucm.e 1.360 0.057 3.240 0.176 + 4+
DL-leucine 1.520 0.217 | X X x| 4.460 1.396 | X X X| o4+
DL-npr—leucine 1.320 0.017 3.060 | —0.004 +
tyrosx.ne 0.960 | —0.343 000 3.040 | —0.024 ++ 4+
D—§erme 1.000 | —0.303 | 000 2.860 [ —0.204 + 44
lysine 0.960 | —0.343 | 000 | 3.160 0.096 Forpodfirfs
tryptophane 1.060 | —0.243 | 000 | 2.900 | —0.164 +sfeefds
L-cy§t1ne ) 0.940 | —0.363 | 000 2.340 | —0.724 | 000 +-
II?L-cltrulllne 1.540 0.237 000 3.360 0.296 X X| 4+
-arginine 1.220 | —0.083 3.020 | —0. {
AMIDES P04t i
DL-asparagine 1.600 0.297 [ x x x| 3.660 0.596 | X X X |44+ +
urea 1.560 0.257 | x x x| 2.780 | —0.28
VITAMINS . ! i ahos
riboflavine 1.560 0.257 | X x x| 3.680 0.616 X
NITRATES aalk W
potassium nitrate 1.440 0.137 x| 2.820 | —0.244 0 |444-+
sodium nitrate 1.480 0.177 X x| 2.980 | —0.084 + 4+ +
anl1monium nitrate 1.920 0.617 | x x x| 3.620 0.556 | X X X |44+ +
calcium nitrate 1.340 0.037 2.620 | —0.444 00 -
AMMONIUM SALTS gt
ammonium tartrate 1.660 0.357 | x x x| 3.160 0.096 | + 44+
monobasic ammonium 1.240 | —0.063 2.480 | —0.584 000 |44+
phosphate
ammonium sulfate 1.120 | —0.183 00 2.140 | —0.924 | 000 |4+ ++
ammonium carbonate 1.060 | —0.243 | 000 2.040 | —1.024 | 000 |44+ +
ammonium nitrate 1.920 0.617 | x x x| 3.620 0.556 | 000 |4+
average growth (check) 1.303 — — 3.064 — —
LD 5% =0.113 =0.222
LD 19% =0.150 =0.293
LD 0.19% =0.191 =0.374

media, Gliodladium roseum grew up to 0.960—1.540 cm after 2 days and

3.160——4.4.60 cm after 6 days. The amino acids DL-nor-leucine, tyrosine
and L-arginine follow in descending order, the growth determined by them.

was between 0.960—1.320 cm after 2 days and 3.020—3.060 cm after
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6 days. D-serine, glycocoll, and L-cystine were least assimilated. In the
respective variants, colony diameter ranged from 0.920 to 1.060 cm and
2.340 to 2.900 cm after 2 and 6 days, respectively.

As to the amides, DL-asparagine was better assimilated than urea.
On media containing asparagine, the colonies were 1.600 cm in diameter
after 2 days and 3.660 cm after 6 days, whereas on media containing urea
the diameter recorded after the same time intervals was 1.560 cm and
2.780 cm, respectively.

The assimilation of riboflavine was also good; on the respective
medium, the diameter of the Gliocladium roseum colonies attained 1.560 cm
after 2 days and 3.680 cm after 6 days. :

The assimilation of ammonium salts in particular and that of ni-
trates was fairly good, with a slight superiority of the former.

The most favourable ammonium salts were ammonium nitrate and
tartrate, on the respective media the fungal colonies attaining 1.660—
1.920 cm and 3.160—3.620 cm in diameter after {2 and 6 days, respec-
tively. Monobasic ammonium phosphate, ammonium sulphate and am-
monium carbonate were less assimilated and determined a growth of the
colony diameter of 1.060—1.240 cm after 2 days and 2.040—2.480 cm
after 6 days.

Among nitrates, the best assimilation was that of ammonium nitrate,
and less that of sodium, potassium and calcium nitrates (1.340—
—1.480 ecm and 2.620—2.080 cm after 2 and 6 days, respectively).

Sporulation was very high on media containing peptone, tyrosine,
lysine, tryptophan, DL-asparagine, ammonium nitrates and salts; high
on DL-leucine, D-serine, DL-citrulline, riboflavine and urea ; medium on
media with L-leucine, and L-arginine and poor on media with glycocoll,
DL-nor-leucine and L-cystine.

As to the growth of Gliocladium roseum on the Weindling agar
medium with different reactions, it appeared that, as compared to isolate
Gl,, the isolate Gl; has wide tolerance limits to the pH values. These range
between 5.0 and 13.0 after 6 days’ growth. Maximum growth was obtain-
ed on a neuter medium (pH 7.0) on which after 6 days the diameter of the
colony attained 3.480 cm (table 4).

The limits of the tolerance to the reaction of the medium are nar-
rower in isolate Gl, (table 5) as compared to isolate Gl;, ranging between
pH 6.0—8.5 after a 6 day growth. In the colonies of the isolate Gl,, the
maximum diameter was obtained on media with slightly alkaline reaction
both after 2 days (2.460 cm in diameter on the medium with pH 8.0)
and 6 days of growth (3.420 cm at the pH values of 7.5 and 8.5).

In isolate Gl; of Gliocladium rosewm, the biomass was obtained at
narrower pH limits, i.e. between 6.0 and 8.0, and in isolate Gl, at wider
ones, i.e. between 4.0 and 8.5. Maximum biomags values were recorded

on slightly alkaline medium (pH 8.0) with isolate Gl; and on slightly acid

medium (pH 5.0) with isolate Gl, (tables 4 and 5).

The sporulation of Gliocladium roseum was very high on slightly
alkaline (pH 7.5 and 8.0) and slightly acid (pH 6.0 and 6.4) Weindling
medium ; high and medium on acid (pH 4.0 and 5.5) and alkaline (pH
8.5 and 9.0) media and poor on highly alkaline media (pH 10.0—13.0).
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CONCLUSIONS

1. The fungus Gliocladium rosewm grew very well on the W eindling
medium, and then on Czapek-Dox medium, less so on malt extract,
Czapek and Warcup, and very poorly on PDA.

2. Among the carbon sources tested, the monosaccharides were
assimilated best, followed by disaccharides and polysaccharides. The
following ones were the most favourable : glucose, mannose, ribose (mono-
saccharides), melibiose and maltose (disaccharides), starch and cellulose
(polysaccharides). The poorest assimilation was that of sorbose, saccha-
rose and glycerine.

3. The nitrogen sources supporting the best growth of Gliocladium
roseum were, in descending order : peptone, amino acids, amides, ammo-
nium salts and nitrates. The best assimilation was that of peptone, amino
acids DL-leucine, DL-citrulline, L-leucine, lysine, amide, DL-asparagine,
ammonium nitrate and tartrate. Tryptophane, D-serine, glycocoll, L-
cystine, calcium and potassium nitrates etc. were least assimilated.

4. The behaviour of Gliocladium rosewm on Weindling media with
different reactions varied in terms of the isolate : the maximum growth
of isolate Gl; was obtained on media with neutre reaction (pH 7.0), and
of isolate Gl, on media with slightly alkaline reaction (pH 7.5 and 8.5).
The maximum biomass was accumulated by isolate Gl; on media with
slightly alkaline reaction (pH 8.0) and by isolate G, on slightly acid media
(pH 5.0).

5. The sporulation of Gliocladium roseum was very high on Weind-
ling, Warcup, PDA and malt extract agar media ; the values of the reaction
of the Weindling medium supporting the best sporulation of the fungus
were both the slightly alkaline (pH 7.5 and 8.0) and the slightly acid
ones (pH 6.0 and 6.4) ; the alkaline values (pH 10.0—13.0) were the least
favourable.

The best sporulation of Gliocladium rosewm was obtained on the
following sources of carbon: glucose, mannose, galactose, fructose, and
on the source of nitrogen : peptone, tyrosine, tryptophane, DL-aspara-
gine, ammonium nitrate and salts. The poorest fungal sporulation was
recorded on media with sorbose, saccharose and glycerine as carbon sour-
ces and on media with glycocoll, DL-nor-leucine and L-leucine as nitro-
gen sources.

REFERENCES

1. Bontea Vera, Sesan Tatiana, St. cerc. biol. — Biol. Veget., 1980, 32, 2, 165—173.

2. Krassilnikov, N. A., 1958, Anlagonismul microbian st substanfele antibiolice, Gosudarst-
vennoe izdatelistvo ‘“Sovetkaia nauka’’, Translated from Russian, Romanian
Academy, Inst. St. Rom.—Sov., 1962.

. Sesan Tatiana. St. cerc. biol.— biol. veget., 1981, 33, 1, 77—84.

. Sesan Tatiana, St. cerc. biol.— biol. veget., 1982, 34, 1, 71—76.

. Sesan Tatiana, St. cerc. biol. — biol. vegel., 1982, 34, (in press).

(S

Received 7 May 1981

Research Institule for Plant Protection.
Bd. lon lonescu de la Brad $— 71592, Bucharest

IN VITRO ANTHER AND POLLEN CULTURE
IN HAPLOIDS (n=12) AND TRIPLOIDS (3n = 36)
OF DATURA INNOXIA MILL.

l BY
ELENA BADEA and PETRE RAICU

By experimental androgenesis with haploid and triploid Dalura innoxia, plants
with n, 2n, 3n, 4n and a small number of aneuploids were obtained. The aneu-
ploid spores, resulted following meiosis in the case of plants with an odd number
of chromosomes, undergo induction but their chromosome constitution does
not allow a normal cytodifferentiation; that is why high frequency aneuploids
are not obtained.

INTRODUCTION

Experimental androgenesis investigations have been performed with
haploid plants of Datura metel [1] and Triticum aestivum [2], haploids
and diploids being obtained.

In the case of Nicotiana tabacum, an amphidiploid species, the pro-
duction of plants with a various chromosome number was obtained by
anther culture of triploid, tetraploid and chromosome autosubstituted
diploid plants [6, 7]. By anther culture in the same species, nullisomics
were isolated from monosomic lines [4] and nullihaploids from different
genotypes [3, 5]. These results indicated that various types of aneuploid
pollen in Nicotiana tabacum are able of differentiation into plants by the
anther culture technique.

This paper reports experiments aimed at clarifying whether aneu-
ploid pollen of Datwra innowia is able of differentiation or the obtaining
of aneuploid plants by anther and pollen culture is possible.

MATERIAL AND METHODS

Four haploid (n = 12) and four triploid plants (3n = 36) of Datura
innowia produced by in vitro anther culture were used as a source of
flower buds.

For the anther culture it was used the basic medium of Nitsch [9]
supplemented with 0.1 mg/l of indole-3-acetic acid (IAA).

The anther cultures were kept under light for 16 hours (3000 lux)
alternating with 8 hours darkness.

Pollen was cultured after the method of Wernicke and Kohlenbach

[11]. Anthers precultured on liquid medium for 2—3 days were split.

open and by gentle squeezing the microspores' were suspended in the cul-
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ture medium. The young embryos were transplanted onto the solid me-
dium for further development. :
Androgenetic plants were transplanted for rooting on Murashige-
Skoog medium [6] without hormones.
Chromosomes were counted in the root tip squashes after Feulgen
staining.

RESULTS AND DISCUSSION

By experimental androgenesis with hapleid and triploid Datura
innoxia, there were obtained n, 2n, 3n, 4n plants and a small number
of aneuploids (Table 1),

Table 1

Chromosomes number of androgenetic plants produced by anther culture of
haploid and triploid plants

Chromosome Novof | - ‘ Number of plants with a various level
number of plants | Lype of ' ol ploidy and ancuploidy
donor plant |examined cultare :
I n I 2n l 3n , 4n | ancuploids
n = 12 51 anther 22 26 1 2 —
n =12 10 pollen 7 3 — 44 =
3n = 36 34 anther 1 21 2 8 2(34,35)
3n = 36 10 pollen 10 — — - -

Anther productivity was higher in cultures of haploid plants than in
those of triploids. A characteristic aspect of the cultures of triploid plants
was the presence of a greater number of abnormal plantlets which died
in the early development stages so that the efficiency of those cultures
was reduced.

Differences concerning the productivity and the response of anthers
collected from different triploid plants were noticed. So, from the four
triploid plants used as a donor, only one had the anther response higher
and more normal plants were obtained.

No differences were noticed as concerns the productivity and the
response of anthers from haploid plants.

In the androgenetic ‘descendencé obtained by the anthers culture
from haploids of Datura innoxia, the diploid and haploid plants prevail
as in the case of Datura metel [1] and Triticum aestivum [2].

By the culture of anthers from triploid plants of Datura innoxia
there were obtained especially diploid plants and a small number of te-
traploid and aneuploid plants,

The genetic nonequilibrated spores, resulted after meiosis in the
plants with an odd number of chromosomes, either do not undergo in-
duction or the aneuploid embryos are aborted in the competition with
those having an equilibrated chromosome number.

Part of the aneuploid spores undergo an induction process, which
is proved by the great number of abnormal plants that cannot continue

3 IN VITRO ANTHER AND POLLEN CULTURE : 165

the development, they probably coming from spores whose chromosome
constitution does not allow a normal cytodifferentiation.
The small number of aneuploids obtained could be due to the com-
, petition between the embryos in the limited anther space. In order to
eliminate this competition, pollen cultures from haploid and triploid
plants were made.
t The cytogenetic analysis of the plants obtained by the pollen cul-
3 ture evinced that the haploids prevail both in the cultures from haploids
‘ and in those from triploid plants, that means in the competition between
embryos, the diploid ones have a better chance.
1 By the culture of pollen from haploid and triploid plants, aneuploids
‘ were not obtained.
For a normal cytodifferentiation process in Datura innoxia at least
a chromosome complement is hence necessary. The aneuploid spores un-
dergo induction but their chromosome constitution does not allow a nor-
mal cytodifferentiation.
| - The aneuploid plants obtained, with a normal growth and develop-
ment, had 34 and 35 chromosomes [10], that is with Datura innoxia,
the presence of a great number of genomes is compatible with aneuploidy.
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COMPTE RENDU

I. TARNAVSCHI, GABRIELA $ER]§ANESOU-J ITARIU, NATALIA
MITROIU-RADULESCU, DIDONA RADULESCU, Morfologia polenului
florer din Romdnia (A Monograph of Pollen in the Flora of Romania) vol.
1, Bditura Academiei, Bucuresti, 1981, 144 p., 53 pl., 640 figs.

This first volume of a prestigious series analyses the microspores of 30 botanical
families with 692 taxa in the Romanian flora, among which the most important are: Acera-
ceae, Amaranthaceae, Boraginaceae, Campanulaceae, Caryophyllaceae, Chenopodiaceae, Compo-
silae, Convulvulaceae, Crassulaceae. The authors, representatives of the renowned Romanian
palynological school, have been studying the microspores for more than two decades
offering a very useful reference work. It includes a brief introduction, a historical presen-
tation of researches in the ficld, the method of investigation, terminology, graphic material,
morphological analyses of microspores (97 p.) and an index of actualized Latin names.
The book has an analytical and synthetical character, the pollen grain being studied for each
botanical family investigated, and provides a key to species according to pollen diagnemas.

The exquisite graphic illustration was done under the light microscope. Although it hardly
reveals details of the pollen grain as the electronmicroscopy does, it nevertheless remains
useful for comparison purposes in other fields such as: paleoclimatology, paleogeography,
pedology, archaeology, medicine, geology. IFor cach analysed grain, there is a drawing with
the respective ornamentation and a partial optical section.

“A Monograph of Pollen in the IFlora of Romania”’, a valuable scientific work, elaborated
by high-qualified scientists, stands proof to the remarkable achievements of the Romanian
science.

G. Dihoru
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