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CHOROLOGIC, KARYOLOGIC AND ANATOMICAL
STUDIES ON NIGELLA L. GENUS
(FAM. RANUNCULACEAE) IN ROMANTA

GABRILL C. CORNEANU*, VASILE D, SIMEANU *¥*,
GHEORGHE G. POPESCU** and FELICIAN M ICLE#*#

In this paper the chorology as well as karyologic and anatomical aspects of the
three Nigella 1.. species present in the Romanian flora are presented, N, arvensis
I.. ssp. arvensis is an archaeophyte species spread in the fields and hilly zones of
Romania, in segetal, ruderal and xerophyllous associations. N. damascena I..
“‘single flower” and “double flower” as wellas N. sativa L. are cultivated in parks
and gardens and are uscd as ornamental, aromatic and medicinal plants. The
chromosome features as well as the main anatomical features of taxonomic im-
portance (stem and leaf structure, cpidermic cells features, stomata type and
their density a.o.) were, noticing the differences between the four analyzed geno-
types of the Nigella L. genus.

Nigella L. genus (Helleboreae tribe, Ranuncul aceae family) comprises

almost 20 annual species, found in the Mediterranean region (11), (12).

In recent decades, anatomical studies (5), (6) and chromosome studies

{4), (7), (10), (11) on some species of N igella genus were performed.

In Romania’s flora, the Nigella genus is represented by three species
{8), which were studied partially (1), (2), (3), without using the anatomic
criteria in the taxonomy of the species.

In the present paper, anatomic and chromosome features in the
taxonomy of three Nigella species (four genotypes) were used, also
establishing their chorology.

MATERIAL AND METHOD

The species Nigella arvensis 1. SSp. arvensis, N. damascena L. “single
flower’” and “double flower” and N. sativa L. taken from the same zone
of the country (Craiova) were studied. To establish the taxonomy of these
Species, mature plants were collected (after flowering) on which anato-
mical studies were performed (the structure of the stem and the leaf;
the shape and size of the epidermal cells ; the type and density of stomata)
as well as chromosome studies.

The stem structure was studied on cross sections in its median
zone and the internode II under the flower. The determination of the
structural characteristics of the leaves was performed in the cauline

leaves of the median zone of the stem. The epidermis on both faces of the
foliar limb was detached mechanically (by peeling) and analyzed under the
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90 GABRIEL CORNEANU et al. 2

microscope. The foliar limb structure was analyzed on cross sections in
the median zone of the terminal ramifications of the cauline leaf. The
obtained data (100 observations/character) were interpreted statistically.
In order that the obtained results should be comparable, the portions of
vegetative organs on which the analyses were performed were collected
from the same zones of the plants.

The study of chromosome characteristics was performed on prepa-
rations of squash type, Feulgen stain, obtained form the tops of radi-
cels. For each species 12 metaphases were analyzed, noticing the length
of the arms of the chromosomes and the satellites, the chromosome pairs
which bear the satellites, the centromere index and the ratio of the arms.

The chorology of the species was established on the basis of the field
observations, on existing materials in the herbariuns in Romania and
the data from the Specialized literature.

RESULTS AND DISCUSSIONS

SPECIES CHOROLOGY

Nigella arvensis 1.. is a Pontic-Mediterranean species, met sponta-
neously in Romania. Of the four sub-species described by A. Strid (11),
only Nigella arvensis 1.. SS8p. arvensis was met in Romania. It is wide-
spread in fields and hilly regions (up' to 300 m altitude) on either side of
the Carpathian are. It vegetates on cultivated grounds, being met also
in ruderal places and dry meadows near cultures, on sandy and clayey-
sandy soils. In Romania’s vegetation, N. arvensis 1.. SSP. arvensis was
rendered obvious in the following vegetal formations :

Cl. SECALIETEA Br. — BL.. 1951 (segetal associations) : ass. Tri-
bulo-Tagetum So6 et Timar 1945 ;5 Aristolochie-Convolvuletum arvensis
Ubrizsy 1965 ; Consolido (orientali)-Vicietum striatae (Slavni¢ 1944) So6
1947 biforetum radiantis ;

Cl. CHENOPODIETEA Br.—Bl. 1951 em. So6 (ruderal associations) :
ass. Carduetum acanthoidis Morariu 1939 ;

Cl. FESTUCO-BROMETEA Br. +BL. et Tx. 1943 (xerophiloug
meadows) : ass. Adropogonetum ischaemi Krist 1937 ; Plantaginetum indi-
cae Pdun 1964 ; Trifolietum echinati Morariu 1969 ; Artemisiae (austriacae)..
— Poétum bulbosae T. Pop 19715 Convolvuletum lineatus Morariu 1967.

Nigella damascena 1., is cultivated in gardens and parks as an
ornamental plant under different horticultural forms. The “double flower”’
form presents a recessive gene as comparated with the “single flower’
natural form (1), (9).

Nigella sativa L. is cultivated as an aromatic and medicinal plant,
especially in the south-east of Romania, (Constanta and Briila districts).
When growing in wilderness, it appears like a weed in the crops or
on the sunny hills, especially in southern Romania,

CHOROLOGY, KARYOLOGY, ANATOMY OF NIGELLA L. GENUS OF ROMANIA o1

STEM ANATOMY

In cross sections performed in the median zone and in the internode

II under the flower the stem of the analyzed species reveals a primary
structures.

The stem epidermis is unistrate, having a cuticula outside. The

is little developed and is present under the form of_ assi‘mllatory
Bﬁf;(relﬁcllll;gla. This 11; continuoug) in Nigella arvensis arvensis (Flgs. 155 ),
while in the other species it is interrupted in front of ’qhe stem edges by
the angular chlorenchyma (Figs 2—4, 6—8). The stele is well developfld_,
displaying leading libero-ligneous fascicles of open collateral type, the

big ones alternating with the small ones. Outwards these fascicles are

protected by sclerenchyma cords (Figs 1—8). In the median zone of the

stem, the highest number of sclerenchyma cprds are to be fo_unq in N.'z gelifz
arvensis arvenis, and the lowest number in Nigella sativa, while in the’{nte{ £
node II zone, the highest number is to be found in Nigella amenszsj
arvensts and in N. damascena ‘“‘double flower’, and the lowest number
in N. damascena ‘“‘single flower” (Table 1). In the median zone of the

Table 1

Number and  size of sclerenchyma cords in Romania’s Nigella L.
genus species

Sclerenchyma cords

Species Width (pm) Thickness (pm)
i Number T s X s
X X
Stem median zone
N. arvensis arvensis 27 155.874-18.00 | 139.35--14.00
N. damascena “‘single flower’”’ 25 148.324+11.75 | 118.92-+ 1.55
V. “dcuble
A.flg(\f\{:f’s’cena 25 139.56+4+-14.30 | 119.18--11.80
N. sativa 21 187.551-17.70 85.65-4+10.10
Internode II zone 3 J
N. arvensis arvensis 20 117.03+15.48 79.38+-11.42
V. a “‘single
2 glaorzlv(;src’fn - 14 106.954-13.38 96.644-14.43
V. {4 “doubl
l\'fl(()lil\z:’fc ol Yl 20 91.15-L 8.69 98.54110.547
N. sativa 16 117.82+13.57 83.72411.75

st ; imensions of sclerenchyma cords (Table 1) are bigger he N
:;ﬁ:;lc’c Eltll?e (wividth) and N. arvensis 3;w'vemiS.(the thickne;ss), Whll_e in tl\lre
internode II zone the utmost values occur in N. arvensis arvensis a{ld * .
sativa (the width) and in the two forms of N.. _damasqena (thfa thlckn)esis_).
In N. sativa the sclerenchyma cords reveal blgggr “rld{sh/thmkness ratio
than in the other studied species, this being 1.4 in the internode IT zone
and 2.2 in the median zone of the stem.

In the central zone of the sclerenchyma cords _of the_> stem of t‘h‘(?
two forms of N. damascena are to be fom}d cells with thin walls (Figs
2, 4,6, 7) whose function is difficult to specify.
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94 GABRIEL CORNEANU et al. 6

The form, the number and the dimensions of the sclerenchyma,
cords, the presence of the parenchymatous cells inside of these cords,
as well as the stem chlorenchyma are characteristic of and distinet for
each analyzed species.

STRUCTURAL CHARACTERISTICS OF THE LEAF

The epidermic cells on the top faces of the leaves are usually disposed
unorderly and their walls have different degrees of undulation (Figs
9—12). In Nigella arvensis arvensis the epidermic cells are somewhat
more orderly, the walls being less undulated (Fig. 9), while in N. damas-
cena “double flower” the walls of epidermic cells are strongly undulated
(Fig. 11). The extreme values of the size of the top epidermic cells
(Table 2) occur in the two forms of N . damascena : “single flower” (the
biggest) and “double flower” (the smallest).

The epidermic cells on the bottom face of the leaf are disposed

‘unorderly in all the analyzed Species and their wall is strongly undulated

(Figs 13—16). The biggest epidermic cells on the bottom face of the
leaves occur in N, sativa, the smallest ones in N. arvensis arvensis and N.
damascena “double flower” (Table 2).

Table 2

The size of cells of the caulineleaves epidermis and the density of stomata
in Romania’s Nigella L. genus species

Epiderma cells Stomata
Shadtss : S density
p Length (pm) |Width (um) (number/mm?)
X T S:\,— x + S; X + s§
Upper epidermis
N. arvensis arvensis 104.79+5.12 44.834-0.99 105.314+-4.67
N. damascena “‘single
flower’’ 138.874-3.89 64.69-4-1.23 27.164+1.08
N. damascena “double
flower”’ 99.1042.50 | 50.2710.82 112.134+4.71
N. sativa 126.641+-2.92 64.891-1.57 50.9412.34
Lower epidermis
N. arvensis arvensis 90.2740.55 39.64--0.76 148.57+5.89
N. damascena “single flower”’ 103.44-1-3.41 59.87+1.10 119.364-4.88
N. damascena “double flower?” 92.154+2.34 45.984-0.71 127.334+5.23
N. sativa 114.36+2.23 71.34-4-1.73 89.30+-4.08

The leaves of the analyzed species present on either face stomata
of the anomocytic type (Figs 9-—16), the density of stomata being higher
on the bottom face. On the bettom face of the leaves the density of the
stomata is higher in N. arvensis arvensis and lower in N. sativa (Table 2).
On the top face of the leaves the highest density of stomata is found in
N. damascena “double flower”, and the lowest density in N. damascena
“single flower” (Table 2).

gle flower’’ ;

10. — N. dalﬁascena

Sin

12. — N. saliva.

— N. arvensis arvensis
5

11. — N. damascena ‘“double flower’’ ;
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The study of the cross sections through the leaf points out that N.
arvensis arvensis has leaves of the equifacial type (Fig. 17), while the two
forms of N. damascena and N. sativa have leaves of the bifacial type
(Figs. 18—20). In all analyzed species the palisade parenchyma is formed
of two cell layers. N. arvensis arvensis and N. sativa present the thickest
leaves (201.67 um), while the two forms of N. damascena have thinner
leaves (165.00 pm in the ‘“single flower” and 174.17 pm in the “double
flower"’).

CHROMOSOME CHARACTERISTICS

As it was shown in the Specialized literature (4), (7 ), (10), (11) a.o0.)
in different species of the Nigella genus, the chromosome number (2n — 12)
and the karyotype characteristics are relatively similar. Between the dif-
ferent species of the Nigella genus, differences were found regarding the
number and position of secondary constrictions, the value of the arms
ratio, the relative length of the chromosomes.

The analyzed Nigella genotypes present the first chromosome
Pairs with median centromere, the last chromosome pair being acrocentric
(Figs 21—24; Table 3). Nigele damascena “single flower” presents the
biggest length of the chromosomes, whereas the chromosomes in N,
arvensis arvensis have the smallest size (Table 3). N. arvensis arvensis
and N. damascena (both forms) present three chromosome pairs with
satellites (the pairs I, II, IIT; respectively the pairs II, III, IV), whereas
N. sativa reveals only two chromosome pairs with satellites (the pairs
II and IIT; Figs 21—24).

Table 3

The characteristics of the chromosomes in Romania’s Nigella L. genus species.

* Chromosomes with satellites

N. arvensis N. damascena N. damascena ;
arve nsis “single flower?”’ “double flower’’ N. sativa
Chrom(_)some Chro- Rela- Chro- ol Crlrlll(‘)o- Rl Chroo- Rolas
pall sgig—e tive | Arms s?r(r)l—e tive | Arms some |.. ive [ Arms s?me tive | Arms
length Iezr;/g’;h ratio length ]e(r:)g;h ratio length kzr:)-g’;h ratio length lezll}ggh ratio
(pm) | 7 ({0 (um)| * 7% (bm) | t70
I: 9.70% 19.72| 1.24 115.75 | 21.20/ 1.06 {13.68 20.42 1.04 [12.90 | 20.48] 1.19
11, 90.08*% 18.46| 1.27 [13.85%| 18.64| 1.27 |12.40% 18.511 1.18 [12.52*| 19.88| 1.45
I11. 8.60% 17.48| 1.30 [13.10%| 17.63| 1.25 |12.09*% 18.05| 1.16 |11.95% 18.98| 1.19
1Vv. 8.33 | 16.94| 1.09 (12.85%| 17.29| 1.06 [11.56% 17.26| 1.24 |110.15 | 16.12] 1.926
V. 7.88 | 16.02| 1.06 |12.20 16.42) 1.03 (10.90 | 16.27| 1.06 | 9.55 15.17) 1.12
V1. 5.60 | 11.38f 9.18 | 6.55 8.82/ 8.36 | 6.36 9.49] 8.94 | 5.90 9.37| 7.53
Genome _
length :
(pm) 49.19 — — 74.30] — — [66.99 - — 62.97] .- =
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|
P CONCLUSIONS
51 1. In Romania’s spontaneous flora there occurs only Nigella
g arvensis L. ssp. arvensis, whereas the N. damascena L. and N. sativa L.
S species are cultivated as ornamental, medicinal and aromatic plants.
< 2. All the analyzed species have a primary structure in the stem.
S N. arvensis arvensis displays a continuous stem chlorenchyma, whereas
& the other species have it interrupted on a level with the stem edges by
o the angular chlorenchyma. The number and the dimensions of the scleren-
§ chyma cords are characteristic of each analyzed species.
g 3. The analyzed species present on both faces of the cauline leaves
g stomata of the anomocytic type. The form, disposal and the dimensions
of the epidermic cells on both faces of the leaves are characteristic of
b each analyzed species.
I 4. The analyzed Nigeila genotypes, although they have the same
il chromosome number (2n = 12), differ from one another by the length of
8 the chromosomes, the arms ratio and the chromosome pairs which bear
ue the satellites.
51
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NEUE SCHNEEBODENGESELLSCHAFTEN
IM RODNA-GEBIRGE

GH. COLDEA

“The paper presents, from a floristical and ecological point of view, three new
syntaxa of the class Salicelea herbaceae, which are characteristics for the Rodnei
Mountains (the Eastern Carpathians), The syntaxa Soldanello hungaricae- Ranun-
culetum crenali ass. nova and Poo-Cerastietum cerastioidis chrysosplenielosum alpi-
nac subass. nova are specific to the stations with are acid substratum, while Solda-
nello hungaricae-Salicelum kilaibeliunae ass. nova is specific to the stations with
a calcareous substratum. Based on the floristical differences and resemblances to
the composition of the described associations from the neighbouring regions, the
syntaxonomic position of these associations in the Eastern Carpathians is defined.

Die von uns in den letzten Jahren in Schneetilchen der Rodns-
Gebirge durchgefithrten geobotanischen Forschungen ermoglichen die
Identifizierung einiger Phytozonosen, die sich hinsichtlich ihrer floristi-
schen Zusammensetzung groBtenteils sowohl von dhnlichen Phytozono-
sen in Zentral- [1], [4], [5], [10], [11], [13], [16], [22]* und Siideuropa
[6], [8] [9], [21], als auch von den jenen der Karpaten unterscheiden.
Die besonderen Eigentiimlichkeiten dieser Phytozonosen des Rodna-
Gebirges werden durch die Gegenwert der chiono-hygrophilen Arten
Soldanella hungarica ssp. hungarica, Silene nivalis und Poa granitica ssp.
disparilis (= Poa deylit) verliehen, deren Verbreitungsareal sich nur auf
einige Gebirgsmassive der Siidostkarpaten begrenzt. Neuere von Paw-
lowska [15], Chrtek und Jirdsek [7] und Nyarady [12] durchgefiihrten
taxonomischen und chorologischen Forschungen heben den endemischen
‘Charakter von Silene nivalis und Soldanelle hungarica ssp. hungarica fir
das Rodna-Gebirge, bzw von Poa granitica ssp. disparilis fiir die orien-
talischen und siidlichen Karpaten hervor [2]. Hochstwahrscheinlich fiel
die morphologische und genetische Differenzierung dieser oligothermen
Arten mit den harten arktischen Klimabedingungen der Pleistozéineiszeit
zusammen und setzte sich bis Ende der Eiszeit, als dessen Genom voll-
kommen entwickelt war, fort. Somit ist die aktuelle zonotische Affinitit
dieser endemischen Arten fiir die chionophilen Phytozénosen der Ord-
nung Salicetalia herbaceae erklirlich.

In vorliegender Arbeit beschreiben wir drei neue Syntaxa der
Schneebodengesellschaften des Rodna-Gebirges, die floristisch im Zusam-
menhang mit denen der geographischen Nachbarregionen analysiert
werden.

1. Soldanello hungaricae- Ranunculetum crenati Ass. nova (Nomenkla-
torischer Typus : Tabelle 1, Aufnahme 1).
Syn. : Agrosteto (alpinae ) — Ranunculetum crenaii Resm. 1975; Agro-

steto  (rupestris )- Ranunculetum crenati Resm. 1975 em. 1978;

* Das bibliographische Studium dieser Arbeit wurde anléBlich einer vom DAAD erhal-
tencn Einladung im Jahre 1983 vorgenommen, wofiir wir unseren Dank aussprechen.
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Soldanello (pusillae )-Plantaginetum gentianoidis Resm. 1976 non

Boe i 4
oscatu 1971 ; Soldanello (pusillae J)-Ranunculetum crenati Resm

1983 (n.n.)

Die Phytozé 3 ssoziati
1ytozénosen dieser Assoziationen werden haufing im Rodn
g A=

Gebirge auf den nérdlichen Schattenabhingen hoher Gipfel (1800 —2150m)
—«loUm

5 5 )

Tabelle 1

old [ = L 4 . d
Sol anell wngaricae R(Hlunczuc um crena Ass ova
nat 1

}\Tlr] der Aufnahme : 1 2 3 4
16he (X 10 i 5
Exposi(tion m i.d.M.) 200( 215[ 208| 208| 180 21(23 155 213 dhitas
el NV| N| N|NV| N N| N N 2I\ITO 1§8
B ne 300 5 15| 15 10| 10| 20| 35 .
Aumahméﬂé . o) 100 100] 90| 90| 100 100| 75 i
che (m2) 100/ 10| 10| 100| 10 100 103 1(2)g go e
» 5/ 100 K
C. — Ass. ’ |
Ran [ , | ,
unculus crenatus 3¥5] 43
Soldanella * hungarica 2; 22 —Eg —Eg’—fg' 4112 ‘11'5 s 3'51 e
-5|4.5]4-.2] 1.4] 1.5/+.51.5 |4 5| v
g hots
)C ISEI]lOlOn herbaceae und OC — Salicetalia herbaceae
~uzula alpino-pilosa : |
Gna.pha[ium T, |+5 ﬁg ;g 1.5 + +.2[ 1.5 +.3[1.5 [1.5 v
S 5 13 1.5+ 5 1904 51 ' s 157
Sl i l . ! 1851 Hoilin ' 0 Biisilny
| Kiaeria starkei . 2'5 . 3.5 2-5’ 2. v i i
. : : .5 -+
KC — Salicetea herbaceae | &
Sedum alpestre
Poa * disparilis h Wi ‘ ] |
P, | 5 ; )
YOlz!Iatrl'chum hercinicum 2 g W A i ol —2.5 gl
;;\Alllhel.la Jurazkana 1.3 + 2.5 co|li i sl
gPonlrxchum sexangulare L.5las.c] 2.5 2.5' 1.3! 1.3, : o T
4 e | S
Begleiter i ;i i
Ligusticam mutellina
Ry, F Tobl=ag) v, - |45 1.5/4+.2| 2.5 .
primuta minim Sk TR U O O RO R 1 1 i R LM
Carex curvula + Ll ; . e B + o
Deschampsia caespitosa o) i g : s i
S N{u‘dus siricta il B togeiiTol 2 .
/Dfplophyllum taxifolium : : . ' 0 ' iy ;
(‘chrcmella heteromalla e ' ' Sl 0
3 : ° ; stk leleBhish e | 11

Arten, die nur in einer Aufnah

. me vorkommen : Sesleria disfi

ped bl 8 &3 ! esleria disticha 1: 4 , Veratr .

S ;): i asa%i}l;a,gfsggl);;ﬁ lgl)eslrlsRS : +, Chrysosplenium alpinlzm”l;lfl-f_albljinlzclizt.ni}lhl ‘
Al g 'is 8: 4, anuncul : s ; o

gf::,z:f iamllrosacea 9: 4, Drepanocladus uncinaiu:f) "ni’,_""-’“;f i 76 SR i %
; u : 1 — Girgily ) ;

ol 24.0717;191(;1’;?11.5 1 . G(';lrgalau 19.07.1982; 2 — Pietrosul Mare 19.07.1977 : 3 — Buhai

s 1;)79 : uz ra} — Aniesu Mare 27.07.1976 ; 4 — Girgiliu 1’9 wiie don

by dos .08. 5 7 — Aniesu Mic 17.07.1982; 8 — Inju 17 8 y Rt
-08.1982; 10 — Galat 18.07.1982. e

* I R » b2
n der ,,Flora Europea” as Unterarten behandelt
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Rinschliisse die kleinen Mulden auf Sauresubstrat besiedeln in denen

«jch der Schnee bis Ende Juli halt. Die Boden, worauf solche Zonosen
vegetieren, sind oberflichliche, saure (pH =5,3—5,5), an feinem Gestein
reichhaltige und an organischen Stoffen arme Boden. Charakteristische
Kennarten der Assoziation sind Ranunculus crenaius und Soldanella

hungarics ssp. hungarica. Sie verzeichnen eine Gelindebedeckung von
35 —609%,. Das Fehlen von Soldanella pusilla in der Rodna-Gebirgsflora
und das hiufige Auftreten, stellenweise sogar mit hoher Bedekkung,
von Soldanella hungarica in diesen Phytozonosen, veranlaften uns,
sie als eine neue Assoziation zu beschreiben, die wir als eine geographisch
ostkarpatische Variante der in mehrfachen Gebirgsmassiven der Siid-
karpaten [3], [17], [24] angefiihrten Assoziation Soldanello pusillae-
Ranunculetum crenati (Borza 1931) Boscaiu 1971 betrachten. Die Asso-
ziation Agrosteto alpinae- Ranunculetwm crenali Resm. 1975, die als aus
der Biszeit stammend beschrieben und nachtriglich von ihrem Verfasser
unter derselben Benennung [19] oder als Agrosteto rupestris- Ranunculelum
crenati Resm. 1975 em. 1978 veroffentlicht wurde [18], [20], kann nicht
in Betracht gezogen werden, da in ihrer Zusammensetzung manche Arten

wie Soldanella pusilla, Agrostis alpina und Plantago gentianoides vorkom-
ht vegetieren. Das haufige Auftreten von

men, die in Rodna-Gebirge nic
charakteristischen Arten des Verbandes Salicion herbaceae und der Ordnung
Salicetalia herbaceae in der von uns beschriebenen Assoziation bestatigen
deren Einordnung in diese syntaxonomischen Einheiten.

2. Poo supinae-Cerastielum cerastioidis (SOyT. 1954)Oberd. 1957 —
chrysosplenietosum alpinae Subass. nova (NomenKklatorischer Typus : Ta-
belle 2, Aufnahme 7). Auf Mikrovertiefungen, auf manchen Schatten-
abhiangen (Anies, Coasta Netedd-Indu, Nedeia Corongis) und in einigen
Gletschertilern (Bila, Galat) haben wir Phytozonosen dieser Assoziation
auf beschrinkten Flichen identifiziert. Ahnlich den aus Zentraleuropa

[13] beschriebenen Phytozénosen, kommen auch in denjenigen des
und Poa supinae als die Charakter-

Rodna-Gebirges Cerastium cerastioides

arten vor. Sie erzielen auf den analysierten Gelinden eine Durchschnit-
tsdeckung von 30%. Im floristischem Aufbau der Assoziation sind die
charakteristischen Arten fiir Salicion und Salicetalia herbaceae gut vertre--
ten, was deren Einreihung in diese syntaxonomischen Einheiten [13]
bedingt, nicht aber in den Verband Arabidion caeruleae bzw. in die
Ordnung Arabidetalia caeruleae, S0 Wie Passarge [14] es empfohl. Im
untersuchten Gelinde werden in solchen Phytozonosen an Stellen mit
Feuchtigkeitsiiberschufl in der Néhe von subalpinen Quellen manche
fontinale, hygrophile Arten wie Chrysosplenium alpinum, Saxifraga stella-
ris und Epilobium anagallidifolivm angetroffen. Auf Grund solcher 6kolo-
gischer Differentialarten sondern wir eine neue Subassoziation fir die
Karpaten ab — chrysosplenietosum alpinae (Tabelle 2, Aufnahme 5 —10).
Derartige Phytozonosen wurden in der Karpatenzone nur aus den Ge-
birgen Tarcu, Godeanu und Cerna beschrieben [3].

3. Soldanello: hungaricae-Salicelum Litaibelianae Ass. nova (Nomen-
klatorischer Typus: Tabele 3, Aufnahme 5). Chionophile ‘durch Saliz
kitaibeliana aufgebaute Phytozonosen werden hiufig im Rodna-Gebirge
in den Zonen mit kalkhaltigem Substrat mancher 'Gebirgespitzen wie:

Pietrosul, Rebra, Cormaia, Anies, Puzdra, Gérgiliu und Indu angetroffen..
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Poo supinae — Cerastietum cerastioidis (Soéyr. 1954) Oberd. 1957

} Tabelle 2

[

|

[' — chrysosplenietosum alpinae Subass. nova

Nr. der Aufnahme 1 2 3 4 5 6 7 8 9 | 10

i Hohe(x 10 m ii.d.M.) 202/ 201| 183 184 184/ 188 189 177| 173 180

B Exposition N |IN |V [NE NE| NV NV| N | N N

) Neigung A B I DU G D16 S [l 20
Deckungsgrad (%) 70 1 80 [ 75 | 75 65 | 80 | 80 | 100 65 [ 60 K
Aufnahmefliche (m?2) 25 | 25 | 25 | 10 10 | 4 4 | 100| 100| 25

f C. — Ass.

f Cerastium cerastioi des

3.5 3.5/ 3.5| 3.5(3.5 3.5| 3.5 4.5| 3.5/ 3.5
f Poa supina . < | 1.3[ 1.5 4 SR I iy e | e B R BR o
D. — Subass.

; ‘Chrysosplenium alpinum
i Sazifraga stellaris
| Epilobium anagallidifolium

| VC — Salicion herbaceae und 0C — Salicetalia herbaceae

| Ranunculus erenatus 1.5 2.5/4 .5
Luzula alpino-pilosa +.3!+.5 a1l g

,’ Gnaphalium supinum ’ ’ +ol:1.5/ 4.3

bl Soldanella * hungaricq +.24.3 4+ [L.2

, Saliz harbacea | .

I < Kiaeria starkei +11.2

S

§ KC — Salicetea herbaceae
{ Veronica alpina + +3/
|
|

111

Sedum alpestre . + v

Silene nivalis X 2
’ | olytrichum sexangulare 1.5/ 1.5
‘ “Oligotrichum hercinicum i

1T
111

?

|

! Begleiter
| Poa alpina L
[ | ‘Geum montanum +
( Lingusticam mutellina +
| Alchemilla apestris

| Deschampsia caespitosa 1

il

) .5 2

| | Potentilla * {fernatq + A
b

Ov Ot Ot e

Phleum alpinum
Polygonum viviparum
Agrostis rupestris
’ Anthoxanthum odoratum
!I I ‘Campanula Ppolymorpha
[

SR AP T I

.++.

Arabis alpina

Festuca' picta

Sazxifraga androsaceq
/ rimula minima
Pohlia ludwigi
‘Cratoneuron commutatum

Drepanocladus unicinatus X!

h—('—()—!)—(l—(t—(i—l)—l:)—li—l

Arten, die nur in einer Aufnahme vorkommen : Sazifraga aizoides 6:
7+, Viola biflora 7 ; + , Campanula abietina 7 : + 5 Philonotis fonta

|

|

l‘ » Cardamine pratensis
|

IJ ‘v major 9 : 4, Saliz reticulata 9 ; -, Sazifraga hieraciifolia 9 : + » Doronic

na 7:1; Soldanella X
um carpaticum 10 : +,

Rhododendron kotschyi 10: 4

Ort der Aufnahmen : 1,2 — Coasta Netedé—Inﬁu, 8.08,1981; 3 — Céldarea Gélat 18.07.1981 ;

4,5 — Nedeia Corongis 28.08.1982 56,7 — Buhsiescu Mare 7.09

1979 ; 8 — Saua Anieg 23.09.1982;
9,10 — Cildarea Bila 12.08.1983;
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Tabelle 3
Soldanello hungaricae— Salicetum  kitaibelianae Ass. nova
8 9| 10
1 2 3 4 5 6 7 dhipelindy
g e Aufnahn__le 190 212[ 205| 208| 206| 211| 205 2:/
U e N2\1’0 N N | N| N| NINV| N|NE 1\(1)
Rgporon 10 5 5115 35| 25| 25| 35 }80 100
feune grad (% 80 | 80 | 100{ 100| 90 | 85 108 ;3(5)0 s i
ADe(f:lll(;llllflsgfﬁ?iclle /Emg) 6 | 25 | 100] 25| 100| 10 | 10
u é
b 5 5 .4 4.5 v
g.li;\ kitaibeliana 4.5] 3.5 4.5| 4.5 t; ffé) 411 :; '13)f ol M
a ) B y > ! . n (9 . Ot
Soldanella * hungarica +.4| +|+.3] + 5
VC — Arabidion caeruleae g : » i
Saxifraga androsacea § ; } J -+
0C — Salicetalia und KC — Salicetea herbaceae B Faloy PN W QP \'
P A ) i
Luzula alpino-pilosa 1 315450 3 Jr i I ' ihif v
Salix herbacea . . . an e st o% 11
Poa * disparilis i ! i ' I
Silene nivalis
Héaufigste Begleiter :
Androsacetelia alpinae ‘ it VAET e (04 "
Doronicum clusii € . T it B : | wabces + T
Veronica baumgartenii . . : NI ' : Lyl 1
Saxifraga bryoides . ki i
Saxifraga carpathica
Seslerietalia Ll 8 ik . B
Sesleria biclzii T R Ry A +1‘3 \I}II
Fedicularis verticillata e 78 0 W 90 W R e +'.5 I I
Polygonum viviparum e g i
Saxifraga moschata Ll ) \ ) § ; %
Dryas oclopetala o ik o . I
Carex atrata 11 e : ; . I
Carex sempervirens & 1
Ranunculus oreophilus
Sonstige Arten L 5 T B &
Sesleria disticha -0 : * LR : i P R}
Sedum roseum T e Seartie 2.5 4 128 4 ; H
Rhododendron: kotschyi ; ool - . Sty e i i
Sazxifraga paniculala D | LperiT ' ] Silos +r 1315 i
Festuca . airoides . T i § gl ey g % i
Campanula alpina P o e T ¥ |
Helictotrichon' versicolor ‘ i . oy 2 . ' |
Geum montanum i ) T I o I
Homogyne alpina ol . ), | et ‘ i _ r
Ligusticum mulellina v 0Bl 18l 1s ’ !
Primula minima . i ) i ; : i !
Anlho:canllnzm‘ odoralum quigiiattiiogal galugl A0 . "
Huperzia selago e et [ssl i | T v
Viola biflora | e o o el ; X i
Pulsalilla alba D :3 b . AR B, ) ]
Hieracium alpinum » .1 'S . il I
Salix hastala : P d y |
Saxifraga aizoides " + D E B al El e ks |-l \H
Polytrichum alpinum hi 1~5 i o i3
Hylocomium splendens ] .
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(Fortsetzung Tabelle 3)

T 4|5 6| 7| 81 gllol

Rhitidiadelphus triguetrus +
Pl_euro:ium schreberi -+ Tt alltled i e 1y
Dicranum scoparium : gt ; ' : : - .
Dicranella heteromalla g d Ay : .5 I
Cetraria islandica - bl 2. 7 : III
RO Glho Bld 1] i o :
+ 111

Arten, die nur in ei

Fesluc,a L e;lsl;)er ?{tlfn?_?ple v.orkommen : Anthemis carpalica 2 : + .| Tri

Didiiiniyl shpersnd 2'.+ : ”I; lS[ Qi Doronicum carpaticum 2 : L ,,ll,lsbe{um fusecum 2 : +,

lanatum 9 : + nyo:soli,s a[ifgélicl-(;s Ugl'sz_c[_01011'13: S5 Cm'd([miniosﬁs ‘(u"en;)slaa gS. gl_ll)mg 2: +,

8: iR t +, Hedysarum hedysaroi ! + , Cerastium

Ort+d,cfci‘lli,f;l(;,(/]il“:;l{ﬂf;8a lg:]+ ; 7Drepan°dfldlls unciluill’;i/sgl.oﬁp.s 8: 4, Cerastium arvense

L :1 — Rebra 17.07.1977 ; 2 — Cormai

4, 5 — Aniesu Mare 17.0° e ;2 — Cormaia 8.09.1979 ; 3 —

9 — Pictrosul M are 17.07.1982; 6,7 — Gargiliu 19.07.1982; 8/ #3 = Puzdra 15.08.1982;
Mare 3.08.1982; 10 — Indu 17.08.1982 : Lvoa s — VI. Cliilor 20.07.1982;

Hier besiedeln sie die Felsengiirtel oder lei

ordli ; 5 1T leicht genei -'
Ef;%lé'ch%;e S:élggggenabharége,_ wo der Schnee bti’;}ngg:frsne(l%a‘fﬁgge Lo
flachliche Lithosole ‘1‘;;)1?: hdlese vegetieren sind, im &1lgemeineng0g:r_
6,2 — 6,7) und eineril . chwach saurer oder neutraler Reaktion E H i—
TR ASSoziatioﬁelig‘;gg];zgfgzggg organischen Stoffen. Die Cﬁ)aral:
dec 0 4 eliana mit ei . ’
mitkgéll%m‘;(;gcs?? éoi.e Gefg ?ir_luber aI'lde.I‘en P h)’tOZ('jDO?gfl (ﬁl;r%h;gﬁ;;ttsbe—
1953 [3], 23] l’)ezo aut die Assoziation Anemono-Salicetum retusae E)[?;en
o Son’derstellun ‘ge'n Wurdgn,.nehmen diejenigen des Rodna-Gebir %
bbb A g .611.1, Qa in 1hrem floristischem Aufbau kar atisgﬁs
o B e wie : Szlene. nwalis, Poa grawitica ssp. disparfl' (i
L Soldazb ;li@“h&?p h“’{lgm:wa vorkommen. Das reichliche Vorh;itdun
o Ane;z 3 ungared i diesen Phytozonosen einerseits, und gn—
neue Assoziation Oni)namws%f lora andererseits, veranlaBten uns i als ei o
Salicetum retusazu L(I%SChrelben' Ubrigens bleibt die Assoziatio;l Anemo:zn(-a
retusae Horv. 1949 L 1953_ap - Boge. 1971, bzw. Anemono-SalicetuO
il kl'i.rzlich aJP-h'Schnelder—Binder und Voik 1979 zweifelhafton
e L ersc 1§nepen Synthese selbst Horvat un,d Mitarbeit ,
el i untliselil A.ssoma,.tlon erwihnen. Die von uns besehrieb:;l:r
sowohl von den ;C elget sich floristisch durch diese Differentia,lathefll
i st [rs 5entra,leuropa, unter den Benennungen Salicetum
w2 [25] e .g, [ ]’ [10]1 [11]7 [13]a [16] und Sawifrago-Salioet
Tonabal o An enenen Assoziationen, als auch von den aus Siid:: 4
A e %soz.la’monen Soldanello alpinae-Salicetum, retusae 191_
i dgifeae- alicetum retz_esae [21]. Unter syngenetischem As [kf;l
B e VV(')H uns peschrlebene Assoziation als eine geogra, h'peh
fkanntgn Assoziat%nante dieser aus verschiedenen Regionen EuroII))aslslc)e-
Androsacetalia allqnen. o Vorhandensein charakteristischer Arten fur
A Vaf.mae upd Seslerietalia in der floristischen Zusa

_ iante wird besonders auf den Kontakt mit eini el

Ordnungen einverleibten Assoziationen zurickgefiihrt A den
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RECHERCHES BRYOSPEOLOGIQUES SUR CERTAINES
GROTTES DE ROUMANIE

TR. 1. STEFUREAC

The paper brings new data on the Bryophyta in the vestibular and prevestibular
area of some caves in Romanian Carpathians. Bryospeologically were identified
62 taxa (12. sp. — Hepaticae; 50 sp. — Musci). Taxonomically, some adaptive
morpho-anatomical modifications of some taxa to ecological and cavern condi-
tions (substratum, light, humidity etc.) are insisted upon. The bioforms, as well
as the ecological and geographical categories of analysed Bryophyta are indicated.
From a bryocenological point of view two muscinal associations in the cave “Ce-
tatea Ridesei’’, Bihor Mountains (Occidental Carpathians : Mnio (thomsonii) —
Orthothecictum inlricati ass. nova and Cratoneuro (filicini) — Chiloscyphetum
pallescentis ass. nova are described. We ascribe these associations from a cenotaxo-
nomic point of view in calcinal epilitics muscinal associations, established by Al.

v. Hiibschmann (1984).

Bien que sur le territoire de la Roumanie soit connu un large réseau
de grottes de divers types signalées et étudiée par des spéologues consa-
crés et amateurs, pourtant les connaissances sur les Cryptogames (algues,
champignons, lichénes et mousses), comme sur certains groupes de Cor-
mophytes, sont encore tres restreintes (Tr. I. Stefureac, 1970) [14]. L’in-
tensification de ces recherches aussi basées méthodiquement sur les concep-
tions introduites dans la spéologie universelle par le savant roumain
E. G. Racovitd [11] vont compléter la gamme des études spéologiques
en Roumanie.

Des études bryospéologiques sur certaines grottes d’Europe sont

mieux connues et méme dans quelques pays voisins, & savoir : la Tchécho-
slovaquie : A. Boros — 1964 [4]; J. Smarda — 1967 [12]; la Pologne :
A. Zmuda —1954 [18]; la Hongrie : A. Boros — 1964 [4], L. Vajda —
1966 [16]; la France : G. de Lamerdiére et J. Maheu — 1901 —1948 [8];
T’Autriche: L. Lammermayer — 1911 —1915 [9]; I'Italie: U. Tosco —
1957 —1958 [15] et autres. En Roumanie, les premiéres donnés bryospéo-
logiques sont mentionnées dans les grottes des Monts Bihor (M. Péterfi —
1908 [10], du bassin des vallées Sebes-Cris (A. Boros — 1942) [3] et
Bihor) [2], du massif Piatra Craiului (Tr. I. Stefureac — 1951) [13] de
méme qu’avec des données plus nombreuses de certaines grottes de
Dobroudja, d’Olténie et de Transilvanie (Tr.I.Stefureac — 1970) [14] avec
Yindication en méme temps de la bibliographie sur encore d’autres groupes
de Cryptogames (algues, bactéries).

Dans la présente étude nous enrichissons de nouvelles données la
connaissance de la flore bryologique de quelques autres grottes de Rou-
manie, & savoir : la grotte Cetatea Rédesei du bassin supérieur du Somes
Cald (entrée, gorges, sortie) des Monts Bihor (leg. Tr. I. Stefureac —

REV. ROUM. BIOL. — BIOL. VEGET., TOME 30, No 2, P109—116, BUCAREST, 1985
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2
1971); 1a grotte de V.
e adu Crigului des N 5
do Capu—Ba;c)iu lel.lsiré)scllllgs,l dIu sol et des pierres soﬁs l’za,u ; la o
la Vallée Baciului, aff ol III) des Monts du Banat, le b ratter Gamp
L, attluent de Birzava, versant Mrsi 3 ]‘;Nélllé R;ul Mare,
deantu au sud

de Resita, et les orot i
S grottes Lizlonea et Valeg, , :
arasova (leg. A. et St. N egrea — 1970) g% Al dll1 N
. el a été identifié

ea Craiului (versant
1968, Tr. I. Stefu-

bar nous (1972). out le matéri
A mentionner
recoltées

» 1es Bryophytes de ceg grottes o
leur

dans la zo e T 4td
» ne 1 : S nt ét 66
coté Prévestibulai;mmaue et sous-liminaire des grotte(;, e
bl ‘e et certaines de celyj vestibulal‘ ctudides de
, - X er + : s 1re.,
échantillons, a réussi & id lelt.b.IyOIOglque, de la collection d’envi >
4 Savoir 12 espéces Hep tqn Ifier 62 taxons (56 espéces et 6 | ?Wfon o
de Musci (4 6 i aticae (3-euthalliques ; nirataxons)
4 6 infrataxons ques ; 9-corm01des) et 4. T
La totalité Xons) avec des formes acr ~) 84 44 espéces
:1t6 des espéces d 118 ‘acrocarpes. et
: e i:Bryvoph T et pleurocarpes
est notée avec ] yophytes, arraneé : pes.
a nomenclatur oy gees Systémati
sentant ’énumérati € actualisée, dans 1 : quement,
meration de Bry 1 y dans le tableau n S
0 , ; ; (O ) o
Dans le tabl yophytes des grottes étudides, HOIRIE

: eau est marqué
de divers endroits des ov arquee (a’VGC +) la présence des \
parois, sol et pj grottes et des variés vl
: pleIres sous I'eau) sur lesquels el] substratum  (roches-
s § es :

éfgﬂggge en méme temps une différ
5 l’expééig?); rgpport aux conditions écologiques, g

géographi €8 parois, & la nature g‘éologi A Ia
stoglaphique,y compris les for e

1 ) _ mations de végétati
Ainsi, les espéces signalées dans le, it

glealisn?lnbl‘euges ¢ Pedinop hyllum inter
e, €S especes qui proviennent de
it el et Vadu Crigului) sont nomb
afﬁnzs p;;llgscenz, Pedinophyllum ing
. ) Mnooryum alopecur
izécmsz ffkynckostegium cow?])‘erlu;im,
uII' ccrasante majorité appartien
Seule grotte (tableau 1).
Sous I'aspect t a x
. onomi it si
uer : i oIl E s
t(;lo s icélizecsrta;l(lis taxons Qes mod i 3f i onafi? itoslll S
écOI_OgiQUement et ShI;’stig‘lg liV 4o la\ s Cavel‘nriglg pdgtg;' e oy
e giquement, & la qiffé e

Se développent. On
eces dans les grottes
deg?é de luminosité

position territoriale—y
n-de leur proximité.

et an

'uptuiil;OlST %Zottesb (principales) sont
: mnobryum alo U

S deux premiéres H(Getton

. : grottes (Cetatea,
el;sﬂltsis 1 Pellia .endiviifolia,( O’hilo(ji}
Amb? um, Plagiomnium elaium, P
bl Lystegium  subtile, Eurhyncl’* ’

enidium mollusc s

{ um et autres nai

- W I f

t, %epavlement, chacune d’elles ,é; unlg
)

enciation des esp

gnificatif est & remar.

: ie du matéri
aux genres Cephaloziella, Bay et
a une faible présence ,

taxons spécifiques.
Ces formations no
uvelles adaptativ
p}jllyte) chez les Bryophytes des ‘r%))t’? 1*“
présentant des for ; i

: mes subtroglo
sultées tant chez les formes ba

; infra-
b BZOIOglque comme celui appartén;gvt
(—c¢),n’ont I’Ju étyrum ete. profondément moditiés et

Te identifiés et situés Parmi certaing

es de Pappareil véoétati
p egétatif ( gar -
i Peetu;;lrlft étre considérées cgﬁuﬁeeig-
o ot 0is méme troglophyles. ré
quatiques, que chez cellesg alérgrp%s},'tlezw
.

3 RECHERCHES BRYOSPEOLOGIQUES EN ROUMANIE

Tableau 1

Bryophytes des grottes des Carpates de Roumanie
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BRYOPHYTA

1

111

a

b

ao

2 |

1

Hepaticopsida (Hepaticae)
GConocephalum conicum (L.)Lindb.
Pellia endiviifolia(Dicks.)Dum.

Pellia neesiana(Gott.)Limpr.
Chiloscyphus pallescens (Schimp. ex Hoffm.)Dum.
Lophozia venlricosa (Dicks.)Dum.
Lophozia collaris (Nees in Mart.)Dum.
Lophozia lurbinata (Raddi)Steph.
Lophozia bantriensis (Hook.)Steph.
Jungermannia alrovirens Dum.
Pedinophyllum interruplum (Nees)Kaal.
Cephalozia lunulifolia (Dum.)Dum .
Cololejeunca rosselliana (Mass.)Schilfn.

Bryvopsida (Musci)
Pogonatum urnigerum (Hedw.)P. Beauv.
- Dichodontium flavescens (With.)Lindb.
Seligeria trifaria (Brid.)Lindb.
Distichium capillaceum (Hedw)B., S.&G.
Fissidens crislatus Wils. ex. Mitt.
_ Fissidens pusillus (Wils.) Milde
_ Eucladium verticillatum (Brid.)B., S. & G.
Gymnoslomum aeruginosum Sm.
Gymnostomum calcareum Nees & Hornsch.
~ Tortula muralis (Hedw.)Gaertn.
Mniobryum wahlenbergii (Web.& Mohr)Andr.
Mnium stellare Hedw.
« Mnium thomsonii Schimp.
Plagiomnium elatum (B. & S.)T. Kop.
Plagiomnium affine (Bland.)T. Kop.
Plagiomnium cuspidalum (Hedw.)T. Kop.
Rhizomnium punclaium (Fedw.)T. Kop.
~ Timmia bavarica Hessl.
= Neckera pennala Hedw.
Neckera webbiara (Monl.)Dll
« Neckera pennata Hedw. (cavernicola )
Thamnobryum alopecurum (Hedw.)Nieuwl.
Thamnobryum alopecurum (Hedw.)Nieuwl. f. prolensum
(Turn.)Moenk.
Leskea nervosa (Brid.)Nyh.
Anomodon rugelii (C. Miill.)Kreissler
Anomodon a!tenuatus (Fledw.)Hib.
Anomodon viticulosus (Hedw.)Hook. & T ayl.
Campylium  slellatum(Hedw.)J .Lange & C. Jens.
Campylium halleri(Hedw.)Lindb.
Craloneuron commulatum (Hedw.) G. Roth v. irrigatum(Zett.)
Broth.f.fluctuans(B., S. & G.)Moenk.
Craloneuron filicinum (Hedw.)Spruce V. gracilescers Schimp.
Amblystegium sublile (Hedw.)B.,S. & G
Calliergon richardsonii (Mitt.)Kindb. (acuminatum)
Brachythecium rulabulum(fledw.)B.,S. & G.
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(Suite Tableany 1)

|2|3,4|5

ol - '
L‘L{rbynchium hians (Hedw.)San de T, , : , ;
o incl. V. alrovirens(Swartz)Moenk i

Rurhynchuzm pumilum(Wils.)Schim'p
\mzynchostegzszm conﬁerium(Dicks.)B.S: &G
R}I}ync;zostegz'um riparioides(Hedw.)Cai"d .
& yne. ];ostegl.ella lenella(Dicks,)Limpr. '
Cir[,rr?cho.[s'tegzella curviseta(Brid.)Limpr.
Ohatlceium mipiapan ey Loeske & 7
grﬂzqth_ecium rufescens(Blgidfi)lll;ns)B&’% Vsl
lenidium molluscum (Hedw.);‘\}it.t e

Lt I+
|
|

|
|
|
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I+ |
I

|
I
|
Ui el g o N o

I = Cets adesei
el 'xteq Badnsex ‘a — entrée, b — gorges :
= Vadu Crisului : d — reches v ol
IS Gat - oches, e — sol,
apu Baciului: sol et roches

Ll e
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/ opo (8} es } ‘aeg‘ ) (6] H
Comun )[e (& (612 ! l (:I ’a'nb sou V ent IEL COHIGUI deS i{eulﬂ(‘é abI’( )n“ ze gc/’//l Ia( l )ab‘ ,‘
[ 2 t} ‘n (0)1 1 D | auct ),

avec 1 "01

e maa%gelles elle croit dans les mémes bryocéno
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cosa (Dicks.) Dum. '

—_——
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raremen t3) lobes et (es
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1 Pour i i
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Dans la grotte de Vadu Criyului (Bihor), on remarque, parmi des mo-
difications qui proviennent fréquemment dans le matériel analysé, ce qui

suit : Thamonbryum alopecurum (Hedw.) Nieuwl., avec les feuilles variées

comme taille, longueur et largeur, le degré vari¢ de denticulé du sommet
des feuilles, par rapport & 1'espéce type, ditfere aussi selon le systeme de
ramification des tiges, les cellules de la lamine plus courtes ou plus longues,
en général pauvres en chloroplastes ; compte tenu de la majorité des carac-
tores différentiels, ce matériel marque certaines transitions vers Thammno-
brywm angustifolium (Holt) Crundw., ainsi que certaines différences, par
rapport a  Thamnobryum alopecurum (Hedw.) Nieuwl. f. protensum
Moenk. Chez Pedinophyllum interruptum (Nees) Kaal., on n'a pas remarqué
des amphigastres et Deuthalle chez Conocephalum conicum (L.) Lindb.
est  Dbeaucoup plus mince et incrusté de calcaire, caractére remarqué
aussi chez quelques Mousses (Cratoneuron, Gymmnostomum ete), de méme
que chez certaines algues. _
Dans la grotte Gaura-Capu Baciului on remarque, d’apres Panalyse

du matériel chez Pedinophyllum interruptum (Nees) Kaal. de grandes
ressemblances avec P. stableri (Pears.). K. M. (I° édit., p. 780) et des
ressemblances (K. M., ITI® édit., p. 899) comme Synonyme au Plagiochile

iridenticulata (Hook.) Dum. (=P. corniculata (Dum.) Dum.). Dans

cette grotte est remarquée une modification aussi chez Tham-

nobryum alopecurum (Hedw.) Nieuwl. cf. f. protensum Moenk., avec

les feuilles apparemment pennées, disposées pareillement a Neckere

(neckeroideum). 4
Comme bioformes, les espéeces de Bryophytes appartenant a
la Ol Musci, de ces grottes, s’intégrent notamment, comme types de crois-

sance dans la catégorie Brr — Bryochamaephyta reptantia (21 especes),
suivies de Brehe- Bryochamaephyta caespitosa (14 espéces), Brch- Bryo-
chamaephyta (5 espéces) et Brehp- Bryochamaephyta pulvinate (2 especes) ;
toutes les espéces dela Cl. Hepaticae (12 espéces)appartiennent seulement

4 la catégorie Brr, Bryochamaephyta.
Du point de vue écologique DPécrasante majorité des especes
des Mousses sont adaptées & des condi-

des Hepatiques, aussi que certaines
tions de luminosité réduite, température basse, humidité grande (souvent
excessive), avec une relative constance annuelle, courants d’air, émana-

tions radioactives, substances chimiques et autres, du substratum organi-
que et minéral et autre représentent des formes avec une prépondérance
mésophylles, sciaphylles saxi-calciphiles, certaines terri-humicoles ; dans
un pourcentage notable il y a des formes hygro- et hydrophylles, rarement
et surtout dans les endroits prévestibulaires il y a des méso-xérophiles,
qui proviennent souvent des formations de végétation environnantes.

Il est & remarquer le fait que, parmi les espeéces de Bryophytes
seulement trées peu d’entre elles sont en partie o cavernicoles ; leur ma-
jorité est constituée d’espéces qui se développent dans la végétation
forestiere et autres, & proximité des entrées des grottes et pénetrent souvent
guantativement, dans les endroits prévestibulaires et vestibulaires, par
rapport & lorientation des ouvertures des grottes, & leur exposition ob
a leur degré d’éclairage.

Sous laspect corologigque, la répartition des espéces de

Bryophytes des grottes est assurée par les courants aériens, par 'eau qui
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En dehors de ;
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ASPECTS OF VEGETATION ON THE BANKS
OF THE DANUBE SFINTU GHEORGHE BRANCH
(THE DANUBE DELTA)

V. SANDA, A. POPESCU and GABRIELA TFISTEAG

ssociations analysed on the banks of Sfintu Gheorghe branch, a

Among the 23 a
associations for the Danube Delta : Lepidietum latifolii, Ru-

number of 3 new
micetum limosae and Salsoletum sodae are mentioned. ‘
he Danube Delta pointed

The biomass determination of the main phytocenoses in t
out the fact that it varies a lot according to : number of component species, their

density and the biotop on which it develops.
as recorded in Scirpo- Phragmi-

Therefore the highest quantity of dry biomass W
hyle associations of Apera maritima and

tetum (4950.6 g/m?) and in the psamop
Sceale silvesire only of 48 g/m?, and 103.2 g/ m? respectively.

for its beauty, is from an

The Danube Delta, unique in Europe
ecological point of view a biome, an ensemble of ecosystems in inter-

dependence and functional interaction. Among the ecosystems of this
young and complex territory the aquatic and paluster ones are prevailing:
and account for the characteristic features of the Danube Delta. The various
origins and ages of these aquatic basins, the differentiated salinity as well
as the degree of colmatation, supported the development and differen-

tiation of a specific vegetation for each analysed biotop.
banks, different in origin,

The terrestrial ecosystems on the delta
age and structure, enjoy, consequently, specific biocenoses.
Tn order to point out the variety of paluster, psamophyle and ha-
lophyle cenotaxa, as well as the dynamics and evolution of vegetation
according to the multitude of some factors (rainfalls, soil humidity, evapo-
wind speed) the banks round Sfintu Gheorghe branch were

transpiration,
investigated as follows : the village Stintu Gheorghe, bank Ciotic, island

Sacalin, bank Ivancea and canal Ivancea.

On the sands round village Sfintu  Gheorghe close to the harbour,
cenosis of Lepidietum latifolit was identified. Flo-
2) pointed out, for the first time, this association
o fields with debris and rubbish, in the SE of
town Jassy, near the barrier Tomesti and at Tg. Frumos, where theylive
on heavy soils, with excess of humidity and not very salted.

The phytocenosis at Sfintu Gheorghe was noticed on a surface of
10 m2 covered as much as 809, and 130 cm high. Lepidium latifolium
(AD = 4) vegetates together with : Rumex crispus (), Atriplex hastatw
(+), Poa annua (+), Chamomilla recutita (), Chenopodium wurbicum
(+), Polygonum aviculare (4), Convolvulus arvensis () and FPoa pra-

BIOL. — BIOL. VEGET., TOME 30, No2, P. 117—124, BUCAREST,

a representative phyto
rita Diaconescu (197 8) (
in Bahlui bassin, on bar

1985

REV. ROUM,




well. Rumicetum limosae was described for

morphic soils with increased humidity
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2

tensis (+). The associa
Delta so far.

Both at Sfintu Gheorghe and on the Ciotj
Argusio- Petasitetum spuriae Dihoru et N egrean
Sulina isin continuous expansion. At Sfintu @
rius forms compact phytocenosis on noncultivated
vegetating together with a series of nitrophyle s
vulgaris, Tanacetum vulgare, Ar
haldesyi, ete. At Ciotic (Fig. 1)

tion above has not been mentioned for the Danube

¢ bank, the cenotaxon
1976 (3) described at
heorghe, Petasites Spu-
fields, close to houses,
pecies such as Linaria
temisia vulgaris, Rumex dentatus ssp.
it interposes between phytocenoses of

Tig. 1. — Phytocenoses dominated b
the sands at the Ciotic,

Y Pelasites spurius on

Carici (distantis) — Festucetum arundinaceae occupying the lower spaces,

the microdepressions with higher humidity and psamophyle vegetation
represented by Aperetum maritimae and Secaletum silvesire.

At the end of summer Petasites
the sands surrounding the fishery,
Apera maritima are grazed and those
destroyed being mostly trampled by ani

spurius becomes more evident on
as the meadows pepulated with

so identify a new sub-

association — pstasitetosum spuriae — with its characteristic species :

Petasites spurius, Gypsophila perfoliata, Apera maritima, - Plantago are-
naria, Secale silvestre. The Phytocenoses of Petasites spurius at Ciotic
represent a psamophyle variant of thig association.

On the marine banks of the Sacalin island,
of Acorellus pannonicus noticed by us in 1975 (5)
deposits of the Sfinty Gheorghe branch waters ar
nished. Instead, the phytocenoses made of Rume

the compact meadows
which vegetated on the
e at present much dimi-
@ limosus developed very
the first time by St. Grigore
ydromorphic or slightly hydro-
over the whole years.

(4) in Timig flood plain at Uliue, on h
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n island (Fig. 2) have few specif%Seidfg?gfgi
2 : ing the significant species ;

i Banat ; so, excepting teratus and
fio gnono %%?r}f}?)ﬁ%v;?ng can,be, mentioned : chnufggulgi c;lcien, M on
1imosus, : f phytocenose MO oo

. ; The structure of p 2 is the following : averag
bideons WIDITUGL o face of 200 m?, is the oS
on a suriac 3 & nex limosu
Ly e S ey%al%f.%%ﬁfm o/ height of vegetation 75 —80 ?Onfznﬁz'm ),
?i%atamz)n A%m.euus Pannonicus t(_—l— l—'mln),( _gzm’;gz" licornia europaea H_)) 4
o A — ) » tramolr y 3 y
i +), Aster trip ; Bassia hirsuta (+),
Chenopodium glawcun EF '"" Pucoinellia limosa ( Ay, o it
i - i@ ramosissimae (),
Ohenopodivm botrys ( Sweraularia media (), Tamario ramo s
. ; neulus scele
Badﬁm t%a%?umb’mjfﬁ Bleocharis parvule éptl\i’e nsf?—ﬁ il e abun-
P@Uygo’m 5 Polypogon Mmon. Sk d : that
; the aquatica (+), is to be noticed ; z
ratus (+), Oenant ;pecies in these phytocenoses 1 o
ecies 1n : : ; f the sands
dancg of h&loghg {f?)rsﬁv the high content in mlnel‘?ﬂb iﬁts n(l)entioned 80
Ui 116 acca?rlil;lee waters. The association has never be
due to m g :
S nube Delta. o 5 sietum sedo-
“ mTtllll(f szlaller Lalophiyle sgeociatiols nog?frﬁelzlis 7§ali§£ibietum euro-
s vt .
S , ritimi, Suaedetum mary oot the agsocia-
idis, Juncetum ma : ost cases with phytoce . Sood
, lso replaced in m lopes in close neighbourhood
paeae Were a vering the sandy slop () i 50—35
% S%lls()llg:qé?asooﬁg’efgg 40-46.0 Salsola sods (1‘311& i)) " grslhlfl 1gaceidentallY
of the bLagieor exclusively (AD =3 — %), 1 1S race-
o do?i?ﬁ?ﬁ?dlﬁ?? tsuch as Tamariz ramosissima and Elym
meeting rar : ? .
: . Pes past
o ifp.hsalm}b)lﬁj}fes meadows on bank I vanceg d0131‘11dg§clogflﬂ:clll£u}tmn
The haloph} . : represented mostly
e are at present rep - "e. Between them
by Puccinellia lmw_scctl ; is) — Festucetum arundinaceae. e Sk
) . vl distantis) : opetum Littoralis (wher
dactyloni and Cariei( fhe association Aeluropetu 0 ag
i in lower places the as : r species such as
18 ;11sertedl{3o7fzvlis pgesents AD = 4), a,ceom}_)gmed (b}r) psuaedd i
Aoy ;uropaea (+);  Bolboschoenus mm%t’wmebflm H;)
5 ; 4 ;
ﬁ(zil{f (Zr_tg‘f Atriplex littoralis (+) alﬂ SP(;?_g’lfﬁlég" ;Z ;.)Zazing favored the asso{;
tim L f the field and in P
The stamping down 0 ich has never been mentioned so 1a :
o T tataricae which has ailingly dominated
ciation Atriplicetum froc hytocenoses prevailingly e
ili Within these phy i . Hordeum murinunt,
at Chilia Veche (8). ) an also find: Ho A
AR ) D =5) one ¢ otus tenuis
by Atriplew t“.%ﬁfglcft%olium () +), Cynodon dactylon (+) aqﬁi gcctlpiEQ sl
(ot e f the recently drained microdepressions 1s The banks
(+). The center o by Sperqularia media. :
\' ?., ietum europaeae, and the banks vy Rp i covel‘ed bv water
&uzcorgle delimiting the halophyle meadows, YEOS Y o o and
of ponds . oses of Spargan .
odate phytocen: s ated with
0\{\7761' ?htemz(??:c:w?’rz(j;n(]}?ig. 4). The dry fields 312(? paxtly popula
2 " L n 0 ) A .
(Egsi)i?t:;jletum stoloniferae and Aelur opeltum htf{z rc; :xja,ted v phytegenoses
al part of this pools is do nantho-Rorippetum)
o Gentrllatiga and Rorippa amphibia .(Oetmnﬂl;nfo o%éupﬁng"
af Ogganiiy c{q ed by Seirpo-Phragmitetuwm medt‘oeu?opae d Schoe'noiﬂé’ﬂ‘
gradiiny rel'_)l?lag associations Typhetum cmgqstzfolme SJI; Soirpo- Phrag-
iy ?reztzim's }u'e inserted within Oenantho- Rorippetum anc
tetum lact a

mitetum medioeuropaeumn.

The phytocenoses on Sacali
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The protection ditches, along the canal Tv
Oy nodonetum dactyloni, Carici (distantis ) —
Holosohoeno—C’alamagrostetum epigeios and
the association represented by Bromus tectorum on sandy ditches, Lepi-
dium latifolium and Lactuca tatarica are frequently met,
The less abundant rainfalls in the years 1982 and 1983 had a direct
influence on the paluster vegetation. We may therefore mention the
marked reduction of the phytocenoses made of Acorelius pannonicus from
the Sacalin island and the growth of groups of Salsola soda, because of
the more active processes of evapotranspiration with a concentration
of salts in the structure of marine sands. Even the typical paluster phyto-
cenoses of Typha angustifolia, Oenanthe aquatica and Roripp amphibia
are much diminished as vegetal mass. The low level of waters on Sfintu
Gheorghe branch, close to its mouth, as well as significant alluvial dis-
charges determined the emergence and expansion of paluster vegeta-
tion represented by Schoenoplectus lacustris and Butomus umbellatus (Fig. 5)
at the expence of the submerged or emerged aquatic one.

In order to evaluate the biomass of the main psamophyle and hy-
grophyle associations in the area of Stintu Gheorghe branch, the samples
were collected several times from surfaces of 50/50 cm in places where
the vegetation was mostly homogeneous. The samples were collected on
banks Ciotic and Ivancea, canal Ivancea and Sfintu Gheorghe branch
at km 8. The vegetation damage on Sacalin island allowed us to collect
biomass only in the case of Rumicetum limosae, the only association
which resisted the repeated floodings in the lagt period.

The green and dry (80°C) biomass determination was also performed
as well as the determination of the water confent of the species in the

Structure of the analysed associations. Of the 11 associations which were
the object of our study, two of them are psamophyle (Ap:retum maritimae
and Secaletum silvestre), three are halophyle or almost halophyle (Aeluro-

petum littoralis, Carici(distantis) —Festucetum, arundinaceae and Cynodo-

netum dactyloni. From the group of the mesophyle associations Agrosti-
detum stoloniferae and Rumicetum limosae were studied, and from the pa-

luster ones Scirpo-thymitetum, Schoenoplectetum lacustris, Typhetum
angustifoliae and Sparganietum ramosi.

The lowest biomass values, both green and dry, were found in the
Psamophyle associations, made of graminea species with low density.
Remarkable is also the very low biomass quantity in the association
Apzcretum maritimae of only 115.47 g/m? green mass and 48,1 g/m? dry
mass. The water content of the Species in this association is low, of about
44.15 %, the lowest water content in all the analysed associations. Almost

equal to the values above are the pPhytocenoses of Secale silvestre develop-
ing on poor sands along the sea coast.

Higher biomass values were found in the halophyle associations.
Therefore in Aeluropetum littoralis there was found 1218.29 g/m? green
biomass and 490.79 g/m? dry biomass. Within associations growing on
wet lands the water content in plants reaches as much as 77.29 9/

The small depressions with excessive water mainly in sSpring are

covered almost 959, by Agrostidetum stoloniferae, with a quantity of
green hiomass of 1396.78 g/m? and dry biomass 379.68 g/mz2,

ancea, are covered with
Festucetum arundinaceae,
Brometum tectorum. Within
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Table 1 f
ssociati in the arca o
i d hygrophyle association In
i in the main psamophyle an g :
AT o }:)lomassfsixllrtlut Gchcorghc branch of the Danube (g/m?).
Green .Dry Water
Num Association Station e SRy A
\'u -
ber
joti 5 48.10 | 44.15
aritimae l| bank Ciotic 11.).217 B
L | e m'lv stre pbank Ciotic 271.98 49‘0‘7() o
B Secaldunll s lellloraliq bank Ivancea 1218.29 5
m :
3. | Aeluropelu : : F TR
4. Carici(c?istantls)-Festucetum el Ss50a zii;} .28
i tyloni bank Ivancea 1686 .82 1.'— Rt
B e | canal Ivancea 638.44 2561.5 \ 74.%
214.16 .36
g i stoloniferae bank Ivancea 593.41
6. | Agrostidetum e i
Km 8 1396.78 379. L
i 1027 .24 .
t limosae Sacalin 3851.24
7. | Rumicetum (1

79.96
canal Ivancea 15574.56 | 4950.64 | 79.9

i (i’?ri"‘f““ 8172.68 2107.51] 75.92

: .07
bank Ivancea 5386.41 1518.32 2(3)) =
canal Ivancea 11137.03 2743.6 !

i %renorsghc | 10262.88 | 1324.12 | 89.04

45
bank Ivancea 17540.28 3894.43 | 84.15

3 he :
o ??r(;orsgl 16693.81 | 3142.62 | 81.56

{bank Ivancea 6504.89 | 1404.32 | 84.78

3. | Scirpo-Phragmitetum

1
|
9. | Schoenoplectetum lacuslris [l

10. | Typhetum angustifoliae

ot Sparganietum ramosi

ially in

i luster plants and especia

ig values are found in pa il
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. STUDY OF MACROSPOROGENESIS
IN OITRULLUS LANATUS (Thumb.) Mansf. 3n

CARCIUMARESCU, TATIANA VASSU

JON ANGHEL, DOINA
and ANCA SARBU

The comparative study of various diploid, triploid and tetraploid lines of Citrullus
lanatus revealed the existence of a high correlation between the ploidy level and
the morphoanatomical (macro- and microscopical), biochemical and physiolo-
gical features.

Modification of the nucleus/cytoplasma ratio, by increasing the chromosome
number, produced strong modification during cell division, fecundation and seed

formation.
The cytogenetic studies showed that the low fertility of tetraploid lines and the

complete sterility of the triploid ones are due to the chromosomal abnormalities
occurring during the reductional cell division (micro- and macrosporogenesis)
and morphophysiological, biochemical and genetic disturbances following fecun-
dation and embryo formation.

jed out in various tetraploid and triploid
yza sativa, Beta vulgaris, Hordeum
ete.) showed that the low fertility

The cytogenetic studies carr
lines, belonging to various species (Or
oulgare, Secale cereale, Citrullus lanatus,
of tetraploid lines and the complete sterility of the triploid ones are due
to the chromosomal abnormalities occurring during the reductional cell
division (homologous chromosomes association under the form of multi-
valents — tetra- and trivalents — cells with univalents lagging chro-
mosomes, agynchronic divisions, chromatic bridges, micronuclei, multi-
polar cells—triads, pentads—). Becauge of these abnormalities the chromo-
gomal disjunction in anaphase and teleophase develops irregularly ; there-
fore after division and the resulted morphophysiological modifications,

non-functional aneuploid gamets occur.

Without denying the possible correlation between the microsporo-
genesis process and plants fertility, the investigations carried outb between
1965 — 1985 showed that the low fertility of tetraploid plants (no more than
509, in comparison with the diploid ones) and total or almost total sterl-
lity of triploid lines a1e due in great part to abnol malities occmiring during
macrosporogenesis and mas phophysiclogical, bicehemical and genetic dis-
furbances following fecundation and embryo formation ; these are the rea-
gons that we studied macrogporogenesis in various triploid hybrids of Ci-

trullus lanatus.
MATERIAL AND METHOD
The female flowers and fruit of triploid plants, collected in various
gtages of development, at various intervals after pollination, were fixed in
Navagin fixator for 48 hours and preserved in 70 o, alcohol. The material

REV. ROUM. BIOL. — BIOL. VEGET., TOME 30, Ne 2, P, 125—129, BUCAREST, 1985
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was processed by means of paraffin fixation, sectioned with a microtom and
stained with hematoxiline Erlich. The sections were analysed and micro-

graphs taken with an Amplival microscope.

RESULTS AND DISCUSSIONS

The embryological observations performed on triploid plants (result-
ed by crossing of tetraploid lines as maternal genitor, with diploid lines as
paternal genitor (4n @ X 2n §)) showed that the triploid embryo manifests
progressive stages of development 48 hours after pollination, the rate being
considerably lower in comparison with diploid forms, most of embrionary
cells stopping their development in the macrospore stage followed by gra-
dua! degeneration. At the same time, a reduced number of seeds is formed
where 1no endosperm and embryo are found because of their degeneration
in varicous stages.

The observations regardind the division process in triploid plants
obtained by hybridation of tetraploid plants (maternal genitor) in various
stages since the colchicine treatment, with diploid plants (paternal genitor)
pointed out a number of disturbances in the very initial stages of prophase.
After various intervals since pollination, modifications in developmental
events leading to the differentiation process of the embrionary sack occur-
red, expressed by the chromatisation of the inferior macrospore, its sepa-
ration from the nuclear tissue and finally the disorganisation of the embric-

nary sack and its abortion.

CONCLUSIONS

The following conclusions can be drawn from our investigations :

1) Total sterility of Citrullus lanatus tyiploids (other species also in-
cluded) are due to chromosomal abnormalities that occur during macro-
sporogenesis. To support this conclusion we bring forth the results obtained
by self-pollination of autotetraploid plants (4nd X 4n @), where although
the pollen fertility is not significantly different from the diploid plants, the
number of seeds per fruit was of 139, in C, and 349, in C,, in comparison
with the values of diploid fruit (100 %,).

2) At the same time the total steriity of triploid is due, to a certain
extent, to the chromosomal abnormal itiesin\;ﬁnros;mrogenesis and physio-
logical and biochemical disturbances, genetically controlled, following fe-

cundation.
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THE EFFECT OF HIGHER AND LOWER TEMPERATURE
ON PROTOPLASMIC STREAMING OF WHEAT
(TRITICUM AESTIVUM L.

ALISA DONOSE-PISICA and V. SORAN

The paper presents the influence of the thcrmic factor on the protoplasmic stream-
ing and the cellular viability in the root hairs and staminal filaments of wheat
{(Bezostaia 1).

It was found that protoplasmic streaming is not evident below 0°C, it starts in
the root hairs at + 6°C and in the staminnl filaments at 8oE;

By the gradual raising of the temperature the protoplasmic streaming
in the root hairs at 37°C and in the staminal filaments at 34°C.

The thermic factor influences the ccllular viability depending on the dimensions
of the root hairs and the duration of the treatment.

stops

This research is concerned with the effect of higher and lower tem-
-perature on protoplasmic streaming within root and staminal filament cells
of winter wheat (Triticum aestioum Li., variety Bezostaia 1). The experi-
‘ments performed have proved that the reaction of protoplasmic movements
10 temperature, especially to higher temperature, depends on the age of
+the cells. The highest velocity of protoplasmatic streaming was recorded in
the mature root hairs, 300 —600 um Jong. These root hairs show a rota-
tional type of streaming ; about half of the highest value was recorded in
the cage of the smaller and younger root hairs, 50 — 150 pm long. These
voob hairs show a circulation type of streaming. The oldest root hairs,
2000 — 2500um long, showed 2 higher rate of rotational streaming at the
very beginning but this suddenly ceased after the temperature had risen
above - 26°C. The lower temperature arrested the rotational streaming
at -+ 12°C and the shifting movements at -+ 6°C. Within the hairs of sta-
minal filaments there could not be seen or noticed any kind of protoplas-
mic movements or streaming at 0°C.

There ate known several data about the effect of higher and lower
temperature on protoplasmic streaming (for exhaustive information see :
(2), (3)). These show that against the variation of the surrounding tempera-
ture, the average rate or velocity of protoplasmic movements or streaming
increages and decreases according to the optimal prineiple (4).

The protoplasmic movements cannot be recorded at 0°C. The rise of
the surrounding temperature causes the increase in the velocity of proto-
plasmic streaming which reaches the highest value at a certain temperature
known as the optimal temperature. Afterwards the velocity of streaming
decreases again or else the protoplasmic movements may suddenly
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be arrested. The optimal temperature for the highest rate of protoplasmic
streaming mainly depends on species and secondly on other factors. From
among them, the effect of ageing is still very little known. One of the aims

of our paper has been to reveal some aspects of this interesting phenome-
non. : o

MATERIAL ANB METHODS

In cur experiments we have used the variety of winter wheat (7ri-
ticum aestivum 1.) “Bezostoia 17

There were gathered the hairs of staminal filaments from flowering
plants grown at Lespezi and Trifesti (distr. Jassy, Roumania). The authors
studied the root cap cells and 100t hairs of 3-days old wheat seadlings grown
in our Jaboratoary.

The organ scraps including the cells under investigation were put
into a glass bucket on 2 microscopic slide and covered by a glass lid. The
glass bucket was surrounded by a close circuit of water at a given tempe-
rature. The temperature of the water could be adjusted to the degree desir-
ed between —6°C and -+ 60°C. By ‘means of a copper-constant thermo-
couple there was measured the water temperature near the glass hucket and
inside the glass hucket.

The plant material under investi gation could be gradually chilled or
warmed to any desired temperature between — g0 and + 60°C. The cells
studied were maintained at a given temperature about 10 minutes.

In keeping with S. Strugger’s (5) method, there has been measuted
the velocity or rate of protoplasmic streamings over these 10 minutes. It
has been rendered in pm.s-1 L

By using the method of vital staining, the vitality of the cells, has
been proved. There were counted the stained cells with neutral red against
unstained cells for a given temperature,

The results have been expressed in per cents of the living cells.

RESULTS AND DISCUSSIONS

The microscopic observations reveal that at 20°C temperature of con-
trol, the protoplasmic movements are present within various kinds of wheat
cells. These movements can be properly measured within root hairs if the
latter are Jonger than 50 vm. There could be noticed some oscillatory or
shifting movements within the. root cap cells and the youngest or very
small root hairs, 5 — 20 ym long. With such small celis the velocity of pro-
toplasmic movements has not been measured. We have only noticed the
presence of a kind of protoplasmic movements. ;

The effect of the temperature rise on the rate of protoplasmic stream-
ing has been studied only in case of the hairs between 50 and 2500 um in
length. The results are shown in figure 1. '

Our results have proved that the wheat root hairs can be classifiedl

in three groups according to their resistance in protoplasmic streaming or
behaviour against the temperature rise. :

!
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1) The younger root hairs (I), 50 — 150 »m Jong,

Depending on the cel length, these have usually shown incipient

and shifting movements on circulation streaming. The cytoplasmic visco-
sity inside these hairs is high anq therefore the temperature increase could
enhance the streaming velocity to g very small extent, However, the high-
est rate (13 pm- §-1) of Streaming has” been reached for thege hairs at
32°C, that is twice ag much in comparation to the control (6 um- 5-1) ¢
20°C. The temperature rise above 32°C inhibited the rate of Protoplasmic:

streaming so that at 37°C it had the same value as the control. The curve

obtained was an optimal one,

2) The young, mature and old 1ot hairs (I1), 150—1000 pm Iong..

These haiys usually show g, rotational Streaming. This king of proto-
plasmic Streaming characterized the cells with a lower ViScosity of cyto-
plasm. That is the reason why the rate of Protoplasmic streaming may
be well stimulated to an optimal point or degree by means of temperature
rise. In fact this is what actually happened. With the temperature rige the
velocity of Pprotoplasmic Streaming increageq about 5 — 6 timeg in rela-
tion to the control. Tt reached 25 ym - g-1 gt 32°C within mature root hairs,
300 — 600 um long and 20.7 — 22.7 ym - -1 a4 34°0 within old root hairg,
600 — 1000 ym long and youngroot hairs 150 —30( wm. After having reach.
ed the highest velocity the protoplasmic streaming decreased with the:
temperature rise, Thig decrease was more Severe with old root hajrs (600 —
— 1000 pm) than with younger cells,.

3) The older and oldest root hajrs (IT1) 1000 —2500 um long,

These hairs show only a rotational] streaming, Despite this, the pro-
toplasmic streaming of these root, hairs has grown another reaction against
the temperature rise in the Surrounding environment, The brotoplasmic
Streaming of the older root hairs 1000 —200¢ #m long reached the highest
velocity (20,8 pm - $71) gt 28°C), followed Y @ sudden decrease in the rate
(12 pm - s-1) ¢ 30°C. The Protoplasmic Streaming of the oldest root
hairs 2000-- 2500 pm long reached the highest rate (22.7 ym - Sahoan
26°C but the rotational streaming wag suddenly arresteq at this  not.
very high temperature. This behaviour of the rotational streaming against.
the temperature rise within the older ang the.oldest T00t hairs may be re--
garded as the expression of the senescence Phenomenon (6). :

“This- classification of the wheat roof, ‘hairs according to the proto-
plasmic streaming behaviour in relation to the temperature rige could be
proved by the state of coll vitality., Figure 2 renders the vitality of cellg
(root hairs and other root cells) in bercentage against the temperature rise
of the environment,

The root cells more resistant to the temperature rise ip the environ-

ment proved to be root cap cells. They were still alive (57 %) even at |
54°C. This resistance can be related to the brotective role of the cap during
the root growth in the so0il, } i

The research of the root hairs shows that their vitality could he
but down to ageing and senescence. The youngest, the younger and the
young root hairs have heen more resistant to the temperature rige than
the mature, the old, the older ang the oldest root, hairs. The vitality of

the youngest, the younger and the young root hairs has b 509,

lethal rate hetween 43° and 45°C temperature,
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The effect of the temperature under ( MGy Ly
i § s also been proved. Our experimen 8 shaw -
ﬁlaglllitrit?ﬁelgperatm*e decrease leads to the gowermg qf the Wlelfc);zégylrn ! I?f
%??)topla,smic streaming. So th.at. at 4 12°C ttheAio_t*_até?gaihiz kiﬁd o?f
ses and it changes into a shifting movement. (
;ﬁgigi)lggmilc move?nent is arrested and at 0°C there can not be noticed
i f protoplasmic movement. q G :
ol 11011113 i(;lvg)stiwa{)ions have proved that the plo’toplasrmc7 .§tre?rerll11%gl‘
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show similar reactions.
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SELECTION OF SOME YEAST STRAINS FOR ABILITY
‘ TO USE INULIN

VICTORTIA"HERLEA

The ability te use inulin as a sole source of carbon in 29 various ycasl strains
helonging to several genera and specics, in order to sclect the most efficient ones,
was investigated,

The results showed that 7 strains can be further used for dircet ecnzyme assays
of inulinase activity and, therefore, for the bioconversion of phytomass rich in
inulin into products uscful from an cconomic point of view.

To establish the growth potential of some yeasts in the presence of
inulin, as the sole source of carbon, is of real interest if there is a series
of agricultural sources rich in carbohydrate which can be used as a fer-
mentation substrate. Therefore, among compositae containing inulin as
sugar reserve (chicory, dandelion, dahlia and others), Yerusalem artichcke
(Helianthus tuberosus) is remarkable as a robust plant producing a fine
harvest of tubers rich in inulin, that can serve in ethanol production (7).
This aspect is of great interest in the framework of the research of new
sources of energy. In a first stage, it is necessary to select some strains
capable to grow on a carbohydrate source-inulin — a plant fructosan
formed by a linear chain of about 25 —30 molecules of fructose linked by
B (1 — 2) bonds and terminated by a glucose residue (again p(1 — 2)).

MATERIALS AND METHODS

Yeast strains — The 29 strains investigated for various abilities
to use inulin as the sole C source (Table 2) belong to the collection of the
Microbiological Laboratory of the Faculty of Biology — University of
Bucharest. The yeast strains were kept on agar Y.P.G. medium (11)
under a paraffin layer, at 4°C.

Assessing the ability to use inulin was carried out
by mainly one of the techniques recommended by Barnett et al. (3, 4) in
order to estimate the capacity to utilize certain organic compounds,
each as the sole major source of carbon for aerobic growth. Among these
techniques, often called ‘assimilation” tests, the procedure in liquid
medium was used.

The tests are done in test tubes (180 mm by 16 mm) each containing
a standard amount of liquid medium represented by Yeast Nitrogen Base
(Y.N.B.) modified by Abadie (1, 2), with a content of 0.5, inulin Merck
(55 6).
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Table 1

Composition of chemically defined media * in testing the ability of yeasts

to use inulin

Yeast nitrogen [ Y.N.B. without| Y.N.B. with
Formula ingredients base (Y.N.B.) | carbon source glucose
per liter for inulin (negative (positive
utilisation test control) control)
Nitrogen source :
Ammnonium sulphate 2g 2 g 2 g
Carbon sources :
Bacto-dextrose none none 5¢g
Inulin 5¢g none none
Vitamins :
p-'aminobcnzoic acid 200 pg 200 pg 200 pg
Blo'tm : 20 pg 20 ug 20 pg
Folic acid 2 ug 2 ug 2 ug
In.osi.tol 10 mg 10 mg 10 mé‘
Niacin 400 pg 400 pg 400 pg
Calcium pantotenat 2 mg 2 g 2 mg
Pyridoxine hydrochloride 400 pg 400 ué 400 ug
Riboflavin 200 pg 200 pg 200 pg
Thiamine hydrochloride 400 pg 400 pg 400 pg
Compounds supplying trace
elements :
Boric acid 500 pg 500 pg 500 pg
Copper sulphatc 40 pg 40 pg 40 g
Pota.ssium iodide 100 pg 100 pg 100 gé‘
Ferric chloride 200 pg 200 pg 200 pg
Manganese sulphate 400 pg 400 pg 400 lp;
Spdium molybdate 200 pg 200 pg 200 ME
Zinc sulphate 400 pg 400 pg 400 pg
Salts :
Potassium phosphate 850 mg 850 mg 850 mg
monobasic %
Potassium phosphate
diabasic 150 mg 150 mg 150 mg
Magnesium sulphate 500 mg 500 mg 500 m2
Sodium chloride 100 mg 100 mg 100 mtt;
Calcium chloride 100 mg 100 mg 100 mg

* The media are based on the Wickerham formulae (11).

The pH of the media has been raised from 5.2 to 5.6 by the phosphates listed in the

above table.

For each strain the sample with base nutritive medium (Y.N.B.)
containing inulin is accompanied by the negative control (Y.N.B. free of

any C source) and the positive control (Y.N.B. with D glucose as C source)
(Table 1). The media were sterilised by filtration (bacteriological glass
filters LABOR-THERM 17G5) to prevent the hydrolysis of C sources
at high temperatures. According to some previous results (8, 9, 10)
which are also in agreement with Abadie’s results, we reduced f’ron,a the
medium formula hystidine, methionine and triptofane using also 2 g am-
monia sulphate and 5 g D glucose [1; these quantities were sufficient to
assure a good growth of yeasts.

&)
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Table 2

List of tested strains for ability to use inulin

s 0.D. (Agso nm)
S(t;:ﬁn Genus and Species * Negative | . Positive
LY Source ** nulin
No. control sample control
sample sample
115 Candida guilliermondii B.K.M, 0.06 0.11 0.86
132 C. guilliermondii 1.P. 0.08 0.18 0.32
113 C. macedoniensis B XXM, 0.03 0.36 0.32
62 C. membranaefaciens C.B.S. 1952 0.05 0.09 0.29
63 C. parapsilosis 213 Ly 0.03 0.05 0.65
4 C. utilis 13 1.C.A. 0.08 0.10 0.39
24 C. utilis G 14 1P, 0.09 0.08 0.43
25 C. utilis 321 — N.Y.C. 0.15 0.16 0.35
26 | C. atilis var. mayor. 1.C.A. 0.09 0.09 0.48
27 C. utilis U V. — INCEF 0.10 0.10 0.62
111 Debaryomyces hansenii 64165 1.P. 0.11 0.11 0.48
87 Isolate from wood hydrolisate
INCEF 0.05 0.06 0.95
92 Isolate from mixt inoculum INCEF 0.01 0.02 0.38
84 Isolate from wood hydrolisate INCEF 0.04 0.17 0.36
91 Isolate from wood hydrolisate
INCEF 0.01 0.02 0.67
102 Saccharomyces fragilis S.S.1. 0.08 0.27 0.36
104 S. lactis A—94 1.P. 0.08 0.06 0.46
106 S. marxianus 88 1.P. 0.06 0.29 0.34
116 S. pseudotropicalis (var. lactosa)
B.K.M. 0.05 0.18 0.20
109 Schizosaccharomyces pombe
C.IER.LA. 0.01 0.01 0.2
6 Torulopsis famata C 120 1.P. 0.15 0.13 0.37
28 | Torula ttilis 2 — 1.C.A. 0.06 0.10 0.43
29 Torula utilis 4 — 1.C.A. 0.08 0.06 0.60
12 Torulopsis utilis B. — 1.C.A. 0.09 0.11 0.41
13 T. utilis stamm Reindl I — 1.C.A. 0.13 0.12 0.39
15 T. utilis Brenner-Rippel — 1.C.A. 0.06 0.20 0.38
14 T. utilis 1 a Hefe Virg — LC.A. 0.10 0.10 0.42
19 T. utilis T 10 — L.C.A. 0.09 0.16 0.80
21 T. utilis von Sulf Ablauge — I.C.A. 0.10 0.15 0.30

* The nomenclature complies with the original one on the acquired collection tube.

#% B IK.M, = Institute of Microbiology, Moscow, U.S.S.R.
IEI0h = Institute Pasteur, Paris, FRANCE
C.B.S. = Centraalbureau voor Shimmelcultures, Delft, HOLLAND
LY — Laboratoire de Biologie — University of Lyon, FRANCE
1.CA. = Collection of the Institute for Food Resecarch, Bucharest,

ROMANIA

N.Y.C. — National Collection of Yeast Culture, GREAT BRITAIN
INCEF = Institute for Forest Research, Bucharest, ROMANIA
S.S.1. — Statens Serum Institut, Copenhagen, DENMARK
CERLA, = Institute de recherches, BELGIUM.

The aminoacids

deletion from Y.N.B. is also recommended by
Barnett et al. (4) in order to reduce the growth of some yeasts in the nega-
tive controls.

For inoculation, the yeast strains under study are brought to an
active state by two passages at an interval of 48 h on slope Y. P. G. medium
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and incubation at 28°C. Suspensions in Y.N.B. devoid of any C source
(negative control) obtained from these cultures, so standardised as to
have the same concentrations cells/ml, estimated with a photoelectic nephe-
lometer FEK 56M in optical density (0.D.) — Ay, = 0.2 — were used.
Each tube (of the set of 3 for each of the 29 strains) is inoculated with 100 pl
standardised suspension. The tubes are incubated at 28°C and shaken by
hand every day for a week. - : -

The yeast growth and therefore the ability to use inulin as a scle C
source is nephelometrically appreciated relative to the controls for each
strain separately, 7 days ‘after incubation.

RESULTS AXD DISCUSSION

The inulin utilization is quantitatively appreciated by the degree of
development expressed in O.D. of each of the 29 tested strains. The esti-
mation of the results, presented in Table 2, was made taking into account
on the one side the O.D. of the negative control and on the other side the
O. D. of the positive control. Table 2 shows that the O.D. of the negative
control, inoculated under the same conditions, varies within ceitain limits
demonstrating therefore that the inoculum, aithough extremely poor (when
seen with the naked eye it is absolutely transparent), the composition of
the base medium as well as the intracellular reserye in the inoculum support
in a way the development in certain yeasts. As the gpecialists pointed out,
it does not influence the validity of that results as long as for each strain
the results take into consideration the control under experimental condi-
tions, identical for all tested strains. The Q. D. values, in ease of positive
control (Table 2) attest the accuwracy of the experiment, being known that
glucose is the best C source for most known yeasts.

After selection, out of the 29 investigated strains, the most eifi-
cient ones regarding the inulin utilization in comparison with glucose uti-
lization were the following strains : Saccharomyees fragilis, 8. marxzianus,
S. pseudotropicalis (var. lactosa) and Candida macedoniensis ; in the inulin
sample they have an almost equal O.D. or higher than O.D. in the sample
with glucose. Out of the other tested strains, if we take into account the
growth in inulin sample relative to negative control, the following can be
pointed out: Torulopsis wtilis Bremner-Rippel, Candida guwilliermondii
and strain 84 isolated from wood hydrolysate; in the inulin sample O.D.
is clearly superior to the negative control.

Table 2 also shows that at the level of the same species the ability
to use inulin is a variable character for different strains, a fact accepted
by taxonomists asserting therefore the introduction in the experiment of a
various number of strains belonging to the same species.

CONCLUSIONS

— Out of the 29 strains tested to use inulin as a sole C source,
the following can be selected :
e 4 strains (Saccharomyces fragilis—102, S. marxianss —106
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S. pseudotropicalis (var. lactosa)—116 ; Candida macedoniensis —
113) which according to the present nomenclature (4) are syno-

nymous to Kiuyveromyces maraianus ; : i
o 3 strains : Torulopsis wtilis Brenner-Rippel—15, Candida guillier-
mondii—132 (under the present nomenclature as Hamnsenula  ja-
dinii and respectively Pichia guilliermondii) and the strain 84

isolated wood hydrolysate. :
— The selected strains may be sources of direct enzyme assays

for inulinase activity and implicitly for bioconversion of phytomass rich
in inulin.
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DIE BEDEUTUNG DER PHENOLKORPER
DER TANNENSAMEN
FUR DIE HERKUNFTSIDENTIFIZIERUNG
UND ZUR SCHATZUNG MIT IHNEN
KORRELIERTER MERKMALE

D. SIMON und MONIKA KONNERT

Studies on n-butanol soluble phenolics in fir seeds showed that between four popu-
lations, located in distinct parts of the Romanian fir range, there are clear quanti-
tative and qualitative differences.

The combination of different phenolic fractions is characteristic of each studied
population thus opening possibilities for the provenance identification of the fir
seed-lots.

The correlations found between different phenolics and the biological and biome-
trical characteristics of trees, cones, seeds and seedlings indicate possibilities of
indirect evaluations.

Eines der wichtigsten Probleme des Waldbaues besteht in der Aus-
wahl geeigneter Provenienzen bei der Bestandesbegriindung und der
Reglementierung des Samentransfers. Fiir einzelne Féalle scheint aber
eine Zertifizierung iiber biochemische, physiologische oder morpholo-
gische Methoden angebracht, die eine direkte Erkennung des Saatgutes
ermoglicht.

Als Folge dieser Erkenntnis wurde untersucht, ob sich Tannen-
herkiinfte anhand der Phenolkorper, die in den Tannensamen enthalten
sind, erkennen lassen. Die Untersuchung der Phenolkorper bot sich an,
weil diese in den Tannensamen analysierbare Konzentrationen erreichen
und weil frithere Forschungen [6], [7], [11] fiir Fichte eine hinreichend
hohe Heritabilitat, beziehungsweise starke genetische Kontrolle der
Phenolkorper festgestellt haben.

MATERIAL UND METHODE

Um eine Ubersicht der Variation, sowohl zwischen als auch inner-
halb der Populationen zu bekommen, wurde in vier Forstdmtern (Tabelle 1)
von je 30 Bidumen getrennt Samen geerntet, dem in Kdltekammern bei
0°C aufbewahrt wurde. Die Baume wurden zufallsmaBig aus dem Bestand
herausgegriffen, sodal sie ungefihr gleichméBig iiber den ganzen Bestand
verteilt waren. ]

Die Phenolkorper wurden chromatographisch wie folgt dargestellt :
1.0 g frische, geschélte, im Morser zerkleinerte Samen wurden in 50 ml
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distilliertem Wasser am RickfluB 3 Stunden lang extrahiert [7], [10],
[12]. Das Extrakt wurde filtriert und die Phenolkorper dreimal mit je 25
ml n-Butanol ausgeschiittelt (die Extraktion mit n-Butanol wurde wieder-

holt um einen totalen Ubergang in die organische Phase zu gew#hrleisten).

Die organische Phase wurde auf 1 ml eingedampft [7]. Je 10 pl Konzen-
trat wurden auf Zelluloseschichten (Merck) strichformig aufgetragen und
eindimensional mit dem FlieBmittel n-Butanol-Essigsdure-Wasser (4 :1 :5)
getrennt [8], [12].

Tabelle 1

Geografische Beschreibung der untersuchten
Tannenherkiinfte

: Geogralische Seehohe
Forstamt JLage £ :
Koordinaten (m)
Valiug Banater Berge | 45°15—22°00’

75
Cimpeni Westkarpaten | 46°20'—23°05 88
Vidraru Stidkarpaten 45°207—24°35' 885
Rodna Gstkarpaten 7°25'—247507 885

Die getrennten. Phenolkérper wurden durch Besprithen mit tetra-
azotiertem Benzidin sichtbar gemacht [4] und erschienen als rot oder
gelb gefarbte Bédnder auf v*mBem Grund. Die Chrematogramme wurden
densitometrisch ausgewertet und der Anteil der n-bu tanelloshchen Frak-
tionen 'durch Planuuetrieren der entstandenen Iurven in Prozenten
der Gesamtfliche bestimmt. Die Ergebnisse wurden einerseits verwendet
um die Mdoglichkeiten der Herkunftsidentifizierung zu kliren und ander-
erseits um moégliche Korrelationen zu anderen Merkmalen der Baume,
Zapfen, Samen und Sémlinge zu untersuchen. Bs wurden zu diesem
Zweck folgende gemessene und beobachtete Daten von 29 Bdumen der
Herkunft Vahuo verwendet : Hohe des Baumes (m), Hohe bis zum ersten
nadeltragenden Ast (m), astireier Teil des Stammes (m), Brusthohen-
durohmesser (em), mittlerer Durchmesser der Kronenprojektion (m), mit-
tlere Linge und Breite des Zapfens (¢m), Tausendkorngewicht (g), Anteil
der trockenen Samen (9%,), Anteil der nicht lebenstdhigen Embryonen (9,),
Anteil der lebensfdhigen Embryenen (%), Gehalt an reduzierendem Zuk-
ker in den Samen (9, des Trockengewichtes), Fettgehalt der Samen
(% des Trockengew 1f’htcx) Proteingehalt der Samen, Farbe der Samen-
iliigel (Lochﬁmer ) und Zahl der Phenolkérperfraktionen.

Der Gehalt an reduzierendem Zucker wurde durch die volumetrische
Methode nach Bertrand bestimmt, der Feftgehalt durch Extraktion im
Soxhlet-Apparat nach der indirekten Methode Ionescu-Ferando wund
der Proteingehalt nach der Kjeldahlmethode, wobei der proteische Stick-
stoff nach Gréser [3] mit 6,25 multipliziert wurde.

ERGEBNISSE

Die chromatographische Trennung der n-butanolloslichen Phenol-
korper fithrte zur Identifizierung von 5 klar unterscheidbaren pealx—
Zonen (A —E) und innerhalb dieser zur sicheren Ansprache von mnoch
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i 1—3 pea,ks deren Trennung nicht immer vollstindig war. Insgesamt
wurden in den vier Herkiinften 13 erkennbare Fraktionen nachge\vlesen
deren Anteil sehr unterschiedlich war. In der Population Rodna wurden
12 Fraktionen, in der Population Vidraru 10, in der Population Viliug 12
und in,der Populablon Cimpeni 8 Fraktionen festgestellt.

., Die offenkundige Variation sowohl zwischen den Biumen als auch
zwischen den Populationen legte eine Untersuchung der Beziehung zwi-
schen der Zahl der festgestellten Fraktionen pro Herkunft und der Her-
kunft nahe. Da wegen Verlusten bei der Samenernte und wéhrend der
chromatographischen Trennung nicht von jeder Herkunft 30 Biume
erhalten blieben, wurde die folgende Untersuchung auf je 26 Baume pro
Population bezogen.

Mit Hilfe des G-Testes nach Weber [9] (Tabelle 2) wurde gezeigt,
daB zwischen der Zahl der Fraktionen pro Herkunft und der Herkunft
eine statistisch abgesicherte Verbindung besteht.

Tabelle 2

G-Test aul Unabhiingigkeit zwischen den untersuchten Tannenherkiinften

it Phenolkorperfraktion £
Herkunft umme
A ‘ A’ ‘ A\//l B ‘ B’ l C G’ lcu ‘ D l D/| E l E’ ‘ DN
Valiug 24 6 2| 24 1] 26| 23 1] 26 0| 261| 19 dt 179
Cimpeni 147 0 0|20 01.26 119 | 26 | 26 0 )23 | 11 0 168
Vidraru 23:] 12 4| 22 026 | 11 0] 26 0f26|23] 10 183
Rodna 23 9 2125 8| 26 9 0| 26 112622071 191 %194
Summe 87 | 27 8| 91 9 1104 | 62 | 27 {104 14101 {7330 724
4 13 13 X 123 4 4

G~2[Z L"'J In z;5 — z ( )ln( :XJ)QZ (Z :ij)ln(z :l-j)—— nln]z

i=1 j=1 = j=1 j=1 i= i=1 i=1

& 61, 632 > 2,
FG = 36

Diese globale Feststellung gestattet noch keine Identifizierung der
Herkunft, ist aber ein Hinweis darauf, daB Identifizierungsmoglichkeiten
bestehen. Zu diesem Zweck wurden zu den qualitativen Aussagen betref-
fend die Zahl der nachgewiesenen Fraktionen auch die quantitativen
Daten tiber die Beteiligung jeder Fraktion hinzugezogen und eine Diskri-
minanzanalyse unternommen. Es fand das Programm 7M der Sammlung
BMD der Universitdt Kaliforniens, das eine stufenweise Diskriminanza-
nalyse ermoglicht, Verwendung.

Wie aus Tabelle 3 zu ersehen ist, ergab die Diskriminanzanalyse
4 gut unterscheidbare Typen von Phenolkorpergruppierungen, die mib
A —D bezeichnet wurden. Jeder dieser Typen kommt mehrheitlich in
einer einzigen Herkunft vor und ist somit charakteristisch fiir diese.

Es wurde fiir jeden untersuchten Baum aufgrund der jeweils groi3-
ten Wahrscheinlichkeit die Zugehorigkeit zu einem der vier Typen be-
stimmt und in Tabelle 3 die Variabilitit innerhalb und zwischen den
Herkiinften dargestellt. Die homogenste Population ist jene aus Cimpeni,
wo alle Baume zum Typus B gehoren, gefolgt von Viliug, wo 90 %, zum
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Typus C gehoren ; Vidraru, wo 829, zum Typus A gehoren und Rodna,
wo 659, zum Typus D gehoren.

Der am weitesten verbreitete Typus ist C, charakteristisch fiir
Viliug und der seltenste D, charakteristisch fiir Rodna. |

Die Ergebnisse der Diskriminanzanalyse werden in Abbildung 1
veranschaulicht. Bs ist offensichtlich, daf die Herkunft Cimpeni eindeutig
erkennbar ist, wihrend die anderen Herkiinfte zwar noch gut erkennbar
gind, aber eine Uberlappung aufweisen. In Tabelle 4 wurden mit Hilfe des

Tabelle 3

Verteilung der charakteristischen Phenolkdrpermuster iiber die
untersuchten Herkiinfte

Zahl der den verschiedenen

Zan ik Mustern z rdneten Biaume
Herkunft | untersuchten ¥ FHECO 5 A

Biaume A \ B \ C | D
Viliug 29 0 0 26(90 % 3
Cimpeni 26 0 26(100%)| 0 0
Vidraru 28 23(82%) | 0 3 2
Rodna 26 3 1 5 17(65 %)

Tabelle 4

Paarweise Untersuchung der Unterschiede
zwischen den Mittelwerten der 4 untersuchten
Herkiinfte mit Hilfe des F-Testes

Phenolkoérpermuster
A B C
B 19.20%**
C 6:292% %% 16/71 %%
D 6.07%%% 155 99k%% 4. 8o***

FG = 13 und 93
Tabelle 5

Statistisch signifikante Iorrelationen zwischen Phenolkorper-
fraktionen und gemessenen und heobachteten Daten

Fraktion - Merkmal I%?;;?giaztil(g:ltb_
B Durchmesser der Kronenprojektion —0.374%
A mittl. Zahl der Kotyledonblitter 0.510%%
C mittl. Zahl der Kotyledonblitter 0.387*%
(0344 Anteil der leeren Samen 0.5b4%*
D Anteil der leeren Samen —0.362%

i i Gehalt an reduzierendem Zucker —0.416*
A Gehalt an Proteinen —0.379*
B’ Gehalt an Proteinen 0.423*
B Farbe der Samenfliigel 0.382%
= Zahl der Phenolkorperiraktionen —0.400%*
B Zahl der Phenolkoérperiraktionen 0.377%
jend Zahl der Phenolkérperfraktionen 0.461%
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F-Testes paarweise die Unterschiede zwischen den Mitteln der 4 Her-
kiinfte untersucht. Alle Unterschiede sind hochsignifikant.

In der Folge wurde untersucht, ob zwischen den verschiedenen
Phenolkorperfraktionen und einigen gemessenen und beobachteten Daten
der Biume, Zapfen, Samen und Samlingen Korrelationen bestehen.
Tabelle 5 enthélt die statistisch signifikanten Korrelationen.

In der Mehrzahl der Falle ist jede Fraktion bloB mit einem Merkmal
signifikant korreliert. Dagegen wurden 4 Falle identifiziert wo ein bestim-
mtes Merkmal mit 2 oder 3 Phenolkorperfraktionen korreliert ist: die
Zahl der Kotyledonblatter mit den Fraktionen A und C, der Anteil der
leeren Samen mit den Fraktionen C’' und D, der Gehalt an Proteinen mit
den Fraktionen A” und B’ und die Gesamtzahl der Phenolkorperfrak-
tionen mit den Fraktionen E, B’ und E”.

Die vorliegenden Forschungen haben sich als prospektiver Ver-
such mit dem biochemischen Hintergrund dieser Beziehungen noch nic ht
auseinandergesetzt und mogen als Anregung in diese Richtung dienen.

DISKUSSION

Wie im vorhergehenden Kapitel gezeigt wurde, haben die For-
schungen die Existenz charackteristischer Phenolkorpermuster fiir die
untersuchten Herkiinfte aufgezeigt. Jedes dieser Muster taucht mehrheit-
lich in einer einzigen Herkunft auf, begleitet von einzelnen Fillen, die
eher anderen Herkiinften zuzuordnen sind. Dieser Tatbestand erlaubt
die Feststellung, dall die Herkunftsidentifizierung der Tannensamen
anhand der Phenolkorper moglich ist. Die Analyse einer gemischten
Samenprobe wiirde {iber Vorhandensein und Intensitit der verschie-
denen Flecken, beziehungsweise Phenolkorperfraktionen, die Zuordnung
zu einem bestimmten Typ erlauben. Voraussetzung fiir eine erfolgreiche
Identifizierung wéare die Anlage einer Kartei von Phenolkorpermustern
der verschiedenen Arealteile der Tannue.

Die signifikanten Korrelationen die zwischen verschiedenen Phenol-
korperfraktionen und anderen Merkmalen nachgewiesen wurden, sind im
Falle der Beziehungen : Fraktion C” oder D — Anteil der leeren Samen
von moglicher praktischer Bedeutung. Eine Bestatigung dieser, bis jetzt
auf die Herkunft Viliug beschrinkten Feststellung, wiirde eine prinzi-
pielle Prognose des Wertes des Saatgutes verschiedener Bestéinde er-
lauben.

AbschlieBend noch einige Betrachtungen zur Besiedlung des heu-
tigen Areals der Tanne in den ruménischen Karpaten. Wie Pascovski
[5] wahrscheinlich gemacht hat, wurden die ruménischen Xarpaten
nach der Eiszeit iiber einen schmalen Korridor dort, wo Karpaten und
Balkangebirge sich beriihren, besiedelt und nicht iiber die ganze Breite
der Donautiefebene. Vom Siidbanat aus hatte sich dann entlang der
Siid-, Ost- und Westkarpaten das. heutige Areal gebildet. Damian
[1] hat die. Hypothese der siidlichen Herkunft der ruméanischen Tanne
durch die Feststellung erhirtet, dafl die ruménischen Tannen, im Gegen-
satz zu den mitteleuropéischen, aber im Gleichklang mit den siidlichen
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Formen hédufig rote mannliche Bliitenzapfen aufweisen und ebenso

- Spaltoffnungen auf der Oberseite der Nadeln.

Diaconeasa [2] hat aufgrund pollenanalytischer Analysen gezeigt,
daB in den Banater Bergen die Tanne vor der Buche erschienen ist, im
Karpatenbogen sind beide gleichzeitig erschienen und in den nérdlichen
Ostkarpaten ist die Tanne nach der Buche erschienen. Offen blieb ob die
Tanne der nordlichen = Ostkarpaten iiber den siidlichen oder den nord-
lichen Weg eingewandert ist. Nachdem feststeht, dafl die Banater
Berge zuerst besiedelt wurden und die Phenolkérpermuster entlang der
drei Stationen auf dem Weg nach Norden (Viliug, Vidraru, Rodna) die-
gelben sind : A, C, D (allerdings fehlt in Vialiug Muster A), stiitzt der
Befund fiir die ruménischen Karpaten die Hypothese des siidlichen
Wanderweges. Die Tatsache, dall jede Population obwohl auch Baume
anderer Muster auftauchen, ein Muster mehrheitlich aufweist, spricht
fiir einen lokalen Ausgleich mit Selektion. Dasselbe mul} auch fiir Cimpeni
angenommen werden, wo ausschlieglich Muster B vorkommt, Nur noch
in Rodna, der benachbarten, nérdlichen Population, weist noch ein Baum
dieses Verteilungsmuster auf. Die isolierte Stellung dieser westlichen
Population hdngt wahrscheinlich mit einer lingeren rdumlichen Isolierung
zZusammen.

ZUSAMMENFASSUNG

Die Untersuchungen tiber die Phenolkorper der Tannensamen haben
ergeben, daB fiir 4 Herkiinfte aus 4 deutlich unterschiedenen Arealteilen
der ruménischen Karpaten klare Unterschiede qualitativer und quanti-
tativer Art bestehen. Desgleichen ist das Kombinationsmuster der ver-
schiedenen n-butanolloslichen Phenolkorperfraktionen charakteristisch
fiir jede Herkunft und erschlieBt somit Moglichkeiten der Herkunftsiden-
tifizierung.

Abschliellend wurden die Korrelationen zwischen den verschiedenen
Phenolkorperfraktionen und gemessenen und beobachteten Merkmalen
von Bédumen, Zapfen, Samen und Samlingen gepriift im Hinblick auf
mogliche indirekte Ansprache von Merkmalen.

LITERATUR

1. DAMIAN M., Cercetdri privind variabilitalea bradului (Abies alba Mill. ) din R. S. Romdnia
in vederea extinderii in cultura@ a provenienfelor valoroase. Doktorarbeit, Univ.
3rasov, 1978,

2. DIACONEASA B., sub red. E. Pop,Pregrese in palinologia romaneascd Edit. Academiei,
Bucuresti, 1971, 208.

3. GRASIER, M., Biechemisches Praktikum. VEB Deutscher Verlag d. Wiss., Berlin, 1977, 96.

4. HAIS J. M, MACEK, K., Handbuch der Papierchromalographie. VI:B Gustav Fischer
Verlag, Jena, 1563, 907.

DU PASCOVSCHT S, 'Ocrots Nat,, 1956, 2,124—126.

6. PISTOP C., Forstarch., 1977, 48, 137—139.

7. SAUER A,, KLEINSCHMIDT, J., LUNDERSTADT J., Silv. Gen., 1973, 22, 5/6, 149—196.

8. THIELGES B. A., Silv. Gen., 1972, 21, 3/4, 114—119.




e |

150 D. SIMON, MONIKA KONNERT 8

9. WEBER, E., Mathemalische Grundlagen der Genetil:. VEB Gustav Fischer Verlag, Jena,

1978, 117.
10. WELLENDORF 1., KAUFMANN, U., HANSEN, M., Forest Tree Impr., 1971, 2,
19— 39,

11, WELLENDORF H., KAUFMANN, U.,, Symp. CEE sur la biochim. de l’arbre forest.
1976, 203—226.
12. WELLENDORF H., KAUFMANN U,, Forest Tree Impr., 1977, 11, 5.

Eingegangen am 2. Februar 1985 Institut zur Forschung und

Einrichlung im Forstwesen
Brasov, Closca 3
und
Institut zur Forschung und
Einrichtung im Forstwesen
Caras-Severin
Caransebes, Godeanu 7

THE INFLUENCE OF THE PHYSIOLOGICAL STATE
OF THE SEEDS AT THE IRRADIATION MOMENT
ON THE EFFECTS INDUCED BY SMALL DOSES
OF GAMMA RAYS (Co%®) IN TRITICUM AESTIVUM L.

G. I. GIIIORGHITA, ECATERINA T. TOTH and T. T. POPESCU

The irradiation of the wheat seeds (IF'undulea— 29 cultivar) with small doses. of
gamma rays (100—1 000 R) revealed that the cytogenetic, physiological and bio-
chemical effects induced, essentially depended on the physiological state of the
sceds at the irradiation moment. The most ~profound injuries in plants were
induced wnen the secds were irradiated after 24 hours of water moistening. The
irradiation determined important changes of the peroxidase and catalasc activity,
of the isocsterases and cspecially isoperoxidases spectrum in the 2 and 5
day-old scedlings.

In a series of previous investigations (15), (18), (19), (33), (34), we
showed some of the cytogenetic, physiological and biochemical effects
induced by single and combined treatments with gamma rays and alky-
lating agents in two-row barley and wheat, mainly observing the changes
in the spectrum and the activity of some enzymes. The isoenzyme studies
have become important in the investigation of phylogeny, polyploidy
and cross-breeding, in discovering the genes which cause the synthesis of
some enzymes and regulation of the cell metabolism, in the apprecia-
tion of the tissue differentiation stage ete. (1), (13), (28), (30). There are
some datba (21), (25), (28), (30) revealing that the spectrum and the enzyme
activity differ from an organ of the plant to another, and they modify
during the ontogenesis and with the health state of the organism.

- Regarding the behaviour of the multiple molecular forms of en-
zymes to the action of mutagen agents we have few data, and these are
contradictory. While some authors noticed that the irradiations may
modify the spectrum and the activity of some enzymes (20), (31), others,
on the eontrary, proved that the zymograms of the enzymes in the irra-
diated‘fpla‘nts do not differ from that of the controls (12), (14). In the
investigations of two-row  barley (unpublished data) and wheat (19),
(33), (34) we noticed that both the gamma rays and some alkylating
agents (EMS and dES) produce changes in the spectrum and the activity
of the isoesterases and of the isoperoxidases especially. In the surviving
pl&ntS,\,ghve_sQ change are generally eliminated by the 5th day of life.

. In a previous paper (19) we mentioned that the irradiation of wheat
seeds (after their moisture in water for 6—24 hours) with doses ranging
between 1,000 and 10,000 R caused minor disturbances in the spectrum
and the activity of the isoesterases. The isoperoxidases registered impor-
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tant changes of their spectrum and activity in the first 5 days of onto-
genesis. These changes were influenced by the irradiation dose and the
water; content of the seeds at the irradiation moment. As the values of
the gamma rays doses were relatively high, we intended to show that
the same results are obtained when applying low irradiation doses(not
over the value of 1,000 R). ‘ ,

MATERIAL AND METHODS

Seeds of wheat, Fundulea-29 cultivar, were firstly moistened in
water for 6, 12 and 24 hours (water content = 24.29,, 29.99, and res-
pectively 34.4 9, as to 9.29%, in the control) and then irradiated with 100
300, 500, 750 and 1000 R — gamma rays (Co® — flow capacity = 1480
R/h). We produced 16 experimental variants (presented in Tables 1 and 2)
which were cultivated at intervals of two days, for the study of isoesterases
and isoperoxidases (the first interval : variants 1—6; the 2nd : var.
7—11; the 3rd : 12—16). After the treatments, the seeds (300 per va-
riant) were cultivated on filter paper in Engelhardt germinators and put
into a climatized box (temperature about 22°C ; relative air humidity about
65—709, ; luminosity of 4000 lux — continuous light). During the first
two days, the germinators were kept in darkness. For the analysis of the
aberrant = chromosomal anaphases and. telophases in 'the root mitoses,
the roots of 50 individuals from each variant were harvested when the
plants were 2 days old. The experiment lasted for 124 hours. By the iso-
electric focussing method on polyacrylamide gel there were studied the

Table 1

The values of some physiological and cytogenetic indices in wheat planis (Fundulea-29
cultivar) obtained from gamma irradiation c¢f moistened seceds

£3 GAMMA RAYS EFFECT ON WHEAT SEEDS 15:

The root ’'| The steam : Totai A + T

No. The treatinent length (mm) | length (imm) D"(-;", ;“’S"SL aberrants
/o 1I'.S. =

XS KoSE } X0 o 3X 0
1 Control 43.50( 1.10 | 56.97 1.18 11.00 5.75] 0,03
2 |'TA— 6 h+ 100 R 44.74] 0.94 | 58.11| 1.02 11.68 8.76| 0.02
31 “TA—L16 ‘W1 300LR i 43.76| 0.97 |2 56.36(0.97 10.19 9.98| 0.03
4 TA— 6 h+ 500 R 45.56| 1.02 |157.62| 0.99 11.97 S i
51| TA5= 6 hb, 750 R 48.68] 0.91 | 58.01| 0.94 10.55 | 10.59| 0.02
6 | TA— 6 h+1000 R 41,57/ 0.98 |.53.56| 1.08 10.63 | 10.23| 0.04

7 TA—12 h+ 100 R 40.19| 0.83 | 47.06| 0.92 10.43 10.34| 0.04
8 TA—12 h+"300 H 40.41] 0.95-| 47.74] 9.83 10.53 10.03| 0.06
9 | TA—12/h+ 500/ R 35.60| 0.77|147.32| 0.91 10.47 | 11.74] 0.03
10 TA—12 h+4 750 R 40.70) 0.81 | 49.71] 0.90 11.52 10.75| 0.04
11 TA—12 h+1000 R 39.15| 0.88 | 49.02| 0.86 11515 16.82| 0.05
12 TA—24 h+ 100 R 40.66) 1.17 | 40.71]'0.85 10.71 18.32( 0.04
13 TA—24 h-+ 300 R 40.55|11.08 | 43.37| 0.76 11.48 25.36( 0.06
14 TA—21 h+ 500 R 42.04) 1.17 | 43.05| 0.77 T 22.77| 0.04
15 | TA—24 h4 750 R 34.77|,0.94 | 42.77]| 0.78 11.98 31,55 0.06
16 TA—24 h+1000 R 37.08] 0.98 | 40.84| 0.84 12.95 37.53] 0.05

TA = tap.water
A -+ T = anaphases - telophases

W

Table 2

The catalase and peroxidase activities in wheat germs and seedlings (Fundulea-29 cultivar)
originating from gwmma irradiation of water moistened (6, 12, 24 hours) seeds

<—e8er 148 hours nwwns» rHe s pl24)yRours) Frrn X
Catalase Peroxidase Catalase Peroxidase
No. e Dt ot activity activity activity activity
“203 Sp. “”,O_'Z Sp. “2.0? Sp
mfs'lgl' activ MEIEL qctiv mg/er. activ
fr.s. 1 fr.s.} 23 ieis: i
1 Control 21.58 | 2.855| 41.250|i 5.457| 27.39 | 4.015| 27.416| 4.
2 TA—+ 6 h+4 100 R | 43116 | 5.740| 40:416| 5.375| 29.54] || 4.826| 23.333| 3-4
3 TA— 6 h+4- 300 R | 44.82 |!5.960| 38.500| 5.913|. 29.88 |.5.006| 25.833] 4.3
4 TA— 6 h+ 500 R | 48.14 | 6.750) 40.000| 5:609| 37.35, | 5.702|.30.666| 4.
5 TA— 8 h-+ 750 R | 56.44 | 7.506| 40.833| 5.430| 39.84 | 5.907| 31.666| 4.6
G TA— 6 h+1000 R | 58.10 | 9.369| 39.583| 6.383| 39.01 | 6:941| 33.333| 5.
7 TA—12 h+ 100 R | 43.99 1 16.236] 42.500| 6.024| 42.3 7.281| 28.500| 4.
3 TA—12 h+ 300 R || 41.50 | 6.298| 39.160];5.944| 48.82/| 8.030| 27.833| 4.
9 TA—12 h+4 500 R | 45.65 | 16.731] 39.416| 5.813| 41.50 | 9.080| 22.500| 5.
19 TA—12 h+- 7350 R | 58.93 | 8.447| 40.000|'5.891| 43.99 | 7.584| 26.166| 4.
1% TA—12 h+4-1000 R || 50,76 | 18.662| 39.583| 5.745| 45.65 | 7.870| 33.333| 5.
4E) TA—24 h+ 100 R '| 44.16 | 7.679| 32.916| 5.857| 52.29 | 7.844| 30.416| 4.
13 TA—24 h+ 300 R 61.42 | 8.902f 40.166| 5.822| 53.95 | 7.648] 32.333| 4.
14 TA—24 h+ 500 R 64.74 | 8.980| 41.666| 5.787 47.31 | 7.735| 30.833} 6.
15 TA—24 h+4 750 R | 65.57 | -8.684] 39.583| 5.242| 56.95 | 8.761| 25.416| 3.
16 TA—24 h-+1000 R | 68.00+| 8.773| 41.250| 5.321| 58.99 | 9.006| 25.833| 3

TA = tap water

isoesterase and the isoperoxidase spectrum and activity in the 2 day-old
germs and in the 5 day-old plantlets. The catalase and peroxidase activity
was quantitatively determined. The methods of analysis were presented
in other papers (16), (17), (32). We also determined the content of dry
substance, and the dimensions of the roots and stems of 124 hour-old
plants, in order to appreciate the effect of gamma rays on plant growth.
The results obtained are presented in tables 1 —2 and figures 1 —4.

RESULTS AND DISCUSSION

Our investigations clearly pointed out the impact of the water
content of the seeds at the irradiation moment on the effects induced in
the plants by the gamma rays. The longer the moistening period before
irradiation, the higher the frequency of the induced cytogenetic distur-
banees, and plant growth was more strongly inhibited (Table 1), although
the irradiation doses were rather reduced. Our results confirm the data
obtained by many authors (2)—(7), (9)—(11), (23), (24), (27), (31) who
studied the relation : radiosensitivity — water content of the seeds for
different species, under different experimental conditions.

Between some limits of the water content, characteristic of the
Tepose State, the seeds show a lower radiosensibility. Excess of these
l.umts, either in the sense of reducing the water content, or increasing,
is usually associated with an obvious increase of the seed radiosensitivity.




154 G. I. GHIORGHITA, ECATERINA T. TOTH, T. T. POPESCU 4

The low doses of gamma rays, as these used by us,and even greater
ones, have, as many authors proved (8), (22), (26), (29) a stimulating
effect on the physiological and biochemical processes in plants. In our
experiment, the doses used induced a slight stimulation of the plant
growing processes only in the case of 6 hours moistened seeds (water con-
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tent of 24.2.9), and only in. the dose interval of 100 — 750 R. Tt is interest-

ing to notice that this stimulation takes place in the circumstances in

which the frequency of chromosomal aberrant cells in these plants is
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higher than in the control ones. But, paradoxically, although the fre-
quency of chromosomal aberrations in the plants irradiated after 12 hours
of water moistening (water content of 29.99,) is approximately the
same with that of the plants originated from seeds irradiated after 6
hours of moistening, their growth is obviously inhibited. Probably the
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IFig. 3 — The zymograms of isoesterases in 5 day-old wheat seedlings originating from gamma
irradiation of water moistened sceds.
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postirradiation recovering processes were more profoundly disturbed.
Irradiation of the seeds after 24 hours of water moistening (when the me-
tabolic processes that provide germination are very active) induced a
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very high frequency of aberrant cells, affecting, for examples when using
1000 R, 37.53 9, of the analyzed anaphases and telophases. The cytogenetic
injuries eaused by the gamma radiations, probably associated with dimi-
nishing recovering processes, led to difficulties in the physiological and
biochemical processes, in the plants, which finally had a negative effect
on. the growth (Table 1). In the plants irradiated atter 24 hours of moisten-
ing (plants with inhibited growing) we also noticed an increase of the
dry substance content (compared to the fresh substance). This pheno-
menon. was previously noticed by us and commented upon (16).

The highest frequency among the chromosomal aberrations induced
by irradiation was represented by the fragments and Dridges. In the case
of the seeds irradiated after 24 hours of water moistening, they show a
higher frequency of the ring type of aberrations, retarding chromogomes,
of the anaphases with several types of aberrations etc. The results of the
cytogenetic study reveal that Fundulea—29 is a relatively radiosensible
cultivar, o fact that is not surprising owing to its age.

As Table 2 shows, irradiation determined an obvious and durable
intensification of the catalase and peroxidase activity in plants, a pheno-
menon, singled out by us in other papers too, and considered to be the con-
sequence of the formation (by irradiation) of some peroxidic products.
Their metabolization requires a more intense activity of the implied
enzymes. We consider that this effect is lasting as it manifests itself in
the two investigated stages (both in the 2 day-old germs and in the 5
day-old seedlings).

The isoesterase spectrum of the irradiated and non-irradiated
germs does not differ very much. In this ontogenetic stage, the esterase
activity is placed in the acid domain (pH = 4.2—5.3) where there are
3—7 intensely coloured strips. To be noticed that (IFig. 1) the irradiated
germs and especially those originating from seeds irradiated after 24 hours
moistening, have an increased number of isoesterases very active in the
mentioned pH-domain. In the 5 day-old plants, the isoesterase spectrum
narrows and the esterase activity shifts to slight alkaline pH, where a
very active enzyme at pH = 7.7 is encountered (Fig. 3). Compared to the
previous stage, in the acid domain there remain only 1—2 more intensely
coloured strips, and the differences between the treated and the control
plants — congcerning the spectrum and the esterase activity — are negli-
gible. : -
The study of the peroxidases reveals a situation somehow different
in the sense that irradiation induced important quantitative and quali-
tative changes in the 48 hour-germs (Fig. 2). The irradiated germs have
an increased number of isoperoxidases, and the activity of some isoenzyme
is higher than in the control germs. If the control germs display 3 intense-
ly coloured strips at a pH = 5.3 and 6.3, the irradiated germs inten-
sify some isoenzymes acting in the alkaline pH (the isoenzymes with
pH = 7.3; 8.0; 8.2), (Fig. 2). The differences regarding the spectrum
and the isoperoxidase activity are also notable in the 5 day-old wheat
seedlings (Fig. 4). The irradiated seedlings have a broader isoenzymatic
spectrum as compared with the control, and the number of active isoperoxi-
dases is also higher. If the controls have only 4 intensely coloured strips

——
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(pH = 5.9; 6.8; 7.9), the irradiated seedlings have a series of active iso-
peroxidases in the pH interval of 7.3— 7.7 and 8.0 —8.2 (Fig. 4).

The present results confirm our previous data according to which
the peroxidase of wheat is an enzyme more sensitive to irradiation as
compared to the esterase. Probably it is the more important part played
by the peroxidase in eliminating some toxic metabolic products induced
by irradiation that grants it a greater lability against the external agents,
and not its lower resistancy to irradiation.

CONCLUSIONS

The investigations regarding the behaviour, in the first five days
of ontogenesis of the wheat plants (Fundulea—29 cultivar) originating
from the seeds irradiated with small irradiation doses (100—1.000 R)
in different germination stages, revealed that :

1. Applying small doses of gamma rays, the cytogenetic, physiolo-
gical and biochemical effects induced, also essentially dependend on the
physiological state of the seeds at the irradiation moment; the injuries
are the more profound the greater irradiation dose, and the germinating
processes were more advanced at the irradiation moment. The treatments
with gamma rays induced a durable intensification of the peroxidase
activity and especially of the catalase. '

2. Inthe 2 day-old wheat germs, originating from the seeds irradiated
after 24 hours of water moistening, the number and the activity of the
isoesterases from the pH interval of 4.2 — 5.3 increase. The differences re-
garding the spectrum and the isoesterase activity in the irradiated plants
and in the controls are insignificant after 5 days of life. In the case of the
5 day-old seedlings we noticed a narrowing of the isoesterase spectrum
and the shift of their activity to a slightly alkaline pH.

3. The wheat plants originating from the seeds irradiated with
small doses (found in different germination stages), have a diversified
spectrum. of isoperoxidases and an intensified activity of some isoen-
zymes. The changes induced by irradiation maintained in the 5 day-old
seedlings too. This behaviour could rather be a proof of the outstanding
part played by the peroxidase in eliminating some postirradiatory meta-
bolie disturbances in plants and not so much of its increased radiosensi-
bility (compared with the esterase, for example).

4. The results obtained clearly show the importance of the physiolo-
gical state of the biological material at the moment of irradiation for the
presence or absence of the radio-stimulating effect in plants.
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IS THE NUCLEOLUS AN INTRANUCLEAR ORGANELLE
OR A FUNCTIONAL TRANSIENT ELEMENT
OF CHROMOSOMAL PHENOTYPE?

LUCIAN GAVRILA and GRIGORE MIiHAESCU

The investigations performed with difierent types of cells in microosrganisms,
plants and animals, especially in insects, using light- and clectron-microscopy,
allowed us toreach the conclusion that the nucleolus israther a functional tran-
sicnt element of chromosomal phenotype, than an intranuclear organclle, because

its appearance, shape and size are largely dependent on the type and level of cell
activity.

INTRODUCTION

The existence of nucleolus was signalled by Fontana in 1774 and its
description was done by Bowman in 1840, but its functional significance
remained unclear for many years. In 1934, Barbara McClintock[8 ] establish-
ed that the nucleolus is organized at the level of secondary constrictions
in Zea mays chromosomes, any alterations in such constrictions leading to
the appearance of corn mutants [9]. Such, secondary constrictions involv-
ed in the organization of nucleolus have been designated as nucleolar-
organizing regions (NORs), while the chromosemes which bear such regions
have been called nucleolar-organizing chromosomes (NO-chromosomes).
Now it is very well documented that in the NORs there are localized the
cistrons for 18 S, 28 S and 5,8 S rRNAs [1 — 3], [10]. Every diploid cell
contains, as a rule, two NO-chromosomes, one for every haploid chromoso-
mal complement [2]. Consequently, there are two nucleoli per diploid nu-
cleus. On the other hand, instances are found in which as much as five NO-
chromosomes are involved in the organization of the same nucleolus, as
in the human being where the chromosomes from the 13th, 14th, 15th, 21st,
22nd chromosomal pairs are NO-chromosomes. There is also a direct corre-
lation between the number of nucleoli per nucleus and its degree of ploidy.
As a common rule, at the end of prophase and the beginning of metaphase
the nucleolus is breaking down, its reorganization taking place at the end
of mitotic division. It has been considered that the nucleolus “disappears’”

-In the period when chromosomes are in the distributive period of the cell

cycle, when they reach an extreme condensed state and consequently are
non-functioning structures. At the end of division, between telophase and
G, period of cell cycle, the nucleolus is “orgnized”. This period corresponds
to that part of cell cycle when the chromosomes are in their uncondesed
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state and consequently are functional structures. Only in some unicellular
organisms as in Huglena, the nucleolus, called here endosome, plays an
important role in orientation and segregation of daughter-chromosomes
in the particular type of nuclear division which is called englenoid divi-
sion. In this process the endosome (i.e. nucleolus) plays an important role
in orientation and segregation of duplicated chromosomes assuming a
dumb-bell shape and in this way the dividing cell is polarized.

Our investigations in different types of organisms and cells have
imposed the conclusion that the nucleolus is rather a functional transient
element than an intra nuclear organelle in its “classical” meaning.

MATERIAL AND METHODS

As biological material we have used the following organisms : Proro-
cenirum micans (mesokaryote alga), Buglena terricola and K. clara (lower
eukaryotes, unicellular photosynthetic flagellate green-algae), root-type
nodules cells of Trifolivm pratense (leguminose spermatophytic plant),
polytenic nuclei from salivary gland cells of Rhagoletis cerasi, Myceto-
phila  agarici, Corethra sp. and Chironomus tentans (Dipteran insects)
and endoploid cells of silkglands from silkworm Philosamia ricine (Lepi-
dopteran insects). The biological material has been worked out according
to standard methods for investigation of nuclei, chromatin and chromo-
somes by light- and electron-microscopy (TEM).

RESULTS AND DISCUSSIONS

The nucleolus in mesokaryotes (dinoflagellate algae) has a typical struc-
ture similar to that encountered in typical eukaryotes (Fig. 1A). Our inves-
tigations in mesokaryote alga Prorocentrum micans have revealed for
the first time the existence of more than one nucleolus-organizing chromo-
some which are involved in the organization of the same large nucleolus
(Fig. 1 B). On the phylogenetic scale, the dinoflagellates represent the
first group with cellular organization in which the organization and indi-
vidualization of @ nucleolus take place. This is the most primitive group
of cellular organisms in which appears also a nucleus that encloses the
genetic material in a specific space delimited by a nuclear envelope.
Like eukaryotic nucleolus, the mesokaryote nucleolus has a fibrillar com-
ponent and a granular one (Fig. 1A). At the level of nucleolar-organizing
region of nucleolar-organizing, chromosome there is a ‘decondensed fi-
brillar structure similar to that which is met in the puffs or Balbiani
rings from polytenic dipteran chromosomes. In the remaining parts of
mesokaryote nucleolar-organizing chromosome there is a typical banded
structure characteristic of mesokaryote chromosomes, representing series
of nested arcs of DNA fibrils in an anorthospiral arrangement of eight
figures. Considering the nucleolar-organizing regions of nucleolar-orga-
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nizing chromosomes they represent giant puffs involved in transcription
of 18 8, 288 and 5.88 rRNAs. This assumption is of particular significance
for the purposes of this paper in which we mean to seeit: the nucleolus is
actually an organelle of the nucleus or it represents an element of chromo-
somal phenotype, being the result of the activity of a delimited sector

“of nucleolar-organizing chromosome. All our data support the latter alter-

native.

In Bugiena clara and H. terricola the nucleolus is very obvious,
oceupying the center of the nucleus (Fig. 1.C.D). Tt is called endosome and
does not disappear during the nuclear euglenoid division. Here, contrary
to all remaining eukaryotes, not only does the nucleolus not disappear,
but it plays an essential role in nuclear division. By progressive elonga-
tion of the initial endosomes which assume a dumb-bell shape, it divides
into two daughter endosomes. These daughter-endosomes will be sur-
rounded by the daughter-chromosomes, two daughter-nuclei resulting. It
does result that in Huglena there is a continuity of nucleolus (the
endosome), from mother cell to daughter-cells.

In Trifolium pratense, in root-type nodules in symbiosis with Fhizo-
biwm trifolit, a typical molecular nitrogen-fixing bacterium, the cells
from their central zone are entering an endocycle so they achieve a high
degree of ploidy.Following infection with R. trifolii, the multiplication
of host-cells is stopped, their volume is very much increased, the nuclsus
undergoes a hypertrophy, while the cytoplasmic matrix becomes dense,
possibly as a consequence of leghemoglobin accumulation. Such nondivid-
ing cells are full with bacteroids, the degree of bacterial multiplication
being most probably under the double control of the host-cell and the
bacterial cell. In the nodule cells of 7. pratense, the most obvious nuclear
activity is related to nucleolar-organizing function (Figs. 2 A—D). The
fine structure of the nuclei in these cells exhibits an extensive deconden-
sation of chromatin which appears mostly as fine fibrils of 100 A diameter,
randomly oriented in the nuclear space. The only chromatic structure
which is maintained in a condensed state is the nucleolar-organizing chro-
mosome. Its nucleolar-organizing region (NOR) involved in the nucleolus
organization exhibits a more or less relaxed distribution of its fibrils and
can be considered as a giant puff, as in polytenic chromosomes of Chiio-
nomus sp., where the largest puff is that connected with nucleolus organi-
zation. The decondensed state of chromatin in the cells in the central zone
of nodules, is characteristic of an intensive gene activity, i.e. of a high
rate of transeription. The endopolyploidy of host cells appears as a prere-
quisite for a high capacity of protein synthesis, especially of leghemoglobin.
At the same time it is necessary for such high rates of synthesis to achieve
an increased quantity of ribosomes and this can be obtained through
the amplification of the ribosomal genes which are located in the nucleolar-
organizing region of NO-chromosome. The nucleolar-organizing region
of NO-chromosome is located submedianly. In fine sections it looks as if it
is partially or totally penetrating the nucleolus, depending on the plane
and thickness of the section. In some instances one can see the release of
nucleolar bodies — a common cytologic sign of ribosomal gene ampli-

b | T 2 1
5 ON THE STATUS OF NUCLEOLUS 163 )

Fig 2. — The nucleolus and nucleolus-organizing chromosome in the central cells of
root-type mnodules of ‘Trifolium/  pratense ‘in symbiosis 'with = nitrogen-fixing bacteria
Hhizohium trifolii:

i

_A.An overall image of a nucleus (N) with, nucleolus (nu)in which several nucleolar-organizing
regions (nor) can be seen. The nucleolar-organizing region appears as a giant chromosomal puff.
R-bacteroids of R. frifolii. X 22,000. ! I LG5 ELT01

B. A sector of a cell'from a nodule having in itsinucleus a nucleolus which is penetrated by
the nucleolar-organizing region (nor) of the nucleolus-organizing chromosome (Chr). This chro-
mosome is attached to the inner membrane of the nuclear envelope. In eytoplasm'a multitude
«of bacteroid prophiles of' R.'/Irifolii (R). X 25,000/ / (£ agsda e I baidd ard

C. Nucleolus-organizing chromosome (NG-Chr) from a nodule cell exhibiting a banded struc-
ture (i.c. polyteny ). This chromosome has iwo separated sites in which two indepeiidcﬁt nucle-
.olar-organizing regions (nucleolar-organizing region duplication) are involved in the organiza-
tion of two distin¢t nucleoli (nu): The active nucleolar-organzing sites, representing giant nucle-
olar puffs, are largely separated by a region in which the banding pattern is irregular, X 50,000.
D. The nucleolus (nu) and a sector from the nucleolus-organizing chromosome (NO-Chr)’
«isplaying two profiles of its nucleolar-organizing region. X 55,000.
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fication which has been encountered in amphibian ocogenesis [4], as well
as in experimental conditions in HEp2 cells infected with viruses, or
treated with thyoacetamide [6], [7]. It is also possible that, paralelling
the endopolyploidization (i.e. endocycles) of the cells, an extrareplication
of ribosomal cistrons from nucleolar-organizing region takes place. This
assumption is based on the identification in some instances of a multi-
plication of the nucleolar-organizing region of the same NO-chromosome
(fig. 20). Here, in two different, well spatially separated nucleolar-orga-
nizing regions, two distinct nucleoli are organized. The same assumption
can be supported by the fact that the released nucleolar-bodies (Fig. 2D)
bear a fibrillar core which might represent itself one of the multiple copies

of the nucleolar-organizing region. The parts of the NO-chromosome
which are not involved in NO function exhibit an aspect very close to

that of polytenic chromosomes in other Leguminosae like in Phaseolus
coccineus [117] or some dipteran insects [5]. We presume this NO chromo-
some in T.pratense is also a polytenic chromosome, exhibiting con-

densed (i.e. bands) and uncondensed (i.e. interbands) regions. Its nucleo-

lar-organizing regions appear as giant puffs. The nucleolus has an almost
perfect spheroidal shape and this can be interpreted in terms of the fact
that the DNA fibrils at the level of puff are equidistantly projected around

the chromosomal axis. In this way the endopolyploid cells from nodules

of T. pratense exhibit many similarities with the polytenic salivary gland
cells in dipteran insects as well as with other structures (embryo suspensor
in Phaseolus for instance). They are the cells which, after & short, very
intense synthesis process, will enter a dead-line of evolution. The endo-
polyploidization associated with polyteny of NO chromosome is the way
for achieving such high rates of synthesis. In such nodule cells, the only
chromosome which appears polytenized is the NO chromosome.

In salivary glands of Rhagoletis and Mycetophila there is a very
interesting phenomenon regarding the organization of nucleolus (Fig. 3
C, D). It is the organization at the level of telomeres of polytene chromo-
somes of some nucleolus-like structures, larger than common nucleoli.
They are known as “Nebennucleoli’” and are connected to the ribosomal
gene amplification phenomenon or to the amplification of other genes.
In Corethra sp; we have found that the nucleolus is centrally located
inside the nucleus (Fig. 3 E), and instances with multiple nucleoli and
nucleolar puffs are sometimes encountered (unpublished results).

In Chironomus tentans, the chromosome IV is the nucleolar-organiz-

ing chromosome (Fig. 3 A, B). The nucleolus is organized at the level of*

giant symmetrical puffs. At the level of the nucleolar-organizing region,
the chromatin fibers are looping from the chromosomal axis and return
to it in precise sites. The nucleolus organization takes place at the end
of the third larval stage and by the end of the fourth larval stage it is
completed. In these insects, like in Bombyx mori and Triturus ovulgaris
oogenesis, typical aspects of ribosomal gene amplification have been
encountered, which result in the appearance of multiple nucleoli. Similar

aspects have also been encountered in silk glands of silk worms. [4].
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Flg 3. — Nucleolus-organizing chromosome in polytene nuclei of sativary—gland cells of
Chironomus Tentans (A, B), Mycetophila garici (C), Rhagoletis Cerasi, (D) and Corethra Sp.
: . (E) larvae. : .
nu-nucleolus ; Nnu — ‘“Nebcennucleoli”. See the text for more details.

It is very important to note that in silk gland cells of Phylosamia
ricini (fig. 4) the endopolyplodization is associated with polyteny of
chromosomes as well as with clear aspects of ribosomal gene amplification
revcia,led by the presence of a rich population of extrachromosomal multiple
nucleoli.
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Fig. 4. — Riboso{mal—vgen‘c amplification expressed by the presence of multiple extra-chromo-
“somal nucleoli in''silkglands of silkworm Phylosamia ricini.
A. A small portion from a polymorphic nuclcus of a silkgland cell with a large extra-chromo--
somal nucleolus (nu), heterochromatin (H) in intimate contact with nuclear envelope and dif--
fuse euchrom'atin (E) randomly distributed inside the nucleus. In the cytoplasm there is a
LA richness of polysomes (P). The cell'is highly ‘synthetising. x 50,000,
B, Nucleolus-organizing chromosome (Chr) from the nucleus of silkgland cell with its nucleolar-
organizing re gion (nor) inintimate structural relationships rwith a part of a giant nucleolus (nu)
This chr-omosome is a polytene one revealing a specific banded pattern with an alternation of'
blocks (ie. bands) which differ in their electron-density (i.e.) differing'in the condensation of
. chromatin fibres). x 65,000. ; (
C. A p.art from a polymorphic nucleus of a silkgland cell in which multiple extra-chromosomal
nucleoli(nu) are randomly distributed. In the cytoplasm there is a richness of rough endoplasmic:
reticulum (RER). X 40,000.
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CONCLUSIONS

Tn all the biological systems we have studied, from Mesokaryota to
higher eukaryotic organisms, the nucleolar-organizing function proved to
be an essential one and is performed in identical ways. It does suggest
that this function is an ancestral one, appearing as a consequence of the
organization of nucleate organisms, remaining unchanged throughout
evolution, any alteration of it being lethal.

All our results are converging to the conclusion that the nucleolus must
be considered mnot as an intranuclear organelle, but rather as a
transient element of chromosomal phenotype. The nucleolus is the result
of the transcription of ribosomal genes, situated in the nucleolar-orga-
nizing region of NO-chromosomes. This conclusion is based also on the
“pucleolus disappearance’”’ in the Prophase-Metaphase of nuclear mitotic
division and its ‘“reappearence’ at the end of the division, especially in
interphase. There is not actually 2 “disappearance’” of nucleolus, but
merely a more or less uniform distribution of nucleolar ribonucleoproteins
throughout the mixoplasm (i.e. the mixture of nucleoplasm and cytoplasm
as a consequence of nuclear envelope disorganization) and this process
will allow an equal partition of ribosomal reserves of the mother cell to
its daughter-cells in the plasmodieresis process. It is very much similar
to the “care” of oocyte to assure a reserve of ribosomal components in the
first stages of zygote evolution when thisis engaged in cleavage divisions,
not in syntheses. This ‘“mother care” at molecular level will lead to the
amplification of ribosomal genes in oocyte due to the fact that the zygote
in its cleavage division period is engaged in rapid divisions, — not in ri-
bosomal synthesis.

REFERENCES

. BROWN, D.D., GURDON, J.B., Proc. Natl. Acad. Sci. USA, 1964, 51, 139.

. BUSCH, H., K. SMETANA, The Nucleolus, 1970, Acad. Press, NewYork, London.

. DuPRAW, E. J,, DNA and Chromosomes, 1970, Holt Rinehart Winston, New York.

. GAVRILA, L., Gr. MIHAESCU, Studiul ultrastructural al amplificirii genice ribosomale.
Al ITI-lea Simposion nalional de CGeneticd, Piatra-Neamd, 29— 30 mai, 1981.

. GAVRILA, L. Cytologia (Tokyo). 1983, 48, 741—748.

. MIHAESCU, Gr., D. MISCALENCU, M. D. IONESCU, Recv. Roum. Biol. anim.,
1979, 24, 1, 23—25.

. MIHAESCU , GR., L. GAVRILA, D. MISCALENCU, M. D. IONESCU, Rev. Roum.
Biol. anim. 1981, 26, 2, 127—130.

8. McCLINTOCK, B,, Z. Zellforsch, 1934, 21, 294,

9. McCLINTOCK, B., Genetics, 1944, 29, 478.

10. MILLER, O. L., The Nucleolus, Chromosomcs and Visualization of Gencetic Activily,

The J. Cell Biol. 91, 3, 158—2785.
11. NAGL, W., Intern. Rev. Cytol., 1981, 73, 21—53.

a0 =

[ A

~1

Received October 5, 1984 Facully of Biolegy,
Genelics Department

Bucharest, Aleca Porlocalilor, 1—3

6—c. 1413 3




FUNCTIONAL SIGNIFICANCE OF CELL STRUCTURES
FROM ROOT NODULES IN TRIFOLIUM PRATENSE

GR. MIHAESCU, L. GAVRILA and D. GEORGESCU

Root nodule cells of 7. pralense exhibit peculiar features of fine nuclear and nucle-
olar structure. They lack heterochromatin and posscss a compact nucleolar
organizing chromosome. These arc highly functionally specialized cells represent-
ing the link between two partners of association : the bacteria of the Rhizobium
genus and the host plant. The ribosomal gene amplification from the nucleolar
organizing chromosome significs a high rate of rRNA transcription nccessary
for cell syntheses. The absence of heterochromatin can be interpreted in terms of
a selective endopolyploidization of functional euchromatin. The heterochromatin
climination during successive cell divisions might be considcred as an alterna-
tive way of selective endopolyploidization. Both phenomena are mechanisms
which lead to an extreme functional specialization of root nodule cells.

The root nodules of legume plants are structures which represent a
result of an abnormal, but harmonious, differentiated and limited tissue
growth, qualitatively different from the other plant organs. The nodule
is a result of the interaction between root cells of the host plant and in-
fecting, nitrogen fixing bacteria of the Rhizobium genus, leading to the most
complex and perfect symbiotic association, in which the plant offers
its photosynthetic carbohydrates, while the bacteria, becoming bacte-
roids, use the energy which results from sugar degradation, to reduce
N, to NH,.

MATERIAL AND METHODS

Efficient nodules were prefixed in 29, glutaraldehide buffer and
postfixed in 19, osmium tetraoxide. After dehydration, the pieces were
embedded in Epon. The thin sections were stained with uranyl acetate
and lead citrate and examinated under a JEM 7 EM.

RESULTS

The central zone of the nodule constitutes its main part. Immedia-
tely after infection the root meristematic cells undergo endopolyploidi-
zation (3), reaching a very large volume (Fig. 1). The bacteroids occupy
the whole cytoplasmic space. The nucleus and vacuole are located in the
central area of the cell. In T'. pratense the bacteroids do not form abun-
dant populations in the nodule cells. Their number is estimated around
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|

‘Fig. 1. — The overall view of nodule cell filled with bacteroids (b). In the nucleus (N), the sole

electron-dense structures arc the nucleolus (NL) and the nucleolus organizing chromosome Fig. 5. — The nucleolus organizing chromosome penctrates almost compltely the nucleolus,
(NO), x 5400. : X 18,500 f
Fig. 2. — The nucleus has close spatial relationships with the vacuole (V). In the center Fig. 6. — Nucleolar body release from nucleolus is taking place (arrow). The nucleolus orga- '
bottom, a bacteroid of Y shape, X% 8 500. ST niiing chromosome is well evidenced, (X) 12 500.
Fig. 3. — Every bacteroid is sorrounded by a fine peribacteroidian membrane (pm), X 18 600. Fig. 7. — A detail of 'a scriate section of Fig. 6. The nucleolar organizer is evidenced along
Fig. 4. — At the periphery of large bacteroids, the invaginations of the plasmatic membramne almost its whole lenght, (x )40,000. }
form numerous clear vacuoles, X 32 000, Fig. 8 —'The nucleolus organizing region is doubled (NO''1 and NO '2), x 8 500.

|
|
|
|
|
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1000 cell (5), and as a consequence the bacterial cells undergo extensive
morphological modifications, frequently having Y configurations (Fig. 2)
and a volume increase of about 30 —40 times. The bacteroidian celf\'vali
Is very thin, reflecting an adaptation to intense molecular exchanges
performed by bacteroids with host cell cytoplasm. Every bacteroid is
sorrounded by a peribacteroidian membrane (Big Sl ])7’&16%8@ nodules
the bacteroidian heterogeneity is an extreme one : there were deseribyex\’
seven morphological types, varying in volume in a 1/40 ratio (6). At ‘the
periphery of large bacteroids there is an extensive vesicular system, which
results from plasmatic membrane invagination (Fig. 4). It has been aésumed
tl}at here are localized bacteroidian enzymes for respiration, which proytect
nitrogenase against the inhibitory effect of high oxygen concentrations
(4). The nuclear material of bacteroids is not evidenced due to i'tg
scattering throughout the cytoplasm. J

The most distinctive structural peculiarity of nodule cells is re-
lated to nucleus. Its dimensions are large and it frequently exhibits
numerous indentations. The nucleus establishes close spatial relation-
ships with bacteroide and vacuole (Fig. 2). The chromatin is (xtensively
decondensed, having, at the ultrastructural level, a granulo-fibrillar apL-
pearence (Fig. 1). The sole chromatin structure which retains a condensed
state is the nucleolus-organizing chromosome, which frequently pehe—
trates the hypertrophied nucleolus (Fig. ). Often multiple nucleoli
are eyiglenced. The structural relationships of the nucleolus with its
organizing chromosome are so close (Figs. 5—7 ) that nucleolar compoi
nents might be considered as the activity product of ribosomal genes
rather than an intranuclear organite in its common sense. It is p(issiblé
that a nucleolar organizing chromosome should organize two nucleoli
but ’phe reverse situation, in which two nucleolus organizing chromosomeé
are imvolved in the organization of the same nucleolus (Fig. 8), is also
common.

DISCUSSIONS

One can imagine the functional root nodule as a miniature ammonia
factory. It receives the carbohydrates from the vascular system of the
host plant, which are used by bacteroids to obtain the necessary energy
for the nitrogen reduction. The combined nitrogen which results from
reduction is transferred into the vascular system of the host plant. To
function at high parameters, the nodule cells undergo a specialization by
aa_fnpliﬁcation of the genes which direct cell syntheses, as well as of the
ribosomal genes (rDNA). It might be possible that such a process has
been accompanied by an elimination of unfunctional genes, located at the
level of heterochromatin. The ribosomal genes, i.e. rDNA, by amplifica-
tion, constitute a compact structure having close relationships with the
nucleolus. Their amplification is firstly the result of the endopolyploidiza-
tion process of root cortex cells, at the beginning of infection. On the
other hand, the extrareplication of ribosomal cistrons localized in nucleolar
organizing region cannot be rulled out. This assumption relies on the
fact that sometimes the nucleolus organizing region is multiplied (Fig. 8)
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The hypertrophy of single or multiple nucleoli signifies the exis-
tence of intense rRNA transcription processes as well as assembly of ribo-
somal subunits, necessary for protein syntheses from nodule cells. There
are enzymes which perform the cleavage of sucrose in glucose as well
as those which couple the ammonia excreted by bacteroids, with carbon
chains from which the aminoacids are synthesised (1,2). The ammonia
can be transferred into the vascular system of the host plant as ureides,
amides, ete. (7, 8).

The absence of heterochromatin from nodule celle is a peculiar as-
pect of gene regulation. It is possible that endopolyploidy is selective.
and the extrareplication process is limited only to the genes involved in
nodule activity. On the other hand, one cannot rule out an elimination
process of heterochromatin in the initial divisions of the meristematic
cells from which the nodule is formed. The total absence of heterochro-
matin can be interpreted as facilitating nucleo-cytoplasmic exchanges
in the celle of functional nodule.

As a conclusion, the nodule cells are highly functionaly specialized,
to serve as an intermediary step in the symbiosis between bacteroids
and the host plant.
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NOTES BRYOLOGIQUES

RELICTES DANS LA FLORE DE ROUMANIE
11

HELODIUM BLANDOWII (Web. & Mohr) Warnst., Krypt. Fl.
Brandenburg, 1905.

Lessynonymes appartiennent (4- chronologiquement) aux gen-
res Hypnum, Thuidium, Helodium, dont nous mentionnons : Hypnum lana-
twm Stroem. (1791), H. affine Crome (1806), H. blandowit Web. & Mohr
(1807), Sturm (1809), H. lanatum Stroem. ex Brid. (1819), H. filicinum var.
lanatum Brid. (1827), H. laricinum Wils. in Hook. & Arn. (1831), H. abie-
tinum var. paludosum Wahlenb. (1831), Meyl. (1921) ; Thuidium blandowii
(Web. & Mohr) B., 8. & G. (1852), T'. lanatum Hagen (1897, 1907), 7. lana-
tum (Brid.) Hagen (1897), T'. lanatum (Stroem). Hagen (1897), 7. pseudo-
abietinum Kindb. (1902), T'. lanatum (Stroem.) Moenk. (1927) ; Helodium
lanatwm Stroem. (1791), H. lanatum (Sull.) Warnst. (1905), H. lanatum
(Stroem.) Broth. (1908, 1925), H. lanatum (Brid.) Broth. (1908) et autres,
nom. illeg., parmilesquelles les dénominations suggestives qui rendent ’as-
pect morphologique, avec 1’épitheéte spécitique de lanatum et écologique
sous celui de var. paludosum.

Dans la flore de I’Amérique du Nord, par A. J. Grout (III, 4, 1934,
p. 180) est connue U'espece Helodium paludosum (Sull.) Aust. (1870), départ.
Ohio (Gray Herb. Harvard University), étant décrite aussi la var. helolo-
dioides (R. & C.) Grout (1929).

Au sujet des synonymes de ’espece Helodium blandowii, voyez les
notes infrapaginales 3 — 4 (p. 238 — 239) (Tr. L. Stefureac, 1956), ouvrage
olt ’on apporte en méme temps de nouvelles précisions et certains complé-
tements morpho-anatomiques a sa diagnose. Lies données se réferent sur-
tout & nos observations de terrain et d’analyse, quantitative et qualitative,
de D'espece Helodium blandowii de toutes les stations connues jusqu’a pré-
sent en Roumanie.

Le genre Helodiwm Warnst. nom. cons., comprend 4 especes frig.-
temp. * dont une seule est représentée en Kurope, comme chez nous : H.
blandowit, fam. Thuwidiaceae Kindb., sous-fam. Helodioideae d’aprés Bro-
therus — 1925 (sect. Hlodium Sull., ou sous-genre Thuidielle Schimp.).

I’habitus de l'espece a, du point de vue macroscopique, des
ressemblances avece Abietinella abietina (Hedw.) B., 8. & G., se distinguant
par des tiges et des feuilles molles (non pas raides ou épineuses). Mais elle
différent, morphologiquement et écologiquement, car elles croissent, hygro-
philes, en touffes - compactes ou isolée parmi d’autres mousses, 5 — 10
(20) cm en hauteur, faiblement luisantes, d’un vert foncé, dans des lieux om-
bragés et vert-jaunatre, jaunitre ou bien souvent jaunes-brunes, dans des
marais -4 ouverts ; mousse pléurocarpe, & croissance en général érecte
(touffes denses), tiges simplement pennées, ramifiées régulierement ou es-
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Ppacées (comme chez Ctenidiwm, Ptilidium etc.) ; les feuilles caulinaires
grandes, + cordiformes, larges & la base, légérement pliées, révolutées aux
bords et la nervure arrivant au deld du milieu de I, lamine ; elle présente,
comme caractere specifique a la base des feuilles, ainsi que sur les tiges et
sur les rameaux, de nombreux paraphylles filiformes (blancs-bruns) longs
et abondamment ramifiés, couvrantla tige d’un feutre dense (lanatum), carac-

Fig. 1. — Helodium blandowii (Web. & Mohr) Warnst, a — habitus

gamétophyte et sporophyte); Db — feuille caulinaire avec dcs para-

phylles ; ¢ — cellules du milieu de la lamine pourvues de papilles sur Ia

partie dorsale (abaxiale), sousterminal ; d — coupe (p.p.) par la fcuille

caulinaire avec des papilles; e — feuille raméale ; f — capsule avee 1'o-
percule (Tr. I. Stefurcac, 1956).

tere adaptatif hydrique; les cellules du milieu de la lamine, des feuilles

es tiges, sont 7—9 fois plus longues que larges (4- transparentes), sur la
partie inférieure (adiaxale), presque lisses, mais prévues sur la partie dor-
sale (abaxiale), sous-terminalement, d'une papille conique allongée, obli-
que ou droite, simple ou ramifiée ; les feuilles raméales ovales, beaucoup
pl}ls petites, briévement acuminées, faiblement denticulées et 1égérement
pliées avec la nervure jusqu’au milieu de la lamine (fig. 1).

Espece monoique ; la capsule, relativement fréquente, grande (avec
le pedicelle & 3 — 5 cm), sous-horizontale, oblique-cylindrique-allongée,
arquée, étranglés sous Porifice, brune ; ’opercule conique, petit, aigu ou
bref rostré, anneau large ; les dents externe du péristome longues, jaune-
oranges, celles internes jaunatres, complétes ou étroitement perforées, les
cils bien développés ; les spores 10 — 16 w avec le sporoderme net ou fine-
ment papilleus, jaunatre, jusqu’au vert-olive faible ; la maturation en juin-
juillet (fig. 1). n = 12 me (Holmen 1958) — Danemark (R. Fritsch — 1982).

. Ecolo giquem ent, Helodium blandowii est un élément hygro-
phile, photophile et - sciaphile, terricole, turfophile, acidophile, le pH de
la tourbe entre 5,0 et 6,0, rarement sous ou au-dessus de ces valeurs, avec
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une relativement légére amplitude ; les altitudes entre 700 et 1300 m
s.m. avec des variations d’environ 5 — 600 m, constituant, en général, un
élément monozonal (némoral) de la zone des foréts de Picea abies, Pinus
sylvestris, Alnus incana, plus rarement Lagus sylvatica, avec des marais
tourbeux eutrophes, de transition et avec quelquefois des sources miné-
rales, comme dans les aunaies - acides jusqu’d faiblement alcalines, sur
un sol tourbeux marécageux ; mentionné sporadiquement (Alpes) dans des
marais calcaires (H. Gams).

Bryocénologiquement, dans les stations de Roumanie
Helodium lanatum est associée & de nombreuses especes de Sphagnum (S.
warnstorfit, S. rubellum ete.) ainsi qu’ & d’autres mousses ayant -+ la méme
€cologie (semblable p. p. dans les pays de I"Furope du Nord), telles que :
Homalothecium nitens  (Tomenthypnum nitens), Aulacommnium palusire,
Drepanocladus vernicosus, étant décrite (Lucina) I'association avee Helo-
dium blandowii Stefureac 1956, est Vass. Helodietum blandowii ass. nova
corr. Stefureac 1985, de la phytocénose relictaire avec Ligularia sibirica,
Calamagrostis neglecia et autres. Mais particulisrement caractéristiques et
uniques dans notre pays sont les bryocénoses relictaires (Dragoiasa-Palti-
nig) ou Helodium lanatum est associde avee Sphagnum wulfianum, Pseu-
dobryum cinclidioides, Homalothecium nitens (et, a proximité, Sphagnum
balticum), qui constitue ass. Sphagneto (wulfiani) — Helodietum turfosum
ass. nova. A remarquer en méme temps le fait que dans cette station (1020
—1030 m s.m.), Helodium blandowii connait, par endroits, dans les bryo-
cinoses avec Carex appropinquata, Angelica sylvestris, Lingularia sibirice
et autres, un développement optimal avec une croissance de 20 — 25 cm
et avec la zonation caractéristique, évidente, du processus de tourbification
(comme chez Sphagnum) ; toujours dans cette station ce relicte a pu étre
identifié aussi comme sous-fossile dans les dépots de tourbe (& une profon-
deur de 50 em) et cela, sur la base des caractéres morpho-anatomiques de
la tige, absence du faisceau central, et autres.

Du point de vue phytocénologique, les bryocénoses avee
Helodium blandowii de notre pays appartiennent fréquemment & 1'ass.
Alnetum incanae Aich.& Siegr. 1930, Al. Alno- Padion Knapp 1942 em.
Medwecka Korna$ 1959, par endroits et & I’ass. Scirpo- Phragmitetum W.
Koch 1926 (s. 1.) sphagnetosum So6 1926. Fréquemment Helodium blandowis
se trouve dans les cénoses a Salix cinerea, S. aurita, Betula pubescens, Ainus
tnoana, Picea abies, Pinus sylvestris, Fagus sylvatica, plus rarement Rhamnus
Jrangula et quelquefois dans le voisinage de Alnus viridis (Maramures)
& une basse altitude, d’environ 700 m s.m. , especes qui indiquent de méme
le caracteére relictaire boréal.

Corologiquement, Helodium blandowii a été découverte
jusqu’a présent dans la bryoflore de Roumanie (1903 — 1980) et surtout,
pendant les derniéres décennies dans 10 stations (fig. 2), la majorité dans la
partie nord-carpatique du pays, représentant un élément -- monozonal
dans les formations sylvestres montagneuses (némorales) de trois provinces
floristiques : 6 stations en Bucovine (départ. de Suceava) ; Cosna, Lucina,
Drigoiasa-Piltiniy, Richitisu Mare, Valea Stinii, Cristisor; 2 stations en
Maramures (départ. de Maramures) : THul Mordrenilor et le marais « La
Tdcinoasa»; et 2 stations en Transylvanie : Sicirimb-Monts Apuseni
(départ. de Hunedoara) et les Monts Bodoc (départ. de Covasna). Considé-
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rée d’abord trés rave, cette espéce relicte a été, ultérieurement, découverte
plus fréquemment dans certaines régions de notre pays, peu étudiée par
ses bryologistes.

Du nombre total des stations & Helodium blandowii de Roumanie, ce
taxon a été trouvé dans une station par M. Péterfi et dans une station par

® Helodium
blandowii

fi>
O i
- 006‘4 i
G a7 £}

Fig. 2: ity Esquisse corologique avee I'indication des slations avee Helodium blandewii (Web.
& Mohr) Warnst. dans les Carpates de Roumanie, connuces jusqu’a 1980 (orig.)

A. Boros, et plus tard dans 6 stations par Tr. I. Stefureac, et dans une st
tion par L. Lungu. Quelques-unes des premiéres stations (Sécarimb, Cosn

Q-
18)
et surtout celles de Lucina sont notées aussi par E. Pop dans son études de
synthese sur les marais de tourbe de Roumanie (1960).

Enumération corologique (chronologique) des stations
ayant Helodium blandowii de Roumanie :

1. Sdcdrimb (sous Thuidium blandowii), dans un petit marais sousla
colline Haitéu, commune Certeju de Sus, & la limite sud-ouest des Monts
Apuseni (départ. de Hunedoara), 700 m sm., (—c), leg. M. Péterfi 1899
(publié en 1903, 1903 —1904), vu dans « Herb. Péterfianum » de 1'Herb. du
Musée Nat. des Transylvanie (nr. 13023, leg M. Péterfi, 21. VI, 1899) ; dis-
parue, n’ayant plus été retrouvée dans cette station (Tr. I. Stefureac, 1935),
mais certaines especes de sa - bryocénose étant conservées, par fragments,
sporadiquement : Homalothecium nitens, Aulacomnium palustre et méme
des traces de Sphagrum sp.
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2. Cosna, ruisseau Tesna (sous Thuidium lanatum), marais tourbeux
du bassin de Dorna (départ. de Suceava), 889 m s.m. (sporadiquement
-+ ¢), rarement dans des touffes pures d’habitude parmi d’autres mousses :
Homalothectum nitens, Meesea triquetra, Drepanocladus vernicosus ; lieu
insuffisamment préeisé, (preés de Cosna), leg. A. Boros, 1942 ; signalée aussi
par nous dans le marais de Podul Cosnaei (Tr. I. Stefureac, 1960).

3. Lucina, complexe de marais tourbeux (europhes et oligotrophes)
des plateaux « Obcina Mestecanis » (sous Helodium lanatum), commune Mol-
dova Sulita (départ. de Suceava), dans plusieurs stations : vallée de Camni-
onca (sous le mont Chicera), la vallée de Hostinet et dans les marais du pied
de la colline Stirbu et autres ; pH 4,5 — 5,0, altitude 1026 — 1300 m §. m.,
(fréquemment -+ ¢), a la plus grande altitude du pays, leg. Tr. I. Stefureac
(1951, 1953 ete., publié en 1956, 1958), en association avec Sphagnum warn-
storfit, S. rubellum, Homalothecium nitens, Drepanocladus vernicosus et
autres, analysée phytocénologiquement (voyez sa bryocénologie).

4. Drigoiasa-Paltinis (sous Helodium lanatum), du bassin de Dorna,
(départ. de Suceava), dans le complexe de marais tourbeux intracarpati-
ques Dragoiasa —Bilbor — Borsec (« Triconfinium» entre la Bucovine, Ja
Moldavie et la Valachie), dans plusieurs stations, altitude entre 1020 et
1030 m s.m., (+ c), leg. Tr. I. Stefureac (1962, 1963, 1967, etc.), en associa-
tion avec Sphagnum wulfianum, Pseudobryum cincildioides etc. (voyez sa
bryocénologie), formateur de tourbe, identifié et sous-fossile.

5. Réchitisu Mare (Dealu Glodu) (sous Helodium lanatum), village
Benia, commune Moldava Sulita (départ. de Suceava), a I'altitude d’envi-
ron 1000 m s.m., (4 ¢), dans une petite aulnaie montagneuse avec Alnus
ncana, Saliz cinerea ete., sous la réserve naturelle, avec Arclostaphyllos
wva-ursi des phytocénoses avec Pinus sylvestris sur le serpentin, leg. Tr.
I. Stefureac (1967, 1968, 1970 ete).

6. Valea Stinii (sous Helodium lanatum), dans la ravine entre Fundu
Moldovei et Cirlibaba (départ. de Suceava), marais tourbeux avec Picea
abies, Betula pubescens et sporadiquement Pinus sylvestris, altitude 1100 m
8. m., isolée et rare, (— ¢), parmi d’autres mousses, station ott ’on a iden-
tifié aussi Sphagnum wulfienum, leg. Tr. 1. Stefureac (1960, 1968, 1969,
1970).

7. Cristigor-Neagra Brostenilor, Jes Monts Bistrita (départ. de Suceava)
(sous Thuwidium lanatum), trés rare, marais tourbeux avec Alnus inca-
na, peuplé ou nen d'épicea, altitude 815 m s.m., leg. L. Lungu (1971).

8. Tdul Mordrenilor (départ. de Maramures) (sous Helodium lanatum),
en aunaie avec Alnus incana et Rhamnus frangule, marais eutrophe sous
la montagne Gutii, & 800 m s.m., (+ ¢), ayant tout prés Alnus viridis (a
une petite altitude, environ 700 m s.am.), leg. Tr. 1. Stefureac (1971,1974
ete.).

9. Marais « La Técinoasa » (départ. de Maramures) (sous Helodium
lanatum), dans plusieurs stations, (-4 ¢), marais tourbeux a l'altitude de
800 m s.m. en association avec Alnus incana, Saliz cinerea, Ligularia stbi-
rica, Molinia caerulea, Sphagnum contorium, Aulacomnium palustre ete.
leg. Tr. I. Stefureac (1971, 1974).

10. Les Monts Bodoc de la Courbure des Carpates (sous Helodium
lanatumn), marais tourbeux (« Bufogé »), au nord du mont Puturosu (« Bii-
dds ») (départ. de Covasna), altitude 925 m s.am., (- c¢), dansJa zone avec
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Fagus sylvatica ; dans une station, leg. Al. Kovics, det. Tr. I. Stefureac (1975)
et dans deux stations (1967, publié en 1977), leg. Tr. I. Stefureac et Al.
Kovaes.

Sous ’aspectaréalo graphique, Helodium blandowii représen-
te un élément phytogéographique, circumpolaire boréal, relicte sous-are-
tique glaciaire (Th. Herzog), prépondérant dans les zones arctiques jusqu’en
Groenlande, 1épandu aussi en Hurope surtout au nord (Bretagne du Nord,
Belgique, Danemark, Scandinavie, surtout la Finlande), Asie du Nord, —
Sibérie du Nord jusqu’en Kamts chatka et Sakhaline avec sa limite boréale
de 6820 (en Norvégie 5 70°30"). Sporadique dans PEurope centrale (Alle-
magne, Suisse et autres) et de I'Est ( Roumanie, Hongrie, Tchécoslovaquie,
Pologne). La limite sud de 1’aréal général est dans Tes Alpes suisses (tres
rarement, —c) dans le marais Saas-Fed (canton Wallis, I. Amann, 19 4)

2 70°30’ Jatitude nord, comme en Allemagne (Vogelsherg de Rhon, apres
G. Roth).

En Roumanie, Helodium blandowii se trouve dans les stations de
Lucina (Bucovine), & 47°39" Iat. n. et 25° 12 Jong. est ; toujours 4 Ja limite
sud elle se trouve & Sicirimb (Monts Apuseni), lat n. 45°50’ et long. est
23°5" et dans les Monts Bodoc en Transylvanie, lat. n. 45°55" et long. est
25°54" comme les plus méridionales de notre pays, étant signalée, dernie-
rement aussi en Bulgarie (SL. Petrov, 1955, sous Thuidium lanatum). Tout

cela représente des stations de la frontiere du sud, carpato-balcanique, de
Paréal général de ce relicte sous-arctique glaciaire.

La documentation paléontologique atteste plus fréquente dans Ia
végétation quaternaire (H. Gams) dans les régions exposées aux glacia-
tions. En Roumanie, elle est conservée surtout dans certaines réserves na-
turelles du coté nord-carpatique (Bucovin, Maramures) telles que : Lucina,
Drigoiasa-Piltinig et Réchitisu Mare (départ. de Suceava) et THul Mor-
renilor (départ. de Maramures).
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