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DETECTION OF NATURAL BIOANTIMUTAGENS BY BACTERIAL
SHORT-TERM TESTS
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Stevic, T., Vukovié-Gacdié, B., KneZevic-Vukcevid, ., Jankov, R.M.
and Simic, ). ( 1992-1993 3): Detection of natural hwmzmnum”('m by bacte-
rial short-term tesis. — Gilasnik Instituta za botaniku i botanicke baste
Univerziteta u Beogradu, Tom XXVI-XXVI, 1 - 6.

Antimutagenic activity of COg reextract of the cultivated sage
containing terpenoid fraction, detected in I, colf-repair proficient strain,
was tested using S. fyphimuriun/microsome assay (Ames test). There was
no effect on spontancous and UV-induced mutations in TA98 strain. The
reduction of UV-induced mutation frequency was observed when tested
with TAI00 strain with metabolic activation. Possible reasons for the
descrepancy between results obtained with E. coli and S. typhirmurium test
systems are discussed.

Key words:  short-term tests, Ames test, antimutagenesis, sage
extract.

Klju¢ne reci: kratkoro¢ni testovi, Ames-ov test, antimutageneza,.
ckstrakt Zalfije.
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INTRODUCTION

Evaluation of different biological activities of extracts of various plants is directed
to several principles: antimicrobial activities, antimutagenic/anticarcinogenic activities
(Kuroda etal, 1990) and the direct effect on some specific tissues. The present data
on mechanisms of inhibitors of mutagenesis/carcinogenesis, although still fragmentary,

“provides an extremely useful scientific premise for the primary prevention of mutation-
related diseases.

According to Kada et al, (1982, 1986) antimutagenic and anticarcinogenic
clfect can be achieved by means of three mechanisms: (i) by increasing the fidelity of
DNA replication, (i) by favoring error-free repair of DNA damage, (iii) by inhibdting
error-prone repair systems. For some antimutagenic agents mechanisms of mutagene-
sis inhibition are known: cobaltous chloride increases the fidelity of DNA replication
and enhances recombination repair, sodium arsenite inhibits the umu(’ gene expres-
sion and enhances error-free repairinbacteria(Nunoshiba & Nishioka, 1987).
The antimutagenicity of cinnamaldehyde, coumarin, umbelliferone, vanillin and tannic
acid is ascribed to promotion of error-free DNA damage repair (Kada et al., 1986;
Shimol etal, 1985). There is also considerable evidence for antimutagenic effect of
many naturally-occurring compounds in bacterial (Kuroda & Inoue, 1988;
Kuroda, 1990) and mammalian testsystems (Bo o tman etal, 1988), although the
underlying mechanisms are still obscure.

The bacterial short-term tests, .routinely used to detect environmental mu-
tagenes, are recomended for identifying antimutagens. In addition to their rapidity and
low costs they provide considerable information about cellular and molecular mecha-
nisms of mutagenesis and antimutagenesis. Combined with activation systems, they can
even provide information about the kind of metabolic activation or detoxification that
the agent may undergo in vivo.

In this work we tested antimutagenic effect of COz reextract of cultivated sage
(Salvia officinalis 1..) containing terpenoids in the Salmonella typhimurivm mmutageni-
city test (Ames test). This test is recomended by OECD (Organization for Economic
Co-operation and Development, 1986) and is widely used in environmental mutageni-
city testing.

MATERIAL AND METHODS

Strains. Salmonella typhimurium strains were TA98 (hisD3052rfutuvr3
/pKM101) and TAL00 (hisG46 rfa AuvrB/pKM101) (Ames etal, 1975).

S. typhimurium mutagenicity assay medium was 1.5% Difco bacto agar and 2%
D-glucose in Vogel-Bonner mediumE (Maron & Ames, 1983). Top agar contain-
ing Difco bacto agar (6 mg/ml) and NaCl (5§ mg/ml) was supplemented with 0.05 mM
biotine and 0.05 mM histidine.

S9 mix. S9 faction was isolated from the liver of Albino Wister male rats (170-180
g) induced with pheno-barbital/B-naphtho flavone (Garner et al, 1972). §9 mix
contained 4% (v/v) 89 fraction, 33 mM KC1, 8 mM MgClz, 5 mM glacose-6-phosphate
and 4 mM NADP in 0.1 M phosphate buffer pH 7.4.

S. typhirnurum assay. The overnight culture of S. typhimurim strain was washed
by centrifugation and resuspendend in 0.01 M MgSO; giving a similar titer. UV-irra-
diation conditions were the same as described previously (S imi ¢ etal., 1985). Samples
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(0.1 ml) of UV-irradiated cells were added in 2 ml of molten top agar with or wihtout
59 mix (0.5 ml), mixed and poured onto minimal ghicose agar plates with or without
sage exstract. After incubation at 37°C for 48 h the number of His” revertants was
determined and the presence of the background lawn on all plates was confirmed.

Preparation of sage extract. Salvia officinaliy 1. cultivated in Backi Petrovac
(Vojvodina), collected during the flowering period 1992. was dried, ground and sub-
jected to extraction and COz reextraction as described previously (D armati et al,
1993). The COz exiract was dissolved in ethanol just before use and diluted with
distilled water.

RESULTS AND DISCUSSION

In our previous work (Vukovié-Gacié & Simié, 1993) we designed
Escherichic coli K12 assay-system for detection of bioantimutagens, factors whick
reduce the apparent spontaneous and induced mutation frequency by interfering with
cellular processes of mutation fixation (Kad a etal., 1985; Kuroda, 1990). The set
of tester strains consists of a) SY252 repair proficient strain for detection of induced
reversions, b) isogenic mutator strains deficient in methyl-directed mismatch repair
(muetH, mutl, mutS and wvrD3) for detection of spontancous mutations, ¢} isogenic
repair proficient strain carrying sfid.-lacZ fusion for measuring the level of SOS
induction (induction of mutagenic SOS repair). The inhibition of spontancous and
LIV-induced mutagenesis was studied by reversion of argE3 ochre mutation which can
occur by base substitution, mostly at A:Tsites (Todd et al., 1979).

To exclude desmutagens, factors which act directly on mutagens or their precur-
sors and inactivate them (K a d a etal., 1982), we used UV-irradiation as muiagen. The
assay-system was validated using model bioantimutagens, cobaltous chloride and
tannic acid. ,

With a set of newly constructed E. coli strains we have carried out a comparative
screening for natural antimutagens from various medicinal plants. The refractory
antimutagenic capacity was obtained with nontoxic concentrations of 9 extracts (St.
John’s wort, thyme, aloe, camomile, nettle, mint, lime-tree, sage and X-tea), depending
on the bacterial strain used and the concentration of the extact applied (Vukovié-
Gaci¢ &Simié, 1993) illustrating the complex situation which is expected for the
whole extract.

Furhter study was performed with CO; reextracts of cultivated and wild sage
containing terpenoids. Among three extracts tested only extract of cultivaied sage,
prepared without steam distillation prior to ethanolic extraction, suppressed UV-in-
duced mutagenesis in £ coli repair proficient strain (Simié et al, 1994).

To test the sage extract with antimutagenic activity in £ coli we used S. 1yv-
phimurium tester sirains which detect frameshift mutations (TA98) or base substitu-
tions mostly at G:Csites (TAI0) (Maron & Ames, 1983). The experiments were
carried out with or without addition of microsomal fraction of rat liver (S9). The
presence of metabolic activation enzymes in the test system enables transformation of
extract compounds and mimics the situation in mammalia.
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Tab. 1. - Effect of sage extract on spontaneous and UV-induced mutations in TA98

strain
Sage extract His™* revertants/plate
(ng/plate) -S9 +59
UV +UV %1 -UV  +UV el
0 41 213 26 307
50 30 227 -6 34 233 12
75 28 231 -17 36 303 2
100 36 232 -8 38 307 0
150 40 241 -13 34 275 11
200 64 222 4 29 291 5

UV dose was 6 J/m?.

The numbers represent the average of duplicate plates.
%l = 1 - (Nt/Nc) x 100

Nt ~number of mutants/plate with sage extract;

Nc - number of mutants/plate without extract.

The effect of sage extract on spontaneous and UV-induced His" revertant
colonies in TA98 strain is shown in Tab. 1. The extract is without significant effect on
spontaneous and UV-induced -frameshift mutations, neither with S9 fraction nor
without. '

Tab. 2. - Effect of sage extract on spontaneous and UV-induced mutations in TA100

strain
Sage extract His™ revertants/plate

(ng/plate) -S9 +S9

-Uv +UV % 1 -Uv +UV = %l
0 172 1636 126 2312

50 134 1744 -7 126 1530 34
75 181 1644 0 133 1684 27
100 171 1560 5 131 1563 34
150 142 1388 15 131 1455 37

200 124 1510 8 132 1320 43

UV dose was 6 J/m”.
The numbers represent the average of duplicate plates.
%1 was calculated as in Table 1.

Moreover, in TA100 strain, detecting base substitution as SY252 stain, UV-in-
duced mutations were not reduced in the absence of S9 fraction (Tab. 2). This result
may be due to lack of excision repair in S. typhimurium strains which would prevent
detection of antimutagenic agents enhancing excision repair. Further study wigh repair
proficient S. typhimurium strains could validate this hypothesis.
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Interestingly, in TA100 strains UV-induced mutations were reduced about 40%
when extact was exposed to metabolic activation (Tab. 2). It is already established that
this sage extract contains a variety of terpenoids (Darmati et al, 1993) and it is
possible that in S. typhimurium TA100 strain we detect different compounds which
require metabolic transformation for antimutagenic activity. The study with purified
terpenoids is under the way.
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TATJANA STEVIC, BRANKA VUKOVIC-GACIC, JELENA
KNEZEVIC-VUKCEVIC, RATKO M. JANKOV*, DRAGA SIMIC

DETEKCIJA PRIRODNIH BIOANTIMUTAGENA POMOCU KRATKOROCNIH
BAKTERIJSKIH TESTOVA

Institut za botaniku i Botanicka basta , Jevremovac”, Bioloski fakultet, Beograd
*Katedra za biohemiju, Hemijski faklutet, Univerzitet u Beogradu

U divljem soju E. coli otkrivena je antimutagena aktivnost CO2 reckstrakta
kultivisane Zalfije koji sadrZi frakciju terpenoida. U ovom radu za detekciju antimu-
tagene aktivnosti C(); reekstrakta Zalfije koriscen je S. typhimuritum/mikrozom test
(Ames-ov test). U soju TA9R nije utvrden efekat na spontanu i UV-indukovanu
mutagenezu, a u TA100 soju utvrdeno je smanjenje frekvence UV-indukovanih mu-
tacija u prisustva mikrozomalne frakcije Celija jetre pacova. Navedeni su i diskutovani
mogudi razlozi koji su doveli do razlititih odgovora u . coli i 8. typhimurium test
sistemima.
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VINTERHALTER

IN VITRO PROPAGATION OF CATALPA OVATA G. Don AND CATALPA
BIGNONIOIDES Walt.

4"

Institute for Biological Research, ,Sini§a Stankovié,” Belgrade

Manojlovié, M., Vinterhalter, B., Vinterhalter, D. (1992-1993): In
vitro propagaetion of Catalpa ovata G. Don and Catalpa bignonioides Wall
- Glasnik Instituta za botaniku i botanicke baste Univerziteta u Beogradu,
Tom XXVI-XXVIL, 7 - 14.

Shoot cultures of Catalpa ovata and C. bignonioides were started
from epicotyls of aseptically germinated sceds and maintained on Mu -
rashige andSkoog (1962) based medium. Optimal BA concentration
for shoot multiplication was 0.5 mg'1 for C. ovata and 1.0 mgl'1 for C,
bignonioides. IBA had little effect on shoot multiplication and 0.1 mgl
was considered optimnal for both species. Shoots of C. bignorioides were
more then twice longer than shoots of €. ovaia on all BA concentrations
exceeding 0.1 mgl ™. Shoots 1.5-2.0 cm long could be easily rooted, media
supplemented with 0.5 mg]'1 IBA was considered optimal. Rooted plan-
tlets were adapted in glasshouse after planting in mixtures of peat, sand
and organic manure.

Key words: in vitro, propagation, shoot cultures, Catalpa ovata G.

Don., Catalpa bignonioides Walt.

Kljuéne reci: in vitro, razmnoZavanje, kulture izdanaka, Catalpa

ovata G. Don., Catalpa bignonioides Walt.
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INTRODUCTTON

Genus Catalpa of the Bignoniaceae family contains about 10 species of trees
which are planted as ornamental plants or in timber plantations (Bailey, 1949). C.
bignonioides Walt. is native to North America and . ovata Don, to East Asia (China,
Japan). They can be distinguished by color of flowers; C. ovata has yellow flowers
striped orange and spotted dark violet whilst C. bignonioides has white flowers with two
vellow stripes inside and spotted purplish-brown. Both species are characterized by
very large, hart shaped leaves. Decorative appearance of these specimens is enhanced
by fruits which are large, up to 40 ¢m long pods. Leaves, flowers and fruits are known
to contain pharmacologically active substances like catalpol and catalposide which have
diuretic properties. Bruised leaves of C. bignonioides emit an unpleasant odor.

In this paper we present results on the investigation of in vifro methods suitable
for clonal propagation of C. ovate and C. bignonioides. In viiro propagation of C.
bignonioides has been elaborated by Wysokinska and Swiatek, 1989.

MATERIAL AND METHODS

Seeds of both species were collected from trees é,mwmg, in Betanical garden,
Belgrade. Seeds were surface steriliezd for 20 min in 10% solution of commercial
bleach (4-5% NaOCl) to which few drops of liquid detergent have been added. Sceds
were throghly washed in autoclaved water and than germinated on moist filter paper
in small petri dishes, 5 seeds per plate. After first signs of germination, seeds were

transferred to agar solidified medium, individually in 10 X 100 test tubes. lhxs medium
was either hormone-free- or supplemented with 1.0 mgl BA and 0.2 mgl’ VIBA. Aftter
proper germination, epicotyls were excised and first true subculture was performed.

Medium used in all experiments comprised Murashige and Sk 008 (1962)
inorganic salts, vitamins and inositol. 1t was modified to contain 0.4 mgl vndmm By,
2.0% sucrose and 0.62% agar. Media was autoclaved for 20 min on 114-115°C, Ph was
adjusted to 5.5-5.7 prior to autoclaving. Culture vessels used for shoot multlphcdlxon
were 100 mi wide neck Erlenmeyer flasks containing 40 ml of medium or 150 ml
transfusion bottles containing 50 ml medium. Both types of culture vessels were closed
by cotton wool plugs. Conditions in the growth room were 16/8 hours light to darkness,
irradiance 5.0-7.2 (10.) Wm'* provided by cool white fluorescent lamps. Temperature
in the growth room was adjusted to 25 + 2°C.

Multiplication index — parameter used 1o evaluate propagation rate corresponds
10 the number of new propagula (shoots explants) produced by a single shoot explant
during subculture lasting for 4 weeks, which can be used for further subculturing.

Rooting was performed with shoots 1.5-2.0 cm long. Rooting results were scored
after 4 weeks. Planting substrate was prepared from mixture of peat, sand and ,,Beo-
humus” (organic manure). Adaptation and further cultivation of rooted plantlets were
performed in glasshouse. Transferred plantlets were frequently sprayed with 0.3%
Venturin to prevent damage by fungi.

All experiment were repeated at least twice with no less than 24 replicates per
treatment.
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RESULTS

Experiments were started in spring 1989. Surface sterilization of seeds was
successful and the number of seeds found to be contaminated on sterile filter paper
was practically nil. Some inborn bacterial contamination were found later specially in
C. ovata. Upon transfer to agar solidified medium germination was fast and first true
subculture which included excision of epiocotyl was performed after three weeks. On
vhurmonc free medium, epicotyls were long but lcrmmdl buds often perished from
necrosis. On medium with 1.0 mgl BA and 0.2 mg,l IBA epicotyls were short but
healthy, and therefore they were used for establishment of shoot cultures.

From second subculture cplcotyl explants of both species were transferred to
medium supplemented with 0.5 mgl BA and 0.1 mgl IBA, which was previously in
our laboratory found to be suitable for maintenance of shoot cultures of a number of
dicotyledonous tree species including; apple, quince, mulberry, carob, various Prunus
species and other. Preliminary results showed marked differences in the growth of two
Catalpa species. Whilst growth of C. ovata was satisfactory, shoot multiplication of C.
bignoinioides was low and shoot length unusally high. To investigate the optimal BA
concentration for maintenance of shoot culture stocks of both s;luccics, experiments
were performed in which BA concentration was varied (0-2.0 mgl™) and IBA concen-
tration was at constant concentration 0.1 mgl™! (Fig. 1).

i ] i J ] 100
5 -
5 ,
e, F 80 2
x S
g —
- @
2 5 60 E
[l o
9 =
e 5 - - 40 3
L 3
-a. ——
= ®
E 1 - - 20 n
ce ~ C.ovata UOm - C.bignonioides
0 T T T Y T 0
0.0 0.5 1.0 1.5 2.0
BAP, mg/I .

Fig. 1. - Effect of 0-2.0 mgl™" BA on shoot multiplication and shoot elongation in Ca-
talpa ovata and C. bignonioides.
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According, to Fig. 1, shoot multiplication of C. ovaia increased faster with
increase of BA concentration than in . bignonioides.In (. ovata plateau for shoot
multiplication was reached at 0.5 mg,l‘l BA. Thus at (.3 mg,l'l BA shoot multiplication
of €, ovata was nearly twice higher than in C. bignonioides. The maximum values for
shoot length in C. ovata is somewhere between 0.1 and 0.5 mgl'1 BA and for (.
bignonioides at 1.0 mgl‘l. In the range 0.5-2.0 mg,l‘1 BA shots of (. bignonioides were
twice longer than shoots of (. ovate which was an obvious and striking difference
between the two Curalpa species (Fig. 2). Considering both shoot multiplication and
shoot length, the optimum BA concentration for maintenance of shoot cultures was
0.5 mgl'1 for C. ovata (as initially provided) and 1.0 mg,l'1 for . bignonioides. In general
C. bignonioides at all BA concentration exhibited unusually high shoot elongation not
only in relation to C. ovata but also in relation to other dicotyledonous tree species.

ey &

Fig. 2. — Shoot cultures of Caialpa ovata {center) and (. bignonioides (left and right)
after 4 weeks on medium containing 0.5 mg,l"1 BA and 0.1 mgl™ IBA. Compare dif-
terence in shoot length.

Since preliminary results showed that IBA in0-1.0 mgi" had little effect on shoot
multiplication except that it stimulated callusing, and that 0.1 mgﬂl’l IBA already gave
good results in the maintenance of shoot culture stocks, effect of IBA concentration
on shoot multiplication was not further investigated.

Single isolated roots of both species could bg{ casily rooted on hormone-free or
media containing auxins. The effect of 0-1.0 mgl™ IBA on the number of roots per
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rooted shoot and length of longest root is presented in Fig. 3. [tis evidert that for both
species results were nearly identical. Root length decreased with increase of 13A inthe
medium whilst the mumber of roots per rooted shoot increased.
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Fig. 3.~ Frtect of 0-1.0 mgl'1 IBA on the average number of roots per routed culture
and root length.

Rooting could also be achieved in a two-stage rooting procedure in which shoots
were first placed on media supplemented with 2.0 mgl“l TBA and then tansferred to
hormone free medium after 1, 2, 4 or 7 days. The number of roots per rooted shoot was
very high, Fig. 4. In € ovata it increased with increased duration of the first stage of
rooting but in (. bignonivides it was constant in all treatments. Also root tength in O
ovata decreased with prolonged duration of auxin treatment whilst in O Digrrorioides
values wore erratic and routs in general were short,

Adapiation of plantlets after transition to ex vitro conditions was affected by the
rooting method. In plants rooted in continvous contact with medinm supplemented
#ith 1BA, suecess in adaptation was 62-80% for ¢ ovefa and 86-1009% for
hignontoides, Adaptation of plantlets rooted in the two-stage procedure was less
successiul, 10-66% for both species. Further growth of transferred plantlets in the
glasshouse was fast.
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Fig. 4. — Effect of duration of the auxin treatment (1, 2, 4 and 7 days on 2.0 r{xg,l"l
IBA) followed by transfer to hormone-free medium on the average number of roots
per rooted culture and root length.

DISCUSSION

The technique of in vitro propagation of dicotyledonous tree species from
epicotyls of aseptically germinated seeds has proved in our laboratory to be a simple
and reliable method for fast estblishment of i virro cultures. This method has been
specially useful when clonal propagation was not the primary goal of investigation and
when preliminary culture requirements for shoot cultures of certain species where
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sought. In this way conditions were determined for maintaining shoot cultures of
Ceratonia siligua (Vinterhalter etal;1992; Vinterhalter & Vinterhal-
ter, 1992) and Morus alba (Vinterhalter & Grubisicé, 1990). Although the
use of seedling epicotyls can not be considered as true clonal propagation (Krik-
orian, 1982) it can be used in species propagated by open pollinated seceds. Wyso -

kinska and Swiatek (1989) presented a multiplication scheme for C. bignonioides

in which shoot cultures were establiched by differentiation of callus originating from
hypocotyls of two week old seedlings. Reasons for which this propagation scheme is
based on the use of callus aren ot clear. We however propose the use of epicotyls and
a significant shortcut in the in vitro propagation scheme for both Catalpa species.

Fig. 5. - Plantlets of C. bignonioides after successive adaptation.

Hormoenal balances which we used for shoot multiplication and rooting of
Catalpa ovata are well known to give good results with many dicotyledonous species
including almost all top fruit species (apples, pears, quinces, plums, peaches, cherries
cte.). €. bignonioides required higher cytokinin concentration (1.0 mgl™ BA) for
satisfactory sfzmm multiplication. Wysokinska and Swiatek (1989) recommend
even 2.0 mgl™ BA as optimal for shoot multiplication which according 1o our findings
already induced some vitrification and fasciation.

Our results in general support the findings of Wysokinska and Swiatek
(1989} and show that other Catalpa species like . ovata can also be propagated by in
vitro methods.
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MILICA MANOJLOVIC, BRANKA VINTERHALTER, DRAGAN
VINTERHALTER

IN VITRO RAZMNOZAVANJE CATALPA OVATA G. DON 1 CAPALTA
BIGNONIOIDES WALT.

Institut za bioloska istraZivanja ,,Sini$a Stankovi¢”, Beograd

Kulture izdanaka Catalpa ovata i C. bignonioides pokrenute iz epikotila asepti¢no
isklijalog semena gajene suna podlozipoMurashige iSkog-u (1962). Optimaina
koncentracija BA za multiplikadfju izdanaka bila je 0.5 mg ™~ zavrstu C. ovata i 1.0 mg!”
za C, bignonioides. IBA je vrlo malo uticala na multiplikaciju pa je koncentracija 0.1
mgl™ smatrana optimalnom za obe vrste. [zdanci vrste C. bignonioides bili su vise nego

_dva puta duzi nego izdanci vrste C. ovata na svim podlogama koje su sadrZavale VNL
od 0.1 mgl™" BA. Izdanci duZine 1.5-2.0 cm su se lako oziljavali, a podloga sa 0.5 mg,l
IBA je bila optimalna. Adaptacija 07xl]emh biljaka nakon presadivanja u smesu treseta,
peska i organskog dubriva bila je uspe$na a biljke su dalje gajene u staklari.
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SEASONMAL CHANGES OF PIGMENT CONTENT IN THE NEED LES OF
DOUGLAS FIR (FSEUDOTSUGA TAXIFOLIA BRITT.) IN NATURAL
CONDITIONS

INEP, lstitute of Biotechnological Research, University of Belgrade,
Zemun-Beograd

Bogdanovié, M., Drazié, (5., Vuckovid, M. (19921992} Seasonal
changes of pwmmt content in zhe needies ui Diouglas fir (Psendotsuga
taxifolia Britt. j under natural conditions. ~ Glasnik Instituta za botaniku i
botanicke baste Univerziteta u Beogradu, Tom XXVI-XXVIL, 15 - 24,

The resulis of Investigations have shown that the age of the tree of
the yellow form of Douglas fir may not be involved in chiorophyll and
car {\u noid am{tzms of its needles. In all trees examined, nm‘:diw \:f i h‘.

I,me}m fir tlu. re were only slight variations of pigment AC(,ntu}i in mt.
need! uring the year. Green vaviety needles, however, have a twofnld
pigment content than the yellow form, accompanied by greater variations.
Imterdependence of chlorophyll and carotenoid metabolism is discussed.

Key words: Pseudotsuga taxifolin, chiorophyll, carotenioids, seasonal
changm

Kljuiéne reci: I’Mfudmsuga taxifolia, hlorofil, karotenmdl sezonsko
variranje.
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INTRODUCTION

First investigations of conifer photosynthetic pigments date back to the past
century. Most data to be found in the literature refer to Pinus (Gerhold, 1959a,
1959b; Bogdanovic etal, 1981; Bogdanovié & Mancié, 1989), and are
likely to produce a conclusion that the seasonal changes of the amount and composition
of conifer photosynthetic pigments in natural conditions may reflect their metabolism.

From theoretical aspects, investigations of conifers lead to the understanding of
metabolism control mechanism of leaf pigments throughout the year. On the practical
side these investigations are interesting because many coniferous trees are used for the
industry or landscaping of human settlements. In our country, Douglas fir (Pseudotsuga
taxifolia Britt.) is widely spread both as a culture and the ornamental plant. Most
commonly encountered are varieties viridis and glauca. The variety viridis occurs in its
yellow form (Vidakovié, 1982).

The objective of the present study was to examine the nature of the seasonal
changes of pigment contents and their ratios in the needles of green and yellow Douglas
firs in natural conditions.

MATERIAL AND METHODS

Needles of the first and second vegetation year of the green Douglas fir, age 30
~ years, and yellow forms aged 30 and 5 years of age were used as experimental material.
All trees viere grown in the garden of the Institute for the Application of Nuclear
Energy in Zemun.

Needles for pigment analysis were sampled monthly for a year, always from the
same shoots due to variability of material.

Chlorophylls were determined using spectrophotometry accordingto Vernon
(1960), and carotenoids according to Ho Im (1954). The results are the means of four
replications.

RESULTS

The seasonal variation of chlorophylls and their ratios in the needles of Douglas
{irare shown in Fig. 1. The content of total chlorophyll in the current needles of a young
yellow tree remains almost unchanged. A slight raise may be noticed in May and June,
and then again in February (Fig. 1A). The needles of the preceding year contain more
chlorophylls, however, with a content stable throughout the year, The ratio of Chl.a/Chl
b shows similar variations in both the current and preceding needles. Beginning
summer, this ratio drops and then raises again as a consequence of the variations in the
content of Chl b.
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Fig, 1. - Seasonal variations of total chlorophylls (m%/ v fresh matter) and Chl a/b ra-
tio in the needles of: A - young yellow tree, B — adult yellow tree, and C - adult
green tree.

() -. .- O Chlorophyll content of current needles.

- . -. -0 Chlorophyll content of a year-old needles.
« - - {O Chl a/b ratio in current needles.

A - - - A Chla/b ratio in a year-old needles.
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Fig. 2. — Seasonal variations of total carotenoid content (mg/g fresh matter) and of
total chlorophyll/total carotenoid ratio in the needles of: A —young yellow tree, B ~
adult yellow tree, and C — adult green tree
O -..- O Carotenoid content of current needles.
- . -. -0 Carotenoid content of a year-old needles.
O ... Chl/carotenoid ratio in current needles.
A- - - A Chl/carotenoid ratio in a year-old needles.
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The needles of the old yellow tree follow the same chlorophyll variation pattern,
however, the content of chlorophyll in its necdles is somewhat higher (FFig. 1B), and
concerns needles of both the current and the preceding year. On the other hand,
Chla/Chl b ratio varies less than in a young tree needles, and thronghout the year shows

_values typical of mature leaves of the majority of green plants.

The needles of the full-grown green tree have double chlorophyll content whose
variation pattern is similar to that of an old yellow tree. The ratio Chl a/Chl b is most
often about 3. In spring it tends to increase and remain at a higher level, to drop during
summer months. The tendency is the same in the current and a year-old needles.

Figure 2 shows variations of carotenoid contents and varying ratios of total
chlorophyli/total carotenoid. Carotenoid content is mostly stable throughout the pe-
riod of investigation, with slight oscillations noticed in the spring.

Older needles contained slightly more carotenoids than the current needles. No
significant differences could be noticed between needles of the young and the old
yellow tree (Fig. 2A, B). A slight variation of the ratio total chlorophyll/total carotenoid
was noticeable during summer months. The raise of this ratio was the consequence of
the increased chlorophyll content, while carotenoids remained at the same level.

The needles of the green Douglas fir had an almost twofold carotenoid content
than the peedles of yellow trees. A slight raise of carotenoids could be noticed in
summer (I'ig. 2C). The ratio Chl a+b/carotenoid in the needles of a mature Douglas
fir tends to vary during the year, showing a sudden increase in the spring and a gentle
drop in the summer.

DISCUSSION

It was shown that the content of chlorophyll and carotenoids tended to vary
during the year in the young seedlings of Scotch pine. These variations depended on
the temperature (Bogdanovié & Mancid, 1989), leading to reddening of the
necdles in the winter and their greening in the spring. Flowever, needles of the adult
Dauglas fir are green or yellowish troughtout the year. This would suggest a genetical
determination of the colour which tempted us to investigate the metabolism of chloro-
phyll and carotenoids in the needles of both yellow and green varieties of Douglas fir
over a year petiod.

Khodasevich ct al (1978) reported that the yellow form of Piraus sylvestris
had more carotenoids than the green one. However, our results have shown less
chlorophyll and carotenoids in the needles of the yellow form than that in the needles
of green variety. 1t may, therefore, be suggested that certain photobleaching of chlo-
rophyll occurred in our experimental conditions, leading (o the prevalence of yellow
colour of the needles.

The mvestigations of Krivosheeva and Shavnin (1988) showed that
oxygen evoluion system of the needles of Siberian pine aperated vntil November and
was followed by the inactivation of primary photosynthetic processes. Two-year old
needles proved more stable at low temperatures than the current needles. A stable
pigment ratio of Douglas fir during the year snggested a normal photosynthesis process
in the yelow form regardless of the temperature. In the green varicty, thought, it may
be assumed that photosynthetic processes were more active in the summer.

[n both the yellow and green variety of Douglas fir, needles of the preceding year
had a higher pigment content. Similar results were obtained by God nev etal. (1969)
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who studied seasonal variations of pigments in spruce needles. It was noted that the
Chl a/b ratio varied to a greater extent in the needles of a young yellow tree. This would
suggest a greater variation of chlorophyll b in the neddles of the yellow Douglas fir,
without significant differences between the current and a year-old needles. These
results are likely to point out to a similar metabolism of pigments in young and old
needles of the same tree regardless of its age, thus supporting the idea of a genetically
determined characteristic.
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SEZONSKO VARIRANJE PIGMENATA U CETINAMA DUGLAZLJE
(PSEUDOTSUGA TAXIFOLIA BRITT.) U PRIRODNIM USLOVIMA

INEP, Institut za biotehnoloska istraZivanja, Univerzitet u Beogradu,
Zemun-Beograd

Ispitivano je sezonsko variranje pigmenata u Cetinama Zute i zelene forme
duglazije (Pseudotsuga taxifolia Britt.). Rezultati istraZivanja su pokazali da starost
stabala zute forme duglazije nema uticaja na sadrzaj hlorofila i Karotenoida u Cetinama.
Cetine pre*hodne godine sadrZe viSe hlorofila i karotenoida kod svih ispitivanih stabala.
Variranje sadrZaja pigmenata u toku godine u ¢etinama duglazije je neznantc kod Zute
forme. Cetine zelenog varijeteta sadrze dvostruko vise pigmenata od Cetina Zute forme
i Viféedvariraju. Diskutovana je medusobna zavisnost metabolizma hlorofila i karo-
fenoida.
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Marin, P. (1992-1993): Nutlet sculpturing of selected species from
Ajugoidea, Scutellarioideae and Stachyoideae (Lamiaceae). — Glasnik In-
stituta za botaniku i botaniCke baste Univerziteta u Beogradu,. Tom
XXVI-XXVIH, 21 - 29,

Nutlet ornamentation of four species of Ajugu (Ajugoideae), two
species of Scutellaric (Scutellarioideae), two species of Marrubium,
Prasium majus and Sideritis hyssopifolia (Stachyoideae) were analysed,
using scanning electron microscopy. The study provides additional stable
micromorphological characters to include in classification at tribal and
generic levels within the Lamiaceae.

Keywords: Lamiaceae, Ajuga, Prasium, Sideritis, Marrubium, Scutel-

laria, nutlet sculpturing, SEEM, taxonomy.

Kljuéne reéi: Lamiaceae, Ajuga, Prasium, Sideritis, Marrubium,

Scutellaria, skulpturiranost ora$ica, SEM, tak-
sonomija.
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“INTRODUCTTION

Lamtaceae is a large family with about 220 genera and more than 3500 specics.
The family has an almost cosmopolitan distribution and wide range of murphwﬁugicul
diversity. The species are mainly herbaccous or shrubby growing usualy in warm open
habitats. Areas of major diversity of Lamiaceae species are Mediterrancan region, Asia
and Northern America, including Mexico (H e Lrg, ¢, 1992).

Many species are of cconomic importance (aromatic, medicinal or culinary
herbs). A namber of Labiatae species were investigated by botanists, from different
aspects.

Taxonomy of this interesting and important family is still unresolved. First of all,
there is not clear difference between Lamiaceae and Verbenaceae within the order
Lamiales (Cronquist, 1981, Olmstead et al. 1992). In spite of several major
reviews dealing with infrafamilial classification of Lamicceae (Bentham, 1870;
Briquet, 18?)51)7; Erdtman, 1945 Wunderlich, 19607, Cantino, 1992),
many problems still remains. Those classifications are based on ditferent characters
(morphological, palynological, embryological). An attempt of application of chloro-
plast DNA sequences in Asteridae as well as Lamniales has {)wn done (Olmstead ot
al. 1992).

In earlier reviews of any group of Lamiaceae, nutlet microcharacters were
ignored or seldom mentioned in spite of their stability (Davis & Heywood,
1963). Recent studies of selected taxa, have shown that nutlet microcharacters can be
used as additional taxonomic parameters in delimitation of such taxa (Krves-
tovskaja. 1988; Husain etal 1990; Marin ctal 1994).

[n this survey nutlet ornamentation of selected genera from the Ajugoideae,
5!"('1aellzm'oldme and Stachyoideae as a potential valuable taxonomical character is
described.

MATERIAL AND METHODS

Plant material was collected from different parts of Yugoslavia. Some samples
were collected from herbarium specimens from the Herbarium of Botanical Institute
and Garden , Jevremovac” in Belgrade, where voucher specimens are deposited. Places
of collection of specimens are given in Tab. 1.

Tab. 1. - Places of collection of analysed specics

VYaxa . Place of collection
Subfam. Ajugoideac
Ajuga reptans L. Beograd (Yu)
Ajuga genevensis 1. Kukavica (Yu)
A laxmanii (1) Bentham Lisac planina (Yu)
A. chamaepitys (L) Schreber Bistrica (Yu)
Subfam. Scutellarioideae
Scutellaria alpina 1. Kosice (Chech Republic)
Scetellaria altissima L. Fruska Gora (Yu)
Subfam. Stachyoideae
Prasiurm majus 1. Barcelona (Spain)
Sideritis hyssopifolia 1. Bern (Swiss)
Muarrubium incanum Desr. Barcelona (Spain)

_Marrubim vulgare 1., Barcelona (Spain)
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IForscanning electron microscopy (SEM) at least three samples of mature nutlets
were used. The samples were previously observed by light microscope. The nutlets were
mounted on stubs and coated with 30 nm of gold - palladium (85:15) in a JEOL JEI?
4B vacuum evaporator and observed with a JEOL JSM 'T.35 scanning clectron micro-
scope.

RESULTS AND DISCUSSION

The nutlet sculpturing of 10 species from selected genera of Ajugoideae, Scutel-
larioideae and Stachyoideae subfamilies are presented (Figs 1-27). Intrafamilial classi-
fication was according to Wunderlich (1967).

From the Ajugoideae subfamily, four Ajuga species are analysed (FFigs 1-8). The
Ajuga nutlets showed quite high similarities in size, shape and ornamentation between
the species. Especially, Ajuga genevensis (Figs 1, 2), A. laxmanii (Fig. 3) and A. reptans
(Figs 4-6) were very similar with characteristic more or less ovate or angular sunken
ficlds. The epicarp cells were 5-6 angular with thick walls. The ornamentation of A.
chamaepitys (Figs 7, 8) is also with sunken fields, but they are transversaly clongated.
The epicarp cells are striate. Species from the first group showed similarities with some
Teucrium specics (T, poluun, 1. bracteatum) (M arin et al, 1994). Teucritun is close
genus 1o Ajuga, also with some similarities in nutlet micromorphology. But, according
to micromorphological, as well as other characters, Teucrivm is very heterogenous. In
number of species oil glands were found on nutlets, and some of them consists of
trichomes. Those structures were not found in any Ajuga species analysed in this paper.
Some authors suggest to establish a new subfamily Teucroioideae, which includes
Teucritm, some genera from Ajugoideae (but not Ajuga) and some genera which were
so far placed in Verbenaceae family (Cantino et al, 1992). Micromorphological data
can not resolve completely these problems. However, there are some similarities in
general microcharacters between these to genera which shows possibility of their close
relationships.

Recent investigation of fatty acid composition in Adjugoideae nutlets showed high
similarities of Teucritum and Ajuga (M arin etal, 1991). The main constituents inboth
genera were octadecadienoic (18:2) and octadecatrienoic acid (18:3).

IFrom the Scutellarioideae subfamily, two Scutellaria specics were analysed (Figs
9-16). According to nutlet ornamentation, Scutellaria specics are very disting‘uishah?e
from all other analysed genera. Scutellaria altissima possess very characteristic bumps,
which are multicelled (Figs 9-12). The cells forming those bumps are very small, with
more or less expressed apices. In the center of bumps small trusses of trichomes were
hresent. In Scutellaria alping similar pattern was found. The bumps were not expressed.
{mi 4 number of frichome trusses were dispersed all over the nutlets (Figs 13-16).
Trichomes were long and unicellulate. In addition, very small papillae were distributed
on epicarp cells of nutlets. (See higher magnification, Figs 15, 16).

Nutlet lipid analysis in four Scutellaria species showed quite high uniformity in
fatty acid composition (M arin ct al., 1991). The octadecadienoic and octadecenoic
were dominant fatty acids. Content of the octadecatrienoic acid was very fow.

Reeent investigation of global taxonomy of Scutellaria showed that nutlet mor-
phology varies e¢normously within the sections (Paton, 1990). Some of species
showed paptilatac nutlets, in others the papillac were fused into a basal wing. In some
species the hooks on the nutlet surface are present. Paton (1992 was hypothesized
that the morphology of the fruiting calyx in Scutellaria is subjected 1o two main selection
pressures, to the protection of immature fruit and the dispersal of the mature nutlets.
According to this author, nutlet ornamentation probably plays a role in dispersal
{adaptation to water, wind or animal dispersal). He suggested that nutlet scuipturing
is more variable than calyx morphology because fewer constraints arce placed on its
evolution during development.
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Figs. 1 - 2. — Ajuga genevensis; 3. -~ A. laxmanii ;
4-6. A reptans; 7 - 8. — A. chamaepilys

It should be mentioned that Scutellaria is subcosmapolitan genus consisting
about 360 species, which are heterogenous because of great diversity in their ecological
habitats. Probably, it is very old and ,well defined” genus, derived from other taxa of
Lamiaceae (separate subfamily!). The taxonomical significance of nutlet ornamenta-
tion, inspite of their great diversity, can not be ignored. The problem is how to explain
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Figs 9 - 12. — Scutellaria altissima; 13 - 14. - S. alpina
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Lags. 13 - 10. - Seutellaria alping; 17 - LS. — Prasuun
majus; 19 - 21. ~ Sideritis hyssopifolia
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Ligs 22 - 24. —~ Munubuun incamun

Figs 25 - 27. ~ M. vulgare
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such a diversity, their evolution and phylogenetical relationship. However, explanation
of less variation in calyx morphology and their probable phylogenetic relationship is
much easier and more evident. ‘

From the Stachyoideae subfamily (sensu Wund erlich) four selected species
were analysed. From the tribe Prasieae, Prasium majus was analysed. Nutlet ornamen-
tation of this species has shown nonspecialized pattern (Figs 17, 18). It could be
explained by the fact that Prasium species are endozoochorous. The exocarp become
fleshy (endocarp becoming sclerotic) and attracting for the animals (Bouman et
Meecuse, 1992). The mature nutlets are dryed and as result of drying of fleshy
exocarp become crowded.

From the tribe Marrubieae Sideritis hyssopifolia and two Marmubium species are
presented. Nutlets of the Sideritis hyssopifolia arc characterised by low protrusions
sparsely distributed. The epicarp cells were angulare and thick-walled (Figs 19-21).
Nutlet ornamentation of Marrubium incarwm (Figs 22-24) and M. vulgare (Figs 25-27)
showed very high similarities. Low protrusions formed by one or few cells were sparsely
distributed on nutlets. Epicarp cells were angular or ovate, thick - celled. In spite of
the facts that these species belongs to the different genera, nutlet ornamentation
showed very similar structures. It could be suggested that those genera are very close
related.

Marrubium and Sideritis showed similar pattern in fatty acid composition in
nutlets (M arin et al, 1992). In both genera the dominant fatty acid was linoleate.
Sideritis species consists of slightly higher content of this acid, and lower content of
oleate.

Upon the whole the various forms of dispersal in Lamiaceae family do not reflect
the taxonomic relationships (Bouman & Meecuse, 1992). Those different types
of dispersal are connected with different ecological factors. In a single genus it is
possible to find different types of primary or secondary dispersal. In most cases the
dispersal is result of parallelism and convergence.

However, nutlet ornamentation of species analysed in this survey showed that
these parameters have to be included in further taxonomical revisions of any taxa of
Lamiaceae. 11 seerns that these microcharacters are of the best taxonomical value at
generic and tribal level, and in some cases in infrageneric classification of Lamigceae.

in addition, resulis of recent investigation of fatty acid composition suggest that
these parameters can be used as taxonomic markers at different levels within the family.
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SKULPTURIRANOST ORASICA KOD ODABRANIH VRSTA 12 AJUGOIDEAE,
SCUTELLARIOIDEAE Y STACHYOIDEAE (LAMIACEAE)

Institut za botaniku i Botanicka Basta Jevremovac” Biologki fakultet, Beograd

U ovom radu izvi$ena je mikromorfoloska analiza omamentacije orasica kod 10
odabranih vrsta iz razli¢itih podfamilija (4jugoideae, Scutellarioideae i Stachyoideae)
familije Lumiaceae, pomocu skenirajuceg elektronskog mikroskopa (SEM). Dobijeni
rezultati su pokazali da ovi parametri treba da budu ukljuceni i ravnopravno tretirani
prilikom taksonomskih revizija razli¢itih taksona kod usnatica. Izgleda da ovi mi-
krokarakteri imaju najveéu vrednost kao markeri na nivou tribusa i rodova, a u nekim
slucajevima i u infragenerickoj klasifikaciji unutar familije Lamiaceae.
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omy of vegetative organs of Dictamnus albus L. ~ Glasnik Instituta za
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This research showcs anatomy of vegetative organs of Dictamnus
albus L. species. The samples of this species are collected at Kosutnjak.
Root, rhizome, stem and leaves anatomy has been done.

Key words: anatomy, vegetative organs, Dictamnuss albuss.

Kljutne redi: anatomska grada, vegetativni organi, Dictamnus albus.
UvOoD

Vista Dictanrnus albus 1. je u narodu poznata pod imenom jasenak. To je
visegodisnja zeljasta biljka koja svojom visinom (60-120 cm), perastim fistovima (u
gornjem delu stabla) nalik na listove jasena (otuda naziv jasenak) i veoma lepim i
opojuim cvetovima priviadi paznju ljudi. Zbog lekovitib svojstava korena, lista, cveta i
semena (Jakovljevié, 1962; Tucakov, 1984) koristi se u narodnoj medicini.
Radi toga se ova vrsta nekontrolisano bere, prenosi u baste, kida i uniStava, te je tako
dosta proredena i ozbiljno ugroZena.
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Fig. 1. — Areal vrste Dictamnus albus 1.
Areal of Dictamnus afbus L.

Arcalvrste D. albus (Fig. 1) obuhvata juznu i centralnu Fvropu, srednju i zapadm
Aziju istoéno od severne Kine. Amurai Himalaja (Dik1i¢. 1973:Silié, 1977),

S obzirom da je anatomski niestraZena, ovim smo istrazivanjima obuhvatili
vegetativne organe (koren, rizom, stablo, list), dok ¢e reproduktivai organi biti predmet
nasih daljih istraZivanja ove vrste.

MATERIJAL T METODE

Uzorci viste D. albus 1., prikupljeni su sa njenog stani§ta na KoSutnjaku i to u
vreme cvetanja. Originalni vzorcel analizirane vrste deponovani su u Herbarijumu
Botanitke baste u Beogradu.

Sakupljeni materijal je fiksiran u FAA fiksativu, a za pravljenje serija trajnih
anatomskih preseka kori$¢ena je parafinska metoda (Johansen, 1940). Preparati
st seeni na rotacionom mikrotomu, debljine od 10-20 um, zatim bojeni kombinacijom
boja safranin i svetlo zeleno i snimani na Reichert-ovom mikroskopu Diaster ™.

REZULTATI I DISKUSITA

Anatomska istraZivanja vegetativnih organa (lista, stabla, korena i rizoma) dala
su sledede 1ezultate.

List je dorzoventralne grade. Na epidermusu lica i nalifja nalazi se sloj kutikule.
Debljina kutikularnog sloja na gornjoj strani je nedto veca od istog sloja sa nalicja (Fig.
2A). Merenjem je utvrdeno da debljina kutikule na povrsini lista iznosi u proseku 3.5
um, dok je na nali¢ju sloj kutikule debljine 3.1 pm.
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Epidermis je jednoslojan, ¢elije epidermisa su pravougaonog oblika, duZine 33
um, a visine 20 pm na licu lista, dok su na nali¢ju nesto sitnije, duZine 30 um i visine 18
wm u proseku. Na samim krajevima lista koji su zaobljeni i blago povijeni naniZe
uocCavaju se krupnije epidermalne éelije (I'ig. 2B). Veoma je interesantno i to da se
skoro u svakoj epidermalnoj Celiji nalaze kurpne druze kaleijum oksalata.

ig. 2. = Poprecni gusd\ lista (A% iivice lista (BB): 1 - epidermis i kutikula lica lista; 2
- cp:dcmns nalicja lista; 3 - palisadno tkivo; 4 - sunderasta tkivo; 5 —Ksilem: 6 —
floem; 7 — mehanicko tkivo; E bocni pmvuc‘m snopic; 9 - «,ckummx kanal; 10 -
kompdkma masa [mrcn]umd' 11 - krupnije ¢elije epidermisa na ivicama lista; 12 -
stome; 13 - jednodelijske dlake.
Cross section of leaf (A) and feaf margin (B): 1-adaxial epidermis; 2-abaxial epidermis; 3-palisade paren-
chvma cells; 4-spongy parenchyma cells; 3-xylem; 6-phloem; 7-fibres; 8-fateral vascular bunedite; 9-secretory
canal; 10-compact mass of parenchiyma; 11-epidermal cells on leal marging, 12-stoma; 13-epidenmal hair,

Stome se nalaze sa obe strane lista, a viSe ith ima na nalicju. UvuCene su.

Mezofil lista jasno je diferenciran na palisadno i sunderasto tkivo. Palisad je
jednoslojai i nalazi se samo na licu ista. ¢ ‘elije palisada su izrazito cilindricne, bogate
hlorofilom i jako rastresite {Fig. 7/\) Yisina ovih Celija iznosi 45 pm, a dd“ijm:z U
pmwhs 10 um Sunderasto il\iVOjP pribliZne iste Sirine kao palisad ;sdsm; se od sitnih
parenhimskih éelija, nepraviinog oblika sa i\mpmm inierceluiarima, §to ovay smj Cini
mnogo restresitijim od pret h()dmm, U mezofila lista uocavaju se izlucne Supliine
(Zlezde) ispunjene Kapima cteriénog b a1 kristali kaleijum oksalata (Fig. 3A).

U <*mem bolnim nervima pr\)w)dm snopid je po tipu kolateralan i zatvoren,
okruzen pare nhimskim | keleshimskim delijama ili grupama likinih viakana. Centralns
provodn zsnupxa, glavaog nerva okruien jo I\ﬁmp iktnom masors parenhima (Fig. 3B).
Celije ovog stoja su nesto sitnije ad *"nm Celijn OSTOVIOg gmnnhxrm fzmedu

-osnovnog parenhima { epidermisa, kako na licu, tako i na nali¢ju, nalazi se mebanicko
tkivo sa Celijama jako mdch! anih zidova. Ovaj sloj s¢ noava samo u podrucju glavnog
ll‘n?()” NCrva.

-~
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l*ng 3. - Poprecni presek lista sa Zlezdama (A) i u nivou glavnog nerva (B): 1-epider-
mis i kutikula lica lista; 2-epidermis nali¢ja lista; 3-palisadno tkivo; 4-sunderasto

tkivo; 5-ksilem; 6-floem; 7-mehanicko tkivo; 8-bo¢ni provodni snopic; 9-sekretorni
kanal; 10-kompaktna masa parenhima; 11-krupnije ¢elije epidermisa na ivicama

lista; 12-stome; 13-jednocelijske dlake.

Cross section of leaf glands (A) and central bundle (B): I-adaxial epidermis; 2-abaxial epidermis; 3-pali-

sade parenchyma cells; 4-spongy parenchyma cells; 5-xylem; 6-phloem; 7-fibres; 8-lateral vascular bundie;

9-secretory canal; 10-compact mass of parenchyma; 11-epidermal cells of leaf margins; 12-stoma; 13-epi-

dermal hair.

Stablo. Anatomska grada stabla prouCavana je posmatranjem i analizom po-
pre¢nih preseka i to u cvetnom regionu (visni deo stabla, tj. ,,mlade stablo”) i u regionu
stabla bliZe osnovi (,starije stablo”).

,Mlade stablo” vrste Dictamnus albus L. odlikuje se primarnom gradom i na
njemu se razlikuju tri osnowne zone: epidermis, primarna kora i centralni cilindar (Fig.
4).

Epidermis stabla je jednoslojan, éelije su gusto zbijene, a na povrsini se nalazi
debeo sloj kutikule. Uocavaju se i jednocelijske dlake, duZine u proseku 240 pm, a Sirine
15 um. [zmedu epidermalnih éelija zapazaju se nepravilno rasporedene stome.

Ispod epidermisa je vi§eslojna primarna kora sastavljena od parenhimskih ¢elija
sa dosta hloroplasta. Celije ove zone su loptstog oblika, dosta sukrupne, tankih celijskih
zidova i uzanth intercelulara. U primarnoj kori ispod sloja parenhima pruza se zona
sklerenhimskih vlakana, jako zadebljalih i lignifikovanih zidova. Ovaj sloj mehanitkog
tkiva ne obrazuje kontinuirani prsten, ve¢ se javlja u vidu izolovanih traka iznad
provodnih elemenata.

Centralni cilindar zauzima unutradnjost stabla i u njemu se nalaze provodna tkiva
rasporedena u vidu dva kontinuirana i koncentri¢na prstena, pri ¢emu spoljadnji prsten
¢ini floem, a unutradnji ksilem. Ovakva grada odgovara tipu stabla bez provodnih
snopica. Floemski deo je slabije razvijen i ¢ine ga sitaste cevi, Celije pratilice i floemski
parenhim. Izmedu floema 1 ksilema pruza se kambijalna zona u obliku prstena.
Provodni elementi ksilema su radijalno rasporedeni, a kroz ceo centralni cilindar
uocavaju se srzni zraci u vidu jednoslojnih traka.
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Fig. 4. — Popretni presek ,,mladeg stabla”
1-dlaka; 2-epidermis; 3-parenhim primarne kore; 4-floem; 5-ksilem; 6-s1Z; 7-me-
hanicko tkivo; 8-kambijum.

Cross section of ,younger stem”.
1-hair; 2-epidermis; 3-parenchymatous cortex; 4-phloem; 5-xylem; 6-pith; 7-fibres;8-cam bium
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U sredinjem delu stabla nalazi se dobro razvijena stz Celije sr?i su krupne,
precnika do 40 um, tankih su zidova i loptastog oblika. Sto su bliZe samom centralnom
delu, ¢elije srzi su sve krupnije. U poredenju sa ,,mladim” delom stabla, kod , starijeg”
stabla sc zapaZaju izvesne razlike u anatomskoj gradi, koje nastaju kao posledica
scekundarnog debljanja. Za razliku od ,mladeg stabla” primarne grade, kod ,starijeg”
odsustvuju dakle u epidermisu, kutikula je jaCe razvijena, a clementi primame unu-
tra$njosti stabla sekundarni ksilem postepeno prelazi u primarni. Centralni cilindar
ispresecan je mnogobrojnim sekundarnim stZnim zracima (Fig. 5).

I'ig. 5. - Popre¢ni presek ,starijeg stabla”
I-epidermis; 2-parenhim primarne kore; 3-mehanicko tkivo; 4-sckundarni floem; 5-

sekundarni ksilem; 6-primarni ksilem; 7-s1Z; 8-kambijum.

Cross section of ,,older stem™
1-epidermis; 2-parenchymatous cortex; 3-fibes; 4-secondary phloem; 5-secondary xylem; 6-primary xyiem,
7-pith; 8-cambium.

Koren (Fig. 6). Na povrdini korena nalazi se periderm, kojeg ¢ine feloderm,
felogen 1 slojevi plute. Pluta je moéno razvijena i njena debljina iznosi u proseku 35
mm. Celije feloderma sadrZe hloroplaste.

Parexhim primarne kore nastavlja se odmah ispod periderma i odlikuje se dosta
krupnim parenhimskim ¢elijama, koje sadrZe puno skroba, dize kalcijumoksalata ikapi
ulia.

U zoni centralnog cilindra se uocavaju provodni elementi rasporedeni u radijal-
nim nlzovima. Sekundarni floem je odvojen od sckundarnog ksilema kambijalnim
prstenom. Siroke traheje i traheidi su izmesani sa mehanickim elementima, $to korenu
daje potrebnu évrstinu. Jednoslojni stzni zraci se jasno uocavaju.

Rizom. Anatomska grada rizoma razlikuje se od nadzemnog dela stabla (Fig. 7).

B



GLAS. INST. BOT. 1 BASTE UNIV. U BEOGRADU, 206 - 27, 31 - 39, 1992 - 1993 (1994)
B. PETKOVIC et. al: ANATOMUA DICTAMNUS ALBUS 1..

) Fig. 6. — Popreéni presck horena
I-periderm; 2-parenhim kore; 3-floem; 4-kambijum; S-ksilem; 6-kapi ulja
Cross section of root ’
i-cork; Z-parenchymatous cortex; 3-phloem; 4-cambium; S-xylem; 6-oil drops.

Fig. 7. - Poprecni presek rizoma
1-kora; 2-parenhim kore; 3-sckundarni floem; 4-kapi ulja; 5-sckundarni ksilem; 6-
srzni zrak; 7-srZ; 8-kambijum.
Cross section of rhizome
1-cork; 2-parenchymatous cortex; 3-secondary phloem; 4-oil drops; 5-secondary xylem; 6-m edulary ray; 7-
pith; 8-cambium.
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Epidermis je zamenjen dobro razvijenim peridermom, $to je posledica sekundar-
nog debljanja.

Primarna kora je u odnosu na nadzemni deo stabla kompaktnija i zauzima veéu
povr$inu. Parenhimske éelije ovog sloja zbijene su i gusto ispunjene skrobnim zrncima.
Ovakva grada kore je u skladu sa njenom specificnom funkcijom, tj. mdg,duummme
hranljivih materija i preZivljavanjem nepovoljnih uslova.

Centralni cilindar zauzima daleko manji prostor u odnosu na stablo. Elementi
floema i ksilema su rasporedeni u vidu koncentri¢nih krugova. Sckundarni floem se
javlja u tankom sloju, dok je sekundarni ksilem veoma dobro razvijen. Kambijalni
prsten je izrazitiji nego u stablu. U sredini rizoma nalazi se siZ, svedena na veoma malu
zonu u odnosu na srz stabla. Parenhimske celije srZi ispunjene su sitnozrnim skrobom.

ZAKLIUCAK

Glavni akcenat istraZivanja bio je na proucavanju vegetativnih organa, listova,
stabla, korena i rizoma.

List je tipitno graden i pokazuje kseromorfni karakter. Pokoritno tkivo je
predstavljeno jednoslojnim epidermisom, stome su uvucene i javljaju se sa obe strane
lisne ploce. Provodni snopiéi su po tipu kolateralni i zatvoreni, okruZeni kompaktnom
masom parenhima.

Anatomska grada stabla proucavana je posmatranjem poprecnih preseka u
evetnom regionu i regionu stabla bliZze osnovi. Stablo u cvetnom regionu, odn. ,,mladi
deo stabla” se odlikuje primarnom gradom, dok donji ,stariji region” ima karakteristike
sekundarne grade.

Popreéni presek korena pokazuje sekundarnu gradu, odn. presek zahvata stariji
deo korena. Na povrdini je moéno razvijen sloj periderma. Anatomska grada rizoma
pokazuje slicnu gradu sa nadzemnim delom stabla, a u skladu je sa njegovom spe-
cifitnom funkcijom.

Ovakva anatoinska grada vrste D. albus je svakako u korelaciji sa njenim fizio-
logkim i ekoloskim osobinama.
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Summary

BRANIMIR PETKOVIC, BUDISLAV TATIC, MIRJANA TLIJIN-JUG, PETAR
MARIN

ANATOMY OF VEGETATIVE ORGANS OF DICTAMNUS ALBUS 1.

Institute of Botany and botanical garden ,Jevremovace”, Faculty of Biology, Belgrade

‘t'he accentof this research was the anatomy of the rout, rhizome, stem and leaves.

Leat is tipical build and it has a xeromorphic character. Epidermis is one layer
and stomates are situated on the adaxial and abaxial surface. Vaseular bundies are
colateral swrrounded with parenchyma cells.

Ster anatomy is investigated at the clovery region and at the region close to the
ster base. First one showes primary built, the other showes secondary buiit.

Root anatomy showes the secondary built. Developed periderm is at the surfaee

Hiizome anatomy is similar to the stemand its anatomy is related to the function.

Aratomy of D, albus is related to its phisiological and ecological charcteristics.







GLASNIK INSTITUTA ZA BOTANIKU [ BOTANICKE BASTE UNIVERZITETA U BEOGRADU
BULLETIN DE L'INSTITUT ET DU JARDIN BOTANIQUES DE L'UNIVERSITE DIE BEOGRAD
Tom XXVI-XXVII, 1992 - 1993 (1994), Beograd

UDC 581.522.5: 582.635.1 (497.11)
CQrriginal scientific paper
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SOME ECOPHYSIOLOGICAL AND MORPHO-ANATOMICAL
CHARACTERISTICS OF THE SPECIES ZELKOVA CRENATA SPACH.
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Grabelidek, 1. (1992-1993): Some ecophysiological and morpho-ana-
tomical characieristics of the speices Zetkova crenaia Spach. — Glasnik
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HXVE-XXVIL 41 - 48.

The study concerns the investigations of water regime factors,
transpiration, quantity of water in leaves, water saturation deficit and
osmotic pressure of a cell sap of the specics Zelkova crenata Spach. Atthe
same time there have been observed some of the microclimatic factors:
light intensity, solar radiation intensity, air and soil temperature, air and
sail relative humidity and evaporation. The study also involves the analysis
of some morpho-anatomic characteristios of the leaves of this species. The
investigations have beoen carried out in the Botanical Garden in Belgrade

Key words: Zefkova crenata Spach., water relations, leaf anatomy,
ceological adaptations, Tertiary relict.

Kijuéne reci: Zelkova crenata Spach., vodni rezim, anatomska grada
lista, ekoloske adaptacije, tercijarni relikt.
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INTRODUCTTION

Although Zelkova crenata Spach. is considered to be an introduced species, the
history of genus and species shows its ancient exisience on the ixxlli()l\/ ol Furope.
During tertiary the genus Zelkova Spach. was spread through the whole Hurope. On
the basis of Walter’s data (Walter & Straka, 19541 19 70), it could be found in
upper miocene as eastern-Asia element included in Laurisilvae vegetation, together
with 300 other species from Magnoliopsida class. During pliocene it was still present in
Lurope at the territory of today’s Germany. [t survived during the dce Age in
pleisoteene, so we can find it in intergalacial period Ris-Virm, too. [ts present domicile
as tertiary thermophile genuas is the region of Cauvcasus, Northern Persia, China nad
Japan. Belonging (o the family of Ulmaceae Mirh., genus Zelkova Spach. iy presented
by € species in the world today.

Zelkova crenata Spach. is a woody species, 20-25 m high, which was spread
through the whole FEurope during tearing terciar (Jovanovidé, 1967).1ts today’s
habitat-is in the warm oak forest at Caucasus and surrounding regions, and it could be
found also in depression and at allaviom (Jovanovic, 1967). According to Turill’s
data (Turill. 1929) today, in the region of FEurope, taxonomically, the most closely
related to it is Zelkova abelicea Boiss., which is distributed at Cyprus and Crete. Today,
people grow this species in the great part of Furope as ornamental plant, and in all
botanic gardens, so that it could be found in Belgrade Botanic garden.

Since the matter of our work is terciar species which natural habitat was in
southern Europe, we considered that the investigation of its adaptation to the present
habitat conditions was necessary, if we wanted to understand the surviving mechanisms
of this species, which vanished from Europe during the fee Age.

For coraplete understanding of the ecology of plant species it is necessary o
investigate its water regime. A water regime of a plant is influcnced by both external
factors of the environment and numerous internal morpho-anatomic and physiological
fuctors.

The investigations of water regime obtains the analysis o the transpiration,
quantity of water in leaves, water saturation deficit and osmotic pressure of a cell sap
The influence of a external factors such as the temperature and the humidity of the air

~and soil, the evaporation, the light intensity and solar radiation have been analyzed too.
The morpho-anatomical investigations have been carried out on the leaves of the
species Zelkova crenata Spach.

MATERIALS AND METHODS

The investigations of water regime and morpho-anatomical structure of the
Zetkovy crenata Spach. leaves, were carried out at !m Botanical Garden In Belgrade.
The tree wich was used for the experiment is about 70 year old. It grows in a ‘dense
structure that is made by the surrounding trees. Since Zelkova crenaia Spach. is a
sciophyte, these conditions are completly suitable o it.

The investigations of water regime were carried out in may, july and september
1989. Daily dynamics was controlied every two hours, from 8 10 18 h. Transpiration was
determined by the method of Stocker (1929, 1956). and it is presented in mg of
transpirated water on g of fresh leaf weight during | min. period (mg/g/min). The
quantity of water in leaves and water saturation delicit were obtained by the method
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of Stocker (1929),Slatyer (1960)and Slavik (1974), and expressed in pereeni-
age (“0). The osmotic pressure of a cell sap was obtained by the method of Walter
(1931, 1970) at semimicroosmoeter made by Knauer, and is expressed in bars.

Simultancously it has been investigated the influence of some external factors
such as: solar radiation intensity (J/cmzlmin_), light intensity (lux), temperature (7C)
and relative humidity (%) of the air at the height of 100 cm and the soil temperature
in the depth of 20 em. The relative humidity of the soil layer in the depth of 100 cm has
been analyzed once a day. These microclimatic investigations were carried out by
microclimitic station actording to Jankovié, M. M. (1971).

Water regime dynamics of Zelkova crenata Spach. and the dynamics of microcli-
matic conditions of its habitat, arc presented by minimal, maximal and mcan daily
values. Seasonal dynamics was observed by following the average daily values in may,
july and september.

The anatomical analysis of the leaves of the observed specics was carried out at
preparations by standard paratfin embedding procedure and double stained by salranin
and light green (BlaZzencic, 1979).

RESULTS AND DISCUSSION

The ability of the plant species 1o adapt to conditions of the habitat is reflected
in its anatomical structure. Namely, the structure of Jeal is the most indicaliw for
ecological research.

Our investigations shows that the upper and lower feaf surfaces are covered with
short straight hairs which are quite rare. Cell walls of the both the upper and lower
epidermis, observed at lhc' leaves surfaces are very recurved, which points to the
mesomorpiic leaf structure. Stomates are located only at the lower side of the leaf, and
their number is approximatly 160 per 1 mm’.

The upper and lower epidermis are single layered, with thin culticle, while the
cells are equal in size (Tab. 1, Fig. 1). Mesophyl consists of the palisade and spongy
tissue which are about the same thickness. Palisade tissue is of one layer, consisting of
the extended cells, almost without intereellulars, while the spongy tissuc is rather loose
with wide intercellulars.

Fig. 1. - Cross section of a leave of a specics
Zeltkova crenata flmch.: ue —upper epider-
mis, le - lower epidermis, pt - palisad tissue,

st~ spongy tissue, h - hair.
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Tab. 1. - Anatomical features of leaves on cross section in wn

Anatomical features min. - max. (Wmj)

[eal thickness at the level of the central bundle 270 - 291

[eaf thickness 72 - 103
Upper epidermis hight 9-10
Upper cpidermis width 13-31
Pilisade tissue 25-41
Spongy tissue 30-41
Lower epidermis hight 9-16
Lower epidermis width Y- 28

Flair length _approx. 188

According to the literature (Vukicevid, 1987) and on the basis of our own
investigations, we have concluded that Zelkova crenata Spach. can be considered as a
shade species (sciophyte).

The general aspect of the water regime and its dynamics shows a correlation with
a present enviromental conditions and sesonal changes. The greatest amount of water
in leaves (68%¢) during whole investigation period was found in may. In keeping that,
the water saturation deficit was the lowest (16%), while the transpiration of just
developed leaves was the most intensive (6,6 mg/g/min). The osmotic pressure of a cell
sap was the lowest in this spring month in regard to the summer and autumn months
{12 ban).

In july all the water regime parameters were changed comparing to the may
values, which is connected with the changes in the environment. In that period the light
intensity and solar radiation were the highest, as well as the temperature which values
reached the maximum comparing to may and september (22,6"C). The air humidity
was considerably lower comparing to may, and because of that the evaporation was the
most intensive. The soil layer humidity goes down insignificantly comparing to the
previous month. In such a microclimatic environmental conditions, the guantity of
waler in leaves also goes down comparing to may (62%), water saturation deficit
increases {22%), transpiration goes down insignificantly (6 mg/g/min) (because of the
high light and temperature intensity), wihile in keeping with that, the osmotic pressure
of a cell sap increases {17 bar).

Inseptember the quantity of water in leaves was unchangeable comparing to july
(62%). The water saturation deficit reached the highest value comparing to may and
july (27%), and the transpiration intensity went down (3.8 mg/g/min). This fall of
transpiratinon can be connected with the changes that happened in the environment
(such as the lowest light intensity, lower air temperature than in july, low evaporation
and small quantity of water in the soil). The osmotic pressure of a cell sap weie the
highest in this month (18 bar), which can be explained by leaves growing ol and
accumulation of the metabolic products (Fig. 2-3, Tab. 2-3).
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Tab. 2.~ Dynamics of microclimatic faciors during ilie vegetative period

Microclimaltic factors.
A Light intensity (Lux)

B Solar radiation intensity

(e /min)

C Air temperature ("0)
Iy Relative air humidity (%)

L 3
¥ Pvaporation {em™)

_mont

A%

I Soil temperature (7C)

G Relative soil humidity (90)

1000
900
100
1.68
1.95
1.81
17.30
19720
1920
6
48
46

13.80
17.00
17.50

h minimum.
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Tab. 3. - Dynamics of water regive during the vegetative period
' d e 8

Waler regime mums o ~ month minimum  maximum  mean values
A. Quantity of water in leaves (’ o) Vv 06.25 7244 68.23
Vi 5980 63.306 62.55
R ¥ GHR oLt X 3 63.92 L0244
3. Trapspiration (mg/g/min) \% 3.16 11.91 658
Vi 3.72 9.2 004
_ Xy 3 3.75
. Water saturation deficit (%) Vv [2.31 2050 16.33
VII 14.32 32.38 21.80
, L Y 0, SN A £ SR . A N 26,73
D). Osmotic pressure of a cellsap (bar) vV 1150 12.99 12.17
VH 15.53 19.09 17.43

X 1792 19.04 18,48
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On the basis of the above reported results, it can be seen that during the
vegetation period the quantity of water in leaves and the transpiration intensity goes
down from spring 1o autumn months while water saturation deficit and osmotic
pressure of a cell sap in this period shows a significant increasce.

During whole vegetation period the dynamic changes of water regime of this
introduced species are noticed. The investigations of water regime and the anatomic
structure showed the physiological stability of the spuecies Zelkova crenata Spach. at the
Botanical garden in Belgrade.

/ CONCLUSIONS

According to morpho-anatomical adaptations and the water regime charac-
teristics, the investigated species is sciophyte with mesomorphic structure, which
survives in the areas where are no great variations on the eavironmental conditions,

The basic characteristics of water regime are relatively weak transpiration during
the whole vegetation period as well as the moderately high osmotic pressure of o cell
sap.

The species Zelkova crenata Spach. has a stable water regime which is in keeping
with the seasonal changes in the environment.
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Rezime
TATIANA GRABELISEK

NEKE EKOFIZIOLOSKE I MORFO-ANATOMSKE KARAKTERISTIKE VRSTE
ZELKOVA CRENATA SPACH.

Veterinarski fakultet, Univerzitet u Beogradu

Zelkova crenata Spach. je kao tercijarna vrsta naseljavala juZnu Evropu, da bi
tokom ledenog doba nestala sa ovih prostora. Danas se sa uspehom gaji u velikom delu
Evrope kao ukrasno drvo, dok su termofilne $ume Kavkaza njeno prirodno stanifte.
Ovavrsta ispitivana u Botani¢koj bastiu Beogradu, odlikuje se dinamickim promenama
vodnog reZima, §to je u skladu sa sezonskim promenama u spoljnoj sredini. Osnovne
karakteristike vodnog reZima su relativno slaba tanspiracija u toku Citavog vegetacij-
skog perioda i umereno visok osmotski pritisak. Proutavanje anatomske strukture lista
ukazuje na njegovu mezomorfmu gradu.

Po morfo-anatomskim adaptacijama i po karakteru vodnog reZima, ispitivana
vrsta je skiofita sa mezomorfnom gradom, koja se odrZala na mestima gde nema velikog
variranja u uslovima spoljne sredine. IstraZivanja ukazuju na fiziolo$ku stabilnost vrste
Zeikova crenata Spach. u uslovima Botanicke baste u Beogradu.
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Macukanovi¢, M., Drazi¢, G., Stevanovi¢, B. (1992-1993): Effect of
air pollution on ecophysiological and anatomical characieristics of the species
Acer negundo and Acer pseudoplatanus. — Glasnik Instituta za botaniku i
botanicke baste Univerziteta u Beogradu, Tom XXV1-XXVII, 49 - 62.

The ecophysiological and ecoanatomical investigations were car-
ried out on the species Acer negundo and A. pseudoplatanus in order 1o
establish their vitality and ability to survive in polluted urban areas of
Belgrade.

The investigations were concerned with the se (xsurm{ dynamics of
chlorophyll content as well as the leaves structure injuries of both species
analyzed from the downtown localities and from the city nughbourhnoc

. respectively.

A. pseudoplatanus was established as more resistant species al-
though the pollution damages were observed in both trees studied.
Key words: air pollution, Acer negundo, Acer pseudoplatanus, ana-
tomical adaptations, chlorophyll content.
Kljucne redi: aerozagadenije, Acer negundo, Acer pserdoplatanus,
anatomske adaptacije, sadrZaj hlorofila.
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Zagadenost vazduha kao posledica intenzivne urbanizacije, industrijalizacije i
saobracaja, jedan je od gorucih problema razvijenih gradova. Na podruéju Beograda,
takode, sve je upadljivije negativno dejstvo zagadivaca iz vazduha, vode 1 zemljiSta na
biljni i Zivotinjski svet, odnosno na populaciju gradskog stanovnistva.

Glavni izvort zagadenja vazduha u razvijenim gradovima, pa iu Beogradu, poticu
od ljudske aktivnosti: industrije, komunalnih delatnosti (individualne kotlarnice u
kojima sagorevaju ¢vrsta i tecna goriva za zagrevanje domadinstava, deponije smeca i
drugo) i saabracaja. U atmosferu se oslobadaju primarni i sckundarni polutanti (sum-
por-dioksid, vodonik-halogenidi, oksidi azota, ozon, peroksiacetil-nitrat, ugljovo-
donici, dim, ¢ad i pragina), dok se uzemljistu i vodi Cesto povedava koncentracija $tetih
i otrovnib hemijskih supstanci (fenolnih derivata, jedinjenja 1eSkih metala, de-
terdZenata, vestackih dubriva). Fitotoksiéne substance prodiru u biljke iz okolne,
vazdu$ne sredine ili il one apsorbuju korenovima iz zemljidta i vode.

Pod dejstvom atmosferskih polutanata razlicite koncentracije, biljke trpe akutna
i hroni¢na oftec¢enja. Ponekad, to su lako vidljivi simptomi, hloroze ili nekroze biljnih
tikiva, pre svega listova, suSenje, ubrzano starenje i opadagje lisca, pa ¢ak i umiranje
cele biljke. Pri malim koncentracijama fitotoksi¢nih substanci, za odredeno vreme,
nema lako wodljivih promena na biljkama. Dugotrajno dejstvo malih koncentracija
gasovitih zagadivaca izaziva hroni¢na oftedenja sa kojima se biljka bori i opstaje,
zavisno od granica tolerancije. Hroni¢ne promene, medutim, dovode do stalnog,
postepenog smanjenja produkcije biomase (Kozlowski, 1980; Ormrod, etal.,
1981; Crawford, 1989). Zbog toga je znacajno ustanovili rane simptome nepo-
volinog uticaja acrozagadivaCa na biohemijske i fizioloske procese kod biljaka, kao i
prve promene anatomske strtukture listova biljaka koje rastu na urbanom podrudju.

U strogom centru Bcog,rada duz gradskih saobracajnica, drvede je godinama
izloZzeno iz-uvnim gasovima i drugim polutantima. Koncentracija /dé,ddl\’d(,d se menja,
ravisno od Vremensl-‘;lh uslova, pre svega prisustva vetra (kosave). Pod dejstvom
aerozagadivaca, alii promenjenih gradskih klimatskih uslova, na lis¢u drveda se javljaju
hloroti¢ne mri)c i pozutele ivice, ono ranije stari i prevremeno opada (ve¢ krajem
avgusta, pa;mm ie). Citava biljka, tokom vremena posm)e neotporna, stvara sve manju
bl()mdhll. kruna postaje sve proredenija, naroCito u vi$nom delu koji se sve slabije
snabdeva vodom, grane se postepeno suse i otpadaju i divo najzad umire. Simptoma-
tologija cStecenja od acrozagadivaca je veoma razlicita { nespecifiéna. Stoga, veliki
prakiiCni znalaj ima analiza ranih znakova o$teéenja, utvrdivanje rezistentnosti i
adaptacija biljaka u uslovima urbane sredine.

U tom cilju analizirana je dinamika koli¢ine hlorofila, kao parametar fizologkih
promena, i anatomska grada listova, kao parametar strukturnil promena, kod drve-
nastih biljaka Acer negundo i A. pseudoplatanis pod dejstvom urbanog acrozagadenia.
Ispitvanja su obavljena na biljkama iz strogog centra Beograda, koji je, prema mere-
njima koje svakodnevno obavlja Gradski zavod za zadtitu zdravija, izloZen visokoj
koncentraciji raziCitih atmosferskih polutanata. Radi precizaije interpretacije rezultata
obavljena je uporedna analiza istih parametara, na istim vrstama drveéa koje raste u
parku (basti) istraZivaCkog centra INEP, desetak Kilometara udaljenog od strogog
centra Beograda.
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MATERIJAL I METODIKA

Biljni materijal za morfo-fiziologka ispitivanja uziman je u strogom centru grada,
na opétini Stari Grad. Na prvom lokalitetu, u ulici Dure Pakovica, analizirani su listovi
Acer pseudoplatanus, a na drugom lokalitetu, u ulici Dunavskoj, listovi Acer negundo.
Ove gradske saobracajnice, kojima prolazi laki, putnicki i teSKi, transportni saobracaj,
nalaze se u neposrednoj blizhini Ulice 29. novembra u kojoj postoji merna stanica
Grradskog zavoda za zaStitu zdravlja. Pomenuti lokaliteti oznaCeni su u radu kao
zagadena sredina.

Provera analiziranih karakteristika listova javora obavljena je uporedivanjem sa
istim, morfo-fiziolofkim parametrima, na listovima javora koji su rasli u daljoj okolini
grada, na prigradskom lokalitetu, u dvori§tu INEP-a. Ovaj lokalitet oznacen je kao
nezagadena sredina.

Analiza hlorofila

SadrZaj hlorofila i ukupnih pigmenata u biljnim ekstraktima u DMF izmeren je
simultanom spektrofotometrijskom metodom na aparatu AMINCO DW 2. Pigmenti
su ckstrahovani u DMF u toku 72 sata na 4°C, u mraku. Za odredivanje kolitine
pigmenata kori§éeni su koeficijenti po Moranu (Moran, 1982). Rezultati pred-
stavljaju srednju vrednost najmanje Cetiri nezavisna merenja. Dobijeni podaci obradeni
su kompjuterski, standardnim statistickim metodama.

Anatomska analiza

Listovi biljaka za anatomsku analizu sakupljeni na terenu, radi trajnog Cuvanja,
stavljani su u rastvor alkohola i formalina, a u laboratoriji preneti u fiksativ Navasina
(Prozina, 1960). Trajni preparati pravljeni su standardnim postupkom Koji
obuhvata obradu fiksiranog materijala parafinskom metodom, seéenje preseka na
ru¢nom mikrotomu (15 pm debljine) i dvojno bojenje preparata svetlo-zelenim i
safraninom (Chamberlain, 1921, Prozina, 1960).

Kontrola zagadenosti vazduha
Kontrola zagadenosti vazduha u Beogradu obavljena ii]t: svakodnevno od strane
Gradskog zavoda za zaStitu zdravlja. Preuzeti rezultati ovih merenja prikazani su u
tabeli 1.
Tub. 1.
Ulica 29. novembra
Izvor aerozagadivanja

stacionarni izvori motorna vozila
mesec SO dadj CO olovo
\Y 86 56 4,7 43
Vi 79 . 68 4,6 4,3
VI S0 71 3,7 3.5
VI 97 75 3.4 3.2

Na tabeli su date srednje mesecne vrednosti izraZene u g/g;n] , 4, prema sta mi—
ardima, maksimalna dozvoljena doza (MDK) za SOz je 150 pm/m’, a za ¢ad S0 pm/m’.
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Zagadena sredina

Stablo Acer negundo sa kojeg su uzeti listovi za analizu, visoko je oko 15 metara,
sa razgranatom, proredenom kro$njom, i nalazi se neposredno uz kolovoz u Dunavskoj
ulici.

Stablo Acer pseudoplatanus Ciji su listovi analizirani nalazi se na trotoaru,
okruzeno asfaltom, uulici Pure Dakovica i visoko je oko 10 metara, sa relativno dobro
razvijenom i u vi$nom delu proredenom kro$njom.

Nezagadena sredina

Stabla A. negundo i A. pseudoplatanus sa kojih su uzimani listovi radi kontrolnih
merenja, visoka su oko 15 m, priblizne starosti oko 25 godina, odlikuju se veoma
razgranatom i gustom kro$njom, kao i neostecenim, zelenim listovima.

REZULTATI

Vista Acer negundo 1. pajasen ili jasenolosni javor porcklom je iz Severne
Amerike, gde je rasprostranjen od Kanade do Meksika i Floride. Raste u dolinama
reka i jezera, uglavnom na dovoljno vlaZnim zemlji§tima. Jasenolisni javor je sever-
noamericki florni elemenat i znacajna adventivna drvenasta biljka, uspesno introdu-
kovana u Evropi i drugim delovima sveta. Izuzeto Cesto se gaji po parkovima, badtama
idrvoredima, zbog Cega, na Sirem prostoru, na takvim mestima, raste i samoniklo. Ovaj
javor je heliofilno drvo, ali je osetljiv na nedostatak vode u podlozi i jake vetrove.
Relativno je kratkotrajno, tako da u drvoredima dolazi do propadanja delova ili Citave
Krune ved posle 25-30 godina. Cveta rano, ve¢ u martu, a cvetovi su dvodomi. Rasejava
s¢ 1 razmnozava velrom.”

Veoma je pogodno drva za urbane uslove jer brzo raste, naroCito u miadosti i
veoma je dekorativnog izgleda. Na gradskim ,zelenim” poviSinama u Beogradu spada
medu pajéedée gajeno drvece u drvoredima i parkovima (Jovanovié, 1950).

Vrsta Acer psuedoplatunus L., javor, rasprostranjena je u celoj Bvropi, izuzev na
’irinejskom poluostrvu. Najéesdée se srece u brdskom Sumskom pojasu, dok u juznoj
wropi raste u regionu bukve ili mesovitih Suma bukve i jele. Pripada srdnjeevropskom
lornom elementu. Najbolje uspeva na umereno vlaznim i umereno hladnimstani$tima,
sa dobro razvijenim zemljiftem. Ovo drvo u prirodi moZe da dostigne veliku starost (do
300 godina). Potinje da cveta tek kad dostigne oko 20 godina starosti. U isto vreme
cvetailista, 1 to od aprila do juna. Raste brzo, formira stablo sa velikom i dekorativhom
krunom zbog Cega se Cesto gajt u parkovima, baftama i gradskim drvoredima. 1J
hortikulturi su cenjene ukrasne forme ovog javora sa li¢em od svetlo do tamno zelene
i zeleno-crvene boje. DostiZe visinu od oko 30 m i $irinu stabla od oko 2.5 m.

i
i
{

Rezultati merenja koli¢ine ukupnog hlorofila kod vrsta A. negundo i A
pseudoplatanus iz nezagadene (prigradske) i zagadene (gradske) sredine prikazani su
na tabeli 2.
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Tab. 2. - Koli¢ina hlorofila ( .ug/cfmz) uw listovima Acer negundo 1 A. pseudoplatanus
tokom vegetacijskog perioda, u zagadenoj i nezagadenoj sredini.
Chlorophyll content (pg/em2) in leaves of A, negundo and A. pseudoplatanus during vegetation period in
polluted and unpolluted area,

Acernegundo

Acer pseudoplatanus

Chlat" Chla+ Chlatlh  Chlasn (ug/em”)
datum . (ug/em”) (ugfem?)  (ugtem
(date) nezagadeno zagadeno nezagadeno zagadeno
o (unpolluted) (polluted) (unpolluted) (polluted)
22/5/90 61.36 70.50 42.68 42.06
25/6/90 69.87 56.80 45.44 58.30
23/7/90 82.86 39.03 31.72 57.75
30/8/90 70.05 39.28 38.88 37.15
3/10/90 _ 67.30 15.76 36.73 o743

Acer negundo

Sadrzaj hiorofila

Kod mladih listova jasenolisnog javora, u maju, izmerena je skoro podjednaka
koli¢ing hlorofila kako u nezagadenoj (42,7 pg/cm®) tako i u zagadenoj sredini (42,1
pg/em”). Tokom sezone, medutim, koncentracija hlorofila se neznatno povecavala u
iistovigna biljke iz nezagadene sredine, tako da je v junu postigia vrednost od 454
uglem®, a zatim s¢, do kasno jesenjeg perioda zadrzala pa nesto ganjim, ali konstant-
nim vrednostima (proseéno za period juli-oktobar 35.7 ug/ein”). U istom periodu,
koneentracija hlorofilg u listovima biljke 1z zagadene sredine dostigla je visoku vrednost
u junu od 58,3 pg/em”, a zatim se naglo smanjivala krajzcm leta 1 pocetkom jeseni. U
oktobru je konstatovana vrednost od svega 17,4 pg/em” 5to je upola nianja koncen-
tracija hlorofila od one konstatovane kod listova jasenolisnog javora iz nezagadene
sredine (SL 1). '

Acer negundo

25V 23Vl
[ JAERB
Fig. 1. -~ Sezonska dinamika koli¢ine hlorofila (p; cm'z) u listovima Acer regundo u A
- nezagadenoj i B ~zagadenoj sredini.
Seasonal variations of chlorophyll content in leaves of Acer negundo from A —unpolluted, and B - pol-
tuted area.
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Fkoanatomske odlike

Listovi A. negundo su neparno perasto sloZeni, najée$ce od 5 listica dugih oko
5-10 ¢m, na vrhu zasiljenih, a pri osnovi okruglastih, i po obodu fino nazubljenth.

Fig. 2. - Popretni presek kroz list Acer negundo iz nezagadene sredine: pp - pali-
sadni parenhim, sp - sunderasti parenhim.

Cross section of Acer negundo leaf from unpolluted arca: pp — palisade parencliyma, sp — spougy paren-
chyma.

List jasenolisnog javora je hipostomati€an, slabo izraZene dorziventralne struk-
ture mezofila. Celije epidermisa su relativno krupne, izrazito veéih dimenzija na licu u
odnosu na nali¢je lista, sa slabo razvijenom kutikulom. Mezofil Cine Cetiri jasno
izdvojena sloja éelija Cija se velidina pravilno, a postepeno smanjuje od lica ka nalicju
lista. U sva Cetiri niza Celije su rasporedene na nacin uobiCajen za Celije palisadnog
parenhima, tako da se tefko zapaza diferencijacija na palisadno i sunderasto tkivo.
ipak, dva niza (samo retko tri sloja) Celija, ispod epidermisa lica, ¢ine duguljastije i
pravilne, gusto naslagane palisadne parenhimske éelije, dok jedan do dva sloja celija
ispod njih, odnosno iznad epidermisa nali¢ja, ¢ine nes§to okruglastije i manje uredno
rasporedene Celije sunderastog tkiva (S1. 2). Pored toga, u mezofilu s¢ zapazaju krupne
¢elije ispunjene izuzetno velikim pojedina¢nim kristalima. Stome su sitne, mnogobro-
jne na popretnom preseku, u nivou Celije epidermisa nali¢ja, ¢ak, sasvim neupadljivo
ispupCene. Sitni kristali prisutni su v parenhimskim ¢éelijama cko povodnih snopica,
narodito u regionu centralnog nerva lista.
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Iig. 3. — Popre&ni presek kroz list Acer negundo iz zagadene sredine: pp — palisadni
parenhim, sp — sunderasti parenhim, d - ofteéene i deformisane celije.
Crass section of Acer uegundo leaf from polluted area: pp — palisade parenchyma, sp -—-spongy pasen-
chivma, d - injured and deformed celis.

List biljke iz zagadene sredine je bledo-zelene do bledo-?ute boje. Hloroti¢ne
mrlje su upadljive, Ceste po obodu liske ili razbacane po povrsini liske, izmedu nerava.

Promene u anatomskoj gradi lista iz zagadene sredine zapaZaju se u o¥tecenjima
na epidermisu, na stomama, aliiu ¢elijama mezofila. Na vi$c mesta oftecen je s oljasnji
zid epidermalnih Celija, ili su potpuno uniftene jedna ili viSe epidermalnih Celija.
Ojstecenja su upadljiva na nalicju lista (retko na {icu lista), polaze od epidermisa i
zahvataju manju ili vecu zonu tkiva mezofila. Uglavnom, o$tedenja stizu do drugog niza
palisadnih Celija, tako da prvi sloj ¢elija palisadnog tkiva, odmah’ispod epidermisa lica,
ostaje neostecen (SI. 3). List jasenolisnog javora iz zagadene sredine je ma nje debljine
od onog iz nezagadene sredine. Kod ovog lista ¢elije mezofila su krace i neSto ire. U
¢elijama palisadnog tkiva uocavaju se okruglasti, nabrekli hloroplasti, neravnomerno
rasporedeni, za razliku od vretenastih hloroplasta u ¢elijama mezofila listova iz
nezagadene sredine, koji su kao brojanice nanizani duz zidova palisadnih éelija. Pored
toga. u listu su prisutni brojni kristali, rede u éelijama mezofila, a izuzetno esto oko,
a narocito ispod, provodnih snopica.

Acer pseudoplatanus

Sadrzaj hlorofila

U listovima ovog javora konstatovana je znacajna kolicina hlorofila, pre svega
kod biljaka iz nezagadeng sredine (61,4-82,9 pg/em®), ali i kod biljaka iz zagadenc

sredine (79,5-15,8 pug/em”). Sezonska dinamika koli¢ine hlorofila, medutim, ima
razliciti tok kod listova iz nezagadene (prigradske) i zagadene (urbane) sredine.




B GLAS. INST. BOT. | BASTE UNIV. U BEOGRADU, 26 - 27,49 - 62, 1992 - 1993 (1994)
56 M. MACUKANOVIC et al: ACER NEGUNDO 1. 1 A. PSEUDOPLATANUS L.

Kod bﬂjz;)ka iz nezagadene sredine, u mladim listovima, koliCina hlorofila iznosila
je 61,4 pug/em”. Tokom vegetacijske sezone koncentracija hlorglila se postepeno
povecavala i u julu dostigla maksimalne vrednosti od 82,9 pg/cm”. Prema jesent, sa
starenjem listova, koncentracija hlorofila postepeno opada do viednostiod 67,3 pg/em
izmerene u oktobru (S1. 4)

Acer pseudoplatanus

2V | 25V | 23V 30w
[ JAKESB

. \ . . ey . - 2 . .
Fig. 4. — Sezonska dinamika kolic¢ine hlorofila (ug/cm”) u listovima Acer pseudopla-
tanus u A - nezagadenoj i B - zagadenoj sredini.
Seasonal variations of chiorophyll content in leaves of Acer pseudoplatanus tom A —unpoltuted, and B -
polluted area.

Nasuprot tome, mladi listovi Acer pseudoplatanus iz zagadene sredine odlikovali
su se znacajnom koli¢inom hlorofila od 70,50 pg/cm™ u maju. Kako su listovi sazrevali
i starili, tako se sadrzaj hlorofila konstantno i naglo smanjivao. Skor% upola manje
vrednosti zabeleZene su ved u julu (39,0 pg/cm®) i 2avgustu (39.3 pg/cm®). U oktobru,
sasvim pozuteli listovi sadrZali su svega 15,8 ug/cm” hlorofila (S1. 4).

Fkoanatomske odlike

Vrsta Acer pseudoplatanus odlikuje se listom Siroke osnove i liskom usecenom na
pet reZnjeva. Listovi su tamnozeleni, na licu glatki, a na nali¢ju slabo dlakavi, ili sa
¢upercima dlaka uz nerve.

List ovog javora je hipostomati¢an i dorziventralne grade. Celije epidermisa su
relativno krupne, na licu lista veée, uglavnom pravougaone, dok su na naliCju lista
sitnije, okruglaste i papilozne (Sl. 5). Palisadno tkivo ¢ini jedan red izrazito izduZenih,
stubastih i pravilno rasporedenih ¢elija. U dvo- do troslojnom sunderastom tkivu Celije
su nepravilno etvorouglaste do okruglaste, razdvojene intercelularima znatnih di-
menzija. Odnos palisadnog i sunderastog tkiva je 1:1. Stome su sitne, brojne, u nivou
unutra$njeg tangencijalnog zida papilozne epidermalne éelije nalicja lista. Dlake su
dugacke, visecelijske i nerazgranate.

Znatna oftedenja listova na stablu iz zagadene sredine uotavaju se vec Krajemn
juna. Mrke fleke javljaju se na ivicama liske i8ire se ka sredini (centralnom delu) liske,
kako po povrsini, tako i u dubini lista zahvatajudi tkiva mezofila. Kod ovog javora

vidljiva su oftecenja i na licu lista. Ukupna $irina lista je manja, narocito su krace Celije
palisadnog tkiva, tako da je sunderasto tkivo neznatno Sire od palisadnog parenhima
(SL. 6). Palisadno tkivo &ini jedan sloj Celija u kojima se zapaZaju uvecani, okruglasti
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hloroplasti, radtrkano rasporedeni u okvin jedne éelije. U Celijama sunderastog tRiva
cesti su krupni kristali. Ostedenja su vidljiva na pojedinaénim Celijama, il obuhvataju
grupu celija, pre svega na donjoj strani lista, ili su, ¢ak, kompletno nekrotiéni manji ili
vedi delovi svih tkiva mezofila. Na mestima oftecenja Celije sunderastog ili palisadnog
parenhima su promenjenog oblika, uvecane i ispunjenc specificnim, u ovom slucaju
nedefinisanih sadrZajem ili velikim kristalima.

Fig. 5. - Popre¢ni presek kroz list Acer pseudoplatanus iz nezagadene sredine: pp —
palisadni parenhim, sp — sunderasti parenhim.
{ross section of Acer pseudoplatanus leaf from unpolluted area: pp — palisade parenchiyma, sp ~ spongy
parenchyma.

Nekrotiéna oftedenja razlicitog porekla zahvataju velike delove starijih Listova,
pocevsi od sredine leta.

DISKUSLIA

Sadrzaj ukupnog hlorofila ispitivanih vrsta javora varira shodno ekofizioloSkim
odlikama i starosti listova ovih drvenastih biljaka, kao i v zavisnosti od sezonskih
promena spoljainje sredine, tokom vegelacijskog perioda. Pored toga, u uslovima
zagadene sredine u Beogradu, gde se izmerene vrednosti SO nalaze blizu maksimalno
dozvoljenih koncentracija, a kolidina ¢adi prevazilazi MK, ove promene suna glafene,
tako da je evidentno smanjenje kolicine ukupnih pigmenata kod ispitivanih vrsta drveca
iz uskog gradskog podrudja.

U strogom gradskom centru Beograda, viste Acer negrndo 1 A. pseudoplatanus
izlozene su vifestrukim stresnim uslovima. Sinergisticko dejstvo polutanata, deficita
vlaznosti i visokih letnjih temperatura kontinentalne klime ovog podrucja utiCe na brie
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starenje listova ovih biljaka, pojavu nekrotitnih mrlja ve¢ u rano leto, manji prinos
biomasc listova i proredivanje krune drveca. Najéesce mala kolicina zemljista u ulicnim
drvoredima oko pojedinaénog drveca i nedovoljno navodnjavanje (zalivanje) pojacava
uslove nepovoljnog vodnog reZima neizbezno termofilnijih urbanih stanidta.

F iﬁ. 6. — Popreéni presek kroz list Acer psendoplatanus iz zagadene sredine: pp ~ pali-
sadni parenhim, sp - sunderasti parenhim, d - oftecene i deformisane elije, k — kris-
tali.

Cross section of Acer pseudoplatanus leaf from polluted area: pp - palisade parenchyni, sp - spongy pi-
renchyma, d - injured and deformed cells, K — crystals.

U urbanoj sredini biljke rastu izloZene kombinovanom dejstva vise polutanata
(Kozlowski, 1980), a pre svega sumpordioksida i nekih oksidacionih supstanci
(Black and Black, 1979;Black and Unsworth, [980; Krizek etal, 1985),
pri demu, najéesée, dolazi do brieg zatvaranja stoma (E1kiey and Ormrod. 1979,
Constantinidou and Kozlowski, 1979), razgradnje hloroplasta. ogranica-
vanja fotosinteze i prinosa biljaka (Dugger and Ting, 1970; Hallgren and
Huss. 1975; Phillips etal, 1977). Hlorotiéne i nekrotitne mrlje na liski, i zmedu
nerava. kao i na obodu lista, uoCene kod obe vrste javora odgovaraju promenama koje
nastaju usled $tetnog delovanja kombinacije nekoliko acrozagadivaca. Promene na
listovima A. negundo i A. pseudoplatanus iz urbanog podrucja Beograda konstatovane
su, pre svega, u epidermisu nali¢ja lista i donjem delu mezolila (prema nalicju lista).
Najtesée pod dejstvom gasovitth zerozagadivaca odtecenja podinju oko stominih i
okolnih epidermalnih éelija, zalaze u tkiva mezofila { uti¢a na promenu i smrt ¢elija
sunderastog tkiva, ispod stominih otvora.
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Pored toga, listovi is‘piiivanih biljaka, narocito vrste Acer negundo, bili su a‘pnijd
pokriveni prljavitinom, prasinom i u,stlulmd Cadikoje su prianjale za lepljivu povrsinu
liske. Lepljiva prevlaka ili ,medna rosa” na listu moZe se povezali i sa povecanim
prisustvom fitofagnih filobionata, koji, sa svoje strane, takode, ubrzavaju negativne
promene kod hll;dkd izloZenih fitotoksi¢nim substancama (Keller and Muller,

1958; Fluckiger ctal, 1979).

Opste nepovoljne urbane uslove za razvoj drvenastih biljaka zbog zagadenja,
nespecificnih konkurentskih odnosa, kidanja mladica i grana, , higijenskih se¢a” krune
drveda i drugog, pogorSavaju i sledeée okolnosti:

- nepovoljan vodni rezim uskog prstena zemljista oko stabala, narodito u
drvoredima na asfaltiranim trotoarima ulica. Ova mala povrSina zemljiSta je, pored
loga, najCeSCe gaZena i utabana, bez dobre aeracije, zagadena naftom, benzinom,
olovom, in:ekticidima i raznim drugim otpadnim materijama.

- promenjeni gradski klimatski uslovi koji se odlikuju, nopste uzev, visim tem-
peraturama vazduha i zemljista I, Cesto, manjom ukupnom koli¢inom padavina.

- Cesto prisustvo fitofagnih filobionata (koji siu ili bodu list i stvaraju lepljiva
prevlaku ~ mednu rosu”) ili, ¢ak, patogenih mikroorganizama zbog poremedenih
odnosa ekoloske ravnoteZe.

Nepovolini uslovi urbane sredine deluju na shican nacin kao i uslovi stresa (sufa,
niske temperature, preterano zracenje, nedostatak mineralnih elemenata) u
nenaru$enoj, prirodnoj sredini na morfo-fizioloske karakteristike biljaka. Osnovne
promene, u ovakvim okolnostima, odgovaraju adaplacijama kscrofilnog (ksero-
morfnog) tipa. Konstatovano je da su listovi ispitivanih javora iz centra Beograda
manjih dimenzija, da im je redukovan mezofil, pre svega je smanjen broj palisadnih
slojeva, a palisadne Celije su kra¢e. Promene manje ili viSe kseromorfnog tipa su prvi
stepen odbrane ovih biljaka u nepovoljnim uslovima urbane sredine. Na taj nadin se
pojatava njihova rezistentnost i odlaZze konalni negativni efekat veé prisutnih
o§tecenja.

S obzirom na svoje poreklo, ekolosko-evolucijsku prilagodenost i rasprostra-
njenje, Acer negundo 1 A. pseadoplatanus pokazuju razlicit stepen rezistentnosti, od-
nosno osetljivosit na delovanje acrozagadivada i druge antropogene uticaje u gradskim
sredinama

Ekofiziolo$ka i morfo-anatomska istraZivanja su pokazala da se Acer negundo
odlikuje vecom osetljivo§éu na promene u sastavu vazduha u urbanoj sredini grada
Beograda u odnosu na A. pseudoplatanus.

Vrsta Acer negundo u gradskim uslovima odlikuje se¢ manjom ukupnom
koli¢inom hlorofila u odnosu na A. pseudoplatonus, l\dnWt:llklmvanmnjlmd usadrZaju
“hlorofila tokom vegetacijske sezone. Ovakve promene, verovatno, uticu na fotosintezu
i mogu s¢ posredno povezau sa smanjenom opstom pmdukujom i prirastom biljke.
Hioroze, registrovane ve¢ na mladim listovima ovog javora, ukazuju na direktne i
indirektne negativne efekte urbane spoljasnje sredine. Pojava hloroza i kod listova iz

dalje okoline grada, mada manjeg obima 1 udestalosti, uodena tek sredinom leta,
posledica je, najverovatnije, izrazito su$nih uslova klime u godini kada su vrfena
ispilivemja Inace, 1990. godina karakterisala se¢ velikom suSom, tako da je proseéna,
meseéna kolicina pdddVlnd tokom Vcauau]skc sezone (u periodu izmedu aprila i
oktobra) iznosila 44 mm, srednja mesecna temperatura, u istom periodu, bila je 18°C
(prema podacima Republitkog hidrometeorolo$kog zavoda). Uop§te uzev, jasenolisni,
iavor, Koji raste, pre svega, na dovoljno viaznim mestima, sa manjom ckoloSkom
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plastitno$cu podnosi zagadenja vazduba u Sumo-stepskim uslovima klime podrudja
Beograda. Povecéana kolicina ukupnog hlorofila tokom prva tri meseca, u prolece i rano
leto, u zagadenoj sredini, uprkos vidljivim hloroti¢nim promenama na listu, govore o
maksimalnim moguénostima biljke da fizioloski produZi rezistentni odgovor na uslove
acrozagadenja.

Medutim, kod vrste Acer pseudoplatanus, maksimalna vrednost koncentracije
hlorofila (70,5 g/cmz) izmerena u pmlu,mm mesecima, naglo opada tokom leta.
[stovremeno se uocavaju znatna osteéenja listova kod bll]dl\d sa centralnog gradskog
podrudja. Sve ove promene predstavljaju simptome ranog suSenja i starenia listova. Oni
pocinju da opadaju vec¢ tokom kasnog leta (krajem avgusta). Prema tome, ovo drvede
s¢ odlikuje skradenim vegetacijskim periodom tokom kojeg obrazuje manju koliCinu
nove biomase. Ovakve ekoloske okolnosti, tokom vremena, utiCu na smanjenje adap-
tivnih moguénosti i kompctidvnosti ove vrste javora u okviru urbanih vegetacijskih
celina. Pored toga, drvece sa oftedenim lis¢em i smanjenom ukupnombiomasom krune
slabo doprinosi popravljanju opstih ekoloskih uslova grada. Zbog toga se, u gradskim
sredinama mora, s jedne strane, nastojavati na smanjenju acrozagadenja da bi se
odrzale veé postojece vrste biljaka (drveca), a s druge strane, treba negovati i odrzavati
rezistentne vrste drveca. Time se obezbeduje dugotrajnija i efikasnija uloga vegetacije,
kao i njena veca estetska vrednost v gradovima.

Ipak, A. pseudoplatanus se odlikuje znaiainom vitaino$éu. Uprkos negativinim
promenama tokom vegetacijske sezone pod uticajem, pre sve g4 acrozagadivada, nvo
drva se, svakog proleca dobro i konsiantno obnavija, razvija snaznu krunu sa relaf; vno.
neo§tecenim listovima sve do sredine leta. Prilagoden na umereno viaZne i umereno

“tople uslove na svojim prirodnim stani§tima na brdsko-planinskom podrudiju, ovaj javor
se trajnije suprotstavlja negativnom dejstvu urbane sredine. Ved u blizoj okolini grada
A. pseudoplatanus se nesmetano normalno razvija i odlikuje duZom vegetacijskom
sezonom, s obzirom da je u svojim ckoloSkim zahtevima dovoljno plastiCan i
prilagodljiv. EkoloSki monitoring ove vrste javora, na razli¢itim mestima u gradu,
pomogao bi otkrivanju ranih simptoma o$tecenja, kao tu ustanovljavanju adaptivnih
osobina rezistentnih formiA. pseudoplatanus na uslove poveéane konce mmu}c LASOVI-
tih zagadivaca.

ZAKLJUCAK

Introdukovani jasenolisni javor Acer negundo i autohtoni javor A. psendoplatanus
spadaju n izuzetno Cesto gajene biljke u najuzem delu Beograda, Oftedenja ovog
drveca, njihovo brze starenje i propadanje, u urbanoj sredini Beograda izazvano je
sinergistickim delovanjem aerozagadivaca (sumpordioksid, supstance sa oksidacionim
dejstvom, Cad, prasina) i ksero-termofilnih uslova gradske klime $umostepskog po-
dru¢ja. Akutne i hroni¢ne promene kod obe vrste javora konstatovane su na osnovu
analize dnevne i sezonske dinamike koli¢ine klorofila i promene anatomske strukture
listova.

Koli¢ina ukupnog hlorofila listova Acer negundo u prvoj polovini vegetacijske
sezone fluktuira, a zatim naglo opada. Na listovima su vidljive brojne hlorotine i
nekroticne mrlje i fleke, izmedu nerava i duz oboda liske. U anatomskoj strukturi lista
uocavaju se ostecenja epidermisa (veci broj izumrlih éelija), gubitak pravilne slojevito-
sti Celija mezofila, kao i brojne ostecene ili promenjene, oblikom i sadrZajem, Celije
sunderastog, rede palisadnog tkiva.
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Kod Acer pseudoplatanus KoliCina ukupnog hlorofila konstantno, a v drugoj
polovini leta naglo opada, tako da se visok sadrZaj hlorofila u maju svodi na upola manju
kolicinu kiajem jula. Ved poCetkom leta zapaZaju se oStedenja Celija epidermisa i
deformacije éelija mezofila.

Tako su kod obe vrste javora konstatovana strukturna ofteéenja i smanjenje
kolicine hlorofila u listovima, ipak, u uslovima urbane sredine Beograda, A. pseudopla-
fanus pokazuje vedu rezistentnost od A. negundo. Naime, uprkos konstantnim i ranim
ofteenjima veé na mladim listovima, A. pseudoplatanus zadrZava nepromenjenu
sposobnost obnavljanja i svakog proleda razvija krunu velikih dimenzija, te, makariu
kradem periodu, veoma efikasno obavlja proces fotosinteze. S druge strane,
acrozagadenje u sprezi sa drugim nepovoljnim faktorima urbane sredine izaziva
hroni¢ne promene kod A. negundo; tokom godine, na ovom drvelu se uocavaju ne samo
ostedenia listova, ved i vidijivo proredivanje i smanjenje ukupnog obima krine.
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Summary

MARINA MACUKANOVIC, GORDANA DRAZIC!, BRANKA
STEVANOVIC?

EFFECTS OF AIR POLLUTION ON ECOPHYSIOLOGICAL AND
ANATOMICAL CHARACTERISTICS OF ACER NEGUNDO AND A
PSEUDOPLATANUS

’

, Faculty of Veterinary Medicine, University of Belgrade, 'INEP, Zemun,
“Institute of Botany and Botanical Garden ,JJevremovac” Faculty of Biology.
University of Belgrade

The introduced boxelder (4cer negundo) and autochtonous sycamore (A.
pseudoplatanus) are commonly grown trees along the streets, in parks and squares of
Belgrade. The injuries of these trees, their faster senescence and perishing, in the urban
area, are caused by synergisticeffects of air pollutants (sulphur dioxide, nitrogen oxides,
ozone and other oxidants, soot and dust) and gcnerar climatic conditions (of the
forest-steppe region) in and around Belgrade. The acute and chronic damages inboth
species were established on the basis of diurnal and seasonal variations of chlorophyll
content and changes in leaf anatomical structure.

Total chlorophyll content in Acer negundo leaves is varying during first hall of
vegetation season, and then abruptly decreased.

Irregular numerous marginal and interveinal necrotic and chlorotic blotches are
evident onboxelder expanded leaves. As for anatomical leaf strucutre, epidermis shows
injury simptoms (dead cells), layers of mesophyll are disordered, and many cells of
spongy, more rarely of palisade parenchyma arc either injured or their shape and
content changed.

InA. pseudoplatanus the total chlorophyll content constantly decreases, whercas
in the second half of the summer it sharply declines so that its high content in May is
reduced to half that toward the end of July. .

Already at the beginning of summer injury symptoms on the epidermat cells and
deformations of mesophyll tissue cells are evident on sycamore leaves.

It should be noted, however, that A. pseudoplatanus is more resitant to air
pollution in Belgrade urban environment than A. negundo. Namely, in spite of injury
symptoms appearing already on the young leaves, sycamore retains the unaltered ability
of renewal so that cach spring it restores a large crown, which cnables very eflficient
photosynthesis though over a shorter period of time. On the other hand, air pollation,
in combinz tion with other unfavourable urban environmental stresses causes chronic
changes in boxelder reflected not only in leaf chlorosis or necrosis but also in obvious
thining and decrement of three crown.
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CERASTIUM NEOSCARDICUM, A NEW SPECIES OF SER. ALPINA
FROM MT SHAR-PLANINA, SERBIA
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Niketi€, M. (1992-1993}: Cerasiiurn neoscardicum, a new species of
Ser. Alipna from Mt Shar-planina, Serbia. — Glasnik Instituta za botaniku i
botaniCke badte Univerziteta u Beogradu, Tom XXVI-XXVII, 63 - 70.
Cerastium neoscardicum Niketic is described and illustrated from
serpentine high-mountain region of Shar-planina mountain (5. W. Serbia:
Kosovo). This new species is closely related to C. alpinm and C. decalvans
Schlosser & Vuk.
Key words: genus Cerastim, Serbian flora, Mt Shar-planina, new
species, Cerastium neoscardicum.
<y v N . . Y g ee 5 .
Kljucne reci: rod Cerastium, flora Srbije, Sar-planina, nova vista,
Cerastium neoscardicum.

INTRODUCTTION

While studying the flora of the Mt Shar-planina mountain (S.W. Serbia: Kosovo),
we encountered an isolated population of the genus Cerastium L. (Ser. Alpina Borza),
oceuring on the serpentine grounds. The comparison of the collected specimens with
the herbarium material from the extant collections resulted in one species new for the
science.
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DESCRIPTION

Cerastium neoscardicum Niketic, sp. nova

E subsectione Cerastium serie Alpina Borza.

I c.: Fig. 1a, Fig. 3(a-c), Fig. 4(a-c)

Typus: Flora serbica: Mt Sar-planina (KodZa Balkan: Ostrovica) apud urbem
Prizren; 1400-2090 m; in rupestribus serpentinicis, ad Pinetum heldreichii, leg. M.
Niketi¢ & N. Stevanovi¢ 7.8.1987. (Holotypus: BEQ; Isotypi: B, BD, C, LU,
S0).

Diagnosis: Laxe vel subdense caespitosum, caulibus infracto-ascendentibus
10-25(35) cm altis. inferne saepe obscure sublignosis, noduloso incrassatis, parum
radicosis, cum surculis sterilibus evolutis. Caules floriferi infernc sparse, supernc
subdense vel dense villoso-tomentosi. In axillis foliorum infimorum turiones steriles
saepe evoluti. Folia caulina eliptico-lanceolata vel lanceolata, etiam obovato-lanceo-
lata, raro inferna lineari-lanceolata, 1-2(3.5) cm longa, plerumque acuta, interdum
unilateralia et falcata, viridia,ubique sparse vel subdense villosa ad villoso-tomentosa,
superficies folii etiam nitide glanduliformi lepidota. Folia surculorum sterilium latiora,
juvenilia cano-viridia, villosa ad villoso-lanata, margine barbulata, pilis mollibus 25-40
wm latis obsita. Inflorescentia (1)3-6(15)-flora; rami inflorescentiac post anthesin
saepe basi refracti. Bracteae omnes pellucido-scarioso-marginatae, interdum infimae
herbaceae. Pedunculi dense crispato ad tomentoso-hirsuti, pilis mollibus et pilis pat-
entibus, interdum etiam fastigiato-deflexo-subulatis obsiti; post anthesin sacpe basi

refracti, apicem versus paene recti. Sepala ovato-oblonga vel ovato-lanceolata, 7-8(9)
mim longa, acuta, dense hirsuta cum pilis subulatis fastigiato-deflexis; pellucido-
scarioso-marginata, post anthesin saepe intense contracta. Petala calyce fero duplo
longiora. Capsula paene recta, calyce vix vel duplo longiora. Semina 1,3-1,8 mm longa,
scabro-tuberculata. Floret a fine Julli in Augustum.

Differt ab C. alpino et C. lanato, caulibus basi robustioribus et crassioribus,
superne tomentosis, surculis sterilibus Iongi'()ribus, turionibus sterilibus frequentiori-
bus, foliis angustioribus, inflorescentia ampliore, bracteis infimis plerumque scarioso-
marginatis, pedunculis crispato ad tomentoso-hirsutis pilis mollibus obsitis, etiam
seminibus majoribus.

A C. decalvanti distinctum turionibus sterilibus paucis, bracteis infimis interdum
herbaceis, ramulis inflorescentiae sicut pedunculis post anthesin sacpe basi refractis,
pedunculis crispato ad tomentoso-hirsutis pilis patentibus obsitis, calyce tantum cum
pilis hirsutis, ab subspecie decalvans etiam foliis juvenilibus barbulatis.

A. C. transsilvanico diversum habitu robustiore, caulibus circiter duplo crassiori-
bus non superne refractis, surculis sterilibus sicut turionibus pluribus, indumento
densiore, foliis juvenilibus cano-viridibus, pedunculis crispato ad tomentoso-hirsutis
non crispato-hirsutis.

IFtymologia: Sar-planina = Mt Scardus [non C. scardicum T. Georgieff ex
Sofka in Glasn. Skopsk. Nau¢n. Drustva 18: 233 (1938)].
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ig. 1. = Morphological variability of Cerastinm neoscardicum Niketic: a — habitus, b -
flower stem of Cerastinn neoscardicumn Niketid | adenotrichum Niketic



GLAS. INST. BOT. 1 BASTIE UNIV. U BEOGRADU. 26 - 27,063 - 70, 1992 - 1993 (1994)
60 M. NIKF I CERASTIOM NEOSCARDICUM NIKETIC, SP. NOVA

‘K{ 3 gV g
N \ \ \‘f
10 | |
3
Y/

0/ -

Fig. 2. — Habitus of Cerastium neoscardicum Niketic 1. glandulosum Niketic
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b [ C

Fig. 3. — Morphological variability of Cerastitun neoscardiciun Niketié: a —voung
Jeaves, b —leaves, ¢ - part of leal = *Cerstivun neoscardicum Niketic {. adenotrichum
Niketié

Fig. 4. — Morphological variability ol Carastiun neoscardicurn Niketic: a — sepals, b -
capsules, ¢ - part of peduncle ~ *Cerastivun neoscardicion Niketié {. gluridulosum
Niketi¢
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Variabilitas:

3 f. adenotrichum Niketi¢, f. nova - | c.: Fig. 3c. - Typus: Flora scrbica: Mt
Sar-planina (KodZa Balkan: Ostrovica) apud urbem Prizren; 1400-2090 m; in rupestri-
bus serpentinicis, ad Pinetum heldreichii, leg. M. Niketi¢ & N. Stevanovi¢ 7.8.1987.
(Holotypus: BEO). - Folia glanduloso-villosa ad glanduloso-villoso-tomentosa.
Sepala et tracteae, saepe pedunculi et rami inflorescentiac glanduloso-pilosi.

{. glandulosum Niketi¢, f. nova -1 c.: Fig. 1b, Fig,. 2, Fig. 4a, Fig. 4c. - Typus:
Flora serbica: Mt Sar-planina (KodZa Balkan: Ostrovica) apud urbem Prizren; 1400-
2090 m, in repestribus serpentinicis, ad Pinetum heldreichii, leg. M. Niketi¢ & N.
Stevanovi¢ 7.8.1987. (Holotypus: BEO). - Sepaia et bracteae, sacpe pedunculi ¢t
rami inflorescentiae glandutoso-pilosi.

{. neoscardicum

ig. 5. - Distribution of Somme Speeies of Ser. Alpina in Notth-Fastern Part of Shar-

planina Mountain: circle — Cerastium neoscardicum Niketic, triangle — Cerastium de-

calvans Schlosser & Vuk., square ~ Cerastitun alpinm 1. aliitude: 1 - < 1000 m 2 -
1000-1400 1, 3 - 1400-2000 m, 4 — > 20001

DISCUSSION

C. neascardicum worphology represents a transition from . alpinim L. to
decalvans Schlosser & Vuk. As both of the mentioned species can be found in the
broader Mt Shar-planina region (Fig. 5), C. neoscardictun is most probably of a hybrid
origin. The specific habitat conditions ~ the scrpentine high-mountain geological
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substratum, somewhat lower altitude than that of . alpinum, palebark pine from
Heldreich community - have induced have caused a complete independence of the O
neoscardicum population. Therefore it would be plausible to give this taxon a hybrido-
genous species status.

This standpoint is supported by the existence of an independent form with
slandular-pubescent leaves, C. neoscardicron’{. adenotrichum. 1n C. alpinwum,” such a
form has not been recorded so far, while some glandular-pubescent forms of €
decalvans have been found in an area limited to the central Serbia, Former Yugoslav
Republic of Macedonia and Greece, and then only at lower altitudes.

[t is interesting to note that a record of the considerable variabiiity of the
alpinum species {C. alpinumvar. nudipes Fenzl ex Griseb.), together with its three forms
- Jusus 1 pumilus, uniflorus (alpinus)”, ,Jusus 2 cyma pauciflora, bracteis latius
scariosus”, lusus 3 cyma multiflora, bracteis herbaceis” — growing on the limestone -
ground of the Kobilica peak, exists in the first paper ever published on the flora of the
Shar-planina mountain (Grisebach, 1843). On basis of these diagnoses and the
materials collected by Doerfler on the limestone grounds of the Ljuboten peak,
Wettstein (1882) concludes that the forementioned locality hosts the transitory
forms from C. alpinum to C. arvense 1. Since, in his paper, Griesebach wrongly
identifies C. decalvans from the same locality as . arvense var. alpicolum Fenzl
(Grisebach, 1843), Wettstein’s idea of (. arvense remains unclear. Essentially,
Wettstein (1892) records C. decalvans {under the name of C. lanigerrim Clem.) on
the Kobilica peak only, disregarding Griesebach’s record of it on the Ljuboten peak;
in his paper there is also no recorded of €. arvense on any locality of the Shar-planina
mountain. :

Unfortunately, it was impossible for us to see Doerfler’s materials, but having
cxamined the extensive herbarium materials, we came to the following conclusion: The
region of the Shar-planina mountain is one of the most important foci of the Ser_Alpina,
represented by the greatest number of its species: C. alpiimun, C. decalvars, C. lanatum
Lam. and C. neoscardicum. Farthermore, it s the only place of introgresion between
the C. alpinn and . decalvans species. Generally speaking, the morphological
differences between these two species, when growing on limestone and silicate
grounds, are much less marked than in the same species originating from the any other
localities. Within each species, there are forms characteristic of their respective species,
slightly reminiscent of the other species. The spontaneous hybrids have not been found.
The serpentine are home to C. neoscardicrum only, which is most probably of a hybrid
origin. As for the Ser. Cerastium (Arvensia), its only species recorded with any certainty
on the Shar-planina mountain is C. banaticum (Rochel) Heuffel
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L According to the current dassifications (Greuter etal, 1984, Jalas, 1993) this form could be brought
to connection with the glandufor-pubescent C. hekuravense Jiv. of Albania. However, this taxon has been
retumed from Ser. Alpina to Ser. Latifoliae as an infraspeciad form of . dinaricum G. Beck & Szysz.
(Niketic, 1995).
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Rezime
MARJAN NIKETIC

CERASTIUM NEOSCARDICUM, NOVA VRSTA 1Z SER. ALPINA SA PODRUCJIA
SAR-PLANINE, SRBLJA

Prirodnjacki muzej u Beogradu

Tokom floristickih istrazivanja flore Sar- pl«lmm {Kodza Balkan: Ostrovica)
naishi smo na jednu olovanu populaciju iz roda Cerastivm 1. (Ser. Alpina Borza), Koja
se javlja na serpentinitskoj geolo§koj podlozi. Nakon komparacije sakupljenih
primeraka sa postoje¢im materijalom iz herbarskih zbirki zakljudili smo da se radi o
novoj vrsti za nauku.

C. neoscardicam po svojoj morofologiji &ini prelaz od ¢ alpinum 1. ka .
decalvans Schlosser & Vuk. Kako na $irem podrudju Sar-planine rastu obe pomenute

“vrste, . neoscardicum je najverovatnije hibridnog porekla. Specificni stani$ni uslovi
{serpentinitski visokoplaninski geolo$ki supstrat, nesto manja nadmorska visina od one
na kojoj se javlja C. alpinum, zajednica munike) uslovili su potpunu samostalnost
populacije €. neoscardicum. Zbog toga je ovom taksonu ispravio dodeliti status
hibridogene vrste.

U ranijim foristickim radovima sa podrudja Sar-planine (Griscbach, 1843;
Welttstein, 1892) pominje se znatna varijabilnost veste C. alpinn, kao i prelazni
oblici ka drugim vrstama. Na3a istrazivanja populacija C. alpinum i C. decalvans. na
silikatnim i kre¢njackim terenima Sar-plaine, pokazala su da se kod obe vrste javljaju
oblici koji striktno pripadaju jednoj, a samo po nekim karakteristikama podseéaju na
drugu vrstu. Spontani hibridi nisu primeéeni. Na serpentinitskim terenima raste isk-
ljucivo C. neoscardicrim, kaji je najverovatnije hibridnog porekla.
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Randjelovié, V., Randjelovié, N. and Zlatkovic, B. (1992-1993):
Eleusine indica (1L.) Gacrtn. - an adventive plant species in the flora of ihe
on southeastern Yugoslavia. — Glaspik Institata za botaniku 1 botanicke
badte Univerziteta u Beogradu, Tom XXV1-XXVIi, 71 - 76.

On the basis of floristic i mvuug,ma)m reviev of herbarinm material
(BEOU. Herb. Moesiacum Doljevac) and data from literatuire, new dis-
tribution maps for Balkan Peninsula and Yugoslavia are presented for the
adventive plant species Fleusine indica.

Key words: [leusine indica, sdventive plant species, locality

Kljutne reci: Eleusine indica, adventivna biljna vrsta, lokalitet

INTRODUCTION

Llewsine indica is autochtonic weed species of the paleotropical floristical district
{(Weber, 1961), which arrived on the european ground ai the end of the last century
with seeds of american oil-flowers (Thelung. 1912) and wool (Weber, 1961). For
the first time this species was noted for Europe in Belgium and Germany at the




GLAS. INST. BUT. I BASTE UNIV. U BEOGRADU, 26 - 27, 71 - 76, 1992 - 1993 (1994)
72 V. RANDJELOVIC et al: ADV LNHVL }’l /\N[ LLLl SINI INDI( A

beginning of thiscentury(Ascherson & Graebner, 1899), and five years later
itwas found at the Balkanpeninsula(Halascy, 1904). T hc first finding of this species
for Yugoslavia is coming from 1955. in Kotor, Piran and Umag (Hod ak, 1959/60),
and in Serbia three years later in the streets of Novi Sad (STavnic, 1961). From that
time during next thirty years this species was found in 25 localities on the territory of
the Yugoslav countries. Except for mentioned localities this species was also recorded
in the surrounding of NoviSad (Obradovi¢, 1960, Ivkovid, 1975, Ca pakovid

& Ivkovié, 1978), Belgrade (Ivkovié, 1982, Jovanovié, 1992) and Vukovar
(Topi¢ & Segulja, 1978), spreading throughout Vojvodina, Madva (Ivkovié,

1982}, Slavonija and Baranja(Topi¢ & Kusulja, 1989}, from the district of Backa
and Srem to the other bank of the Danube and the Sava. Itis also recorded in Turopolje
region{(Hulina, 1971, 1989), insurroundingof Zagreb(Markovié¢ & Hulina,

1970)and Split(Ilijanié, 1989), in the streets of Dubrovaik and Rijeka, and onsome
localities in Montenegro (I vkovié, 1982). At the district of southeastern Yugoslavia
this species was not found up to now.

RESULTS AND DISCUSSION

During investigation of ruderal vegetation in southeastern Serbia we have found
species [leusine indica insome areas of plant communities Lolio- Plantaginetum majoris
Be. 1930. and Polygono-Bidentetwm (KK o ¢ h, 1926) Lohm. 1950, In first community this
species is presented in the villages Kocane (near the road Nig-Pridtina), Doljevac,
Pukovac (on the catle market-place) and Koritnice and on the railway station in the
sity of Leskovac. Single muris of this species we have found in the vards of mentioned
villages. In second community this species has been met on the bank of the Jablanica
rivm‘invillagv'7iv§\'uv<: near bv Leskovac. Also. it is found on sandy bank of the Toplica
river in vegetation of alliance Nenocyperion fluvescenti W. Koch 1926 in the village
Sarlinac.

Distribution of Kleusine indice at the Balkan Peninsula (Vig. 1)

Croatia: Puan, Uhmep (Hodak, 1950/60) in the surronnding of Yagredb
(Markovic & Huliga, 1970), Turopoljc re mw{i?u?anz . 1971,
ovar {(Topid & Segulia,
(Hijanic, 1939)

. Rij cka, Dubrovnik (Ivkuovid,

Haolgaria: Custendil ¢
1966}, Znepole region, Struma val

sy, 1963, Peu

H

40, Custendii(Siopanovid et al,
Hey, Thracian plain (Androoy et al, 1992)

Greece: (Havek, 1933}, Thesalloniki (feg. Heldreich, Herb, Norm ML 1294 in
Halscy, 1904

Distribution of Plewsine indica n Yugosiavia (Fig. 2}

] Montenegro: Kotor (Hodak, 1959/60), Donja ieivﬂitt‘ Tiograd, Sutomore,
Stari Bar (Ivkovic, 1982), Budva (7.8.1994, Lakudic, i), BE )Y
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[Fig. 1. - Distribution of adventive plant Fieusine indica at the Balkan Peninsula

North Serbia: Novi Sad (Slavnié, 1961, 1vkovic, 1975, Ca pakovié &
Ivkovic, 1978), Petrovaradin (Obradovié, 1966), Kaé, Titel (Cap akovic &
Ivkovidé, 1978), Stara Pazova, Nova Pazova, Batajnica, Beograd, Drenovac, Sabac
(Ivkovié, 1982), Bela Crkva (10.8.1993, Lakusic, D, BEOU br. 331/93), Ruma
(15.9.1993, Randjelovic, V., Herb. Moesiacum Doljevac), Zrenjanin (28.9.1994, Ran-
djelovié, N., Herb. Moesiacum Doljevac), Mataruska banja (15.8.1994., Lakuiic, D.,
BEOU), Pepeljevac near by Lajkovac (9.1994, Lakie3ic, 1., BEOU).

Southeastern Serbia: Kogane, Pukovac (1977, Randjelovié, N., Hlerb. Moesiacum
Doljevac), Kotane (19.10.1994, Randelovic, V., Herb. Moesiacum Doljevac), Zivkovo
(9.10.1990, Randjelovic, V. & N., Herb. Moesiacum Doljevac; Randjelovidé, 1992),
Doljevac (27.8.1991, Randjelovid, N.& V., Zlatkovi¢, I3., Herb. Moesiacum Doljevac),
Leskovae (22.9.1991 ) Randjelovié, N. & V., Zlatkovié, B., Herb. Meosiacum Doljevac),
Koritnica near by Bela Palanka (31.8.1983., Randjefovié, N, Herb. Moesiacum
Doljevac).
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Fig. 2. — Distritution of adventive plant Eleusine indica in Yugoslavia
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CONCLUSION

Adventive plant species Eleusine indica was noted for Croatia, Montenegro and
northern Serbia (Fig. 1) up to now. Species finding in the sity of Leskovac and in villages
Sarlinac, Doljevac, Kocane, Pukovac, Zivkovo and Koritnica are new localiteis on the
territory. of Yugoslavia. In the southeastern Serbia as well as in the other parts of
Yugoslavia this species is an inhabitant of redural plant communities.
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Rezime
VLADIMIR RANDELOVIC, NOVICA RANDELOVIC, BOJAN ZLATKOVIC

ELEUSINE INDICA (L.} GAERTN. - ADVENTIVNA BILINA VRSTA
JUGOISTOCNE JUGOSLAVLIE

Tehnologki fakultet, Leskovac
INIDSB ~osif Panci¢”, Prirodno-matematicki fakultet, Novi Sad

Adventivna bilina vrsta Eleusine indica je do sada nalaZena u Hrvatskoj, Crnoj

Gori i severnoj Srbiji, tako da nalazifta ove vrste u gradu Leskoveu i selima Sarlincu,

Doljeveu, Kocanu, Pukoveu, Zivkovu i Koritnici u jugoistocnoj Srbiji predstavijaju nove

lokalitete i progirenje njenog areala na teritoriji jugoslovenskih zemalja. Kao v ostalim

delovima Jugoslavije 1 u jugoistoinoj Srbiji je ova vrsta stasovnik ruderalnih biljnih
zajednica.
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Blazendic, J., Blazendic, 7. (1992-1993): Macrophytes of lake Crno
Jezero on Durmitor Mountain (Montenegro). — (Glasnik Instituta za bo-
taniku i botanicke badte Univerziteta u Beogradu, Tom XXVI-XXVII, 77
- 86.

In the frame of complex hydrobiological rescarches on the territory
of National Park Durmitor, performed in the period od 1978-1984, bo-
tanical investigation of mdcmphvts.s has been undertaken in order to
establish floristical wmposﬁmn and distribution of plant species and their
populations found to live in the lakes. This article contains investigation
resulls related only to lake Croo Jezero.

In lake Crno Jezero (Black Lake) 18 macrophytic species are re-
corded, of which 11 are vascular plants, 1 belongs to moss and 6 to
charophytes. Besides, species distribution and analysic of ecological con-
ditions are also presented in the paper.

Key words: Freshwater plants, Charophyta, flora, distribution, Yu-

goslavia, ,
Kljudne redic Slatkovodne bilike, Charophyta, flora, distribucija,
Jugoslavija.
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INTRODUCTION

Mt Durmitor, named ,.Soa nebeska” (Pillar of the sky) by its inhabitants, inspires
by splendid beauty of its dense forests, blooming pastures, decp canyons and crystal
clear rivers, diverse paysages and numecrous lakes. Ten lakes and plenty of smaller
hydrographic objects make this mountain peculiar, what {irst have been noticed by
Cviji¢ (1899) and, later on, confirmed by other rescarchers (Stankovié, S.,
1975, 1985, 1992, Be§i¢, 7., 1963). The lakes are situated at the altitude between
1409 and 1788 m above sea level and differ mutually by its aspect. largeness, hydrologi-
cal characteristics and genesis (Stankoivé, S., 1975, 1992). This diversity of
biotops resulted in diversity of plant world living there, with regard 10 flora and space
distribution of species and their populations.

Among Mt Durmitor lakes, lake Crno Jezero (Black Lake) distinguishes from
the others by its largeness, genesis, hydrographical characteristics as well as by its
touristic and economic importance. In consideration to diverse life conditions existing,
in the lake, floristical diversity and distribution of macrophytes were supposed to be
significantly different from the other bictops of Mt Durmitor. In attempt to analyse
this phenomenon, the authors carried out comprehensive investigation during sum-
mers 1982 and 1983.

MATERIAL AND METHODS

Sampling for floristical analysis and examination of space distribution is pre-
formed by transverse profiles and transects methods, using hook- and rake-type devices
constructed by the authors and described in previously published papers (131a -
ZencCié, J. & BlaZzencié, Z., 1991).

Charophytes determination is achieved according to Corillion, R., 1957,
1975, Gollerbah, M. M. & Krasavina, L..K.. 1983 and by consulting
Monograpii and Iconograph by Wood, R.D. & Imahori. K., 1964, 1965.
Vascular palnts are defined using keys from Flora SR Stbije 1-8 (Josifovié, M.,
1970-1977), Flora SSSR 1 (Komarov i lin, 1934), lllustricrte Flora von Mittel-
Iuropa(Hegi, D.G., 1965).

Bathymetric chart of lake Crno Jezero is taken over fromStankovic (1975).

RESULTS AND DISCUSSION

Principal characteristics of biotop. Lake Crno Jezero lies near by village Zabljak,
on Mt Durmitor, at the altitude of 1418 m above sea level. The lake’s water level varies
scasonally to a great extent, trom 8 to 10 metres. The lake basin is devided in larger
part, trending NE and named Big Lake, and smaller part towards SW, named Litile
Lake (Fig. 1).

Big Lake’s littoral is aimost entirely slightly sloped up to the bottom what is very
favourable for macrophytic vegetation development. On the countrary, Little Lake’s
littoral along lakeshore is steep and rocky. Anyway, lake Crno Jezero lies on the
liglestone bedrock, with maximal depth of 24.5 m in Big Lake and 49.1 m in Little
Lake.

Very transparent water and low organic production make this lake belong to
oligotrophic and alpine-type. According to Puri¢ (1983) the lake’s water appears to
be calcium-vicarbonate-type of freshwaters, with sligthly alkaline reaction and pH-va-
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lues range between 7.7 and 8.06. Water temperature fluctuates from 2.3°C in Decem-
bre, to 18°C in summer months. Being characterized by high oxigen content, low BODs
~ values, absence of ammonium and nitrate ionic species, lake Crno Jezero seems to
have a clean water.

CRNO JEZERO {1418 mnm)

@ Chara aspera

2 Chara controria
« Chara delicciula

+ Chara rudis
Vv Niteila fiexilis
& Nitetla opaca

» Poiamogeton natans

Fig. 1. - Distribution of dominant species in lake Crno Jezero

Floristical composition and macrophytes distribution in lake Cmo Jezero. By flor-
istacal analysis of samples collected in the lake have been evidensed 18 species of which
6 species of algae belonging to division of Charophyta, 11 species of vascular plants and
1 species of moss.

According to available literature data, species recorded by the authors to live in
lake Crno Jezero have not been evidensed so far. Most frequently mentioned genera
are Chara, Potamogeton, Myriophyllum and Renunculus. Ivanovié et al, 1968;
Petkovi¢, Sm. & Petkovié, St., 1972; Petkovié, Sm., 1981). Roh-
lena (1942) reported Nuphar luteum 1., Potamogeton mucronatus Schrad., P. pecti-
natus L., which have not been found by the authors to grow in the lake. Mentioned data
pointout to the fact that macrophytic flora in lake Crno Jezero has not been well known
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as well as that some species have been disappeared with time from this locality. Only
two species (P. filiformis and P. natans) from floristic list, established on the base of the
author’s investigation results, have been known in the lake’s flora before. All others
are new for the lake’s flora, even for Mt Durmitor’s flora, while Nitella flexilis is new
species for the flora of Montencgro (BlaZzenc¢ié, 1., Blazendié, 7., Cvi-
jan, M., 1991).

m
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1 z' / 2
1 Tt /_ M EJ
2 [ chara delicatuta kﬁ% l\/_ S“\”\j

3
44 T Chara contraria f

54 TPo\umogcton filiformis f\r\lf
LIIH‘
4
N

5 ?Potumoguon perfoiiatus

74 fMyriophyHum spicatum
§ TCham rudis
9 ?Potamogcton natans

104 ? Fontinalis antipyretica Y

114 YNitellc flexilis v |

12 4 T Potamogeton crispus

? Nitelta opaca

13

Fig. 2. — Distribution of aquatic plants along transect T2

In shallow water of the Big Lake’s littoral, up 10 2 m of depth, in detritus and
shallow mud, between rocks. populaitons of Chara aspera Deth. ox Willd.. Chara
contraria A. Br. and Chara delicatida Ag, ocenr mosaically dispersed, making pure
populations or mixed populations associated with Chara rudis ABr., Potamogeton
pusitlus L., P. filiformis Pers., P. perfoliatus 1., P. natens 1. and Ranunculus pavcis-
taminens Tsch. (Figs 1, 2, 3, 4).

Almost around the entire Big Lake (Northeastern part of lake Crao Jezern), at
the depths between 2 and 4 my \M,cnds the zone of ﬂmmm‘ Fotamogeton naians. odmc
and ’hs,hzm and partly inside this zone, groupings of Chara rudis and Ch. delicatuda are
recorded (Figs 12,3, 4).

Mixed populations, developed between 2 and 6 m of the depths, beside men-
tioned species, include also Myriopfivilm spicaiin 1., F. perfoliaius, P, crispus L. and
Nitella flexilis Ag.



GLAS. INST, BOT. | BAS:'I"E UNIV. U BEOGRADU, 26 - 27, 77 - 84, 1992 - 1993 (1994)
1. BLAZENCIC, 7. BLAZENCIC: MACROPHYTES OF CRNO JEZERO

m
0

IS

! thare delicatuta

? Chate oapera

T Ranunculus pauc
?Polnmwtoﬂ natons
?Po&umognon parfoliotus

t chara rudis

0w @ 3 o P wN

? Myriophyllum splcatuem
' ‘ lig. 3. — Distribution of aquatic plants

T Hitelia fexitis v
e x along transect "1y

iy

S

-

Further vegetation zone in Big Lake lies at depth of ¢ fo 10 m, building high
and dense populations of Nitella flexilis and N. opaca Ag. (Figs 1,2,3.4 ). In adjacent
parts of this zone, toward the previous zone, oceur Nitella opaca associated with Ch
rudis and Myriophyllim spicatum, and Nitella flexilis in association with Ch. rudis, Ch.
delicatula, P. natans, P. perfoliatus and Miyriophyllum spicatum. Deeper of 6. m, only
populations of N. flexilis and N. opaca are found to grow. The lower distribution Himit
of these species (11 m) is, at the same time, the lower distribution limit of macrophytic
vegetation at all in Big Lake.
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Macrophytic flora in Little Lake (Southwestern part of lake Crno Jezero) is
represented with populations of Chara delicatula and Nitella flexilis (Figs 1, 6) which
appear at the depths more than 4 m, caused by steep and rocky lake shorelines. Between
4 and 6 m, Ch. delicatula is more abundant than Nitella flexilis. With depth Nitella flexilis
becomes more dominant, so that pure populations of this species appear somewhere
atS myet, but always at depths more than 8§ m. Maximal depthofits extending recorded
so far is 14.5 m. Identical floristic composition and similar vertical distribution exist
also in Big Lake, in habitats with similar characteristics such as steep and rocky lake
bottom (Figs 1, 4).

Northwestern part of the lake, where the Mlinski Potok enters in, is very
interesting from floristical and phytocoenological viewpoint (Figs 1 - T, 4). This
lakeshore is under the water in the case of high water leve! or covered with swampy
meadows under the conditions of low water level.

In the investigation pe :riod the lake bottom was covered with dense carpet of
Chara aspera in combination with following species: Equisetm limosum (1..) Roth.,
Heleochanis palusiris R.Br., Mentha longifolia Huds., Deschampsia coespitosa Beauv.,
Potamogeton filiformis Pcm and P. perfoliatus.

m
0
! ¥ Nitella flexitis
21 { Chara deiicatuie
3] A
L~ o
4 - TL}‘ )
- \"“&"“~~~ /
5 i ,
L b
6-
7.
8.
9 I
101
" Fig. 5. - Distribution of aquatic plants along
12 transect Tq

Being subjected to significant seasonal water level oscillations, some parts of
lakeshore are occasionally under the water or overgrown by swampy meadows atter the |
drainage. The soil remains wet for some time, protected from fast drying up by
vegetation that lives on after the water drains away. Aquatic plants withstand out of
the water developing different adaptations to thesc conditions. Development of terres-
trial forms of aguatic plants is the most frequent adaptation to dry conditions, found
by the authors, during erlier investigations on the other places, in following species:
Nymphaea alba 1. Nuplm: futesn S, Nymphoides flave FilL, Potamogeton natasns, P.
gramineus 1., Myno phyllum spicatum, M. verticidllasian L., »p\ cies belogn to genus 7i Tapa
L., Hippuris veulgaris L., Ranunculus aquanlis . (Jaknovié, M. & BlaZendid,

1968; Jankovié, M. etal, 1980).
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In the identical or similar habitats, chdmphy‘iu( “hara aspera and Ch. vulgaris 1.,
develop occupying lower layer of m(ushy meadow vegetation. These species produce
oospore thus surviving inwet mud dxsadvamaécnus life conditions. Oospores are highly
resistant, staying viable during the winter period. Some charophytes produce bulbils in
attempt to adapt themselves to unfavourable life conditions, like Chara aspera and Ch.
delicatula in lake Crno Jezero. In re-established and suitable life conditions, charo-
phytes grow vegetativelly, most rapidly by developing branches, slowly from bulbils and

_guite slowly from spores.

CONCLUSION

Botanical investigation including analysis of {loristical composition and space
distribution of macrophytic ve getation in lake Crno Jezero on Mt Durmitor (Montene-
gro) is performed during summers 1982 and 1983

Lake Crno Jezero (Black Lake) is situated at the altitude of 1418 m above sea
level, on the limestone bedrock.

The water enters into the lake from permanent tributary and sublacustrine
springs, and leaves the lake through pcriudicai autlet, renewing the water mass, i.e.
providing water flow through the lake basin. UimtLmnspwuxcy(i‘sm) and low organic
production include this lake in deep (24.5 min Big Lake and 49.1 min Little LAI\L) and
oligotrophic, alpine-type of the lakes.

The lake water is calcium-bicarbonate-type with slightly alkaline reaction (pH
7.7-8.06).
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Floristical analysis of samples collected along the transects showes the presence
of 18 macrophytic species, of which G species of algae belonging to division of Charo-
phyta, 11 species of vascular plants and 1 species of moss. Following species are
recorded: Chara aspera, Ch. contraria, Ch. delicanda, Ch. wudis, Nitella opaca, N. flexilis,
Ranunculus paucistamineus, Heleocharis palustris, Lquisetum limosum, Potamogeton
natans, P. pusitius, P. perfoliatus, P. filifornnis, P, crispus, Myriopliyllum spicatum. Insome
places along shoretine (Iig. 4), covered with dense populations of Chara aspera, marshy
meadow’s species Mentha longifolia and Deschampsia coespitosa are also found. Moss
species Fontinalis antipiretica appears in few places in the lake. Only two among species
mentioned above, have been accounted in flora of the lake before (Potarmogeton natans
and P. filiformis). Some species like Nuphar lutewm, P. pectinaius and P, mucronatus,
recorded by Rohlena (1942), have not been found during the author’s investiga-
tions, on the basis of what could be concluded that they disappeared in the mean time.

Emergent plantzone does not exist coused by significant fluctuation of lake water
level, between 8 and 10 m annually.

Floating plants represented by species Potamogeton natans develop only in the
part of lake named Big Lake, at the depth of 2 to 4 m.

Submersed plants zone extends from coastal region up to the depth of 11 min
Big Lake orup to 14.5 m in Little Lake (Fig. 1) and is build of charophytes, which grow
at all depths up to lower limit of macrophytes distribution, and vascular plants, which
grow up to 5-6 mof depth (Figs 1-0).

In the lake shallows, up to 2 m, on shallow mud or detritus, in the zone of
significant dayly and seasonal fluctuatin of ccological conditions, low tufts of charo-
phytes develop scarcely (Ch. contraria, Ch. delicattda) or in a form of low carpet (Ch.
aspera). With depth, number of species that participate in macrophytes vegetation
decreases, plant carpet becomes more compact and individulas more elongated. In the
zone between 2 and 6 m are found P. natans, P. perfoliatus, M. spicatum, Ch. rudis and
others.

>articular zone and lower limit of macrophytes distribution inlake Crno Jezero,
is represented by dense, high (up to 1 m) submersed meadows built of species Nitella
opaca and Nitella flexilis (Figs 1, 3, 4).

Vertical distribution of macrophytes, described in the paper, is characteristic of
the lakes with clean and highly transparent water what represents another evidence
which supports the state of Blind ow (1992).
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1ENA BLAZENCIC, ZIVOJIN BLAZENCIC!
MAKROYITE CRNOG JEZERA NA PLANINI DURMITOR (CRNA GORA)

Institut za botaniku 1 botanicka badta Jevremovac”, Bioloski fakultet, Beograd
Veterinarski fakultet, }'is;'wgmu

Floristicki sastav 1 distribuciju makrofita u Crnom jezeru na Durmitoru
proucavali zmo u leto 19821 1983.

Crno jezers nalazi se na nadmorskol vising od 1418 metara, LeZi pa ferenu
kreénjackog sastava. Ima stalnu pritokuy, pmmmcnw otoku xpfmm«. ng dinu pa pripada
m'nmcmm] tipu jezera. Velika pwvummz vode (15 m) 1 niska m.gm«m produkelja

wvrséuju Crno jezero u duboka (24.5 m Veliko 1491 m Malo jezers)., oligotrofna jezera
alpskog tipa. Voda C ioj jezera jo kalcijum-bikarbonatna, slabo bazue reakeije (pil
1-8.006).

Vloristickom analizon uzraka 5\(;?1‘*«% O

ui%?’; 6 vrst 'fpri'p' (§~; ez'wam*u wdeln

all smo prisusive 18 vesta makrofiia, od
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’rz’v ig Uselum i'mimum [{)!(1‘?;0;,0fw» natans, . pusiius, P. /}w&;»m!u; 1 j{~ OFIL ‘,

mestima vz obalu (SL4) ede dnoprekriva
ke motvarmih livada Merstha longifoli
vzeru nalazi se i mahovina Foads
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Od navedenib vista samo dve (Potamaogeton natans 1 P. fififormis) su bile poznate
za Crno jezero. Neke viste kao npr. Nuphar lutewrs, P. pectinatus i P, mucronatus, Koje
je zabelezio R o hle na (1942) nisu konstatovane u toku nalih istraZivanja na osnovu

Cega bi se moglo zakljuditi da su tokom vremena iScezle,

Zona emerznih biljaka u Crnom jezeru se ne formira §to je pored ostalog
posledica veoma izraZene astatiénosti nivoa jezerske vode. Godi$nja amplituda kole-
banja iznosi 8-10 metara.

Flotantne mlyku predstavliene su vstom P, natans koja se razvija samo v delu
jezera koje se naziva ‘vdiku, na dubint od 2-4 metra.

Zona submerznih biljaka prostire se od obleskog regiona do dubine od 11 metara
Velikom, odnosno do 14,:7 metara u \/Iaimnjc;'eturl,i {(FFig. 1), Zonu submerznih bitiaka
vra(h harofite | vaskularne bii;&c Jarofite s¢ nalaze na svim dubinama do donje
granice rasprostranjenja makrotita a vaskularoe biljke samo do dubine od 5-6 metara
( Iigs 1-6).

U pli¢im delovima fezera {do 2 m). na plitkonsmulju i detritisu izmedu kamenja,
u zoni izrazitog dnevno-nocnog i sezonskog kolebanja intenziteta ekologkih faktorn,
razvijaju se niske forme harofita u vidu razbacanib zbunova (Ch. contraria, Ch. delica-
trela) il niscih tepiha (Ch. aspera’,

da povecanjem dubine broj vrsta u vegetaciji makrofita se smamjujc; Biljn
pokrivaC dna je sve kompaktniji, a individue sve izduzenije. U zoni izmedu 21 6 m
dubine konstatovane su viste P, natans, P. perfolicius, M. spicaton, Ch. rudis 1 dr

Posebnu zonu, donju granicu rasprostranjenja makrofita v Croom jezeru, Sine

- guste, visoke (do 1 m} pnm/udm livade koje grade viste Nitella opaca @ Nitella flexifiy
(Figs 1, 3. 4).

Opisana vertikalna distribucija makrofita karakteristi®na je za jezora sa distom i
visoko transparentnom vodom i jof je jedan dokaz vise u prilog midljenju koje iznosi
Blindow (1992).

Ovim istraZivanjima stvorena je baza podataka o flonstickoj raznovrsniosti |
prostornom rasporedu populacija konstatovanih vrsta. Na taj nadin stvorena je dobra
osnova za dopunu floristicke liste i pradenje dinamike promena u sastava flare, a 1o,
uz koriSéenje drugih botanikih i ckoloSkih kriterijuma moZe da bude dobar indikator
stanja i promena u ekosistemnu Crnog jezera.
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During September 1982, July 1983, April 1985 and November 1992
algological samples from thermomineral waters of spring Suva Banja and
artificial, concrete canal with the water originated from Main spring were
collected.

The qualitative and relatively quantitative composition of algal
communities were analysed, as well as ecological characteristics of some
presented taxons. On the basis of algological analyses, the algological
types of thermomineral waters in Ni$ka Banja spa are given.

Key words: algae, thermomineral waters, Ni§ka Banja spa.
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INTRODUCTION
Algological investigations of thermomineral waters in Serbia are of the great
scientific interest in consideration of the great number of thermomineral springs in our

country (M arkovi¢, 1980), which differ mutually by its origin as well as by its physical
and chemical characteristics (Godié¢ & Radic¢, 1963).
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Because of their practical importance (medical treatmens, fourism and recrea-
tion, heating e¢ic.) some of those springs are more or less well investigated from different
point of view (amount of water, chemical composition of water, its temperature and
radioactivity etc.). Biological investigation has not been performed and reviewing
literature we have found only two scientific papers dealing with algae from thermomi-
neral waters of NiSka Banja spa (Petrovska, 1969; Cvijan & Blazentic,
1986).

MATERIAL AND METHODS

~ Samples of algac were collected from thermomineral water of Suva Banja spring
-and artificial, concrete canal with the water originated from Main spring,.

Samples were collected in September 1982, July 1983, April 1985 and November
1992 from different places, mostly from concrete and stones which were under water
flow, or from concrete or stones which were sprayed by thermomineral water, as well
as from surfaces in the area of warm steam.

Collected material was preserved immediately in 3-4% formaldehyde.

Algological material was examined by Diastar ™ photomicroscope. The most of
algae were investigated directly from collected material except the diatoms which were
prepared by standard method with sulphuric acid (Hustedt, 1930; Patrick &
Reimer, 1966).

Financial support for the laboratory investigation was provided by the Contract
No. 0321 Serbian Ministry of science.

RESULTS AND DISCUSSION

The general features of Niska Banja spa and general and particular fealures of
thermomineral springs

NiSka Banja spa is situated in central part of Serbia, 10 km south-east from the
town NiS. '

The surrounding of Niska Banja is built of limestoun, sediments (clay and
conglomerate) and river sands (M arkovié, 1980).

The climate of Niska Banja is moderate-continental with more features which
are conditioned by great surfaces under the f{orests, orchards and vineyards. Good
connections with NiS, as well as the presence of thermomineral springs, improved the
development of tourism.

The existence of thermomineral water is caused by specific geological factors and
by positions of limestone toward the sediments of clay and conglomerates (Durovi¢,
1963).

Exterior factors (the amount of fails, the time and intensity of snow melting),
specially caused by presence of limestone, influence a lot at temperature and chemical
compositicn of thermomineral water. .

In Niska Banja spa there are two thermomineral springs: Main spring and Suva
Banja spring.



GLAS. INST. BOT. I BASTE UNIV. U BEOGRADU, 26 - 27, §7 - 96, 1992 - 1993 (1994) )
M. CVIJAN: ALGAE IN THERMOMINERAL WATERS 89

Main spring givs 35-120 I/sec of water, temperiure of 38.2-38.5°C. This water is
specially characterized by ions of Ca™ ™ and FICO™3 and belongs to group of ho-
mocothermal water with moderate radioactivity (Markovid, 1980).

Suva Banja givs 14-42 Usec of waier, temperature of 12-37"C. Great variability
of temperature and amount of water is consequenced by considerable influence of
external factors {iM arkovid, 1980). The water is specially characterized by ions of
Ca” T and HCO3™ and belongs to group of homoeothe rmal water with low radioactivity
{Markoive, 19805

'i’hL great amount of water of the springs (specially of the Main spring) is
captured. This water is using for balneotherapy and only one part of water (surplus that
are not utilized) is under thu influence of natural factors. But. the influence of man is
very expressive all over the year, speciallyduring the summer when there are a great
number of visitors.

The samples were collected from different places which we can put in two wholes;

A. Conerete canal. The artificial canal with water from Main spring. The tem-
perature of thermomineral water along the concrete canal are given in Tab. 1.

Tab. 1. = Temperature of water (C'°) in concrete canal in different periods of

investigations
Year of collecting "spring” ~ centralpart  end of canal
1982. 38.0 35.5 314
1983. 38.2 36.7 335
1985. 37.9 34.6 30.0
%92 0 346 Y8 232

The pH reaction of thermomineral water at any time nl sampling was between

7.0 and 7.2.

B. Suva Banja. Typical representative of cave-therms (Martinovié & Kostid,
1977). Thermomineral water is flowing out of the cave but the entrance of the cave was
closed for visitors with metal bars and in 1992 by metal plates. Becouse of that, the
samples were collected only from narrow zone around the entrance of the cave and
they were charactersed by the temperature of thermomineral water between 32.3 and
37.0°C and pH reaction between 7.1 and 7.2. However, in algological analyzed we
distunguished two different groups of samples:

1. The samples from the surfaces inside the cave with constant temeprature and pH,
umstdnt flow of thermomineral water and, specially in 1992, with strong shaded surface
of concrete.

b. The samples from the surface out of the cave with some changeable temperature,
pH and water flow, and not strong shaded surface of concrete.
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~— 10 ym — 20M 10 um

C
Fig. 1. — Some dominant representatives of algac in thermomineral water of Nidka
Banja spa

a — Oscilatoria limosa

b — Oscillatoria limosa £ phormidiotdes
¢ - Phonmnidium foveolarum

d ~ Oscillatoria corartiana

Algace in thermomineral waters of Niska Banja spa

Concrete canal. By the examination of the samples from conerete canal
in Nigka Banja spa, the presence of algae from 3 divisions was establisched: Cvanophvia,
Bacillariophyta and Chlorophyta (Tab. 2 and Tab. 3).

In the first three years of our investigation some differences in qualitative and
quantitative compositions of algae exist, but they were unsignificant. In November 1992
we established qualitative and quantitative poverty of algac. On the other hand,
Oscillatoria cortiana and Phormidium foveolarton were dominant. Beside that, O
cortiana was not found in any samples collected before November 1992,

All differences are the consequence of specilic, unusual conditions for deveiop-
ing of algae in November 1992, Namcly, in the period of low temperature (near 07C),
the flowing of thermomineral water through the canal does not exist. Because of that,
in November 1992 thermomineral water was not fowing through the canal over the
night and the conditions for development of some stable algal communities were not
present. Some taxons (Phormidium foveoluruns, partly Osciflatoria lismosa, (. limosa 1
phormidioides ¢tc.) are more or less well accomodated to changeable conditions. But,
some taxons were eliminated. On the contrary, some new taxons were developed for
the first time {Gloeocapsa momtang, Oxetflatoria anguina, O, cortiana, 0. formaese and
. Aomosa f. disperso-granudata). In that period (2, imose as a dominant species in the

carlier periods, was substituted by O. cortiana.
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Tab. 2. - Qualitative and relatively qunatitative composition of algae in thermomineral
water of concrete canal of Niska Banja spa

Taxons 23-30 30-35 35-38

Aphanocapsa thermalis (Kivtz )y Britgp. - 1 T
Calotlhyx elenkinii Kossinsk. - - r
Galothrix thermalis (Schwabe ) Hansg. - ] r
Ciloeacapse minuta (Kitz ) Hollerb. I 2 -
Gloeocapsa crepidium (Rabh ) Thur. - - r
Gloeocapsa montana Ktz 1 - -
Cloeocapsa punctata Ni g i r -
Gloeolehece rupestris (I.yngb ) Born. - - r
Merismopedia punciate Meyen - 2 -
Oscillatoria anguina (Bory ) Gom. 1 - -
Cscillatoria amphibia Ktz - r 3
Cscillatoria brevis Ktz r 1 -
Oscillaioria chalybea (Mert.yGom. - - i
Oscillatoria cortiana (Mencegh.) Gom. 3 - -
Oscillutoria formosa Bory ] - -
Ciscillatoria limosa A g . ] 3 3
Oscillatoria limosa {. phormidioides (Rabh )y Elenk. 1 2 2
Oscillatoria limosa L. disperso-gramdata (Schkorb ) Elenk. 1 - -
Osctlfatoria okenii A g - r 1
Oscillaioric princeps Vauch. - - 1
Oscillatoria fenmads A g 1 - !
Oscilletoria tenuis var. symplociformis (Hansg.) Elenk. - - ]
Oscillatoria terebriformis (A g.) Gom. - r 1
Fhormidim ambiguean (G o m . - - T
Phormidaum ambiguen {omaius (Lemm.) Blenk. - - 2
Phromidium fovosum (Bory) Gom. - 1 r
Phormidium fovoelanun (Mont.) Gom. 5 2 3
Phormidivm mole (K itz ) Gom. [ tenue - - r
(Woronich)llenk.
Phormidium tenue (Menegh.) Gom. r i 2
Phornidwan valderiae (D ¢1p ) Geitl i maius 1 - 2

(Ag)yGom. (Lemm.)Elenk. - r i
Phormidivm valderige (D elp )Y Gettll fLienue - I i

(Woronich. Y Elenk.

Achnanthes coarciata Bréb. - r -

Achnanthes lanceolara (Bréb Y Grun. { 1 i
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Continue e R
Amphora ov alls (K Lt t/ ) K i t zZ. r r r
Caloneis silicula (Ehr.) Cleve - r r
Cyclotella radiosa (Grun.) Le mm. - r -
Cymbella affinis Kiitz . 1 1 i
Diatoma vulgaris Bory i 1 -
Fragilaria brevistriata Grun. ] 2 2
Fragilaria dilatata (Bréb.)Lange-Bertalot - r r
Fragilaria ulna (Nitzsch.)lLange-Bertalot r r r
Gomphonema acuminatum Ehr. r r v
Gomphonema clavatum Ehr. r r r
Gomphonema angustum Kiitz . - r r
Hantzschia amphioxys (Ehr.) Grun. - r r
Navicula cuspidata (Kutz ) Kitz, 1 1 I
Navicula nivaiis Ehr. - - r
Navicula pupula Kiitz. r r 1
Navicula radiosa Kiitz. 1 1 |
Navicula rhynhocephala Kiitz . 1 r r
Nitzschia palea (Kiitz.). W. Smith - - i
Pinmularia borealis Ehr. - I r
Pinnularia draunii (Grun.) Cleve 1 2 2
Pinnularia viridis (Nitzsch.) Ehr. 1 1 i
Rhoicosphaenia abbreviata (A. Ag.jlLange-Berta I ot r 1 ]
Surirella ovalis Bréb. - i r
Cosmarium laeve Rabh r r -
Protococcus viridis £ g . 1 - iy
Scenedesmus quadricauda (Turp ) Bréb, - r -

Tab. 3. = Number of taxons on different temperature in thermominera! waier of concrete
canal of Niska Banja spa

Divisions 23.2-30.0 30.0-35.0 35.0-38.2

Cyanophyta 14 15 22
Bacillariphyta i5 24 23
Chlorophyta 3 B T S

TOTAL 36 40 46
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In consideration to ity temperature in November 1992, water in concerete canal
was not thermal from biological point of view (V ouk, 1936).

On the basis of gualitative and relatively quantitative composition of algac, the
vegetation of this thermomineral water may be specilicd as cyano-diatomaceous and
as Oscillatoria-Phormidium ~ type.

Spring Suva Banja. By the examination of the sampels {rom the Suva
Banja spring, the presence of algae from 3 divisions was established: Cyanophyta,
Rhodophyta and Dacilfariophyte (Tab. 4 and Tab. 5).

Tab. 4. — Qualitative and relatively quantitative composition of algae in the-rinomineral
water of Suva Banja spring of Nisa Banja spa

®

Taxons_ surfaces in the cave  surfaces out of the cave.

Aphanocapsa thermalis Briig. 1 i

Gloeocapsa minor (Kitz ) 1 r

Hollerb.

(iloeocapsa punciata Na g . H r

Lyngbya martensiana R abh. - r

Oscillatoria numidica (Gom. - r

Oscillatoria tenuis A g . I r

COscillatoria tenuis var. symplociformis 2 i

(Hansg.)Elenk.

Phormidium foveolarum i 1

Mont.)Gom.

Phormiditom ambiguwin Gom. 1 1

Pleurocapsa minor Hans g . emend - 1

Geitl.

*Chantransia chalybea 7 1
(Lyngb.)Fries

Achnathes lanceolaia - r

(Bréb)Grun.

Amphora ovalis (JKutz yKitz. , - !

Caloneis silicula (Zhr.) Cleve - r

Cymbella affinis Ktz . 1 1

Fragifaria brevistriata Grun. 1 2

Fragilaria wlna (Nitzsch)) Lange- - i

Bertalot

Gomphonema clavatum Fhr. -

Navicula pupula Kity - i

Nevicula mivalis Fohr - r

Navicula radiosa Ktz r

Navicula rhynchocephala Ktz . - r

Pinnularia braunit (Grun.) Cleve I 2

Rhoicosphaenia abbreviatumn - i

(C. Agylange-Bertalot
Surirella ovalis Bréb., - . SR W
“Chantransia chalybea (1 yungb )y Fries is not found in any samples collected in Novembar 1992,
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Tab. 5. — Number of taxons on different surfaces in thermomineral water of spring Suva
Ban_m of Niska Banja spa

_D ivisions e surtdm in the cave surfaces out of the cave
Cyanophyta 7 10
Bacillariophyta 4 EN
Rhodophyrx 1 TR S
TOTAL - 12 25

The qualitative diversity of algae was not great. The dominant species was
Chantransia chalybea, specially at the beginning of the cave. Beside Ch. chalybea sorae
greater abundance have Oscillatoria tenuis var. symplociformis, Fragilaria brevisiriata
and Pinnularia braunii. .

On the basis of qualitative and relative quantitative composition of algae, the
vegetation of thermomineral water of Suva Banja spring may be specified as rhodo-cy-
ano-diatomaceous and as Chanirunsia ~ type.

In November 1992 Chamrensia chalvbea was not found in any of collected
samples. As the entrance into the cave was closed by metal plates, this alga was absens
inside the cave. Thar fact means that in 1980, 1963 and 1985, (. chelybea out of the
cave, was originated from the population of Ch. chafvbea from the cave.

Some characteristics of determined taxons of nlgae from thermomineral water of Niska
Banja spa

As we know from lterautre data, Oscillatoria cortiana (Menegh. ) Gom. is
noticed for the first time for territory of Serbia.

With exception of thermomineral waters of Nisa Banjaspa (Cvijan, 1980), the
next taxons are noticed for the first time in Serbia too: Calothiix thermalis, Gloeocapsa
crepidium, Gl punctata, Oscillatoria teruis var. symplociformis, (). munidica, FPhor-
miditm mole £. tenue, Achnarthes coarctata.

The pext taxons are common inhabitants of therms: Aphanocapsa thermalis,
Calothrix thermalis, Gloeocapsa minor, Gl punclata, Merismmopedia punctata, Osciflato-
rig amphibia, O. numidica, O. okenii, O). terebriformis, Phormidium ambiguum, I'h.
ambigiaun {. maius. Ph. mole € tenue, Ph. tenue, Ph. volederice. Bat the most of themn
are represented by small pumber of individuzls. The dominant algae arc common
inhabitants of water of ditferent types or are living out of water too.

CONCLUSION

In the scope of alpal studies of thermomineral water of Serbia the respective
material from tehrmomineral water of NiSka Banja spa was collected in September
1982, July 1983, April 1985 and November 1992,

Nifka Banja spa is sitaated in central part of Serbia, i km south-cast of the town

in Niska Banja there are two thermomineral \pmwg Main spring (with 35-120
Usec. of water, temperature of 38.2-38.5"C) and spring Suva Banja (with 1442 lsee of
water, temperature of 12-37°C) Uhe both of £ slong tothe group of homecotherm
water with moderate high (Main spring) or fow (:mvu Banja spring) radivactivity. The
water of both springs is characterized by ions of Ca’ " and HCO s and pH near 7.
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We investigated the thermomineral water of Suva Banja spring and thermomi-
neral water flowing through the artificial, concrete canal originated from Main spring.

By the examination of collected material from concrete canal, the presence of
algae from three divisions was established: Cyanophyta (31 taxons), Bacillariophyta (26)
and Chlorophyta (3 taxons).

The dominant taxons are Oscillasioria limosa A g. and O. limosa §. phormidioides
(Rabh.)YElenk., aswell as Phormidium foveolarum (Mont.) Gom., Fragilaria
brevistriata G run. and Pinnularia braunii (Grun.) Cleve.

The vegetation of thermomineral water of concrete canal in NiSka Banja spa may
be specified as cyano-diatomaceous and as Oscillaioria-Phormidium - type.

Only in November 1992 O. limosa, as a dominant species in the earlier periods,
was supstituted by O. limosa, Mene gh.) Gom. But samples from November 1992
was not typical for this thermomineral water from many reasons.

By the examination of collected material from thermomineral water of cave-
spring Suva Banja, the presence of algae from three divisions was established: Cyano-
phyia (10 taxons), Rhodophyta (1) and Bacillariophyta (14 taxons).

The dominant species is Chaniransia chalybea (Lyngb.) Fries, specially at
the beginning of the cave. Beside Ch. chalybea great abundance show Oscillatoria tenuis
A g. var. symplociformis (Hlansg.) Ele nf Fragilaria brevistriata Grun. and
Pinnularia braunii (Grun.) Cleve too.

The vegetation of thermomineral water of Suva Banja spring in NiSa Banja spa
is specified as rhodo-eyano-diatomaceous and as Chantransia-type.

Fxeeption is November of 1992 when the entrance of the cave was closed by metal
plates and algae disappeared from the cave because of low level of the light intensity.

Aswe know fromliterature data (Cvijan and BlaZzen&ié, 1988), Oscillatoria
cortianng (Menegh.)YGom. is noticed for the first time for territory of Serbia.

Some of presented taxons are common inhabitants of the therms. But the most
of them are represented by small number of individuals. Practically, algological base
of thermomineral water of Nika Banja spa are presented by algae which are not
characteristic for thermomineral water. The most of them are common inhabitants of
the waters of different types or are living out of the water too.
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Rezime
MIRKO CVIJAN
ALGE U TERMOMINERALNIM VODAMA NISKE BANJE (SRBLJA)
Institut za botaniku i botanicka basta , Jevremovac”, Bioloski fakultet, Beograd

U okviruistraZivanja termomineralnih izvora Srbije u septembru {982, julu 1983,
aprilu 1985. i novembru 1992. sakupljen je algologki materijal iz termomineralne vode
izvora Glavni izvor i izvora Suva Banja u Ni§koj Banji.

Izvor Suva Banja karakteriSe 14-42 lsec. vode ija je temperatura 12- 37°C,
Glavni izvor 35-120 Vsec. vode &ija je temperatura 38.2-38.5"C. Oba izvora pnpdd(uu
grupi homeotermnih voda sa umereno visokom (Glavni izvor), Qdnosno niskom (Suva

_Banja) radioaktivno$¢u. Takode ih odlikuje prisustvo jona € At i HOO 3. kao i pH
oko 7.

U termomineralnoj vodi Glavnog izvora utvrdeno je prisustvo algi iz tri razdela:
Cyanophyta (31 taksona), Bacillariophyta (26) i Chlorophyta (3 taksona).

Utvrdena je kvantitativna dominacija Oscilatoria limose A g. i O. limnosa {.
phormidioides (Rabh.) Elenk., kao i uvecana brojnost Phormidium foveolarum
(Mont.) Gom., Fragilaria brevistriata Grun. i Pinmudaria braunii (Grun.)
Cleve. Na osnovu toga termomineralna voda Glavnog izvora oznacena yc kdo
cyano-dijatomejska, a blize kao Oscillatoria-Phormidium-tip.

Izuzetak je novembar 1992. kada je Oscilatoria limosa (dominantna u ranijim
periodima istraZivanja), zamenjena vrstom O. cortiang (Menegh.) Gom. Al
uzorci iz ovog perioda nisu reprezentativni iz viSe razloga.

U termomineralnoj vodi izvora Suva Banja utvrdeno je prisustvo algi iz tri
razdela: Cyanophyta (10 taksona), Rhodophyta (1) 1 Bacillariophyia (14 t(d\son'l)

Utvrdena je kvantitativna dominacija Chantransia chalybea (Lyngb.)
Fries, posebno na ulazu.u peéinu. Osim toga visokom brejnoscéu odlikovale su se i
Oscillatoria tenuis A g. var. symplociformis(Hans g. ) Elenk., Fragilaria brevistriata
Grun. i Pinnularia braunii (Grun.) Cleve. Na osnovu toga termomineralna
voda izvora Suva Banja oznacena je kac rodo-cijano-dijatomejska, a blize kao Chan-
transia-tip.

[zuzetak predstavlja novembar 1992. kada je ulaz u pecinu bio zatvoren metalnim
ploCama te su alge u unutra$njosti pedine, usled prevelike zaseve, bile odsutne.

Na osnovu dostupnih literaturnih podataka, Oscillatoria cortiana (Mencgh.)
Gom. po prvi put je zabeleZena za teritoriju Srbije.

Neke od determinisanih algi Siroko su rasprostranjene u termomineralnim vo-
dama. Medutim vedina takvih predstavnika u termomineralnoj vodi istaznih izvora u
Niskoj Banji zastupljena je malim ili veoma malim brojem jedinki. Prakti¢no, algolosku
osnovi termomineriane vode oba istraZena izvora ¢ine alge koje za takve vode nisu
Karakteristi¢ne, koje su uobiCajeni stanovnicivoda razli¢itog tipa ili, pak, Zive i van vode.
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Jankovi¢, M.M. (1992-1993): ¢ ‘ontribution to the knowledge of tera-
tologic phenomena of Digitalis ferruginea. — Glasnik Insituta za botaniku i
botaniCke baste Univerziteta u Beogradu, Tom XVI-XV11, 97 - 111.

Teratologic malformations on stems and flowers of Digitalis ferrugi-
nea, appearing as tissue proliferation in apical flower regions are de-
scribed in the paper.

Key words: Digitalis ferruginea, teratology, phylogeny, cceological
factors, malformation, proliferation, plant morphol-
0gy.

Kljuc¢ne recéi: Digitalis ferruginea, tu(m)iag;a filogenija, ekoloski
faktori, deformacije, proliferacija, morfologija cveta.

Pod teratoloskim pojavarna kod biljaka podrazumeva se stvaranje razlicitih ne
normalnih oblika na pojedinim njenim ddnvamcs narocito kod eveta. U stvari, radise o
~nakaznosti” tih delova, ili vopéte sa pm'mngsmd koje vide ili manje odstupaju od
normdincw oblika. Postoje razliciti teratolodki oblici pri éemu su najznatajnije prolifi-
kacije (pmh ‘eracije), mahrovost cveta, fasciiacija, hioroze, razlidite deformacije,
pzummim pradnikas v plodne listice, plf*vm(u[ gineceuma u pm%’,ni}u ili razlicite
nenormalne listove, smsizmgu listica krunice, povecanje ili smanjivanje njthovog broja,
fascijacija, prefvaranje pradnika i delova plodnika, i samog plodnika u veoma Cudne i
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neobiéne listolike forme, i dr. Kod prolifikacije iz cveta na vrhu granéice, alii na bocnim
stabljikama i njihovim préljenovima, iz gineceuima (plodnika), izbija, umesto normalnih
cvetnih delova, odnosno same cvetne osnove, niz abnormalnih tvorevina, napred
navedenih, dakle granCica umesto cveta ali sa njegovim veé zapotetim tvorevinama.
Kako rekosmo, pod teramlnwnm podrazumevamo nakaze i abnormalne p()_]dVL kod
blljdl\d (mada se, uzgred budi reeno, teratologija moze odnositi na Citav Zivi svet -
-Zivotinje { samog Coveka), ali | nzuku koja te nakaznosti proucava. Medutim, u novije
vreme mnogi naucnici smatraju da su teratoloske pojave veoma korisne za evoluciju,
posebno za filogenetski sektor, a manje za ontogenetski, koji je vife znacCajan za
ontogenetski aspekt (Tutjak, 1969).

Uzorci teratoloskih pojava mogu biti razlidith, mada u tom pogledu nauka jos
uvek nije dala konaCnu red: a - preterana vlaga 1 troficnost podloge (zemljista); b -
preterana suSnost, ts)plom podloge {velika kseroie rrru;u podl()m) ¢ — jakost i spe-
cifitnost Sundevog zracenja; d - mubcm virusni uticaji. Pri tome, verovatno, svaki od
ovih wroka moze, pretpostaviia se, moZds da stavi u pogon nekontrolisant razvoj
genetidki izuzetno bogato gineceumsko, meristematicko (ali i andreceumsko) 1 ikivo
Citavog cveta. To dovedi do razli¢itih oblika nakazinosti, pri Cemu sama prolifera
omoguduje da se cvetni delovi pretvarajun u raznolike oblike. Citavi evetovi i poj
njihovi delovi. Tako na primer, najtedde. plodnik se pretvara u pradaike, ili, rede.
pradnici v plodaik, il § jedni § dregh v renovesne neobiéne listove: hu, Cesto, dolazi fdo
raznovrsnog srastanja Cadice il krunice, um.m;wmm rjihovog broja (il pak povedany
il kod srasie krunice sve do smfmmdxug n]xnmob broja u pré
stabljike samo na jedan jedint. All, mofe se desiti 1 da se listovi na stabljict ili u Casis
kaupict povedavaju brojem. Konkretno kod viste Digitalis ferrugines Gak do 7 list ééaf
umesto 5, $to je normalan broj. I kod delova plodnika (na primer kod semeaib
zamelaka), pretvaraiu se onl u pajraziicitije listolike oblike, i to esto u velikom brogu.
Svi delovi eveta pretvaraju se u najrazliciiije oblike v odnosu na normalan cvet, festo
potpuno neprepozratliivid formi. Praindel st najéeide odrzan, ail takode vise i manje
izmenjeni, Cexto samo v jednostavan stebid i cak samio v malu kvizicu.

ks

4

jenu prolifike Vit

Fig. L~ Cvetni dijagram vrste Digitalis pur-
pureq: & - Caditnd listich, k ~ krunini fistici.
p - prasnoici, t - tudak, pi - plodnik, sz - se-
meni zametak
Floral disgram of Digiralis purpurea: & - sepals, k ~
petals, p ~ stamens, t - pistil, pb — ovary, sz — ovule
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Najznadajnija makropromena jeste sama prolifikacija jednog cveta na vrhu
végetativne grandice, priemu ta prolifikacija granéica-cvet moze biti dugacka Cak i do
30 cm. U drugom slucaju prolifikuju se cvetovi na vie bliskih vi$nih granéica (izbilih
iz glavne stabljike), i tada se sve te prolifikovane grancice priblizavaju jedna drugoj i
dodiruju medusobno, stvarajudi tako jedan rastresit snop, te ¢ine neku vrstu prolifikaci-
jske evasti(Fig. 2). Najzad, kako je veé regeno, svi delovi teratolodki izmenjenih cvetova
mogu biti patoloski preobrazeni: listiéi, kruniéni i Casicni, sami pradnici, tucak, plodnik
i njegovi delovi, delovi plodnika (plodni listiéi, semeni zameci, placenta, i dr.).

Vig. 2. - Prolifkovane grantice (iz cvetova) vrsic Digitalis ferruginea, levo sa jednom
grancicom, desno sa viSe grancica u formi ,prolifikacijske cvasti”. (Foto M.M. Jank-
ovic)

Profiferous branchlets from the flowers of Digitalis fermuginea, left — with one branchler, right — with few
branchiets in the form of proliferous inflorescence. (Photo MM, Jankovi¢)

Naravno, svi ovi delovi teratoloki izmenjenih sektora eveta viste Digitalis ferrugi-
nea (prolifikovane stabljike, delovi cveta i sam cvet u celini), zelene su boje te, posebno
kada je re¢ o cvetovima, radi se u ovom slucaju o tzv. teratoloskoj manifestaciji
ozeljenjavanja. :

Autor ovog rada nije se posebno bavio teratolo$kim pojavama kod biljaka, kao
ni kod samog digitalisa. Ali, s obzirom na izuzetnu zanimlijivost ovih teratoloski
izmenjenih primeraka digitalisa koje sam naao u jednoj populaciji na Fruskoj gori,
smatram da ovaj prikaz moZe da bude inspiracija za dalji rad (ukljucujudi Cak i
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laboratorijska istraZivanja), i to ne samo na rodu Digitalis (Koji je ovoj manifestaciji
teratoloskog karaktera naklonjen), ved i na mnogim drugim.

Takode, na teratolodke pojave treba ukazati i v vezi sa evolucijom biljaka. Naime,
danas, prema moogim shvatanjima, kao uzroke evolucijskih kretanja (ka stvaranju
novih vrsta, ali i podvrsta i varijeteta), navode se slededi faktorti:

1. Mutacije.

2. Rekombinacije (kombinacije, ukr$tanje).

3. Virusno prenodenje nasiednih ¢éinilaca (DN, celih ili samo delimicnih), u
¢elije odredenih vrsta, i

4. Teratologija, kao faktor stvaranja izmene starih i stvaranja novih karaktera, i
od kojih ¢e se neki nasledivati i prirodnim odabiranjem udviicivati u novu, ovim
zmenjenu DNK; time se formiraju i novi oblici u okviru stare vrste, Cije odredene
jedinke (populacije) postaju jedinke i populacije nove vrste.

251X 1954. godine naSao sam na Fruskoj gori nekoliko prolifikovanih biljaka
vrste Digitalis ferruginea L. Zbog Cega o ovim interesantnim nalazima nisam ranije pisao
stvar je odredenih okolnosti, ali mislim da je bolje ,,ikad nego nikad”.

Kako do sada nije, koliko je meni poznato, u literaturi zabeleZena prolifikacija
kod ove vrste, a i za Citav rod I”)igimli $ 0 OVOj pojavi ima malo podataka, smatram da Ce
biti korisno dctaljnlje iznoSenje Cinjenica u vezi sa pmhhkdu;om Digitalis ferruginea na
I'rudkoj gori. Istina, DZonson (Jonson, 1936) ved je ranije opisao teratoloske pojave
kod cvetova Digitalis purpurea L. var. gloxneeflora Vilm., ali se u njegovom stucaju ne
radi uvek o tipi¢noj prolifikaciji, jer je samo odreden broj evetova prorastao i ozelenco,
dok je Citav niz drugih cvetova imao abnormaino razvijene delove (Ca3icni { krunicén
listici, andi ceum i gineceum, placenta), na najrazlicitije nadine. DZonson podviadi da
ni dva cveta nisu bila istovetna u pogledu manifestovane abnormalnosti. Pored toga u
ovom slucaju radi se o (bonitetnom) varijetetu koji se abnormalno razvio u uslovima
gajenja u Botanickoj basti Kalifornijskog univerziteta u Los Andjelosu. Prema tome,
slucaj prolifikacije kod Digitalis ferruginea sa Fruske gore interesantan je ne samo zbog
toga $to se javlja u oblasti prirodnih uslova I na vrsti za koju do sada nije bilo nikakvih
podataka (u pogledu teratologije), ve¢izato §tose pmlil’ikuciia Digitalis ferruginea javila
u potpuno prirodnim uslovima i na biljkama koje nisu bile gajene. Osim toga prolifi-
kacija i sveukupna teratologija Digitalis ferruginea moze se smatrati o pmpunosti
potpuno tipi¢nim. Nije bez znacaja da je na$ slucaj vezan za podrudje Balkanskog
poluostrva, a DZonsonov za sasvim drugi kraj sveta, za Kaliforniju. Najzad, radisc i o
dve potpuno razlicite vrste, mada istog roda: Digitalis ferruginea 1 Digitalis purpurea.

Kako je veé reeno pmhhkdu;d Digitalis fermginea l\(msld\mmnd Je 251X 1954,
godine, i to kod jedne manje grupe (populacije) biljaka od oko 10 do 20 individua, ove
vrste. Ova populacija nalazila se na Iri§kom Vencu, na visini od oko 1.000 m n.v., odmah
ispod vrha, na juznoj strani Frufke gore. Stanidte ovih prolifikovanih biljaka odlikovalo
se znatnom viazno$cu zemljista i velikom zasenom, s obzirom da su biljke Digitalis-a
izrasle duZ jedne Sumske staze koja je bila gotovo potpuno zasvodena [ obrasla visokim
zbunovima, Koje JL stvaralo gustu zasenu u donjim slojevima Sume. Visina biljaka
digitalisa iznosila je prosecno 150 cm. Od preko 10-20 biljaka samo je jedna imala
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Fig. 3. — A = normalni listovi, B - normalni evetovi Digitalis purpigea, C = prolifik-
ovana grandica Digitalis ferruginea, 1) - prolifikovan cvet u odnosu na pormalan, a -
' deli¢ degradovanog cvela, ¢, d —skracent lstidi cveta
A —normal feaves, B - normal owers of Digitalis prpurea, C ~ profiferous baruchlet of Digitalis fermigi-
nea, 1y = proliterous Qower compared fo normal one, a —a part of degrading Qower, ¢ d - shortened petals
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normalno razvijene stabljike, vvetove 1 plodove, dek su kod ostalil svi evetovi bili
prolifikovani i patologki izmenjeni.

Pod prolifikacijom podrazumevame, blize refeno, aksialno (osovinsko) izras-
tanje cveta ili evasti (i njihovo ozeljenjavanje). Konovalov (1943) o tome kaie
slcdc(:v:.,(Jprimdnimus‘lovima kod pmliﬁ‘kzxciit pod uticajem nckih, jo§ neproutenih
faktora, razvoj izdanka ne zavrdava se kao obicno, obrazovanjem normalnog razvije nog,
cveta. Razvide poslednjeg na ovom ili onom stupnju je specifitno: iz njega ponovo nice
listonosni izdanak, koji se sa svoje strane zaviSava evetom ili evasti. Prolifikacija se
ostvaruje kroz morfolodke promene cevetnih elemenata™.

Uzroci koji dovode do pojave prolifikacije raznovesni st Oni se, izpleda, mogu
svesti pa sledede osnovne grupe (nelto je o tome ved reéeno):

1. Obilje ili nedostatak hriane (hranljivih materija u podlozi).

i~

. Preterana vlaga i podiozi.

L3

. Preterana susnost i toplota podloge; velika Kserotermija podloge.

4. Jakost i specificnost Suntevog zradenja.

i

. Mehanicko delovanje na biljke.
. Delovanje fitopatogenih virusa, ali i drugih.
7. Virusno delovanie Kao prenosioca genetickih informactja.
rema svermu sudedd, i proudavania teratolodkih pojava 1 prolifikacije evetova

Prema sveran sudedi, iz ja teratologkih pojava 1 prolifikacije ovetov
Digiialis ferrugines, mogu se detalinije izraziti slededi zakhjuded Lopisati sledede pojave.

Pre svega. sve poCiva na proliferaciji cveta, iz Cije osnove (placente I tuicka ~
pk)dn,ka) izbija umesto normalnih delova normalnog cveta, ozelencla stabljicica kKoja
moZe biti dugacka i do 30 cm (ponekad i vm) To se desava iz osnovnog cveta na vrhu
vegetativne stabljike, ali 1 iz evetova na samoj prolifikovanoj stabljici {naravno, na njoj
su svi cvetovi manje ili viSe nenormalni), koja u sebi ved nosi odredene teratogeng
(nenormalne i degerativie) vegetativoe ili genetitke osobine.

A U nekim slucajevima prolifikovane grandice su usamijene, dok su v drogim.
naravno na jednoj istoj hll;u one mnogobrojne te pribliZne jedna dn lgn kao da Jine
~evast” prolifikovanih grandica.

Bez obzira na veliCinu teratolo§kih promena cveta Digitalisa, vedu ili manju, oni
nikada ne lice, gotovo ni malo, na tipican normalni cvet ove biljke; najesée, oni s u
tolikoj meri razli¢iti od normaliih, da ih sa npma nikako ne moZzemo povezati; nekisu
pak prema maonstruoznih tvorevina izuzetno zmenjeni 1 cesto u velikoj meri vige i

m(m;c_ degradovani § svedent samo na jedan evetni deo (npr. tucak il prasnik az ssimo
jedan 131) monstruoznog ubiika.

Kada je re€ o samim listovima, onda se moZe kazati da sy oni na prolifikovino
stabljici u odnosu na normalne (sl 3), ugiavnom <kraceni, vide ili manje deformsan
(sl 4), Cesto israshi medu soboms ¢ ovom poslednjem stucaju Sesto sun pianju mogudi
¢agicnd ili kruni¢ni listidi.

U nekim shicajevima deformisani prolifikovani evet fuglavaon si vise/marie
skradenom krunicom), ima iz osnove tucks zrastu (prolifibovasu) grandion, keja oa
svom vrhu takode prelazi u novi, takode profifikovan abnormalan evet, defekton i
degradovan (sl. 5 A, B); ali su neki sasvim patolo$ki deformisani, bez ikakve slicnosti
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sa normalnim C, D (s 5, s1. 6 E), a u nekimsluCajevima cvet je samo krajnje deformisan
1 uproséen tuCak, inseriran u neobitne okruglaste stabljike sa ¢udnim Supljinama,
prilienasto ili boéno izrasle jedna iz druge (sl 6 D). Na sk 9 prikazano je nckoliko
krajnje degradovanth cvetova (B, (), sa jednim slucajem (A) cveta svedenog samo na
unutra$nju plodnu osovinu gusto obrasloj mnogobrojnim semenim zametcima,
neobicnih oblika (1-17); tu su i neobicni oblici na veé spomenutim krajnje redukovanim
cvetovima (B, C), nastalih verovanto na osnovu razlicitin devijacija semenih zametaka,
tuckova, pradnika i kruni¢nih listica (18-28).
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Fig. 4. - Oblik listova na jednoj prolifikovanoj stablj
listica, po redosledu pr$ljenova du? nje — od 1. do 10. prsljena
Shape of petals atong protiterous braschiets from whorls 1 1o 10
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Fig. 5. - A - Jedan cvet pri dnu prolifikovane ose, B - prolifikovani cvet iznad njega.
u sredini stabljic¢ice, C, D - prolifikovani i jako izmenjeni cvetovi, E - jako degra-
dovan cvet, samo sa sraslim listicem i samo sa dva prasnika, F - otvorena i jako defor-
: misana Krunica sa jednim prekobrojnim prasnikom.
A —flower at the bottom of proliferous axis, B - proliferous flower in the middle of the axis, C, D - profif-
- erous and transformed flowers, E - very transformed and degrading sympetalous flower with ouly two sta-
_mens, F — open and very deformed petals with one averplus stamen.
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]

Fig. 6. — A & B - Prolifikovani cvetovi sa jako povecanim plodnikom i skracenom
krunicom, C - deformisana i skradena krunica, 8 —neobi¢no deformisani ginecejalni
delovi potpuno deformisanog cveta, I ~ jako deformisan i slozen prolifikovani cvet
sa haotitnim rasporedom listova i plodnika i naznaCenim pradnicima Kao isa tek
izbilim prolifikovanim stubicem iz gornjeg dela ved prolifikovanog cveta.

A & B~ Proliferous flowers with very enlarged ovary and shortened petals, C ~ deformed and shortened
petals, IJ - extremely deformed gynoecium of completely deformed flower, E - very deformed and com-
plex protiferous flower with chaotic arrangement of petals, ovary and stamens
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tig. 7. ~ A - Na jednoj prolifikovanoj stabljici svi srasli listovi krunice sa jednim de-
formisanim praSnikom (a), C & D —prolifikovani cvetovi sa predimenzioniranim i
viS¢ manje izmenjenim gineceurnom, kao i slobodnim listi¢ima nesrasle krunice, I -
prolifikovan vrh prolifikovane stabljike sa nenormalnim pra$nicima (e), FF - karakter-
@ isticni listi¢i ovog vrha
A - Proliferous axis with one deformed stamen (a) and aif sympetatous flowers, C & 13 - protiferous flow-
ers with oversized more or less transformed ginoecium and free petals, E - proliferous apical part of pro-
liferous axis with abnormal stamens (e), F - characteristic petals of this apex
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v

Fig. 8. — A ~Cudni srasli listici sa {c( 1nog pis!{u na prolifikovane stabljicice, B - defor-
misani vrh j jedne prolifikacije stablicice, C-d CU’%L dnog vrinog prolifikovanog lista (1

~ veliki netipican pmsmk 2 - listi¢ plodnika, pmsmk ma 1), I ~jedan list sa
pradnikom, B & I - jako ¢ Cfomnmm i potpuno izmenjeni pr()lmiu)mm cvetavi pri
dnu prolifikovane stablike
A = Uncommon sympetalous floral parts of profiferous axis, B - deformed apical part of proliferous axis,
" —a part of apical pn‘a!ifemus flower (1 - big atypical stamen, 2 — carpel, 3 - small stamen), [ - petal
with stamen, B & F - very deformed and completely transformed flowers af the bottom of axis
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Posebno treba istadi da neki oblici predstavijaju neobiéne hibride izmedu
krunicnih listica i prasnika, odnosno prasnika i delova wcka (sl 9 C, B, 23, 25, 20).

AsimetriCna segmentacija krunice vrlo je karakteristicna i ¢esto na nekim ume-
reno prolifikovanim cvetovima, pri emu su segmenti varirali u pogledu oblika, broja i
velicine; pri tome 1 Cadicni listi¢i su bili razli¢itog oblika, a javljali su sc i nejasno
definisani lobusi.

Pragnici, ukoliko ih ima prepoznatljivih, ¢esto su redukovani u pogledu broja,
{ponekad ih ima i vie, npr. 5 do 6), i oni su srasli ali sa krunicnim listicima; retko su sa
potpuno razvijenim anterama, ali ih ima i takvih.

Gineceum, sa svojim promenama, nesumanjivo je najznacajniji deo cveta u pojavi
prolifikacije i razliCitim Cesto monstruoznim njegovim promenama (deformitetima
cvetnihdelova, itd. ). On je, viSe/manje produZen, uvek u razlicitomstepenu izmenjenim
ili nepotpuno formiranim stubi¢em, tamo gde postoji samo jedan stubid; ali i ako je i
viSe stubi¢a, promene su sliCne. Neki stubiéi se pomaljaju (razrastaju) i produZavaju
se iz placente, a drugi iz ovarijuma; i u jednom i u drugom slucaju re¢ je o istom
gineceumu. U nekim shucajevima gineceum je promenjen u posebno carpeolid lisée. i
to u nekoliko sukcesivnih prsljenova (§to je upravo specificna potencijalna prolifi-
Lacija).

Placenta je debela | mesnata; najéesée je bezoblicna, a Cesto je 1V - strukture;
ona je ili izdvojena, iii pak spojena u ¢vrst centralni stubid, koji je na vrhu razgranat u
stubicaste grancice.

Prolifikacija gineceuma manifestuje se Cesto u listolike dugacke drske; ne tako
retko nosi terminaluo karpeloidno ligée, koje je spiralno produzeno u dugacke visoke -
vrhove.

Kako je ve¢ receno, krunicni listiéi su ili odsutai, ili pak odvojeni ili pak scasliu
kratku cevastu tvorevinu. Casica takode moZe biti odsutna, ali ponekad sa jednim ili
vi$e petaloidnih segmenata. KarakteristiCna je i pojava préljenastih listova slicnih cagici,
i to izmedu pravih aSicnih listiCa i krunice; sve ovo je ponckad toliko izmeSano |
deformisaro, da je tesko uoCiti ovu préljenastu segmentaciju cveta.

Jednom redju, u prolifikovanim biljkama viste Digitalis ferruginea sa Fruske gore,
toliko je mnogo tipi¢nih prolifikovanih cvetova, sa velikim broje mrazli¢itih teratologkih
oblika pojedinih delova cveta, toliko neobitnih i cudesnih formi, koja nas prosto
zapanjuju, potpuno if¢ezlih cvetova koji ni po izgledu ni po gradi, ni ne podseéaju na
tipicne normalne cvetove roda Digitelis, da. zaista, ovaj autorov mafterijal i nalaz
moramo smatrati veoma zanimljivim i znacajnim v vezi sa proucavanjem same tera-
tologije (kao nauke), i odredenih teratoloskih pojava kao §to je, na primer, prolifikacija.

Na kraju se moZe reéi da se autor nada da ée ovaj prilog podstadii inspirisati nase
botaniCare da se u vecoj meri posvete pojavi kod nas biljne fitopatologije, uopste, i
prolifikacije posebno.
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Fig. 9. - A - vrh cvetne ose gdel‘ormif;ani plodnik) sa gusto pokrivenim semenim
zameteima koji su u velikom broju oko gineceuma prikazani pojedinadno, B & € -
deformisani plodnici, plodnici sa haoti¢no rasporedenim plodnim listi¢ima, semenim
zametcima, ponekim pra$nikom (od 1 do 28), razli¢itim neobiénim oblicima iz ovih
vrdnih ginecijalnih delova, a moZzda i andreceumijskih; ovo je sve iz unutrainjosti
nekih nenormalnih evetova, u sredini prolitikovane stabljike, moZda i deformisani
prasnici, D —deo placente sa semenim zametcima plodnika jednog cveta, viSe-manje
normalnog na vrhu jedne viSe-manje normalne stabljicice
A~ flower apex (deformed ovary) densely covered with ovules which are shown individually, in great num-
ber, around gyneceum, & O - deformed ovaries with chaotic arrangenment of carpels, ovales, stamens
(from 1 to 28), different shapes of terminal parts of gynoecium and probably of andreoccium, i the mid-
dle of proliferous axis, ) - a part of placenta with ovules of more or less normal flower at apical part of
more or tess normal axis
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