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EFFECT OF HERBICIDES ON MICROBIOLOGICAL
PROPERTIES OF SOIL

ABSTRACT: Microorganisms decompose herbicides and they may serve as bioindi-
cators of soil changes following herbicide application. Certain microbial species may be
used as bioherbicides. This study has shown that Azotobacter is most sensitive to herbicide
application; it is, therefore, a reliable indicator of the biological value of soil. The numbers
of this group of nitrogen-fixing bacteria decrease considerably in the period of 7—14 days
after herbicide application. Simultaneously, the numbers of Actinomycetes and less so of
fungi increase, indicating that these microorganisms use herbicides as sources of biogenous
elements. Rate of herbicidal decomposition depends on the properties of the preparation ap-
plied, herbicide dose as well as on the physical and chemical soil properties, soil moisture
and temperature, ground cover, agrotechnical measures applied and the resident microbial
population.

KEY WORDS: microbes, herbicides, bioindicators, inoculants

INTRODUCTION

In modern agricultural production, herbicide application is a regular prac-
tice. While in developed countries weeds and pests reduce yields of agricultu-
ral crops from 15 to 20%, reductions soar to 50% in undeveloped regions
( D o b r o v o l j s k i y and G r i s h i n a , 1985). The problems caused by the
increased application of herbicides call for multidisciplinary approach. Incor-
rect and indiscriminate application of herbicides affects negatively the health
of humans, plants and animals. Particularly hazardous are the poorly degrada-
ble herbicides (triazins) whose persistence may lead to long-term accumula-
tion.

Soil microorganisms are an important link in soil-plant-herbicide-fau-
na-man relationships. They take part in herbicide a) degradation, their activity,
number and diversity may serve as b) bioindicators of changes in soil biologi-
cal activity following herbicide application and, finally, some microbial speci-
es may be used as c) bioherbicides.
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Herbicides become incorporated in soil directly, during plant treatment,
and indirectly, via water or residues of plant and animal origin. After applica-
tion, herbicides may evaporate (volatilize), may be washed away through sur-
face run-off, may leach into deep soil strata and ground water, may be inacti-
vated by plants, or may be adsorbed in soil in which case they become subject
to chemical or microbiological degradation.

Herbicides are specific regarding their toxic level. However, the applica-
tion of several chemicals may lead to synergy and development of toxic ef-
fects hazardous for humans and the ecosystem (M i c h a e l i d o u et al., 2000).
Herbicides may cause acute and genetic toxicity which are perilous for the bi-
ota inhabiting the ecosystem. The halflife of various herbicides ranges from 9
to 116 years. It means that in soil without microorganisms herbicide applica-
tion would threaten all living things with unforeseeable consequences (V r o c -
h i n s k i y and M a k o v s k i y , 1979). The European Union has opted for su-
stainable agriculture, reduced pesticide use and monitoring of acute and gene-
tic toxicity for the ecosystem (P e t s i k o s - P a n a g i o t a r o u , 2000). Rate
of herbicide decomposition in soil depends on the properties of the preparation
applied (M i s h u s t i n and E m t s e v , 1987), herbicide dose (S c h u s t e r
and S c h r ö d e r , 1990; M i l o š e v i ã et al., 2001), physical and chemical
soil properties (W i l l e m s et al., 1996; M i l i å i ã , 1987), humidity, temper-
ature, plant cover, soil cultivation technique and the types of the soil microor-
ganisms present (B a r r i u s o and H o u o t , 1996; G o v e d a r i c a et al.,
1993, 2000; W i l l e m s et al., 1996; M i l o š e v i ã et al., 2000a, 2001).

HERBICIDE DEGRADATION BY MICROBES

Herbicide degradation in soil may be photochemical, chemical or micro-
bial in nature. While photochemical decomposition predominates in air and
water, only a small percentage of pesticides is decomposed in that way in soil.
Chemical decomposition of herbicides in soil evolves through hydrolytic and
non-hydrolytic transformations and oxidation. Microorganisms are efficient de-
composers of aliphatic and hydroxyl compounds, but they decompose aromatic
substances at a slower rate. The compounds that contain oxygen, sulfur or ni-
trogen in the ring are slowest to decompose (J a n j i ã et al., 1996).

According to L y n c h (1983), microbes degrade herbicides in the course
of metabolic (when adaptation phenomena take place) and cometabolic proces-
ses. New compounds are formed from herbicide metabolites.

In general, herbicides affect microbes indirectly, causing physiological
changes, increased enzymatic production or, when applied in high doses, death
of susceptible groups of microorganisms (C e r v e l l i et al., 1978). Soil mic-
robiological population uses herbicides and their metabolites as sources of bio-
genous elements (C o o k and H u t t e r , 1981; R a d o s e v i c h et al., 1995).
It has been noticed that certain groups of microorganisms (primary population)
start to decompose herbicides a few days after their arrival. On the other hand,
the so-called secondary population, which produces induced enzymes, decom-
poses herbicides while these are passing through a period of adaptation. Some
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microbial groups are indifferent to herbicide application (Figure 1). Long-term
application (19 years) of glyphosate reduces C biomass in soil, but ammonifi-
cation and nitrification are increased compared with untreated soil (H a r t and
B r o o k e s , 1996).

Studies of numerous authors (L y n c h , 1983; R a d o s e v i c h et al.,
1995; M i l o š e v i ã et al., 2001) show that herbicide-decomposing microor-
ganisms belong to bacteria and fungi: Arthrobacter, Pseudomonas, Bacillus,
Actinomycetes, Mycoplana, Agrobacterium, Corynebacterium, Arthrobacter, Fla-
vobacterium, Nocardia and Trichoderma. Effect of herbicides on the composi-
tion and morphology of soil microbial population depends on the composition
and dose of herbicides applied but also on the kind of microorganisms present
(M i š k o v i ã et al., 1983; M i l o š e v i ã et al., 2001). In general, herbicides
affect soil microbes indirectly. Herbicides may be a source of nutrition for mi-
crobes (C o o k and H u t t e r , 1981), in which case they significantly affect
microbial growth and multiplication. However, herbicides also affect the mic-
robes physiologically: a) by changing their biosynthetic mechanism (a change
in the level of protein biosynthesis is reflected on the ratio of extracellular and
intracellular enzymes); b) by affecting protein biosynthesis (induction or re-
pression of synthesis of certain enzymes); c) by affecting the cellular mem-
branes (changes in transport and excretion processes); d) by affecting plant
growth regulators (transport of indolacetic acid, gibberellin synthesis and ethy-
lene level); e) applied in high doses, they may kill microorganisms.

FACTORS AFFECTING MICROBIOLOGICAL DECOMPOSITION
OF HERBICIDES

Rate of herbicide decomposition in the soil is influenced by the properties
of the preparation applied, its dose as well as by the physical and chemical
soil properties, soil moisture and temperature, plant cover, soil cultivation met-
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hod and kinds of microorganisms present (M i l i å i ã , 1987; S c h u s t e r
and S c h r ö d e r, 1990; R a d o s e v i c h et al., 1995; M i l o š e v i ã et al.,
2001).

Herbicide properties

According to their structure, herbicides may be carbonic acids and their
derivatives, aryloxyalkyl carbonic acids and their derivatives, carbamic acid
derivatives, carbamide derivatives, thio- and dithiocarbamic acid derivatives,
dipyridil derivatives, nitrophenols, nitroanilines or heterocyclic compounds com-
prising nitrogen in the ring (diazin and triazin). Toxicity, persistence and se-
lectivity are important characteristics of herbicides (K o n s t a n t i n o v i ã et
al., 1998, 1999).

Table 1 — Period of herbicide degradation in soil (K o n s t a n t i n o v i ã , 1999)

1—3 months 3—6 months more than 12 months

Aminotriazol Butan Atrazine

Aziprotryne Chlorbromuron Bromacil

Carbetamide Chloridazone Chlortiamid

Chlorpropham Chlortal-dimethyl Dichlorbenil

Cyanazine Chlortoluron Lenacil

Dalapone Cikloat Methazone

Prometryn Dinitramin Metribuzin

Propahlor EPTC Napropamid

Propham Etophumesat Oksadiazon

Terbutrin Izoproturone Fenmedipham

2,4-D Linuron Pikloram

MCPA Methamitron Propyzamide

Dichloprop Matolachlor Simazine

Mathobentiazuron Terbacil

Metabromuron Trifluralin

TCA Imidazolinone

Trietazin Sulfonylurea

Regarding their degradation period, pesticides may be divided in two gro-
ups: a) residual, with long toxic action and b) contact, with short toxic action.
A study of B a r r i u s o and H o u o t (1996) showed that simazine minerali-
zes faster than atrazine. A hormone herbicide 2,4-D decomposes in soil very
fast. It is decomposed by several microorganisms: Mycoplana, Corynebacteri-
um, Achromobacter, Rhizobium, Arthrobacter, Flavobacter and some acti-
nomycetes (L y n c h , 1983).
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Herbicides dose

Increase in herbicide dose tends to amplify its negative effect on microor-
ganisms. High herbicide concentrations reduce the number of nodules in sym-
biotic nitrogen-fixing microoorganisms, nitrogenase activity microorganisms,
dry matter in plants, lysis of bacteroids, and inhibition of ATP synthesis (G o -
v e d a r i c a et al., 1993; K o n s t a n t i n o v i ã et al., 1998; M i l o š e v i ã
et al., 2001).

A dose of 1.6 l. ha—1 of dimethenamide (Frontier) caused larger reducti-
ons of the total number of microorganisms and azotobacters by 5—7% and
2—18%, respectively, than a dose of 1.4 l. ha—1 (M i l o š e v i ã et al., 2001a).
A dose of 2 l. ha—1 of flumetsulam + trifluralin (Rival) caused a larger reduc-
tions of Azotobacter by about 2% than a dose of 1.7 l. ha—1 (up to 30 days)
( M i l o š e v i ã et al., 2000a; G o v e d a r i c a et al., 2001). Simultaneously,
the larger dose of Rival increased the numbers of fungi and actinomycetes by
2—4% and 1%, respectively (M i l o š e v i ã et al., 2001a). Increased doses of
dimethenamid (1.6 l. ha—1) and metolachlor (1.7 l. ha—1) caused larger reducti-
ons in the number of azotobacters than lower doses (G o v e d a r i c a et al.,
2001).

High doses of atrazine and alachlor (3 and 4 l·ha—1, respectively) caused
decreases in the total number of bacteria, ammonifiers and azotobacters and
they reduced dehydrogenase activity (K o n s t a n t i n o v i ã et al., 1999).

Under laboratory conditions, a normal dose of glyphosate inhibited DHA
by 5—10% (3 weeks after herbicide application). A tenfold dose of glyphosate
affected negatively the activity of this oxide-reducing enzyme by 5% (11
weeks after herbicide application) (S c h u s t e r and S c h r ö d e r , 1990).

Physical and chemical soil properties

Pesticide adsorption or desorption depends on the physical and chemical
soil properties. The process of adsorption depends on the concentration and
solubility of herbicides in soil solution, ion exchange capacity, organic matter
content, pH, moisture and temperature of soil, etc. Soils with heavy mechani-
cal composition have a higher pesticide-adsorbing capacity than light (sandy)
soil. Studies have offered different results regarding the rate of atrazine miner-
alization in soil. Atrazine mineralization is exceedingly low, which is an indi-
cation that this pesticide is very persistent. According to W i l l e m s et al.
(1996), atrazine mineralization is slow and controlled by the amount of bio-
mass and organic C, and it decreases with depth. Atrazine mineralization se-
ems to be predominantly due to cometabolism rather than direct metabolism.
W o l f and M a r t i n (1975) stated that atrazine mineralization was 18% af-
ter 550 days, depending on physical and chemical soil properties. K l i n t et
al. (1993) reported the value of 20% after 90 days. According to W i l l e m s
et al. (1996), the amounts of 2,4-D mineralized in the soil layer between 1m
and 1.5 m were generally high, exceeding on average four times the amounts
mineralized in the topsoil. The authors hypothesized that the rapid mineraliza-
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tion in deeper soil layers was probably due to complex interactions among mi-
crobial activity, microbial population structure, nutrition status and the physi-
cal and chemical properties of the soil.

Temperature and moisture

Increased moisture and temperature accelerate the degradation of atrazine
and 2,4-D (W i l l e m s et al., 1996). The rate of atrazine mineralization is
slow (< 2%), further decreasing in deeper soil layers, at low temperature and
at low moisture content. Over a period of two and a half months, 10 to 80%
of 2,4-D were mineralized, depending on the depth of soil profile.

Cultural practices

In well-tilled and loose soil that contains much oxygen, the rate of herbi-
cide degradation is accelerated because of dynamic microbiological processes
taking place in it. In uncultivated or excessively compacted soil, where anaero-
bic processes predominate, the rate of herbicide degradation is low. Methods
of soil cultivation and herbicide application affected significantly the microbi-
ological activity (M i l o š e v i ã et al., 1995, 1995a). Generally, chiseling and
rototilling following glyphosate application tended to increase the numbers of
soil microorganisms. Glyphosate application in bands reduced the number and
enzymatic activity of soil microorganisms in relation to the broadcast applica-
tion.

Application of NPK fertilizers reduced the degradation of the hormone
herbicides 2,4-D and MCPA by 30—50%. Application of CaCO3 considerably
lowered the rate of herbicide degradation. No degradation could be registered
14 days after the application; on the 28th day, 2,4-D of MCPA were degraded
by 29% and 45%, respectively (B u r n s , 1995).

Negligent use of heavy machines for soil tillage and sugarbeet transport
under unfavorable weather conditions (rain and high soil moisture) may cause
extensive soil structure deterioration and prolonged negative effects on subse-
quent crops (M i l o š e v i ã et al., 2001). Under unfavorable, i.e., anaerobic
conditions, soil microorganisms produce metabolites which, synergizing with
the applied herbicides, intensify their negative effects (K o s i n k i e v i c z,
1984a). Bacteria from the genus Arthrobacter sp., isolated from sugarbeet rhi-
zosphere, produced phenolic compounds when exposed to soil and anaerobic
conditions. These compounds intensified the phytotoxic effect of cycloate (Ro-
neet) on the crop planted after sugarbeet (K o s i n k i e v i c z et al., 1984).

Plant cover

Plants play a role in pesticide decomposition. They incorporate pesticide
via roots, stems and leaves. Pesticide dose and mode of application determine

10



how it is incorporated, by the aboveground plant parts or the roots (K a s t o r i
et al., 1996). Plant species affects the rate of mineralization of atrazine's triazi-
ne rings. Experiments of B a r r i u s o and H o u o t (1996) showed that atra-
zine's triazine rings were mineralized faster in the soils under corn treated
with this herbicide each year that in the untreated soils under wheat or grasses.

M i l o š e v i ã and G o v e d a r i c a (2001) noted that prometryne appli-
cation reduced some parameters of biological activity (total number of bacteria
and the number of azotobacters) in the soil under soybean and sunflower. In
the soil under soybean and sunflower, however, azotobacters could not be fo-
und 28 days after prometryne application while 45 days after the application
its numbers reached up to 10.76 x 102 per one gram of soil.

Microbiological population

Pesticide decomposition is affected by the size and composition of micro-
biological population. Microorganisms are a highly heterogeneous group, in-
cluding aerobes and anaerobes, heterotrophs and autotrophs or saprophytes,
symbionts and parasites. Certain microbial species may decrease or increase
the toxic action of herbicides. Most soil microorganisms are capable of de-
composing herbicides, using them most frequently as sources of biogenous el-
ements. Experiments have shown that microbes may use atrazine as a source
of carbon (R a d o s e v i c h et al., 1995) or nitrogen (C o o k and H u t t e r,
1981). The hormone herbicide 2.4-D is rapidly decomposed in the soil, as
much as 3.4 x 106 moles in a single day. Various microorganisms decompose
2.4-D: Mycoplana, Corynebacterium, Achromobacter, Rhizobium, Arthrobac-
ter, Flavobacter and some actinomycetes (L y n c h , 1983). Herbicides derived
from the carbamic acid (phenmedipham, desmedipham) are decomposed mic-
robiologically, chemically and photochemically. Among the fungi, Rhizopus
japanus, Aspergillus ssp., Penicillium ssp. and Metharizium anosoplie are the
most intensive decomposers. Among the bacteria, those are Pseudomonas sp.
and Bacillus sp. According to K o s i n k i e v i c z (1984a), the phenolic com-
pounds produced by Pseudomonas acidovorans may increase or decrease the
phytotoxicity of lenacil (Venzar), the mode of action depending on herbicide
concentration.

MICROBES: BIOINDICATORS AND INOCULANTS

The soil is a highly complex system. It is also dynamic, on account of
microorganisms whose enzymes take part in most syntheses and decompositi-
ons. The number, enzymatic activity and biodiversity of microorganisms may
serve as indicators of soil fertility, as well as indicators of all changes taking
place in the soil as an ecological system (M i l o š e v i ã et al., 1997).

By means of adsorption, bioaccumulation and the production of metaboli-
tes, microorganisms are capable of mitigating or blocking the toxic action of
herbicides (J a n j i ã et al., 1996). Herbicides adsorb on cell surface, affecting
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ion transport. They affect the metabolism inside the cell by binding to amino
and sulfide groups. In the course of these processes, changes take place in the
oxidoreduction level of soil and, depending on the chemical composition and
dose of herbicide, the microorganism concerned may be killed. Bioaccumula-
tion mitigates the toxic effect of herbicides.

Bioindicators

Application of pesticides and other chemicals used in agriculture affects
the vital functions and population dynamics of soil microorganisms. Microor-
ganisms are a heterogeneous group of organisms whose enzymatic systems
comprise 60—90% of the total metabolic activity of the soil (L e e , 1994). Po-
pulation size, enzymatic activity and biodiversity of certain systematic and
physiological groups of microorganisms may serve as bioindicators of changes
taking place in the soil following herbicide application (M i l o š e v i ã et al.,
1995, 2001; G o v e d a r i c a et al., 1993, 1995; K o n s t a n t i n o v i ã et
al., 1999). Results of our studies have shown that generally, herbicides tended
to reduce the total number of soil microorganisms 7 to 30 days after applica-
tion (M i l o š e v i ã et al., 2001).

M i l o š e v i ã et al. (1998, 2000a) reported that soybean treatment with
flumetsulam + trifluralin (Rival), imazethapyr (Pivot), clomazone (Command)
and alachlor + linuron (Linuron S-50) reduced the total number of microorgan-
isms in the period of 14 days after application by 15 to 27% (Graph 1). After
that period, the numbers of microorganisms in the treated variants reached the
level of the control variant while on the 90th day after application the numbers
of microorganisms in the variants with clomazone (Command) and alachlor +
linuron (Linuron S-50) were increased in relation to the control (M i l o š e -
v i ã et al., 2000a).

Nitrogen-fixing bacteria are important from the point of nitrogen balance
in the soil and their reaction to herbicides is a good indicator of how effective
an applied weed control action is.
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Our studies have shown that Azotobacter is most sensitive to herbicide
application (M i l o š e v i ã et al., 1995; 2000a, M i l o š e v i ã and G o v e -
d a r i c a , 2000), and it may serve as a reliable indicator of the biological va-
lue of soil. Herbicide application reduced the number of azotobacters (Graph
2). The reduction was large in the period of 30 days after herbicide applica-
tion. The largest rates of reduction occurred 14 days after application, 62% in
the case of Rival and 78% in the case of Linuron S-50.

M i l o š e v i ã and G o v e d a r i c a (2001) found that the negative ef-
fect of prometryne on the growth and development of azotobacters was higher
in the soil under sunflower than in the soil under soybean. In the sunflower fi-
eld, azotobacters could not be registered in the soil 28 days after prometryne
application, but on the 45th day their number reached 10.76 x 102 per one
gram of soil. According to G o v e d a r i c a et al. (2001), the number of azo-
tobacters was 2—3 times lower in a sugarbeet field treated with dimethenami-
de and metalochlor than in the untreated control variant.

Herbicide application also inhibits the symbiotic bacterium Bradyrhizobi-
um japonicum. Nodulation rate is an indicator of symbiotic efficiency between
soybean plant and the bacterium. Nodulation test shows the efficiency of nitro-
gen utilization in the process of biological nitrogen fixation. Herbicide applica-
tion reduced the nodulation rate, i.e., the number of nodules formed on soy-
bean roots, by 5—21% (M i l o š e v i ã et al., 2000a).

According to C e r v e l l i et al., (1978), herbicides may kill sensitive
microorganisms. However, herbicides may also be decomposed by enzymes
produced by microorganisms, which subsequently use the metabolites as sour-
ces of biogenous elements (C e r v e l l i et al., 1978; M i l o š e v i ã et al.,
2001). It has been noticed that certain groups of microorganisms (the primary
population) start to decompose herbicides a few days after their applications.
However, the secondary population, which produces induced enzymes, starts
to decompose herbicides after a period of adaptation.

Low concentrations of 2,4-dichlor-phenoxy-acetic-acid (2,4-D) promote
the development of tumorous structures (p-nodules) on the roots of corn,
wheat (C h r i s t a i n s e n - W e n i g e r , 1992; 1995; C h r i s t a i n s e n - W e -
n i g e r and V a n d e r l e y d e n , 1994, cit. C h r i s t a i n s e n - W e n i g e r ,
1997) and rice (C h r i s t a i n s e n - W e n i g e r , 1997). On inoculation, Azo-
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spirillum brasilinse colonizes p-nodules. The nitrogenase activity of tumors in-
habited by bacteria is significantly increased in comparison with the untreated
control.

Generally, our studies have shown that herbicide application stimulated
the growth and development of actinomycetes. Dimethenamide and metalo-
chlor applied to sugarbeet (G o v e d a r i c a et al., 2001), and prometryn ap-
plied to soybean and sunflower (M i l o š e v i ã and G o v e d a r i c a , 2001)
increased the number of actinomycetes. Only seven days after herbicide appli-
cation, their numbers started to increase (Graph. 3). On the 14th day, the num-
bers of actinomycetes were increased by 35% in the treatments with Rival
(flumetsulam+ trifluralin) and Linuron (alachlor+linuron). The application of
imazethapyr and clomazone stimulated the development of actinomycetes, the-
ir number reaching the maximum value 60 days after herbicide application.
The effect of herbicides on fungi is variable and it depends on the dose ap-
plied (M i l o š e v i ã et al., 2000; M i l o š e v i ã and G o v e d a r i c a , 2001).

Enzymes are catalysts of biochemical processes in the soil and they take
part in the cycling of carbon, nitrogen, phosphorus and sulfur. They play an
important role in the maintenance of soil fertility and their activity may serve
for the assessment of soil fertility (S k u j i n š , 1973; G o v e d a r i c a et al.,
1993; M i l o š e v i ã et al., 1997).

Being endocellular, oxido-reducing enzymes, dehydrogenases are a foun-
dation of the enzymatic systems of all microorganisms (v o n M e r s i and
S c h i n n e r , 1991) and their role is essential in initiating the oxidation of or-
ganic matter in the soil, by transporting electrons or hydrogen from the sub-
strate to the sink (R o s s , 1971). DHA is a measure of microbial oxidative ac-
tivity (S k u j i n š , 1973; C a s i d a , 1977; T a b a t a b a i , 1982; T r e v o r s ,
1984; C a m i ñ a et al., 1998), Many authors consider it as an indicator of
soil biological activity (L e n h a r d , 1956; T h a l m a n n , 1968; S k u j i n š ,
1973; M i l o š e v i ã et al., 1993, 1996). Our previous studies showed that
DHA is a good indicator of changes in oxido-reducing processes in the soil ta-
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king place in consequence to herbicide application (M i l o š e v i ã et al.,
1995, 1998, 2001; G o v e d a r i c a et al., 1995, 2001).

The tested herbicides (Graph 4) were significantly reducing dehydrogena-
se activity on the 7th, 14th and 30th day after application (M i l o š e v i ã et al.,
2001). After that period, however, the oxido-reducing processes return to the
level of the control variant.

According to G o v e d a r i c a et al. (2001) metalochlor caused a larger
reduction in dehydrogenase activity than dimethenamide. The application of a
combination dimethenamide + chloridazon inhibited the oxido-reducing pro-
cesses in the soil to a lesser extent than the application of individual herbici-
des. The values of DHA were on the level of the control variant 180 days af-
ter herbicide application. DHA was reduced after the application of prometryn
(M i l o š e v i ã and G o v e d a r i c a , 2001), but it was back on the level of
the control variant 45 days after application.

DHA is a sensitive indicator of side-effects of herbicide application on
non-target soil microorganisms (S c h u s t e r et al., 1987, cit. to S c h u s t e r
and S c h r ö d e r , 1990a). A field trial of S c h u s t e r and S c h r ö d e r
(1990a) showed a decreased dehydrogenase activity following the application
of dichlorprop (13%) and glyphosate (5%). Under laboratory conditions, a nor-
mal dose of glyphosate stimulated DHA during the period of six weeks after
application. A ten-fold dose of glyphosate, however, reduced the oxido-reduc-
ing processes by 5% to 25% (S c h u s t e r and S c h r ö d e r , 1990).

According to J a n j i ã et al. (1996) the amount of released CO2 (as a
measure of the intensity of soil microbiological activity) was reduced after the
application of atrazine and cyanazine. Repeated atrazine applications caused a
significant reduction in the intensity of soil respiration followed via the amo-
unt of released CO2 (D ÿ u g e l i , 1982., cit. J a n j i ã et al., 1996).

Inoculants

Microorganisms may be added to soils contaminated with herbicides in
order to mitigate negative residual effects on subsequent crops. Examining 16
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herbicides, B u r n s (1995) selected two hormonal herbicides as indicators of
microbiological degradation: 2(2,4-dichlorophenoxy) acetic acid (2,4-D) and
2-methyl-4-chlorphenoxyacetic acid (MCPA). Fourteen days after soil inocula-
tion with bacteria isolated from contaminated soils, the rates of herbicide de-
composition were 67—78% in the case of 2.4-D and 84—98% in the case of
MCPA. The rate of decomposition depended on bacterial strain used for inoc-
ulation (B u r n s , 1995). In the non-inoculated soil, the rate of decomposition
was 23—27%. However, 28 days after inoculation, the amounts of decompo-
sed herbicides in the treated and untreated soils were equal. MCPA was de-
composed faster that 2,4-D, 99% of it being decomposed 28 days after inocu-
lation.

Weeds may be successfully controlled with preparations based on fungi
(Beauveria bassiana, Paeciloyces litacinus, Verticillum chlamydosporum). It
was found that Sphacelotheca halepense may be used as a mycoherbicide in
the biocontrol of Sorgum halepense (M i l a n o v a and K a r a ð o v a , 1997).

CONCLUSION

Microorganisms are constituting elements of the environment. Their abun-
dance, enzymatic activity and biodiversity are good indicators of the balance
in the agro-ecological system. To use microorganisms as indicators of changes
in soil biological activity, it is necessary to find most reliable detection meth-
ods and most effective microbial strains. Inoculants based on certain microor-
ganisms may be used as biopreparations in combination with or instead of
chemical preparations. They are applicable in integrated weed management,
which implies combining of cultural practices, biological and chemical meth-
ods of weed control. Microbiological research should be focused on isolating
microbial strains which, on application, effectively decompose herbicides, irre-
spectively of the natural microbial population in the soil.

It is necessary to keep strengthening the scientific basis of modern agri-
culture because herbicides may be advantageously used only if their persisten-
ce, bioaccumulation and toxicity (acute and genetic) in agro-ecosystems are
strictly controlled.
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Rezime

Mikroorganizmi zemqišta su znaåajna karika u odnosu zemqište — biq-
ka — herbicidi — fauna/åovek. Naime, mikroorganizmi a) uåestvuju u degrada-
ciji herbicida, b) wihova aktivnost, brojnost i raznovrsnost su bioindikato-
ri promena biološke aktivnosti zemqišta posle primene ovih hemijskih je-
diwewa, i v) pojedine vrste mikroorganizama mogu se primeniti kao bioherbi-
cidi.

Herbicidi izazivaju uginuãe osetqivih grupa mikroorganizama. Meðutim,
herbicidi se mogu razgraditi u zemqištu enzimima mikrobnih populacija ko-
risteãi ova hemijska jediwewa i dobijene metabolite kao izvore biogenih ele-
menata. Uoåava se da pojedine grupe mikroorganizama (primarna populacija)
razgraðuju herbicide veã posle nekoliko dana nakon dospevawa u zemqište.
Meðutim, tzv. sekundarna populacija koja produkuje podesne-indukovane enzime
razgraðuje ova hemijska jediwewa posle perioda adaptacije.

Naša istraÿivawa pokazuju da je grupa mikroba Azotobacter najosetqivija
na primenu herbicida, te moÿe biti pouzdan bioindikator biogenosti zemqi-
šta. Uoåava se da je zastupqenost ove grupe azotofiksatora smawena u velikom
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procentu do 14. dana. Zastupqenost Actinomycetes i u mawoj meri gqiva je pove-
ãana, što ukazuje da ove grupe mikroorganizama koriste herbicide kao izvore
biogenih elemenata.

Razgradwa herbicida u zemqištu zavisi od svojstva primewenog prepara-
ta, zatim od koliåine (doze) herbicida, ali i od fiziåko-hemijskih svojstava
zemqišta (vlaÿnosti, temperature, biqnog pokrivaåa, obrade) i vrste mikro-
organizama.
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EFFECTS OF PESTICIDES ON
AZOTOBACTER CHROOCOCCUM

ABSTRACT: Studied in this paper were the effects of three concentrations of four
different pesticides (two herbicides — Ro-Neet and pyramin, one insecticide — lindan and
one fungicide — mankogal) on the growth of pure cultures of three Azotobacter chroococ-
cum strains. The lowest and highest concentrations used in the study were ten times lower
and ten times higher than the concentration used in actual agricultural practice (in the field),
respectively. The pesticides had different effects on the growth of the Azotobacter chroo-
coccum strains. All three strains of Azotobacter chroococcum grew unimpeded regardless of
the pyramin, Ro-Neet-a and lindan concentration, whereas all three mankogal concentrations
caused growth inhibition to occur in the three strains, which can, therefore, be deemed
highly susceptible to the fungicide mankogal.

KEY WORDS: Azotobacter chroococcum, fungicides, herbicides, insecticides

INTRODUCTION

In the last few decades, numerous soil microorganisms have been found
to have a positive effect on plant development. Besides the well-known symbi-
otic nodular bacteria, free nitrogen fixers in the rhizosphere can also stimulate
plant growth or reduce the damage causes by soil-borne plant pathogens
( K l o e p p e r et al., 1989). Azotobacter has been used as a potential nitroge-
nous fertilizer to increase suger beet yield (M a r t i n , 1986, S t e i n b e r g a
et al., 1996, M r k o v a å k i et al., 2001).

Whether pesticide treatments exert a significant inhibitory effect on root
colonization by these PGPRs will be indicated by the impact on plant produc-
tion, since the pesticide effects will be reduced.

Herbicide combinations control weeds and increase sugar beet yield to a
significant degree. According to G l u š a c and D r a ÿ i ã (1982), Ro-Neet +
Pyramin should be the first choice when selecting the herbicide combination
for basic treatments preceding sugar beet sowing. Sugar beet producers often
apply herbicides based on cycloate (Ro-Neet, Cycloate, Cycloherb) and chlori-
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dazon (Pyramin FL, Pyramin turbo) prior to sowing with incorporation (M a -
l i d ÿ a and G l u š a c , 1999).

Some herbicides used in agriculture can be harmful to Azotobacter chroo-
coccum. Glyphosate herbicides have been shown not only to inhibit the nitro-
gen fixation process in Azotobacter chroococcum but also to reduce the bacte-
rium's respiration rate by 60% and hence preclude its positive effects (S a n -
t o s and F l o r e s , 1995).

Concerning the environmental importance of A. chroococcum, a study has
been carried out with a popular herbicide called pendimethalin that established
a connection between A. chroococcum and a transformational process that bre-
aks down this herbicide into non-toxic products, thus demonstrating that the
bacterium is important not only for agriculture but for the environment as
well. Pendimethalin was efficiently degraded by A. chroococcum (45% after
10 days, 55% after 20 days) (K o l e et al., 1994).

Insecticides affect soil microorganisms and their biochemical processes
related to soil fertility and can stimulate Azotobacter growth (D a s and
M u k h e r j e e , 1998).

The objective of the present study was to determine the effects of two
herbicides, one insecticide and one fungicide on the growth of pure cultures of
Azotobacter chroococcum under laboratory conditions.

MATERIALS AND METHODS

Used in this study were three highly effective strains of A. chroococcum
(5,8 and 14) isolated from the rhizosphere of sugar beet at Rimski Šanåevi.
The strains had been taken from the collection of nitrogen-fixing microorgan-
isms maintained at the Institute of Field and Vegetable Crops in Novi Sad
(NSCNFB).

The strains were grown in a liquid Fjodor medium at pH = 7 and 30°C.
Cell density in the inoculum was 1012 per ml of culture.

The lowest pesticide concentration in the study was ten times lower than
the concentration used in field conditions (1). The other concentrations used
were the field concentration itself (2) and a concentration ten times higher
than that (3). The field concentrations per 300 l of water per hectare are 4 l
for Ro-Neet and pyramin, 5 l for lindan, and 600—850 g/100 kg of seed for
Mankogal.

Pesticide effects (Ro-Neet, Pyramin-herbicides; Lindan-insecticide and Man-
kogal-fungicide) were studied by the diffusion method in Petri dishes adding
0.1 ml of each concentration on a ∅ 10 mm paper disk. Prior to that, sterile
disks were placed on the surface of the medium that had been inoculated with
an A. chroococcum strain before being poured into the dishes. Five replicates
were made for each of the pesticides. Each Petri dish contained one pestici-
de-free disk that was used as the control. Bacterial growth readings were re-
corded after 48 h of growth in a thermostat at 30°C.
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RESULTS AND DISCUSSION

The study has shown that the herbicides and insecticides involved had no
negative effect on the growth of A. chroococcum strains 5,8 and 14, i.e. no in-
hibition of growth was recorded. The fungicide, however, did have a negative
effect on the growth of the strains regardless of the concentration.

B a l a j e e and M a h a d e v a n (1990) reported that the herbicide 2,4-D
and its degradation products, p-chlorophenoxy-acetic acid and p-chlorophenol,
were utilized by A. croococcum as the sole carbon source. Nitrogenase activity
was stimulated by the chloroaromatics.

M a r t i n e z T o l e d o et al. (1991) studied the effects of the herbicide
simazine on the biological activity of A. chroococcum. The herbicide was fo-
und to have no effect on A. chroococcum microbial growth on either the stan-
dard medium, dialysed soil medium or sterilized soil. Nevertheless, the presen-
ce of 50—300 mg of simazine per one milliliter of culture or one gram of soil
did have a stimulating effect on A. chroococcum nitrogen fixation in non-steri-
le and sterile conditions alike. When microorganisms are grown in the presen-
ce of simazine, the cells have a higher ATP content than the control.

Quadruple herbicide doses had a slight inhibitory effect on an Azotobac-
ter population in wheat (S i n g h et al., 1996), while the number of Azotobac-
ter cells two and 14 weeks after herbicide application dropped as a result of
the same (P i s k o r z , 1998).

A b u l K a l a m and B a n e r j e e (1995) reported very slight inhibition
of A. vinelandii growth after the application of a fungicide (tridemorph). Still,
a study of the effects of five herbicides, two insecticides, and 12 fungicides on
A. chroococcum growth and nitrogenase activity has shown fungicides, especi-
ally Captan and Ziram, to be the most toxic of all three types of pesticide
( V a n n i n i et al., 1992). The organophosphorous insecticides profenofos and
chloropyrifos reduced the number of aerobic nitrogen fixers and significantly
decreased nitrogen fixation (M a r t i n e z T o l e d o et al., 1992; P o z o et
al., 1995), while 0.12 pmol/ml of supercypermetrine (the active ingredient)
from the insecticide nerametrine EK-15 completely inhibited nitrogen fixation
in A. chroococcum (C e r n a k o v a , 1993).

Results have shown that resistance to pesticides is a trait common to all
strains of A. chroococcum. Reduced resistence with increased pesticide con-
centration was recorded in particular with Aldrina (G u p t a et al., 1994).

A progressive increase of an Azotobacter sp. population until the third
application of the insecticide carbofuran showed that the applications stimula-
ted nitrogenase activity and the abundance of nitrogen-fixing bacteria in the
rhizosphere of rice (K a n u n g o et. al., 1995).

The results of our study are in agreement with those cited above, i.e. we
found the analyzed strains of Azotobacter chroococcum to be resistant to her-
bicides and insecticides and to show inhibition of growth as a result of fungi-
cide application.
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Table 1. — Growth of A. chroococcum strains as affected by different pesticide concentrations

Pesticide Concentration A. chroococcum
strain 5

A. chroococcum
strain 8

A. chroococcum
strain 14

Pyramin 1 + + +

2 + + +

3 + + +

ø + + +

Ro-Neet 1 + + +

2 + + +

3 + + +

ø + + +

Lindan 1 + + +

2 + + +

3 + + +

ø + + +

Mankogal 1 — — —

2 — — —

3 — — —

ø + + +

1 — 10 x lower than conventional concentration
2 — conventional concentration (Ro-Neet and Pyramin-41/ha; Lindan 51/ha; Mankogal

600—850 g/100 kg)
3 — 10 x higher than conventional concentration
ø — control (pesticide-free disk)
+ positive culture growth around disk and — inhibited culture growth around disk
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Rezime

U radu je ispitan efekat tri koncentracije åetiri razliåita pesticida
na rast åistih kultura tri soja Azotobacter chroococcum. Korišãena su dva her-
bicida — Ro-Neet i Pyramin, jedan insekticid — Lindan i jedan fungicid —
Mankogal. Najmawa koncentracija bila je deset puta mawa od one koja se kori-
sti u praksi (u poqu), a najveãa deset puta veãa. Dobijeni su razliåiti efekti
pesticida na rast sojeva Azotobacter chroococcum. Sva tri soja nesmetano su ra-
sla na sve tri ispitivane koncentracije Pyramin-a, Ro-Neet-a i Lindana, dok je
Mankogal u sve tri ispitivane koncentracije izazvao inhibiciju rasta kod sva
tri soja. Ispitivani sojevi veoma su osetqivi na fungicid Mankogal.
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TRANSFERRING OF SCLEROTINIA RESISTANCE FROM
WILD INTO CULTIVATED SUNFLOWER — COMBINING
OF CONVENTIONAL AND LABORATORY TECHNIQUES

ABSTRACT: Five populations of each H. molis, H. maximiliani, H. rigidus and H.
tuberosus were screened for resistance to stem form of Sclerotinia. On the basis of the re-
sults obtained by screening, nine crosses of resistant populations with either other wild spe-
cies populations or with cultivated sunflower were made. As in some crosses a small
quantity of seed was produced and the seeds germinated poorly, modified tissue culture
methods were used to enhance germination and produce clones of interesting plants. These
methods were found to be efficient both for seed germination and plant production and mul-
tiplication.

KEY WORDS: wild sunflower, Sclerotinia resistance, tissue culture

INTRODUCTION

White rot caused by the fungus Sclerotinia sclerotiorum is the major dis-
ease of sunflower (Helianthus annuus L.) in countries with a humid climate,
while in countries with moderate climate, it causes the yield loss in rainy years
(Š k o r i ã and R a j å a n , 1992). This parasite usually attacks all parts of the
plant: roots, stalks, leaves, flower buttons and heads (Z i m m e r and H o e s ,
1978). There are no suitable cultural control methods (L u m s d e n , 1979) and
no immune genotypes of cultivated sunflower have yet been found or develo-
ped.

Wild sunflowers constitute an important source of resistance against seve-
ral major sunflower diseases including Sclerotinia (G e o r g i e v a - T o d o -
r o v a , 1993). In some cases, transfer of these traits into cultivated sunflower
genome using conventional methods is difficult because of a high interspecific
incompatibility. In sunflower, embryo rescue technique has been used to over-
come this problem.
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Micropropagation is interesting for wild sunflower species whose seeds
germinate poorly. I m h o f f et al. (1996) described a method for efficient
propagation of three wild sunflower species using sterile rhizomes. V a s i ã et
al. (2001) have used shoot tips and nodal segments for multiplication of H.
maximiliani.

In this paper an integrated approach to the Sclerotinia resistance screen-
ing and breeding, combining conventional and modified tissue culture meth-
ods, is described.

MATERIAL AND METHODS

Wild sunflower accessions were grown in quarantine plot of Institute of
Field and Vegetable Crops, Novi Sad.

Five populations of each H. molis, H. maximiliani, H. rigidus and H. tu-
berosus (Table 1) were screened for resistance to stem form of Sclerotinia.
Four plants per population were artificially inoculated by incorporation of scle-
rotias in the stems in the phasis of butonisation. Wounds with sclerotia were
covered with wet cotton and aluminium foil. Plot was regularly irrigated. Scre-
ening was done two weeks after full flowering, using the scale 1—5. Resistan-
ce was determined as percentage of healthy plants.

Plants of populations found to be resistant were crossed with either other
wild sunflower populations or cultivated sunflower, using classical method.

Seeds of progenies of crosses were germinated in liquid MS medium
( M u r a s h i g e and S k o o g , 1962) and planted in Jiffy pots. Well-grown
plants were transferred into growth chamber. Further multiplication of plants
was done by rooting side branches in sand, with watering with distilled water
or water solutions of natural naphthenic acids isolated from lower fractions of
“Velebit" oil.

RESULTS AND DISCUSSION

Two populations of H. molis were found to be 100% resistant to Scleroti-
nia attack on stem (Table 1). In all other tested species some highly tolerant
populations were found, which confirms the notion that wild species could be
valuable sources of if not resistance than tolerance to Sclerotinia (Š k o r i ã ,
1988). In contrast to the results of Š k o r i ã and R a j å a n (1992), popula-
tion 1631 of H. maximiliani was only tolerant to stem Sclerotinia (Table 1).
This could be explained by high variability that exists within the populations
of wild sunflower species.

On the basis of the results obtained by screening, nine crosses of resistant
populations with either other wild species populations or with cultivated sun-
flower were made (Table 2). Crosses with other wild species were done in ca-
ses where it was not possible to cross them with cultivated sunflower. Crosses
were made with wild species crossable with cultivated sunflower with the ho-
pe that hybrids will be crossable with it as well.
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Table 1. — Resistance of tested populations to artificial Sclerotinia infection on stem. Resistance
is given as a percentage of healthy plants

Genotype Resistance (%) Genotype Resistance (%)

mol 1530 25 max 2007 75

mol 1692 25 max 2010 75

mol x 100 max 34 75

mol 1298 100 max m 0

mol 285 50 max 1631 50

rig 2012 75 tub 6 0

rig 1696 25 tub 7 25

rig 1692 50 tub 1699 0

rig 1843 25 tub 675 50

rig 1844 0 tub 1702 75

Table 2. — Seeds and plant from interspecific crosses obtained by conventional and laboratory
methods

Cross Total seeds
obtained

Number of
germinated

seeds

Percentage of
regenerated

plants

Percentage of
plants obtained

from side branches

CMS1-17A x max 2007 1 — — —

Ha-48 x tub 6 4 — — —

Ha-48 x tub 7 1 1 100% 100%

arg 1805 x max 1631 50 10 30% 100%

gig 1605 x max 1631 46 19 32% —

tub 1700 x max 1631 42 10 30 —

max M x gig 2115 4 — — —

gro 1685 x molx 35 8 12% —

mol 1298 x ann 2197 7 — — —

As in some crosses a small quantity of seed was produced (Table 2) and
the seeds germinated poorly, modified tissue culture methods were used to en-
hance germination and produce clones of interesting plants.

Embryo culture in in vitro conditions can sometimes lead to decreased
plant vigour (P e l l e t i e r et al., 1992). That is why, as suggested by P a u l
and B a r t h o u (1994), for improvement of seed germination a non-sterile
technique was used. Germination percentage varied from 80—100% (data not
shown). Plants obtained were normal and vigorous. This is in accordance with
the results obtained by P a u l and B a r t h o u (1994).

Micropropagation of interspecific progenies was done in non-sterile con-
ditions as well. The sterile technique that was found to be efficient in propaga-
tion of H. maximiliani shoot tips (V a s i ã et al., 2001) was not efficient here.
The same stands for growing branches in water or water solution of tested
compounds. No matter which of the substances was used, no root formation
was observed. The most efficient was growing branches in the sand. Rooting
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was induced in all the variants, but the intensity of root formation was differ-
ent among the variants.

The obtained results showed that wild sunflower species could be a po-
tential source of genes for Sclerotinia resistance. Combination of classical
crossing with embryo rescue and micropropagation was found to be a good
method for obtention and multiplication of progenies of interesting interspeci-
fic crosses. Further studies on wild sunflower relatives regarding Sclerotinia
resistance are in progress. The techniques described in this paper are going to
be applied in the new interspecific crosses. All this will hopefully lead us to
production of cultivated sunflower genotype with at least high tolerance to
Sclerotinia.
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I LABORATORIJSKIH TEHNIKA

Dragana M. Vasiã, Ksenija J. Taški, Sreten Z. Terziã,
Slavko E. Kevrešan1, Dragan M. Škoriã

Institut za ratarstvo i povrtarstvo, Maksima Gorkog 30,
21000 Novi Sad, Jugoslavija

1 Poqoprivredni fakultet, Trg Dositeja Obradoviãa 8, 21000 Novi Sad

Rezime

Testirano je po pet populacija H. molis, H. maximiliani, H. rigidus i H. tube-
rosus na otpornost prema Sclerotinia stabla. Na osnovu dobijenih rezultata izvr-
šeno je devet ukrštawa otpornih populacija sa drugim divqim vrstama ili ga-
jenim suncokretom. Kako je u nekim sluåajevima dobijena mala koliåina semena
koja su slabo klijala, korišãene su modifikovane metode kulture tkiva da bi
se poveãala klijavost i proizveli klonovi interesantnih biqaka. Ove metode
su se pokazale efikasnima i za naklijavawe semena i za proizvodwu i umnoÿa-
vawe biqaka.
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PHYTOGEOGRAPHICAL AND ECOLOGICAL
CHARACTERISTICS OF THE VEGETATION ALLIANCE
THERO-SALICORNION Br.-Bl. 33 EM. Tx. 50 GROWING

ON CONTINENTAL SALT-AFFECTED SOILS
(BANAT—YUGOSLAVIA)

ABSTRACT: Synecology of the communities of the alliance Thero-Salicornion
B r . - B l . 33 em. Tx. 50 growing on continental salt-affected soils (Banat, Yugoslavia) has
been characterized on the basis of area type percentages and life form explanations, using
methods of indicative geobotany.

KEYWORDS: continental salt-affected soils, the alliance Thero-Salicornion, area type
percentages, life forms, ecological indices

INTRODUCTION

Communities of the alliance Thero-Salicornion B r . - B l . 33 em. Tx. 50
may be encountered practically along the entire Mediterranean coast, as an
azonal type of vegetation. On continental salt-affected soils of the Pannonian
Plain, however, they are a part of the intrazonal vegetation in the region of cli-
mazonal vegetation of the alliances Aceri tatarico-Quercion Z o l y o m i et
J a k u c s 57 and Festucion rupicolae S o ó (40) 64 (S o ó , 1973).

Although removed from their original habitats by human influence, those
communities have found extremely good conditions for successful develop-
ment in saltworks along the Mediterranean coast. In the continental regions of
the Pannonian Plain, however, they are at the stage of rapid retreat, and most
of their surviving stands have a limited habitat.

The aim of this paper was to characterize the synecology of the alliance
Thero-Salicornion communities on the continental salt-affected soils (Banat,
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Yugoslavia) using methods of indicative geobotany and area types and life
forms as diagnostic criteria.

INVESTIGATED AREA AND METHODS

The investigated area is located in the central part of Banat, near settle-
ments Novi Beåej and Melenci, on the alluvion of the River Tisza (Figure 1).

The moderately continental climate of this area, influenced by the continental
climate from the northeast, the Central European climate from the northwest,
and the Mediterranean climate from the south, is alleviated by the presence of
considerable bodies of water. The beginning of the vegetation period in these
areas is characterized increases in precipitation and temperature, which are of
crucial importance for plant growth. The precipitation, after reaching its maxi-
mum in June, starts an abrupt decrease. On the other hand, in the middle of
the vegetation period, the temperature is relatively stable and its faster and
more substantial decrease begins only after the intensive droughts in October.
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Such relationship between precipitation and temperature results in the occur-
rence of semiarid or, in some years, arid periods unfavorable for the vegeta-
tion cover. These dry periods usually begin in July and continue till October
(Figure 2) (K a t i ã et al., 1979).

The swamps Slano Kopovo and Rusanda, formed by water accumulation
in depressions, are located northeast of the town of Novi Beåej and northwest
of the village of Melenci, in the zone of salt-affected pastures, on the solon-
chak-like solonetz and solonetz soils. Their strongly salinized margins, when
exposed during semiarid and arid periods, become overgrown with the vegeta-
tion of the alliance Thero-Salicornion. Stands of the associations Salicornie-
to-Suaedetum maritimae continentale K n e ÿ e v i ã et B o ÿ a 88 and Suaede-
tum maritimae S o ó 27 develop along the banks of Slano Kopovo, stands of
the associations Suaedetum maritimae S o ó 27, Suaedetum pannonicae (S o ó
27) W e n d e l . 43 and Salsoletum sodae S l a v n i ã (39) 48 along the banks
of Rusanda (K n e ÿ e v i ã , B o ÿ a 1987, 1988).

In this study, the association Salicornieto-Suaedetum maritimae continen-
tale from Slano Kopovo and the associations Suaedetum maritimae, Suae-
detum pannonicae and Salsoletum sodae from Rusanda were analyzed from
the phytogeographical and ecological points using floral elements after Gajiã
( G a j i ã , 1980), life forms after Raunkiaer (S o ó , 1966—1973), and ecologi-
cal indices after Landolt (L a n d o l t , 1977, K n e ÿ e v i ã 1994).
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The floristic composition of the associations, with the degree of presence
and quantitative participation of their members, is given as an abridged com-
parative table (Table 1).

Table 1. — Comparative table of the investigated associations Salicornieto-Suaedetum maritimae
continentale (I), Suaedetum maritimae (II), Suaedetum pannonicae (III) and Salsoletum sodae (IV)

Floristic
element

Life
form I II III IV

Association character species

Cosm. T Salicornia europaea L. V +—2 — — —

Cosm. T Suaeda maritima L. V 1—3 V 2—3 — —

Pan. subend. T Suaeda pannonica B e c k — — V 2—4 II +

Eurasian T Salsola soda L. — II + — V 2—3

Cypero — Spergularion

Subsouthern.
Siberian T Crypsis aculeata (L.) A i t t . — I + — —

Festuco-Puccinellietea

Sub-Pannon. H Puccinellia limosa (S c h u r )
H o l m b . V +—3 V +—1 V 1—2 V 1—2

Pannonian H Aster tripolium L. var. pannonicus
J a c q . IV +—1 V + IV +—1 IV +—1

Eurasian T Atriplex litoralis L. II + IV + V +—2 V +—2

SubPontic-
SubMediterr. T Bupleurum tenuissimum L. I + — — —

SubPontic-
Central Asian H

Taraxacum serotinum W . e t K .
subsp. bessarabicum (H o r n .)
H . - M .

I + — — —

Pont.-Pannon T Camphorosma annua P a l l . — — I + —

Other species

Cosm. H Spergularia media (L.) P r e s l . II +—1 — — —

SubPon.-Sub
Centr. Asian.-
Sub. Mediterr.

T Heleochloa alopecuroides
( P . e t M . ) H o s t . I + — — —

European T Lepidium ruderale L. I + — — —

SubPontic.-
SubMediterr. T Lactuca salina L. I + — —

Cosm. H Bolboschoenus maritimus (L.)
P a l l . I + I + — —

Cosm. H Phragmiters communis T r i n . — II + — —

Eurasian H Taraxacum officinale W e b e r . — — II +—1 —

Cosm. T Polygonum aviculare L. — — I + —

Eurasian T Chenopodium urbicum L. — — II + II +

I Salicornieto-Suaedetum maritimae continentale
II Suaedetum maritimae
III Suaedetum pannonicae
IV Salsoletum sodae
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RESULTS AND DISCUSSION

The phytogeographical analyses of the investigated communities indicated
the dominant role of the Pontic-Central Asian species, with the euhalophytes
of the Pannonian floral element prevailing (from 16.66% in Ass. Salicornie-
to-Suedetum maritimae continentale to 50.0% in Ass. Salsoletum sodae) (Ta-
ble 2). The analyses provided proof of the extent of adaptation of the investi-
gated communities to the continental climate of the eastern arid regions, of
their distribution limited to the Pannonian Plain and of their adaptation to a
certain soil type. Even the widespread species (Euro-Asian, circumpolar and
cosmopolitan) present in the floristic composition typically prefer saline sites.
The other floral elements were represented by a single species, Lepidium rude-
rale L., a sub-Central European element, having minimal abundance in only
one phytocoenological sample within the area types of the association Salicor-
nieto-Suaedetum maritimae continentale (K n e ÿ e v i ã , B o ÿ a , 1988).

Table 2. — Area type percentages of the investigated associations Salicornieto-Suaedetum mariti-
mae continentale (I), Suaedetum maritimae (II), Suaedetum pannonicae (III) and Salsoletum sodae
(IV).

Floristic element I
(%)

II
(%)

III
(%)

IV
(%)

Pontic — Central Asian 50 25 50 50

(Pannonian) (16.66) (25) (37.5) (50)

Eurasian 8.33 37.5 37.5 50

Circumpolar and cosmopolitan 33.34 37.5

Central European 8.33

There were no sub-Mediterranean species in the floristic composition of
the stands of analyzed communities because they have not been able to pene-
trate the already formed communities of Pontic-Central Asian species which
had inhabited the primary solonchak soils of Banat earlier, during the warm
and arid boreal.

Study of life forms provides a reliable picture of habitat characteristics
and its phytocoenological specificities. Concerning the analyzed communities,
the study showed the dominance of therophytes, a significant participation of
hemicryptophytes and absence of the other life forms, indicating the hemi-
cryptophytic-therophytic character of these communities (Figure 3). Only in
the association Suedetum maritimae was a proportional participation of the-
rophytes and hemicryptophytes registered, obviously in consequence to increa-
sed humidity in the habitats of certain stands. However, most of the stands of
this community had a strongly expressed therophytic character, the quantitative
participation of the hemicryptophytes practically being insignificant (K n e ÿ e -
v i ã , B o ÿ a 1987, 1988). The increased quantitative and proportional partici-
pation of the therophytes in the floristic composition does not imply the sprea-
ding to the unoccupied space but the evolutionary adaptation of the investiga-
ted stands to high salinity, poor soil physical properties and considerable re-
duction of soil moisture towards the end of the vegetation period. In conse-
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quence to such conditions, the investigated stands exhibited low species diver-
sity and low plant coverage, which makes them similar to stands of the semi-
desert character (K n e ÿ e v i ã , B o ÿ a , 1987, 1988).

On the basis of the average values of ecological indices, it was concluded
that at the time of full vegetation the habitats of the investigated stands were
semihumid (F-3.22 — Ass. Salicornieto-Suaedetum maritimae continentale;
F-3.16 — Ass. Suaedetum maritimae) to semiarid (F-2.88 — Ass. Suaedetum
pannonicae; F-2.68 — Ass. Salsoletum sodae) [Figure 4, (F)].

A specificity of the sites was a high salt content found in the rhizosphere
layers. Therefore, the taxa bearing the ecological index “S —" were present in
low percentages in the stands of the analyzed communities. In the stands of
the association Suaedetum maritimae, these taxa were completely absent [Fig-
ure 4, (S)].

On the basis of the average values of soil chemical reaction, which varied
from R-3.61 (Ass. Suaedetum pannonicae) to R-3.83 (Ass. Salicornieto-Suae-
detum maritimae continentale), the analyzed sites were determined to have
predominantly alkaline to strongly alkaline soils [Figure 4, (R)].

In addition to the poor floristic composition caused by extreme salinity
and alkalinity, the stands of the alliance Thero-Salicornion were also characte-
rized by low organic production. This low organic production was due to the
paucity of nutrients at the analyzed sites, whose average contents varied from
N-2.64 (Ass. Suaedetum maritimae) to N-2.79 (Ass. Salicornieto-Suaedetum
maritimae continentale) [Figure 4, (N)].
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Figure 3. — Life forms of the associations Salicornieto-Suaedetum maritimae continentale (I),
Suaedetum maritimae (II), Suaedetum pannonicae (III) and Salsoletum sodae (IV)
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Figure 4. — Average values of ecological indices for soil moisture (F), soil salinity (S),
soil chemical reaction (R), soil nutrients content (N), soil humus content (H), soil porosity

/aeration/ (D), light (L), temperature (T) and continentality (K) in the associations:
Salicornieto-Suaedetum maritimae continentale (I), Suaedetum maritimae (II),

Suaedetum pannonicae (III) and Salsoletum sodae (IV).



The average ecological indices for humus content, ranging from H-2.27
(Ass. Suaedetum pannonica) to H-2.39 (Ass. Suaedetum maritimae), indicated
that these stands developed on soils low in humus [Figure 4, (H)].

The mechanical composition of soil was not so unfavorable, on account
of considerable sand contents, from D-3.73 (Ass. Salicornieto-Suaedetum ma-
ritimae continentale) to D-3.87 (Ass. Suaedetum maritimae) [Figure 4, (D)].
However, because of high salt contenta and intensive drought, only a limited
number of succulent halophilous and haloxerophilous species was able to de-
velop. Because of that the stands were characterized by the low coverage and
by development in the conditions of considerably high light intensity. The val-
ues from L-3.67 (Ass. Salsoletum sodae) to L-3.95 (Ass. Salicornieto-Suaede-
tum maritimae continentale) are reliable indicators that most of the species
were heliophilous [Figure 4, (L)].

Since the sites of the stands are inundated most of the time, they are
characterized by a specific hydrothermic regimen. On the basis of the average
values from T-3.60 (Ass. Salicornieto-Suaedetum maritimae continentale) to
T-4.01 (Ass. Salsoletum sodae), it was concluded that during the period of
most intensive vegetation development the sites provided a favorable thermic
regimen [Figure 4, (T)].

Plants of continental regions were predominant in the analyzed stands.
The narrow interval of average values from K-3.69 (Ass. Suaedetum pannoni-
cae) to K-3.80 (Ass. Salicornieto-Suaedetum maritimae continentale) shows
the adaptation of these plants to the high annual temperature variation, mini-
mal air humidity and a relatively low precipitation [Figure 4, (K)].

CONCLUSION

The alliance Thero-Salicornion Br.-Bl. 33 em. Tx. 55 is represented on
the continental salt-affected soils of Banat with the associations Salicornie-
to-Suaedetum maritimae continentale K n e ÿ e v i ã et B o ÿ a 88, Suaedetum
maritimae S o ó 27, Suaedetum pannonicae (S o ó 27) W e n d e l . 43 and
Salsoletum sodae S l a v n i ã (39) 48. The domination of Pannonian euha-
lophytes among the phytogeographicaly characteristic Pontic-Central Asian
species provides evidence of the habitats of these associations being limited to
the area of the Pannonian Plain, of the dominant influence of the arid conti-
nental climate, and of their development under specific edaphic conditions.

The hemicryptophytic-therophytic character of these communities is a re-
sult of the evolutionary adaptation to the overgrowing of saline margins of
swamps only after withdrawal of water, during semiarid and arid periods.

Because of a gradual drying of the soil, the sites are semihumid to semia-
rid at the time when the vegetation is fully formed. Because of a high salt
content in the rhizosphere layer, the sites are predominantly alkaline in charac-
ter and they permit almost exclusively the development of halophytes. Altho-
ugh their mechanical composition is basically not unfavorable, the organic
production is low because of the low contents of nutrients and humus. The si-
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tes are exposed to a high light intensity, in which heliophilous and therophytic
species of arid continental regions are predominant.
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VEGETACIJE SVEZE THERO-SALICORNION BR.-BL. 33 EM. TX. 50
SA KONTINENTALNIH SLATINA (BANAT — JUGOSLAVIJA)
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Rezime

Vegetacija sveze Thero-Salicornion Br.-Bl. 33 em. Tx 55 zastupqena je na kon-
tinentalnim slatinama Banata zajednicama Salicornieto-Suaedetum maritimae con-
tinentale K n e ÿ e v i ã et B o ÿ a 88, Suaedetum maritimae S o ó 27, Suaedetum pan-
nonicae (S o ó 27) W e n d e l . 43 i Salsolaetum sodae S l a v n i ã (39) 48. Domina-
cija panonskih euhalofita meðu biqnogeografski karakteristiånim pontsko-
-centralnoazijskim biqkama svedoåi o arealu zajednica ograniåenog na prosto-
ru Panonske nizije, dominantnim uticajima aridne kontinentalne klime i
razvoju pod specifiånim edafskim prilikama.

Wihov hemikriptofito-terofitski karakter posledica je evolucione pri-
lagoðenosti obrastawa zaslawenih oboda bara tek nakon povlaåewa vode u polu-
sušnom i sušnom periodu.

Usled postepenog presušivawa u doba potpuno formiranog biqnog pokri-
vaåa to su umereno vlaÿna do umereno suva staništa. Zbog akumulacije soli u
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rizosfernim slojevima imaju preteÿno bazan karakter i obrastaju preteÿno ha-
lofitama. Iako u osnovi nemaju mehaniåki sastav slabe su organske produkcije
zbog malog sadrÿaja hranqivih materija i humusa. Dobro su osvetqene površi-
ne na kojima preovlaðuju heliofilne i termofilne biqke sušnih, kontinen-
talnih predela.
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SELECTION OF BLACK POPLARS
FOR WATER USE EFFICIENCY

ABSTRACT: Photosynthesis, transpiration, water use efficiency (WUE) and biomass
production have been investigated in nine black poplar clones (section Aigeiros) in three fi-
eld experiments. Eastern cottonwood clones (Populus deltoides) had the highest net pho-
tosynthesis and water use efficiency. European black poplar clones had the highest transpi-
ration intensity. Correlation analysis showed that net photosynthesis was in a high positive
correlation with biomass. Medium negative correlations existed between WUE and net pho-
tosynthesis, transpiration and biomass and WUE and biomass. The study showed a pronoun-
ced interclonal variability of the physiological and growth characters under study.

KEY WORDS: poplar, photosynthesis, selection, transpiration, WUE

INTRODUCTION

The genus Populus is widely distributed in Europe, North America, and
Asia. Its broad range, ability of spontaneous and controlled intra- and in-
ter-species hybridization, enabled the development of a large number of sub-
species and transient forms, i.e., simple and complex hybrids. Poplars are dis-
tinguished by fast growth and easy vegetative propagation (C a i n and O r -
m o r d , 1984). From the economic aspect, especially significant are poplars in
the section Aigeiros which occupy small areas in Yugoslavia, but their share
in felling volume and financial effects is great. Compared with other tree spe-
cies of the temperate climate, poplars have the highest genetic potentials regar-
ding fast growth and biomass production. According to some authors, they can
produce great oven-dry biomass per hectare in a short time (H e r p k a , 1965).
If we consider the forecast that the world will lack timber supply for mechani-
cal and chemical processing, as well as for energy, the sudden interest in rais-
ing fast-growing tree species is not accidental. Therefore, the greatest number
of poplar breeding programs has been directed to an increased utilization of
their genetic potential and adaptive values. In this sense, the aim is to produce
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cultivars (clones) characterized by superior growth and resistance to pests and
diseases of leaf and stem.

Using hybridization and multiple selection methods, the Poplar Research
Institute in Novi Sad has developed a number of poplar clones characterized
by extremely fast growth and a series of desirable properties, the most impor-
tant of which is the resistance to leaf and stem diseases. To create conditions
for accelerating the procedure of producing fast-growing species, i.e., to make
selection as early as possible and to initiate the construction of an ideotype, a
program of long-term research of anatomic properties and physiological pro-
cesses, i.e., structurally functional relations, was designed to understand the
complex processes which result in superior growth (O r l o v i ã et all., 1998;
1999). The construction of an ideotype after D i c k m a n n et all. (1994) is
actually a method of summarizing the overall plant physiology. Recently, great
attention has been drawn to the study of WUE, in order to detect genotypes
that consume less water and are photosynthetically more efficient. In addition
to poplars, this was also studied in provenances of the European silver fir
( L a r s e n and M e k i c , 1991). This paper presents the results of a study of
variability of photosynthesis, transpiration, WUE and biomass production in
black poplar clones grown in three field experiments.

MATERIAL AND METHOD

In spring 1995, three polyclonal field experiments with black poplar clo-
nes (section Aigeiros D u b y ) were established in the nursery of the Poplar
Research Institute, after the block system with randomized treatments (clones).
The experiments included clones characterized by fast growth throughout the
rotation. Three clones (53/86, N1 and 54/86) belong taxonomically to the Eu-
ropean black poplar (Populus nigra), 3 clones (O s t i a , M1 and R o b u s t a )
are Euramerican poplars (Populus x euramericana), and 3 clones (PE 19/66,
B-17 and S6-7) are eastern cottonwoods (Populus deltoides). The first experi-
ment was established on humofluvisol, the second on a loamy form of fluvi-
sol, the third on a sandy form of fluvisol (after classification by S k o r i c et
all., 1985). The research was carried out during the vegetative growth period
in the same year.

Net photosynthesis was determined polarographically by a Clark-type
electrode. Very fine parts of leaves (up to 0.5 mm) without veins (J o n e s and
O s m o n d , 1973) were cut for analysis. Leaf parts were placed into 1.5 ml of
reaction medium consisting of 50 mmol HEPES (N-2-hydroxy-ethyl piperazi-
ne-N-2-ethane sulphonic acid), pH 7.6—7.8 and 1 mmol NaHCO3, with con-
stant temperature of 25°C. The process of photosynthesis was carried out un-
der complete saturation with white light supplied by quartz-iodide lamp (S t a n -
k o v i c and W a l k e r , 1977). Net photosynthesis was measured on the sec-
tions of fully formed and exposed leaves from 10 plants, in 4 blocks.

Transpiration intensity was determined in the laboratory by the gravime-
tric method. Vessel masses were measured together with the plants at 7 a.m.
and 7 p.m. To determine the intensity of transpiration, samples of cut off leaf
tops were immersed in water with paraffin oil on the surface, to prevent evap-
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oration. Leaf area was then determined and transpiration intensity calculated in
mg H2O m—2s—1.

Water use efficiency was calculated as a ratio between the rate of transpi-
ration and net photosynthesis.

In order to relate the variability of physiological parameters with growth
parameters and to evaluate the possibility of their use in early selection for su-
perior growth, the overall biomass was analyzed. Dry weight biomass was me-
asured as an indicator of productivity, by drying the entire ramet. Samples
were taken at the end of the first growing season. They consisted of 10 ran-
domly selected ramets from each block and location. The ramets were dried at
105°C. The heating and weighing were repeated at 2-hr intervals until constant
weight was obtained (B r o w n i n g , 1967).

The obtained data were processed by the following statistical parameters
and statistical analyses: mean value, ANOVA, correlation and cluster analysis
(Euclidean distance).

RESULTS

Net photosynthesis (Table 1) was most intensive in the clone PE 19/66 in
the first and the second experiments and in the clone B-17 in the third experi-
ment. The lowest net photosynthesis was in the European black poplar clones
54/86 in the first and second experiments and in the clone 53/86 in the third
experiment. In the first experiment, transpiration rate ranged from 4.1667 (clo-
ne B-17) to 22.7778 mg H2O m—2s—1 (clone Ostia). In the second and third
experiments, transpiration was most intensive in the clone 53/86. The lowest
transpiration rates were found in the clones M1 and PE 19/66. As determi-
ned by the ANOVA for net photosynthesis and transpiration, the differences
among the clones as well as among the experiments were statistically highly
significant.

Table 1. — Net photosynthesis and transpiration

Clone
Net photosynthesis
mg CO2 m—2s—1

Transpiration
mg H2O m—2s—1

Exp. 1 Exp. 2 Exp. 3 Exp. 1 Exp. 2 Exp. 3

53/86 0.2961 0.3054 0.2314 18.0556 13.3333 15.2778

N1 0.3119 0.3392 0.2429 14.4444 13.0556 4.1667

54/86 0.2891 0.2816 0.2534 8.6111 8.0556 5.8333

Ostia 0.6164 0.5738 0.5751 22.7778 12.7778 6.3889

M1 0.8628 0.8219 0.5676 7.7778 3.3333 6.6667

Robusta 0.5905 0.5927 0.6054 6.9444 5.2778 7.7778

PE 19/66 1.0384 0.9530 0.5887 7.2222 4.1667 3.0556

B-17 0.6380 0.6956 0.6970 4.1667 4.7222 6.1111

S6-7 0.8954 0.7203 0.6833 10.0000 5.8333 6.1111

Fclone
107.85***

Fexp
44.13***

Fcl x exp
5.58***

Fclone
101.25***

Fexp
95.24***

Fcl x exp
20.66***
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The ratio between transpiration and net photosynthesis (water use effici-
ency) shows how many units of H2O have to be transpired in order to fix one
CO2 unit (L a r s e n and M e k i c , 1991). The highest WUE was in the clone
B-17 (the first experiment), M1 (the second experiment) and PE 19/66 (the
third experiment) (Table 2). Generally, the highest WUE was in the clones of
eastern cottonwood. Due to different reactions of clones depending on soil
types, clone x experiment interaction was also highly significant.

Table 2. — Water use efficiency (H2O/CO2)

Clone Experiment 1 Experiment 2 Experiment 3

53/86 60.98 43.65 66.02

N1 46.31 38.49 17.15

54/86 29.78 28.60 23.02

Ostia 36.95 22.26 11.11

M1 9.01 4.05 11.74

Robusta 11.76 8.90 12.85

PE 19/66 6.95 4.37 5.19

B-17 6.53 6.78 8.76

S6-7 11.17 8.09 8.94

Fclone 32.25*** Fexp 11.25*** Fclone x exp 15.84***

The clones PE 19/66 in the first and the third experiment and B-17 in the
second experiment had the greatest total oven-dry biomass. The lowest values
were recorded in the clone 54/86 in the first and N1 in the second and third
experiments (Table 3). Regarding this parameter, statistically highly significant
differences existed among the clones and among the experiments. The interac-
tion between clone and experiment was also statistically significant.

Table 3. — Oven-dry biomass (g)

Clone Experiment 1 Experiment 2 Experiment 3

53/86 48.00 32.60 28.80

N1 54.11 29.60 17.50

54/86 47.00 32.60 29.10

Ostia 111.25 102.00 73.13

M1 144.50 133.05 102.43

Robusta 188.00 157.25 124.25

PE 19/66 301.50 221.50 179.50

B-17 268.50 227.52 173.00

S6-7 176.25 167.52 138.25

Fclone 1273.17*** Fexp 1788.31*** Fclone x exp 50.15***

The coefficients of correlation among the studied characters show that net
photosynthesis was in a high positive correlation with biomass. Medium nega-
tive correlation existed between WUE and net photosynthesis, transpiration
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and biomass and WUE and biomass (Table 4). Transpiration rate was in a me-
dium positive correlation with WUE.

Table 4. — Correlation coefficients

Net
photosynthesis Transpiration WUE Biomass

Net photosynthesis NS —0.53** 0.85***

Transpiration 0.48* —0.42*

WUE —0.61***

Figure 1 — Dendrogram of cluster analysis

The dendrogram of the cluster analysis (Figure 1) shows that the clones
of eastern cottonwood (PE 19/66, B-17 and S6-7) are in the first group, the
clones M1 and Robusta (Euramerican poplar) in the second group, all of them
grouped at small distances. The European black poplar clones (N1 and 54/86)
are in the third group and they are grouped at a great distance. The clone
53/86, probably due to its high transpiration rate, is far from the other clones
and it is grouped at the greatest distance.

DISCUSSION

The results of the research presented in this paper show a high positive
correlation between net photosynthesis and biomass. In earlier poplar studies,
net photosynthesis was positively correlated with growth elements only in so-
me cases (G o r d o n and P r o m i n t z , 1976; C e u l e m a n s and I m -
p e n s , 1983; I s e b r a n d s et al., 1988; C e u l e m a n s , 1990; O r l o v i ã
et al., 1995). Compared with agricultural crops, positive correlation was much
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more frequent for poplars. This is a consequence of the character of yield,
which is vegetative for poplars and reproductive for agricultural crops (C e u -
l e m a n s and S a u g i e r , 1991). The studied clones differed in the amount
of transpired water, i.e., in water use efficiency. Eastern cottonwood (Populus
deltoides) had the greatest net photosynthesis while the European black poplar
clones (Populus nigra) had a high intensity of transpiration. The high-yielding
clones of eastern cottonwood and Euramerican poplar were superior in WUE.
The results of the cluster analysis indicate that the studied properties were pro-
bably specific for the poplar species to which these clones belong, as announ-
ced by a previous research of several anatomical and physiological characters
of poplar clones (O r l o v i ã et al., 1997). This study confirms the variability
of the studied physiological characters and growth characters and a pronoun-
ced interclonal variability. Significant differences among the clones infer that
these characters are genetically controlled to a high degree. The largest num-
ber of properties and parameters varied differently depending on the experi-
ment (soil type), as proved by the statistically highly significant interaction
clone x experiment. The results emphasize the need for further investigation
which is significant for poplar selection under conditions of the changed water
regimen in the soil, aiming at maximum utilization of poplar genetic potential
for wood production.

REFERENCES

B r o w n i n g , B . L . (1967): Determination of water. In: Methods of Wood Chemi-
stry. Vol. I, 59—71. A division of John Wiley & Sons.

C a i n , N . P . , O r m o r d D . P . (1984): Hybrid vigor as indicated by early
growth characteristics of Populus deltoides, P. nigra, and P. x euramericana. Ca-
nadian Journal of Botany 62: 1—8.

C e u l e m a n s , R . , I m p e n s , I . (1983): Photosynthetic, morphological, and bioc-
hemical gas exchange characteristics in relation to growth of young cuttings of
Populus Clone. Advances in photosynthesis research. Proceedings of the VI Inter-
national Congress on Photosynthesis, Brussels, Belgium, August 1—6, Volume
IV, p 141—144.

C e u l e m a n s , R . (1990): Genetic variation in functional and structural producti-
vity determinants in Populus spp. Dissertation, University of Antwerp, p. 104.

C e u l e m a n s , R . , S a u g i e r , B . (1991): Photosynthesis. In: Physiology of Tre-
es. Ed. A. S. Raghavendra N° 2 p 21—50. John Wiley & Sons, Inc.

D i c k m a n n , D . I . , G o l d , M . A . , F l o r e , J . A . (1994): The ideotype con-
cept and the genetic improvement of tree crops. Plant Breeding Reviews 12:
163—193.

G o r d o n , J . C . , P r o m n i t z , L . C . (1976): Photosynthtetic and enzimatic cri-
teria for the early selection of fast growing Populus Clone. In: Tree Physiology
and Yield Improvement. Eds. M. G. R. Cannell and F. T. Last, p. 567, Academic
Press London, New York, San Francisco.

H e r p k a , I . (1965): Proizvodnja drvne mase u trogodišnjem ozilistu. Topola 48/49:
16—13.

50



J o n e s , H . G . , O s m o n d , C . B . (1973): Photosynthesis by thin leaf slices in
solution. I Properties of leaf slices and comparison with whole leaves. Australian
Journal of Biological Sciences 26: 15—24.

L a r s e n , B . J . , M e k i c , F . (1991): The geographic variation in European Sil-
ver Fir (Abies alba M i l l .). Silvae Genetica 40 (5—6): 188—198.

O r l o v i ã , S . , P a j e v i ã , S . , K r s t i ã , B . (1995): Possibility of utilizing some
morphological and physiological parameters in poplar breeding. IUFRO XX
World Congress, Poster abstracts, pp. 70.

O r l o v i ã , S . , R o n å e v i ã , S . , I v a n i š e v i ã , P . , G a l i ã , Z . (1997): Sig-
nificance of variability of anatomic properties of poplar rooted cuttings leaves in
breeding for fast growth. III ICWSF '97, Proceedings Volume II: 412—419.

O r l o v i ã , S . , G u z i n a , V . , K r s t i ã , B . , M e r k u l o v , L j . (1998): Gene-
tic variability in anatomical, physiological and growth characteristics of hybrid
poplar (Populus x euramericana D o d e ( G u i n i e r ) ) and eastern cottonwood
(Populus deltoides B a r t r .) clones. Silvae Genetica 47 (4):183—190.

O r l o v i ã , S . , P a j e v i ã , S . , K r s t i ã , B . (1999): Anatomical and physiogical
parametars in selection of poplars (Populus sp.). Zbornik Matice srpske za pri-
rodne nauke 96, 27—39.

S t a n k o v i ã , Z . S . , W a l k e r , D . A . : Photosynthesis by isolated pea chloro-
plasts. Some effects of adenylates and inorganic pyrophosphate. Plant Physiology
59: 1977, p 428—432.

S k o r i ã , A . , F i l i p o v s k i , G . Ã i r i ã , M . : Klasifikacija zemljišta Jugoslavi-
je, ANUBiH, Posebna izdanja, Knjiga LXXVIII, Odeljenje prirodnih i matematiå-
kih nauka (ed. Tihomir Vukoviã), Knjiga 13, 1985, p. 72, Sarajevo.

SELEKCIJA CRNIH TOPOLA NA EFIKASNOST
KORIŠÃEWA VODE
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Rezime

U radu su prikazani rezultati istraÿivawa fotosinteze, transpiracije,
efikasnosti korišãewa vode (WUE) i biomase devet klonova topola u tri
poqska ogleda na razliåitim tipovima zemqišta (humofluvisol, fluvisol
forma ilovasta, fluvisol forma peskovita). Klonovi ameriåke crne topole
(Populus deltoides) su imali najveãu neto fotosintezu i efikasnost korišãewa
vode. Rezultati korelacione analize su pokazali jaku korelaciju izmeðu neto
fotosinteze i biomase. Efikasnost korišãewa vode i neto fotosinteza, tran-
spiracija i biomasa i efikasnost korišãewa vode i biomasa su bili u nega-
tivnoj korelaciji. Istraÿivawe je pokazalo visoku interklonalnu varijabil-
nost u pogledu istraÿivanih fizioloških i parametara rasta.
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GENOTYPIC VARIABILITY OF MORPHOLOGICAL
CHARACTERISTICS OF ENGLISH OAK

(QUERCUS ROBUR L.) ACORN

ABSTRACT: This paper deals with the acorn morphology (length, diameter and
mass), analyzed in seventeen English oak genotypes (Quercus robur L.) from the English
Oak Clonal Seed Orchard Banov Brod (Srem, Vojvodina). The highest values of acorn mass
and length were measured in genotype 5. The largest diameters were measured in genotypes
6 and 21. Genotype 35 had the lowest acorn mass, length and diameter. The results from
this study should serve as guidelines for the selection of trees yielding fruits possessing the
desirable morphological characteristics.

KEY WORDS: acorn, morphology, Quercus robur L.

INTRODUCTION

Genus Quercus, represented by deciduous and evergreen trees and shrubs,
belongs to the Fagaceae family. In our region, this genus is represented by se-
veral species. The English oak (Quercus robur L.) is one of the most impor-
tant forest species. English oak forests are the most valuable forests in Europe
from the economic aspect (O r l o v i ã et al., 2000). Owing to reckless timber
harvesting in our country the former English oak sites were often left unfore-
sted or they were regenerated by other species (E r d e š i , 1985). One of the
methods of regeneration and restocking of partly naturally regenerated areas is
to produce and use selected forest seed, produced in seed orchards (L i t -
tvay, 1999).

Oak fruit, acorn, contains a seed without an endosperm and an achlo-
rophyllous embryo (W a t s o n and D a l l w i t z , 2000). The size of English
oak acorn depends on tree age and site characteristics, but its form, which is
ovoid, is constant (S á r k á n y and S z a l a i , 1966). The size of a mature
acorn is not constant and depends on the yield and other growth factors
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(M a k s i m o v i ã et al., 1982). A direct correlation between acorn size and
young seedling survival in stress conditions and a positive correlation of seed-
ling size and acorn size are reported by A i z e n and W o o d c o c k (1996).

The cultivation of high quality oak and the intensified timber volume pro-
duction are based on the production of superior seed. For this reason, in 1973,
the best stands of Quercus robur L. were selected in the River Sava basin and
designated as seed stands (M a k s i m o v i ã et al., 1982). Also, an English
oak clonal seed orchard was established in the Sremska Mitrovica Forest Esta-
te, from which the material for the analyses originates. This morphological
study of acorn should produce guidelines for the selection of genotypes that
yield fruits with desirable characteristics.

MATERIAL AND METHODS

Plant material was taken from the English Oak Clonal Seed Orchard Ba-
nov Brod, Forest Administration Višnjiãevo, Forest Estate Sremska Mitrovica,
State Enterprise “Srbijašume", Belgrade. The plantation is situated along the
left bank of the River Sava, in the location “Šanåine", the Banov Brod Forest,
the village of Bosut. It was established by vegetative means, i.e. grafting. Eng-
lish oak seedlings of seed origin (acorn), aged from two to five years, were
used as rootstock in the plantation establishment. Scions were taken from the
trees (plus-trees) selected in the forests of East and West Srem and numbered
from 1 to 85. The scions (shoots with three buds) were removed from plus-tre-
es during the dormant period (early March) and kept until grafting (late April
— early May). The scions for summer grafting were shoots with green bark
whose buds were formed in May and June of the current year. In this way, the
clonal seed orchard was established from 85 genotypes of English oak.

The following seventeen genotypes were selected for this study: 4, 5, 6,
16, 18, 20, 21, 22, 25, 28, 29, 30, 33, 35, 38, 40 and 85.

Acorn mass was determined by measuring the mass of 20 acorns and by
calculating the average value.

Acorn length and diameter were measured using a slide gauge and ex-
pressed in cm.

The study results were processed statistically by the analysis of variance
using the program MSTATC. The genotypes were compared using Duncan's
test at � = 0.05 significance level, with the values of the least significant digits
— LSD. The means of the study parameters were ranked and marked with let-
ters.

RESULTS AND DISCUSSION

The morphological study of the selected plant acorns indicates the presen-
ce of significant differences in both length and diameter (Table 1). Among the
analyzed morphological characteristics, the least genotypic variability was ob-
served for acorn length (CV = 5.23%). The highest average (32.3 mm), and
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the highest critical values (31.0 mm, i.e. 35.0 mm) characterize the genotype
5. Genotype 16 had the smallest acorn length (23.8 mm) and the lowest criti-
cal values (20.7 mm, i.e. 26.0 mm). In general, the average size of the studied
parameter in all genotypes was 27.2 mm. Compared with its length, acorn dia-
meter had a somewhat higher variability among the studied genotypes (CV =
6.28%). The average minimum value for all plants was 14.4 mm, maximum
17.4 mm. Genotypes 21 and 6 had the largest diameters, 18.0 mm and 17.9
mm, respectively. The smallest acorn diameter occurred in genotype 35 (13.9
mm). The average diameter size for all studied plants was 15.9 mm. Several
authors have attempted to differentiate individual oak species based on acorn
size and form. However, B r o o k e s and W i g s t o n (1979) report that the-
se parameters are not reliable discriminants, either for the differentiation be-
tween Quercus petraea and Quercus robur, or between these species and their
hybrids.

Table 1. — Quercus robur acorn morphology, plantation “Banov Brod"

Genotype
Length (mm) Diameter (mm) Mass (g)

x min max x min max x min max

4 26.7d 24.0 29.4 16.0def 14.0 17.2 4.4d 2.98 5.74

5 32.3a 31.0 35.0 16.8bc 15.0 18.3 6.1a 4.54 7.32

6 25.3ef 22.5 27.0 17.9a 17.0 19.6 5.5bc 3.76 7.15

16 23.8g 20.7 26.0 16.2cde 14.4 17.5 3.7fg 2.43 5.31

18 26.0de 24.3 27.6 14.9hi 14.0 16.0 3.6g 2.93 4.99

20 28.0c 23.3 30.7 15.5fgh 14.0 17.0 3.8efg 2.29 4.97

21 28.5c 26.3 29.9 18.0a 15.3 19.5 5.8ab 3.83 6.87

22 26.5d 24.5 28.2 16.1def 14.4 17.2 4.4d 3.39 5.43

25 25.1ef 23.9 27.0 15.7efg 14.4 17.3 3.8efg 3.30 4.98

28 29.8b 26.3 31.8 16.5bcd 14.6 18.0 5.5bc 3.32 6.83

29 26.7d 23.9 29.1 16.2cde 14.1 17.8 4.3de 2.83 5.24

30 26.5d 24.3 30.0 15.5fgh 13.8 17.1 4.2def 3.18 5.47

33 26.8d 24.2 29.3 15.0hi 13.8 16.2 3.9defg 3.10 4.91

35 24.6fg 21.9 26.0 13.9j 12.4 15.8 2.8h 1.97 4.12

38 28.7c 27.2 29.9 17.0b 15.5 18.5 5.1c 4.14 6.06

40 26.7d 25.4 28.1 14.6i 13.3 15.8 3.8efg 3.09 4.72

85 30.7b 28.8 32.6 15.2ghi 14.2 16.2 4.2def 3.30 5.16

Average 27.2 24.9 29.3 15.9 14.4 17.4 4.4 3.20 5.60

LSD0.05 0.89 — — 0.62 — — 0.47 — —

CV% 5.23 — — 6.28 — — 17.26 — —

K o r m a n i k et al. (1998) reported of the dependence of Quercus rubra
L. seedling development on acorn size. Plant height, root collar diameter and
seedling survival are significantly correlated with acorn mass. M i a o (1995)
provided data on the effect of acorn mass on seedling growth in Quercus ru-
bra. The results show that the total biomass increased with the increase of ini-
tial acorn mass.
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Acorn mass is the morphological characteristic with the highest variabil-
ity (Table 1) among the studied plants. Disregarding the genotype, the values
ranged between 3.2 and 5.6 g. The average acorn mass was 4.4 g. The values
of individual genotypes varied between 3.6 g and 6.1 g, measured in geno-
types 18 and 5, respectively. It was interesting to note that genotype 5, along
with the highest acorn mass, also excelled all studied plants in acorn length.

The study of the above morphological characteristics of English oak
acorn also included correlations (Table 2). Positive correlations were found be-
tween length and width and length and acorn mass. There was a very high
correlation between width and acorn mass (r2 = 0.87).

Table 2. — Correlation of acorn morphological features

Acorn morphology Correlation coefficient

length — width 0.36

length — mass 0.66

width — mass 0.87

The shares of individual parts of the fruit in its total mass were also dif-
ferent (Table 3). On average, cotyledons amounted to about 87.5% of the fresh
acorn mass, while pericarp and testa accounted for about 12.5%. The values of
individual genotypes varied only up to four percent (from 86% to 90% for cot-
yledons, i.e. from 10% to 14% for the other part of the fruit). It is interesting
that the percentage of individual parts of the fruit in its dry mass showed dif-
ferent tendencies compared with fresh mass. Namely, while the cotyledon per-
centage decreased, the percentage of pericarp and testa increased.

Table 3. — Percentage of individual fruit parts in its total mass

Genotype
Percentage in fresh mass (%) Percentage in dry mass (%)

Cotyledon Pericarp and testa Cotyledon Pericarp and testa

4 90 10 86 14

5 88 12 85 15

6 86 14 81 19

16 86 14 82 18

18 88 12 84 16

20 88 12 82 18

21 87 13 84 16

22 87 13 84 16

25 88 12 86 14

28 87 13 85 15

29 89 11 87 13

30 88 12 86 14

33 88 12 84 16

35 87 13 84 16

38 89 11 85 15
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40 86 14 83 17

85 86 14 83 17

Average 87.5 12.5 84.2 15.8

CONCLUSION

The study of acorn morphological features in seventeen English oak ge-
notypes from the English Oak Clonal Seed Orchard Banov Brod (Srem, Voj-
vodina) points to genotype 5 with the highest measured values of acorn mass
and length. The largest diameters were measured in genotypes 6 and 21. The
lowest acorn mass and sizes occurred in genotype 35.
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Rezime

U radu su analizirane morfološke osobine (duÿina, preånik i masa) ÿi-
ra kod sedamnaest genotipova hrasta luÿwaka (Quercus robur L.) iz vegetativne
semenske plantaÿe Banov Brod (Srem, Vojvodina). Najviše vrednosti mase i
duÿine ÿira utvrðene su kod genotipa 5, najveãi preånik kod genotipova 6 i
21, dok je genotip 35 imao najniÿe vrednosti mase, duÿine i preånika ÿira.
Dobijeni rezultati treba da budu jedna od smernica u odabirawu onih genoti-
pova koji daju plodove sa poÿeqnim morfološkim karakteristikama.
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THE VARIABILITY OF LEAF
ANATOMICAL CHARACTERISTICS OF

SOLANUM NIGRUM L. (SOLANALES, SOLANACEAE)
FROM DIFFERENT HABITATS

ABSTRACT: In Europe on the whole as well as in Yugoslavia, the most widespread
weed species from the genus Solanum is Solanum nigrum L. Since this species inhabits dif-
ferent habitats, it developed several ways of adaptation to environmental conditions. The in-
fluence of ecological factors on plant organism and resulting plant adaptations are most evi-
dent in leaf morphology and anatomy. Therefore, the anatomical structure of leaves and leaf
epidermal tissue of S. nigrum was analyzed and compared among plants that originated
from different habitats, in order to determine leaf structural adaptations.

S. nigrum lamina has the mesomorphic structure with some xero-heliomorphic adapta-
tions. The differences in stomata number, number of hairs, thickness of lamina, palisade and
spongy tissue, as well as the size of mesophyll cells have been noticed. The highest values
for most of the parameters have been recorded for the plants from cultivated soil. Largest
variations of the examined characters were found for the leaves from ruderal habitats, where
environmental conditions are most variable.

KEY WORDS: leaf adaptations, leaf anatomy, Solanum nigrum

INTRODUCTION

Within the family Solanaceae, the genus Solanum is richest in the num-
ber of species (T a k h t a j a n , 1997). Fifteen species of this genus are present
in the flora of Europe (H a w k e s and E d m o n d s , 1972), nine in the flora
of Serbia (S t j e p a n o v i c - V e s e l i c i c , 1974). Many of these species are
crop weeds or weeds of ruderal habitats. The most widespread weed species in
Europe and in Yugoslavia is Solanum nigrum L.

According to S o ó (1968), S. nigrum belongs to South-Eurasian (Medi-
terranean) floral element and today is a cosmopolitan species. It grows in dif-
ferent types of habitats, as weed in crops and in ruderal habitats, along the ro-
ads, fences and in neglected places (S t j e p a n o v i c - V e s e l i c i c , 1974).

59



Consequently, the species has developed several ways of adaptation to envi-
ronmental conditions, mainly through phenotypic plasticity and variation of bi-
omass production, which induced the occurrence of a large number of infra-
specific taxa (S o ó , 1968; M a h n and L e m m e , 1989). Ecological indexes
(humidity-3, soil acidity-3, amount of N in the soil-4, light-4, temperature-3)
show that this species prefers neutral to weakly acid soils, rich in nutrients
( K o j i c et al., 1997). Although it can be found in xerophylous associations,
it mostly inhabits light, mesophylous habitats. Considering temperature re-
quirements, it belongs to mesothermic plants. It is a halophobic species which
does not grow on salty soils (L a n d o l t , 1977). The life form is therophyte
( L a n d o l t , 1977; K o j i c et al., 1997).

Not many data concerning the leaf anatomy of S. nigrum can be found in
literature. In describing some representatives of the family Solanaceae only
main anatomical characteristics have been given (M e t c a l f e and C h a l k ,
1957). R o g e r s and O g g (1981) studied morphological and anatomical
characteristics of vegetative organs of some species belonging to S. nigrum
complex (S. nigrum, S. sarrachoides, S. americanum and S. ptycanthum). They
noticed that they varied in relation to environmental conditions. Stomata of
these species are anomocytic to anisocytic, somewhat larger in S. nigrum,
which can be explained by its polyploidy (R o g e r s and O g g , 1981). Sto-
mata number is two to three-fold higher on abaxial than on adaxial epidermis.
S e i t h e and A n d e r s o n (1982) investigated hair morphology of some
species from the genus Solanum, but not in S. nigrum.

It is well known that the leaf, compared with the other vegetative organs,
is the best and fastest to react to changes in the environment. The influence of
different ecological factors on plant organisms is best reflected on leaf morp-
hological and anatomical structure. In this paper we analyze the anatomy of S.
nigrum leaf and compare anatomical structure of leaves from different habi-
tats, with the aim of determining their structural adaptations.

MATERIAL AND METHODS

Ten completely developed plants in flower were collected from each of
the three habitats that differed in ecological conditions (light, humidity, tempe-
rature, soil composition). Sample 1 was collected from a ruderal habitat, ex-
posed to direct sunlight, sample 2 from sandy soil of a riparian habitat, where
plants were periodically exposed to sunlight, and sample 3 from a cultivated
field, with soil rich in mineral elements, permanently exposed to direct sun-
light.

Leaves from the middle part of the plants were separated for anatomic
investigations. Epidermal tissue was analyzed on prints made after W o l f
(1954). The type, number and size of stomata, along with the type and arran-
gement of hairs on adaxial and abaxial epidermis were determined using light
microscope. Leaf cross-sections were made at ¼ leaf width and at the main
vein, using a freezing microtome. Measurements included the thickness of la-
mina, mesophyll, palisade and spongy tissue, height and width of palisade
cells and cells of adaxial and abaxial epidermis, and the height and width of
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the main vein, main vein vascular bundle and vessels. All measurements were
made in ten repeats. Data were statistically processed using STATISTICA for
Windows program.

RESULTS AND DISCUSSION

Leaf epidermal characteristics

The analysis of epidermal prints has shown that the epidermal tissue con-
sisted of cells with rugose anticlinal walls, especially abaxially (Figure 1). In-

dumentum, made of non-glandular and glandular hairs, was sparse on both
epidermal sides. Hairs were more numerous along veins and on the abaxial la-
mina side. Non-glandular hairs were uniseriate, unbranched, conical, granular
on the surface, consisting of two to three cells (Figure 2). The terminal cell
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Figure 2 — Hair types: a-b — non-glandular hairs; c-e — glandular hairs



was narrower, with a sharp tip, while basal cells were much wider. These hairs
differed in width, from wide to very narrow. Glandular hairs were not numero-
us. There were two types of glandular hairs. The hairs of one type consisted of
a short, unicellular stalk and a multicellular secretory head, round to oval in
shape (Figure 2). The hairs of second type had a longer stalk, made of two,
three or four cells, and a unicellular secretory head at the top. The stalk cell
under the head was narrow. It has been noticed that this cell dried faster than
the other stalk cells. Stalk cells closer to the hair base were widened.

The hairs were more numerous on the leaves of sample 1, than on those
of samples 2 and 3. This could be explained by the high level of habitat illu-
mination, the greater number of hairs being an adaptation by which the plant
could reduce transpiration and the warming of the leaf surface.

Leaves were amphistomatal, with stomata at the level of epidermal cells.
The stomata were mostly anisocytic, sometimes anomocytic (Figure 1). Mea-
surements have shown that they were larger and more numerous on the
abaxial epidermis (Table 1). The leaves of sample 1 had the highest number of
stomata on both epidermises, significantly higher than the leaves of samples 2
and 3. The lowest stomata number was recorded in the leaves of sample 2, co-
ming from the plants that grew in the habitat periodically exposed to sunlight.
Stomata were smallest on the leaves of sample 1, and largest on the leaves of
sample 3. The values of abaxial epidermis stomata width have shown statisti-
cally significant difference among the three samples. The increased number of
stomata of smaller size on the leaves of sample 1 appears to be an adaptation
to higher temperatures, enabling the plant to regulate stomatal transpiration ad-
equately.

Table 1. — Number (per mm2 of lamina surface) and size ( m) of stomata of S. nigrum leaves

Sample 1 Sample 2 Sample 3

Number of stomata
(adaxial epidermis)

X Sx�
_ 131 � 5 63 � 3 64 � 2

� 21,7 13,1 12,8

min-max 92—174 37—94 44—87

95 Pct 121—141 57—69 59—69

CV 16,6 20,8 20,0

Number of stomata
(abaxial epidermis)

X Sx�
_ 181 � 5 89 � 2 116 � 3

� 17,6 7,9 14,7

min-max 155—216 81—109 94—144

95 Pct 170—191 83—95 111—122

CV 9,7 8,9 12,7

Stomata length
(adaxial epidermis)

X Sx�
_ 37,7 � 0,7 39,0 � 1,0 40,1 � 0,7

� 4,0 5,7 3,6

min-max 25,8—46,4 25,8—50,3 32,3—46,4

95 Pct 36,2—39,2 36,8—41,1 38,7—41,4

CV 10,7 14,5 8,9
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Stomata width
(adaxial epidermis)

X Sx�
_ 21,2 � 0,4 21,9 � 0,6 23,3 � 0,6

� 2,1 3,3 3,3

min-max 16,8—25,8 15,5—28,4 15,5—29,7

95 Pct 20,4—21,9 20,7—23,2 22,1—24,5

CV 9,8 15,0 14,1

Stomata length
(abaxial epidermis)

X Sx�
_ 41,1 � 1,0 38,1 � 1,1 43,4 � 1,2

� 5,3 6,2 6,7

min-max 31,0—52,9 25,8—51,6 31,0—61,9

95 Pct 39,1—43,1 35,8—40,3 40,9—45,9

CV 12,9 16,2 15,5

Stomata width
(abaxial epidermis)

X Sx�
_ 26,9 � 0,6 23,9 � 0,7 29,7 � 0,7

� 3,4 3,6 3,7

min-max 21,9—36,1 16,8—31,0 23,2—38,7

95 Pct 25,6—28,2 22,6—25,3 28,4—31,1

CV 12,7 15,0 12,3

X — average value; Sx
_ — the standard error of the average value; � — standard deviation;

min-max — minimum and maximum values; 95 Pct — limits of confidence 95%;
CV — variation coefficients (%)

Mesophyll characteristics and leaf cells size

The lamina of S. nigrum was dorsiventral (Figure 3). The epidermal cells
were much larger on the adaxial than on the abaxial side, covered with a thin
cuticle. The mesophyll was divided to palisade and spongy tissue. Palisade tis-
sue cells were large, elongated, arranged in a single layer. The spongy tissue
was made of cells which were round or irregular in shape and arranged in
3—5 layers. Large intercellular spaces occurred among these cells. Some cells
of the palisade and spongy tissues contain dark groups of crystals. The palisa-
de and spongy tissues were equally thick, with the ratio of approximately 1:1.
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Vascular bundles, surrounded by a bundle sheath, were present in the meso-
phyll.

The main vein was prominent, especially on the abaxial side (Figure 4).
A large bicolateral vascular bundle, with patches of poorly developed phloem

and sclerenchyma tissue, was present in the main vein. Large vessels were no-
ticed in the xylem. The main tissue of the main vein was made of parenchyma
cells of different sizes, round in shape, with numerous small intercellular spa-
ces among them. These cells did not contain chloroplasts.

Sample 1 — The average lamina thickness of the plants from this habitat
was 265 m (Table 3). The palisade tissue was made of one, the spongy tissue
of three layers of cells. The ratio of palisade and spongy tissue was 1.08. Gro-
ups of crystals in the mesophyll cells were most numerous in sample 1. This
could be connected with soil properties of the ruderal habitat, which was rich
in CaCO3, P2O5 and K2O. Data on soil characteristics are presented in Table 2
(K r s t i c et al., 1999) The cells of the adaxial epidermis were larger than
those of the abaxial epidermis. The main vein was prominent and it contained
a large vascular bundle.

Table 2. — Chemical properties of soil

Habitat pH in
KCl

pH in
H2O

CaCO3
(%)

Humus
(%)

Total N
(%)

AL-P2O5
(mg/100 g)

AL-K2O
(mg/100 g)

1 8.06 8.35 12.69 1.22 0.081 40.73 23.50

2 7.98 8.21 15.17 0.93 0.061 12.40 7.50

3 7.46 8.05 2.78 3.46 0.228 16.73 20.50

According to the values of variation coefficients for the examined param-
eters, the greatest variability was recorded for the size of epidermal cells,
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mesophyll thickness and the height of palisade tissue cells (Table 3). Variabil-
ity was lowest for the size of vessels and the height of the main vein.

The plant laminas of sample 1 had mesomorphic structure, with presence
of some xero-heliomorphic characteristics — more numerous stomata of smal-
ler size, numerous non-glandular and glandular hairs on both epidermises, less
cell layers of the spongy tissue.

Sample 2 — The laminas of these plants, 273 m thick on average, con-
sisted of a single layer of palisade tissue and four to five layers of spongy tis-
sue (Table 3). The ratio of palisade and spongy tissue was 1.10. The cells of
the abaxial epidermis were larger than the same cells in the laminas from the
other samples, their average height being 21.1 m and the average width 27.4

m. The main vein size, the size of the main vein vascular bundle and vessels,
compared with the same values measured for the laminas of samples 1 and 3,
were significantly lower (Table 3).

The values of variation coefficient showed that the greatest variability,
compared with the other samples, is recorded for the thickness of palisade and
spongy tissue, the main vein height and vessel size (Table 3). The size of epi-
dermal cells and the width of the main vein vascular bundle varied to a lesser
extent.

The plant laminas of sample 2 had the mesomorphic structure reflected in
large epidermal cells (especially abaxialy), the smallest number of stomata,
sparse hairs and the thinnest mesophyll. This structure could be connected
with habitat conditions, where the plants were only periodically exposed to di-
rect sunlight, while water was available in sufficient amounts.

Sample 3 — The average lamina thickness of the plants of sample 3 was
300 m (Table 3). The cells of the palisade tissue were arranged in a single
layer, the cells of the spongy tissue in four. The ratio of these two tissues was
1.06. The cells of the adaxial epidermis were large, 31.2 m high and 46.4 m
wide. The main vein was also large, with the largest vascular bundle (319 m
high and 428 m width) compared with the other two samples. Large vessels
were present in the xylem.

When compared with the other samples, the plant laminas of sample 3
showed smaller variability for most of the measured characters, especially for
the thickness of lamina, mesophyll, palisade and spongy tissue (Table 3).

The plant laminas of sample 3 also had the mesomorphic structure. High-
est values for most of the measured parameters were recorded for the laminas
of this sample (Table 3). Statistically, these values were significantly higher
than the values obtained for the other samples. This could be explained by the
fact that the habitat from which these plants originated was a cultivated soil
rich in mineral elements, especially nitrogen, which is the essential element for
plant growth.
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Table 3. — Leaf anatomical characteristics ( m)

Sample 1 Sample 2 Sample 3

Lamina thickness X Sx�
_ 265 � 12 273 � 11 300 � 6

� 52,3 49,1 27,8

min-max 163—326 194—357 265—367

95 Pct 240—291 250,4—296,3 287—313

CV 19,7 18,0 9,2

Mesophyll thickness X Sx�
_ 214 � 10 211 � 10 240 � 6

� 43,5 44,9 26,6

min-max 122—270 148—296 209—306

95 Pct 193—235 190—232 228—253

CV 20,4 23,3 11,1

Palisade tissue
thickness

X Sx�
_ 109 � 4 112 � 5 123 � 3

� 22,8 24,6 12,8

min-max 71—148 71—153 107—153

95 Pct 101—118 102—122 117—129

CV 20,9 22,0 10,4

Spongy tissue
thickness

X Sx�
_ 104 � 4 103 � 4,7 117 � 4

� 23,4 24,3 18,9

min-max 71—153 61—153 92—163

95 Pct 95—112 934—113 108—126

CV 22,6 23,5 16,2

The ratio of palisade
and spongy tissue

X Sx�
_ 1,08 � 0,03 1,10 � 0,04 1,06 � 0,03

� 0,2 0,2 0,2

min-max 0,8—1,4 0,8—1,6 0,8—1,4

95 Pct 1,0—1,5 1,0—1,2 1,0—1,1

CV 18,5 18,2 18,9

Palisade tissue cells
height

X Sx�
_ 107,7 � 5,0 111,5 � 17,8 123,1 � 2,7

� 27,1 19,8 14,9

min-max 65,5—151,2 80,1—148,7 93,2—153,7

95 Pct 97,6—117,9 104,1—118,9 117,6—128,7

CV 25,2 17,8 12,1

Palisade tissue cells
width

X Sx�
_ 25,7 � 0,7 29,2 � 1,1 24,2 � 0,64

� 3,6 6,2 3,5

min-max 17,6—32,8 15,1—44,1 17,6—30,2

95 Pct 24,3—27,1 26,8—31,5 22,8—25,5

CV 14,1 21,2 14,5

Adaxial epidermis
cells height

X Sx�
_ 31,1 � 1,0 31,6 � 1,0 31,2 � 0,9

� 7,1 7,1 6,1

min-max 20,2—55,4 22,7—58,0 20,2—50,4

95 Pct 29,1—33,2 29,6—33,7 29,5—32,9

CV 22,7 22,4 19,6
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Adaxial epidermis
cells width

X Sx�
_ 42,3 � 1,9 40,0 � 1,4 46,4 � 1,9

� 13,6 9,9 13,3

min-max 21,4—85,7 24,0—63,0 25,2—85,7

95 Pct 38,5—46,2 37,2—42,9 42,6—50,2

CV 32,1 24,7 28,6

Abaxial epidermis
cells height

X Sx�
_ 19,9 � 0,9 21,1 � 0,7 18,8 � 0,6

� 5,7 4,6 4,2

min-max 12,6—42,8 12,6—30,2 12,6—28,9

95 Pct 18,2—21,7 19,8—22,4 17,6—20,0

CV 28,8 21,7 22,3

Abaxial epidermis
cells width

X Sx�
_ 24,5 � 1,3 27,4 � 1,3 22,0 � 1,0

� 8,6 8,7 7,2

min-max 12,6—55,4 12,6—45,4 12,6—47,9

95 Pct 21,9—27,0 24,9—29,9 19,9—24,0

CV 35,0 31,9 32,9

The main vein height X Sx�
_ 942 � 34 800 � 47 965 � 40

� 106,0 149,8 125,9

min-max 780—1118 572—988 780—1170

95 Pct 867—1018 692—907 875—1055

CV 11,3 18,7 13,05

The main vein width X Sx�
_ 766 � 40 662 � 27 828 � 31

� 127,1 84,6 97,3

min-max 650—1066 520—754 728—1001

95 Pct 675—857 601—722 759—898

CV 16,6 12,8 11,8

The main vein vascular
bundle height

X Sx�
_ 306 � 15 251 � 16 319 � 16

� 47,1 49,6 51,7

min-max 235—408 173—321 255—408

95 Pct 272—340 216—287 282—356

CV 15,4 19,7 16,2

The main vein vascular
bundle width

X Sx�
_ 394 � 20 329 � 16 428 � 25

� 64,7 50,6 80,5

min-max 342—561 255—377 342—556

95 Pct 348—441 293—365 371—486

CV 16,4 15,4 18,8

Vessel height X Sx�
_ 22,9 � 0,7 21,2 � 1,0 28,1 � 1,0

� 3,7 5,7 5,7

min-max 16,4—30,2 11,3—32,8 18,9—41,6

95 Pct 21,6—24,3 19,0—23,3 26,0—30,3

CV 16,1 26,9 20,1
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Vessel width X Sx�
_ 21,0 � 0,7 19,0 � 0,9 24,8 � 0,7

� 3,6 4,9 3,9

min-max 12,6—30,2 12,6—32,8 17,6—32,8

95 Pct 19,7—22,4 17,2—20,9 23,3—26,2

CV 16,9 25,8 15,8

X — average value; Sx
_ — the standard error of the average value; � — standard deviation;

min-max — minimum and maximum values; 95 Pct — limits of confidence 95%;
CV — variation coefficient (%)

Table 4. — The significance of differences among the examined samples in the measured leaf
characters

Samples 1—2 1—3 2—3

Number of stomata (adaxial epidermis) * * ns

Number of stomata (abaxial epidermis) * * *

Stomata length (adaxial epidermis) ns ns ns

Stomata width (adaxial epidermis) ns * ns

Stomata length (abaxial epidermis) ns ns *

Stomata width (abaxial epidermis) * * *

Lamina thickness ns * ns

Mesophyll thickness ns * *

Palisade tissue thickness ns * ns

Spongy tissue thickness ns * *

Palisade tissue cells height ns * *

Palisade tissue cells width * ns *

Adaxial epidermis cells height ns ns ns

Adaxial epidermis cells width ns ns *

Abaxial epidermis cells height ns ns *

Abaxial epidermis cells width ns ns *

The main vein height * ns *

The main vein width * ns *

The main vein vascular bundle height * ns *

The main vein vascular bundle width * ns *

Vessel height ns * *

Vessel width ns * *

* — the difference is significant for � = 0.01; ns — the difference is not significant

The thickness of the tissues and the size of the measured cells have
shown statistically significant differences between samples 2 and 3, while the
differences were smaller between samples 1 and 3, which originated from hab-
itats similar in illumination (Table 4). Samples 1 and 2 have shown statisti-
cally significant differences in the size of the measured characteristics of the
main vein. Between samples 1 and 3, statistically significant differences were
recorded for the thickness of lamina, mesophyll, palisade and spongy tissue,
but not for the size of epidermal cells and characteristics of the main vein.

68



Among the measured characters, the values for the size of epidermal cells
and the thickness of mesophyll, palisade and spongy tissue were most variable
(Table 3). The smallest variability was recorded for the size of the main vein
and main vein vascular bundle. Considerably higher variability was found in
the laminas of the plants of sample 1, which originated from the ruderal habi-
tat and sample 2, from the habitat with changeable exposure to sunlight, in
comparison with laminas of sample 3. The variable habitat conditions in habi-
tats of the plants of samples 1 and 2 resulted in the higher variability of the
analyzed quantitative anatomic leaf characteristics.

Anatomic investigations of the leaf of S. nigrum point to the main, meso-
morphic leaf structure, expressed through the presence of relatively large epi-
dermal cells (especially adaxialy) with rugose anticlinal walls, rare indumen-
tum, relatively small number of large stomata in the level of epidermal cells,
thin cuticle, approximately the same thickness of palisade and spongy tissue,
large cells of palisade tissue and loose mesophyll. The leaves of the plants of
sample 1, that were exposed to direct sunlight during a whole day, had some
xero-heliomorphic adaptations to the drier and lighter habitat conditions: more
numerous hairs, more numerous stomata of smaller size on both epidermal si-
des, a fewer layers of cells of the spongy tissue, smaller intercellular spaces
(mesophyll more compact) and smaller cell size. The highest values of cell si-
ze were recorded in the plants of sample 3, which originated from cultivated
soil rich in mineral elements. The analysis showed that soil quality, along with
the other ecological factors, has an important influence on the size of cells and
tissues of the S. nigrum leaf.
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VARIJABILNOST ANATOMSKIH KARAKTERISTIKA LISKE
SOLANUM NIGRUM L. (SOLANALES, SOLANACEAE)

SA RAZLIÅITIH STANIŠTA

Lana N. Krstiã, Qiqana S. Merkulov, Pal P. Boÿa
Departman za biologiju i ekologiju, Prirodno-matematiåki fakultet,

Trg D. Obradoviãa 2, 21000 Novi Sad, Jugoslavija

Rezime

Na podruåju Evrope i Jugoslavije najrasprostrawenija korovska vrsta iz
roda Solanum je Solanum nigrum L. Kako ova vrsta naseqava veoma razliåita sta-
ništa, razvila je nekoliko naåina prilagoðavawa uslovima spoqašwe sredine.
Poznato je da list najviše i najbrÿe reaguje na uticaje spoqašwe sredine, te
se u wegovoj morfološkoj i anatomskoj graði najboqe ogleda uticaj ekoloških
faktora na biqni organizam. Stoga je analizirana anatomska graða liske i po-
koriånog tkiva liske ove vrste i uporeðena je kod biqaka sa razliåitih tipova
staništa, radi utvrðivawa wihovih strukturnih adaptacija.

Liska S. nigrum je mezomorfne graðe, sa izvesnim ksero-heliomorfnim
adaptacijama. Kod listova biqaka koje potiåu sa razliåitih staništa ustano-
vqene su razlike u broju stoma na oba epidermisa, dlakavosti, debqini liske,
palisadnog i sunðerastog tkiva, kao i u veliåini ãelija mezofila. Najveãe
vrednosti za veãinu merenih parametara dobijene su kod biqaka sa obradivog
zemqišta. Ispitivani parametri su najviše varirali kod liski biqaka sa ru-
deralnog staništa, gde su i uslovi spoqašwe sredine najvarijabilniji.
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HETEROSIS IN CROSSES BETWEEN WHEAT
GENOTYPES WITH DIFFERENT SPIKE ARCHITECTURE

ABSTRACT: In order to estimate hybrid vigor, wheat genotypes differing in spike
architecture (normal, tetrastichon and branched) were crossed and the F1 and F2 genera-
tions analyzed for the number of fertile spikelets/spike, number of grains/spike and grain
weight/spike. The parents used for crossing were Sava (normal spike), Forlani (normal spi-
ke), ZG T 171/1 (tetrastichon spike) and ZG 172 (branched spike). The F1 and F2 progeni-
es, except those from the cross Sava x Forlani, had a lower number of fertile spikelets / spi-
ke compared with the better parent. In the crosses between genotypes with normal and bran-
ched spikes, the F1 and F2 progenies formed significantly fewer grains / spike. On the other
hand, the F1 of the crosses between genotypes with normal and tetrastichon spike showed a
significant level of heterosis with respect to the number of grains / spike, particularly the
cross Forlani x ZG T 171/1. In regard to grain weight / spike, significant heterosis was de-
tected in all crosses except Sava x ZG 172.

The crosses between genotypes with normal and tetrastichon spikes that exhibited sig-
nificant heterosis for two main yield components were most promising in the context of
hybrid wheat development. Such crosses deserve further attention and investigation.

KEY WORDS: heterosis, spike architecture, yield components, wheat

INTRODUCTION

Research aimed at the development of F1 hybrid wheat varieties procee-
ded intermittently over last 50 years. The interest in this topic seems to be gai-
ning momentum again. So far, varieties with normal spikes have typically
been used as parents in hybrid wheat development programs. The research
presented in this paper explored the possibility of exploiting hybrid vigor in
wheat by crossing wheat genotypes with different spike architectures. We
crossed wheat varieties and lines differing in spike architecture as parents, and
compared F1 and F2 performance with that of the better parent for three critical
determinants of grain yield (number of fertile spikelets/spike, number of gra-
ins/spike and grain weight/spike) in order to see a) whether genotypes with
branched and tetrastichon spike may successfully serve as parents of wheat hy-
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brids and b) whether the F1 and F2 generations of such crosses could be used
for commercial production.

MATERIALS AND METHODS

The experimental material was divided into three groups differing in

spike architecture:

1. Genotypes with normal spike: a) Sava — a semidwarf (Rht 8), early
(Ppd 1), winter wheat cultivar, derived from a cross Fortunato*2 / Red Coat at
the Institute of Field and Vegetable Crops, Novi Sad (Yugoslavia) and b) For-
lani — a tall Italian cultivar, susceptible to lodging but having a very produc-
tive spike (4—5 grains per spikelet), derived from a cross Villa Glori / Grano
del Miracolo.

2. Genotype with tetrastichon spike: ZG-T-171/1 — a winter wheat line
with 4-row (tetrastichon) spike, developed at the Institute for Breeding and
Production of Field Crops (Croatia), from a cross Granata x Ranka.

3. Genotype with branched spike: ZG-172 — a tall winter wheat line
with the branched spike developed at the Institute for Breeding and Production
of Field Crops (Croatia), from a cross H 303 / Granatka // Granatka / Ranka.

The various spike types were crossed as follows:
a) normal / branched — (Sava x ZG-172 and Forlani x ZG-172)
b) normal / tetrastichon — (Sava x ZG-T-171/1 and Forlani x ZG-T-

-171/1)
c) normal / normal — (Sava x Forlani)
The F1 and F2 generations and their parents were grown in the 1992/93

season at the experiment field at the Institute of Field and Vegetable Crops,
Novi Sad, Yugoslavia. The experiment was established in a randomized com-
plete block design with three replicates. About 150 F1 and 2000 F2 plants were
grown per combination. The sets of crosses and their parents were planted in
rows 20 cm apart, with plants 6 cm apart within the row.

The spikes from the F1 and F2 generations were analyzed and compared
with those of their contributing parents for the number of fertile spikelets /
spike, number of grains / spike and grain weight / spike.

The F2 progenies, except those from the cross Sava x Forlani, featured
three or two types of spike structures e.g. normal, branched and (or) tetrastic-
hon. The modes of inheritance for the spike architecture and the other traits
have been presented in an earlier paper (D e n å i ã , 1988).

RESULTS AND DISCUSSION

Number of fertile spikelets / spike

In the crosses normal x branched spike, all F1 and F2 progenies showed a
lower number of fertile spikelets / spike (from 50.2% to 64.7%) compared
with the better parent (ZG 172). In the normal x tetrastichon crosses Sava x
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ZG-T-171/1 and Forlani x ZG-T-171/1, all F1 and F2 progenies showed a
lower number of fertile spikelets / spike (more than 30% below that of the
better parent (Table1). Those results were expected since, in general, geno-
types with branched and tetrastichon spikes have a large number of spike-
lets/spike. Furthermore, the results for the crosses between branched or tetra-
stichon x normal spikes showed that no heterotic effect could be achieved for
the number of fertile spikelets/spike in either F1 hybrids (which consisted of
plants with normal spikes) or F2 progenies (which consisted of plants with
normal, tetrastichon and branched spikes). This may be explained by differen-
ces in the dispersion of dominant alleles for the number of fertile spikelets /
spike of the parents, corresponding to the hypothesis of heterosis given by
J i n k s (1983).

Table 1. — Number of fertile spikelets and grains per spike and grain weight per spike in the
crosses of wheat genotypes with different spike architectures

Parent and hybrid
No. of fertile

spikelets / spike
No. of

grains / spike
Grain

weight / spike (g)

x (%)* x (%)* x (%)*

Sava

(normal spike) 17.8 47.0 1.46

Sava/ZG 172 F-1 16,9 35,3 50,5 71,0 1,92 81,7

F-2 21,0 43,9 53,8 75,7 1,67 71,1

Forlani/ZG 172 F-1 19,8 41,4 63,0 88,6 2,75 117,0

F-2 23,8 49,8 62,9 88,5 2,61 111.1

ZG 172

(branched spike) 47.8 71.1 2.35

Sava/ZG-T-171/1 F-1 19,5 66,8 59,4 121,0 2,25 154,1

F-2 18,5 63,4 50,9 103,7 1,90 130,1

Forlani/ZG-T-171/1 F-1 19,8 67,8 69,6 141,8 2,95 146,0

F-2 17,7 60,6 50,4 102,6 2,72 134,7

ZGT-T-171/1

(tetrastichon spike) 29.2 49.1 1.44

Sava/Forlani F-1 17,4 97,7 58,0 121,1 2,53 125,2

F-2 16,4 92,1 50,1 104,6 1,95 96,5

Forlani

(normal spike) 15.5 47.9 2.02

LSD 5% 5,46 10,11 0,27

1% 6,17 12,57 0,49

* — compared with better parent

Number of grains per spike

In the crosses Sava x ZG 172 and Forlani x ZG 172, the F1 and F2 proge-
nies formed a significantly lower number of grains / spike than the better par-
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ent, ZG 172 (Table 1). In contrast, in the crosses between genotypes with nor-
mal and tetrastichon spikes, pronounced and significant heterosis in F1 was ob-
served in both Sava x ZG-T-171/1 and Forlani x ZG-T-171/1 (21% and 41.8%
respectively). In both crosses, the mean values for this trait in F2 were lower
but still heterotic. In the cross Sava x Forlani (both normal spikes), the F1 hy-
brid was superior (21.1%) to the better parent (Forlani).

Grain weight / spike

The F1 and F2 plants of the cross Sava x ZG 172 achieved on average a
significantly lower grain weight / spike than the better parent. In the cross For-
lani x ZG 172 significant heterosis was observed in both F1 and F2 (17.0% and
11.1%, respectively) (Table 1).

In both crosses involving genotypes with normal and tetrastichon spikes,
heterosis was highly pronounced in both F1 and F2 (Table 1), ranging from
30.1% up to 54.1% (Table 1).

In the F1 plants of the cross Sava / Forlani, heterosis was demonstrated
for both, the number of grains / spike and grain weight / spike, 21.1% and
25.2%, respectively (Table 1).

Most wheat crossing programs conducted in various countries have invol-
ved crosses between normal spike forms. Based on the results of this research,
it seems that, concerning the development of hybrid wheat, the most promising
crosses are those between genotypes with normal and tetrastichon spikes.

Potential heterosis of hybrid wheat must compensate for additional costs
of F1 seed production. Consequently, the required level of heterosis needs to
be at least 6% (P i c k e t t and G a l w e y , 1997). In this experiment, the lev-
els of heterosis achieved for two of the main yield components in the crosses
normal x tetrastichon spike were as high as 54.1%. Some open questions re-
main to be answered before a proper solution can be offered, such as the ef-
fect on the remaining yield component (number of spikes per unit area), as
well as the testing of yield “per se" in regular field performance trials. Also,
the low seeding rates used in the experiment should be reconsidered since so-
me authors (B r i g g l e et al., 1967a, b; B o l a n d and W a l c o t t , 1985)
reported that heterosis in wheat increases with density. At any rate, we believe
that crossing genotypes with normal and tetrastichon spike forms may be a
good strategy for the production of hybrid wheat, as well as that this line of
research deserves further attention and investigation.
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HETEROZIS U UKRŠTAWIMA GENOTIPOVA PŠENICE
SA RAZLIÅITOM ARHITEKTUROM KLASA

Borislav Ð. Kobiqski, Srbislav S. Denåiã
Nauåni Institut za ratarstvo i povrtarstvo,

Maksima Gorkog 30, 21000 Novi Sad, Jugoslavija

Rezime

Sa ciqem procene hibridnog vigora, t. j. heterozisa ukršteni su genoti-
povi pšenice sa razliåitom arhitekturom klasa (normalni, tetrastihon i gra-
nati), i u F1 i F2 generaciji su analizirani broj plodnih klasiãa po klasu,
broj zrna po klasu i masa zrna po klasu. Roditeqi za ukrštawa su bili sorta
Sava (normalni klas), sorta Forlani (normalni klas), linija ZG T 171/1 (te-
trastihon klas) i linija ZG 172 (granati klas). U F1 i F2 generaciji je, sem kod
ukrštawa Sava/Forlani, utvrðen mawi proseåan broj plodnih klasiãa po kla-
su u odnosu na boqeg roditeqa. U ukrštawima genotipova sa normalnim i gra-
natim klasovima pšenice, u F1 i F2 generaciji je formiran znaåajno mawi
broj zrna po klasu. Nasuprot ovim rezultatima, u F1 generaciji ukrštawa geno-
tipova normalnih i tetrastihon klasova utvrðen je visokoznaåajan pozitivan
heterozis za svojstvo broj zrna po klasu, i to naroåito u ukrštawu Forlani/ZG
T 171/1. Za svojstvo masa zrna po klasu, znaåajan pozitivni heterozis je utvrðen
kod svih ukrštawa, sa izuzetkom kombinacije Sava/ZG 172.

Potencijalno dobra ukrštawa za proizvodwu hibridnog semena pšenice,
a kod kojih je utvrðen znaåajan heterozis za dve komponente prinosa, su ukršta-
wa izmeðu genotipova sa normalnim i tetrastihon klasovima, i zato ovaj tip
ukrštawa zasluÿuje dodatnu paÿwu i daqa istraÿivawa.
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CLINICAL EFFECT OF IBUPROFEN AS AN ADJUNCT TO
NON-SURGICAL PERIODONTAL DISEASE TREATMENT

ABSTRACT: Twenty-five patients with progresive periodontal disease entered this
study in order to examine clinical effects of a non-steroidal anti-inflammatory drug — ibu-
profen, used as an adjunct to non-surgical periodontal treatment. After scaling and root pla-
ning, patients were randomly assigned to either receive orally 200 mg of ibuprofen per day
for one month (group A), or not receive the drug (group B). The obtained results show that
the mechanical periodontal treatment brought to resolution the gingival inflammation with
both group of patients. Although the mean values of the used indices were lower in group A
than in group B, those differences were neither statistically nor clinically significant. We
may conclude that systemic ibuprofen had no significant effect on plaque, gingival or blee-
ding index scores.

KEY WORDS: non-steroidal anti-inflammatory drugs, ibuprofen, periodontal disease

INTRODUCTION

Bacteria and bacterial products have been considered for a century to be
of primary importance in the etiology of periodontal disease. Over the past
two decades, however, it has become evident that their presence alone is not
sufficient to clarify the pathophysiological mechanisms of periodontal tissue
destruction.

More recently, several studies have emphasized the role of the host's
immunoinflammatory responses during the destruction of periodontal tissues.
Evidence suggests that arachidonic acid metabolites are implicated as leading
biochemical mediators in the periodontal tissue destruction. Arachidonic acid
is a polyunsaturated fatty acid that is liberated from membrane phospholipids
of the cells involved in inflammatory reaction. By enzyme cyclooxigenase free
arachidonic acid is oxydized to prostanoides, which include prostaglandins,
prostacyclin and tromboxane, metabolites with potent biological activities. Re-
cent data support the concept that one of the distinguishing host response mec-
hanisms which are associated with periodontal disease progression is the local
formation and secretion of prostaglandin E2 (PGE2) that has proinflammatory
properties and can stimulate bone resorption. Studies have shown positive cor-
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relation of PGE2 levels within the periodontal tissues and within gingival cre-
vicular fluid to the clinical expression of periodontal disease. Furthermore, ex-
amination of healthy and diseased human periodontal tissues suggests that lo-
cal production of arachidonic acid metabolites and PGE2 in particular is clo-
sely associated with periodontal status and it appears to reflect the disease ac-
tivity.

Inhibition of PGE2 synthesis can be achieved by using one of the three
major pharmacological approaches. The first approach is to stabilize cell mem-
brane, suppress the cellular degranulation and reduce the level of free arahido-
nic acid by exploiting the biochemical properties of steroids. The second ap-
proach is to prevent the oxidation of arachidonic acid and the subsequent hy-
drolysis to form PGE2 by using antioxidants. The third approach is the direct
inhibition of the enzyme cyclooxigenase through the action of non-steroidal
anti-inflammatory drugs.

The purpose of this study was to investigate clinical effects of ibuprofen,
one of the non-steroidal anti-inflammatory drugs, applied as an adjunct to con-
servative periodontal disease therapy.

MATERIAL AND METHODS

Twenty-five patients, fourteen males and eleven females, suffering from
periodontal disease entered this study. All of them received mechanical perio-
dontal treatment — dental plaque and supra and subgingival calculus removal.
After thorough scaling and root planing, patients were randomly assigned to
either receive orally 200 mg of ibuprofen per day for one month (group A), or
not receive the drug (group B). Oral hygiene instructions were given to both
group of patients and they were motivated for oral hygiene. Plaque index
(Green-Vermillion), gingivitis index (Ramfjord) and gingival bleeding index
(Cowell) were used to assess the periodontal status of the patients. The criteria
for scoring were as follows:

Plaque index:
0 = no plaque and calculus on tooth surfaces
1 = plaque and calculus on the gingival third of tooth surface
2 = plaque and calculus on the middle third of tooth surface
3 = plaque and calculus on the incisal third of tooth surface

Gingivitis index:
0 = absence of signs of inflammation
1 = mild to moderate inflammation, not extending around the tooth
2 = mild to moderately severe inflammation, extending all around the tooth
3 = severe gingivitis with tendency to bleeding and ulceration

Gingival bleeding index:
0 = no bleeding on probing
1 = bleeding within 30 sec. after probing
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2 = bleeding immediately after probing
3 = spontaneous bleeding

Patients were examined, and data were collected at the baseline, and then
once each of the four consecutive weeks after the mechanical treatment.

RESULTS

The obtained results showed that mechanical periodontal treatment bro-
ught to resolution the gingival inflammation with both group of patients. The
mean values of periodontal indices used in this study remained significantly
low throughout the examination period but with constant increase. Although
the mean values of plaque, gingivitis and gingival bleeding index were lower
in group A than in group B, the differences were not statistically significant.
The reason for that could be a small number of examinees but, in our opinion,
those differences were not clinically significant either. The reason could also
be the low dose of the drug, or it could be the low anti-inflammatory effect of
the systemically administrated ibuprofen on gingival tissues. Nevertheless, it
can be stated that in our study, no clinical effect of systemic ibuprofen was
observed.

Table 1. — Gingival bleeding index

Week of examination Group A Group B p

0 1.41 1.41 p > 0.05

I 0.75 0.82 p > 0.05

II 0.71 0.78 p > 0.05

III 0.78 0.81 p > 0.05

IV 0.82 0.89 p > 0.05
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DISCUSSION

A number of studies, involving both humans and animals, have been con-
ducted to investigate the effects of non-steroidal anti-inflammatory drugs on
periodontal disease progression. The results of most of these studies have
shown beneficial effects of these drugs on gingival crevicular fluid levels of
PGE2, and on bone loss as well.

Investigating the effects of different non-steroidal anti-inflammatory drugs
on experimental periodontitis in beagle dogs, O f f e n b a c h e r et al. (1992)
reported a significant decrease in the gingival crevicular fluid levels of PGE2
in all non-steroidal anti-inflammatory drug-treated animal groups [5]. A b r a m -
s o n et al. (1992) analyzed the clinical and biochemical effects of systemic
flurbiprofen on gingivitis in humans. They concluded that gingival crevicular
fluid levels of PGE2 were significantly decreased in flurbiprofen-treated pati-
ents when compared with the placebo group. One week after drug administra-
tion was discontinued, PGE2 levels returned to baseline levels [1]. H e a s -
m a n et al. (1993), who also investigated effects of systemic flurbiprofen on
experimental gingivitis in 21 patients, reported similar results [2]. J e f f c o a t
et al. (1988) reported of significantly lower bone resorption in 15 patients who
received 50 mg flurbiprofen for two months. Several other investigators repor-
ted significant bone gain in non-steroidal anti-inflammatory drug treated group
of patients [3].

At the same time, studies to correlate these positive effects of non-steroi-
dal anti-inflammatory drugs on gingival crevicular fluid levels of PGE2 and on
bone loss, with clinical effects such as plaque scores, gingival and bleeding in-
dex scores, often had contradictory results. While Haesman and coworkers, for
example, stated that the reduction of gingival crevicular fluid levels of PGE2
coincidences with clinically reduced gingival bleeding scores, several other in-
vestigators reported opposite results. V o g e l et al. (1984) investigated the
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effects of systemic sulindac on experimental gingivitis in 18 male dental stu-
dents and concluded that there was no significant effect on gingival crevicular
flow and bleeding index [6]. J o h a n s o n et al. (1990) investigated the ef-
fects of naproxen, another non-steroidal anti-inflammatory drug, on gingival
inflammation. The results of their study showed that the drug had no signifi-
cant effect on plaque, gingival and bleeding index scores. A significant effect
of naproxen was only seen in resolution of gingivitis after plaque was remo-
ved [4].

The results of our study are close to these findings. It seems that, clini-
cally, non-steroidal anti-inflammatory drugs do not lead to a potent anti-in-
flammatory effect. Rather, they appear to stabilize the existing periodontal
condition and diminish or inhibit the rate of disease progression.

CONCLUSION

The results of this study showed no clinical benefit of systemically admi-
nistrated ibuprofen used as an adjunct to non-surgical periodontal therapy.
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KLINIÅKI EFEKTI PRIMENE IBUPROFENA
U KONZERVATIVNOJ TERAPIJI PARODONTALNE BOLESTI
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Hajduk Veqkova 12, 21000 Novi Sad

Rezime

Bakterije i bakterijski produkti se veã dugi niz godina oznaåavaju kao
glavni uzroånici parodontalne bolesti. Meðutim, danas je jasno da i drugi me-
hanizmi, pre svega imuni odgovor domaãina, igraju veliku ulogu u destrukciji
parodontalnih tkiva. Istraÿivawa su pokazala da arahidonska kiselina i we-
ni metaboliti, a pre svih prostaglandin E2, imaju znatan inflamatorni po-
tencijal i da dovode do resorpcije alveolarne kosti. Rezultati mnogih studija
pokazuju da primena nesteroidnih antiinflamatornih lekova dovodi do smawe-
wa nivoa prostaglandina E2 u gingivalnoj teånosti i do smawewa koštane re-
sorpcije.

Ovo istraÿivawe preduzeto je sa ciqem da se ispita uticaj ibuprofena,
jednog od nesteroidnih antiinflamatornih lekova, kao dopune konzervativnoj
terapiji parodontalne bolesti, na kliniåki nalaz na parodoncijumu. Dvadeset
petoro pacijenata je nakon konzervativne terapije podeqeno u dve grupe. Paci-
jenti grupe A uzimali su svakodnevno tokom mesec dana 200 mg ibuprofena, dok
pacijenti grupe B nisu primali nikakvu medikaciju. Rezultati su pokazali da
je kod pacijenata obe grupe, nakon uklawawa supra- i sub-gingivalnih naslaga
i obrade parodontalnih xepova, došlo do znaåajnog smawewa inflamacije gin-
give. Izmeðu, pak, sredwih vrednosti plak indeksa, gingivalnog indeksa i in-
deksa krvarewa gingive pacijenata dve ispitivane grupe nije bilo statistiåki
a, po našem mišqewu, ni kliniåki znaåajnih razlika. Stoga zakquåujemo da
ibuprofen nije imao znaåajniji pozitivan uticaj na kliniåki nalaz na paro-
doncijumu kod ovih pacijenata.
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THE INFLUENCE OF SEX ON THE OLFACTORY
FUNCTION IN HEALTHY SUBJECTS

ABSTRACT: The sense of smell is the least examined of all senses. The significance
of the organs of smell is in their influence on the mental state as well as on the vegetative,
visceral and sexual functions. The objective of this experiment was to define the influence
of sex on the olfactory function. It was performed on 120 subjects (60 females and 60 ma-
les) divided into three age groups (20—30; 31—40; 41—50 years of age). The experiment
was carried out by the Fortunato-Niccolini olfactometric method using six odorous experi-
mental substances: A — anethol, PH — phenyl-ethyl-alcohol, C — citral, M — menthol, V
— vanillin and P — pyridine, the thresholds of perception (TP) and identification (TI)
being defined for each odorous substance. The examined females had slightly lower thresh-
olds of perception (TP) and identification (TI) in relation to the males of the same age
group. However, the differences were not statistically significant except for the group of su-
bjects between 41 and 50 years of age where the females, being in the pre-menopause, had
significantly better olfactory functions. The results can be explained by the weakening of
the olfactory power as a result of ageing in both sexes, however, the females still expe-
rienced the protective role of sex hormones.

KEY WORDS: sex factors, smell

INTRODUCTION

The sense of smell is the least examined of all senses, which is the con-
sequence of the fact that membranes of smell are located deep in the nostrils
and thus unreachable to researchers. Besides, sensibility of smell is a subjecti-
ve phenomenon that is not easy to examine in animals. Furthermore, the sense
of smell is, to a certain extent, undeveloped in humans in comparison with the
sense of smell in some animals, so that the results obtained for experimental
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animals are not entirely applicable for humans. The sense of smell in humans
is associated with their mental moods, much more than any other sense. With
its numerous connections to the limbic system and reticular formation, the ol-
factory system influences the regulation of numerous vegetative functions, vis-
ceral functions and sexual behavior. It plays a role in creating emotions and
adjusting visceral and vegetative responses to particular emotional states. Also,
it is the connection between higher cortical functions and the endocrine sys-
tem. The orbitofrontal cortex has the crucial role in the processing of complex
olfactory information data, especially the ability to discriminate smells (J o -
v i ã , 1998). The objective of this paper was to define standards for the thresh-
old of perception (TP) and the threshold of identification (TI) for the examina-
tion of the response to odorous experimental substances in healthy subjects di-
vided according to sex and age, and to identify the influence of sex and age
on the olfactory function.

MATERIALS AND METHOD

The work has been performed at the Clinical Center of Novi Sad, Depart-
ment for Diseases of Ear, Nose and Throat. The examination included 120 su-
bjects who were divided according to sex (sixty females and sixty males).
Both groups were divided according to age into three subgroups of twenty su-
bjects (20—30, 31—40, 41—50 years of age). The groups consisted of volun-
teers and patients of the Clinic, nonsmokers with no acute or chronic rhinolo-
gical disorders. The subjects were not supposed to have been exposed to har-
mful factors influencing the organ of smell at their work places (oil, chemical
and leather industries). The Fortunato-Niccolini olfactometer apparatus consi-
sted of six cylindrical bottles, each with the capacity of 530 ccm, in which we
placed the odorous experimental substances (anethol — A, phenyl-ethyl-alco-
hol — ph, citral — C, menthol — M, vanillin — V, pyridine — P). The amo-
unt of substance was 30 ccm, and the remaining 500 ccm were air.

Each experiment started with the insufflation of 5 ccm of the odorous air
into the nose of the subject. If the subject was not able to smell the odor, or
was able to smell it but not to differentiate it, the procedure was repeated with
larger amounts of air (10, 15, 20 ccm). In that way we defined the thresholds
of perception (TP) and identification (TI) for a particular odorous substance.
The procedure was repeated for all six odorous experimental substances.

RESULTS

The obtained results are shown in tables:

Table 1 — The threshold of perception (TP) and the threshold of identification (TI) in the female
subjects aged between 20 and 30

Substance xp [cm3] xi [cm3]

A 9.00 11.00

PH 5.00 5.25
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C 5.50 9.25

M 6.75 9.50

V 6.00 7.75

P 5.00 5.00

� 6.21 7.96

Legend:
Xp (cm3) — the average values of TP of the examined odorous substances in ccm3 of air.
Xi (cm3) — the average values of TI of the examined odorous substances in ccm3 of air.
A — anethol, PH — phenyl-ethyl-alcochol, C — citral, M — menthol, V — vanillin, P —
pyridine

By using the t-test with the error degree of 5%, we arrived at the conclu-
sion that the values of TP were statistically lower than the values of TI, in this
group of subjects.

Table 2 — The threshold of perception (TP) and the threshold of identification (TI) in the male
subjects aged between 20 and 30

Substance xp [cm3] xi [cm3]

A 10.00 12.50

PH 5.25 7.50

C 7.50 9.50

M 8.00 11.00

V 7.00 10.50

P 5.00 5.00

� 7.13 9.33

See legend in Table 1.

The values of TP were significantly lower in relation to the values of TI
(p < 0.01), in this group of subjects.

Table 3 — The threshold of perception (TP) and the threshold of identification (TI) in the female
subjects aged between 31 and 40

Substance xp [cm3] xi [cm3]

A 8.50 11.00

PH 5.25 7.50

C 7.25 10.00

M 7.00 10.50

V 7.50 11.75

P 5.25 5.25

� 6.79 9.33

See legend in Table 1.

The values of TP were statistically significantly lower than the values of
TI with 99% of reliability, in this group of subjects.
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Table 4 — The threshold of perception (TP) and the threshold of identification (TI) in the male
subjects aged between 31 and 40

Substance xp [cm3] xi [cm3]

A 10.50 12.00

PH 5.75 8.25

C 8.25 10.75

M 7.75 11.75

V 8.25 12.00

P 5.25 6.00

� 7.63 10.13

See legend in Table 1.

The values of TP were statistically significantly lower than the values of
TI with 99% of reliability, in this group of subjects.

Table 5 — The threshold of perception (TP) and the threshold of identification (TI) in the female
subjects aged between 41 and 50

Substance xp [cm3] xi [cm3]

A 10.50 14.25

PH 8.00 9.75

C 10.75 14.00

M 10.25 15.50

V 10.50 14.75

P 6.25 8.50

� 9.38 12.79

See legend in Table 1.

The values of TP were significantly lower in relation to the values of TI
(p < 0.01), in this group of subjects.

Table 6 — The threshold of perception (TP) and the threshold of identification (TI) in the male
subjects aged between 41 and 50

Substance xp [cm3] xi [cm3]

A 12.00 16.00

PH 8.50 12.75

C 12.25 15.50

M 12.75 17.75

V 12.50 16.50

P 8.00 10.25

� 11.00 14.79

See legend in Table 1.
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By using the t-test with the error degree of 1%, we arrived at the conclu-
sion that the values of TP were statistically lower than the values of TI, in this
group of subjects.

The thresholds of perception (TP) and identification (TI) of the experi-
mental odorous substances were lower in the females in the first two age gro-
ups, with statistical significance (p < 0.05) in favor of the females between 41
and 50 years of age in relation to the males of the same age.

DISCUSSION

Analyzing the olfactory function in relation to sex in the group within the
age range between 20 and 30, we noted slightly higher thresholds of percep-
tion (TP) and identification (TI) of the odorous experimental substances in the
males, but without statistical significance in the differences (Tables 1 and 2;
S a v o v i ã , 2001). In the group within the age range between 31 and 40, we
also noted slightly higher thresholds of perception (TP) and identification (TI)
of odorous experimental substances in the males, again without statistical sig-
nificance (Tables 3 and 4).

In the group within the age range between 41 and 50, we noted a weaker
olfactory function in the males, which was statistically significant at the reli-
ability level of 95% but not at the level of 99% (Tables 5 and 6). The statisti-
cally significant difference in the olfactory function in the males and females
aged between 41 and 50 can be explained by a decrease in the olfactory per-
ception after the age of 40 in both sexes. However, most of the examined fe-
males have not experienced the post-menopausal period yet, so their better ol-
factory ability can be attributed to the protective function of sex hormones.

While analyzing and defining the obtained results, we noticed that the
available literature provided different data on the influence of sex on the olfac-
tory function.

Having examined a group of 146 subjects divided according to age and
sex, K o b a l et al. (1996) found a statistically significantly better olfactory
function in females, with the reliability of 99%.

Having examined a group of 572 subjects aged between 5 and 90 and di-
vided according to the age and sex, B r o i c h et al. (2000) obtained the fol-
lowing result: in the group comprising 58% of females and 42% of males, the
olfactory function was significantly lower in the latter. D a v i e s et al. (1999)
and P e t r u l i s et al. (1999) also found significantly better olfactory function
in females.

H v a s t i a and Z a n u t t i n i (1997), examining a group of 20 subjects
(10 males and 10 females), found that the females experienced a better olfac-
tory function than the males.

Contrary to the above-mentioned researchers, S i m o l a et al. (1998)
a n d K a l m e y et al. (1998) found no difference in the olfactory function
between the sexes.
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H o r n u n g and L e o p o l d (1999) proposed that differences in the ol-
factory function in males and females might originate from anatomic differen-
ces of nasal cavities between the sexes.

G a n g e s t a d and T h o r n h i l l (1998) found significant differences
in the olfactory function between males and the females with regular periods,
while they could not find such difference between males and the females with
irregular periods.

CONCLUSION

The females examined for the perception of the odorous substances had
slightly lower thresholds of perception (TP) and identification (TI) in relation
to the males of the same age group. However, the established differences were
not statistically significant except for the group of subjects aged between 41
and 50 where the females, being in the pre-menopause, exhibited a signifi-
cantly better olfactory function. These results can be explained by the weaken-
ing of the olfactory power in consequence to ageing in both sexes, however,
the females still experiencing the protective role of sex hormones.
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Rezime

Oseãaj mirisa je najslabije prouåen od svih drugih oseãaja. Vaÿnost orga-
na mirisa za åoveka ogleda se izmeðu ostalog i u tome što najviše od svih
osetnih organa utiåe na duševno raspoloÿewe, vegetativne, visceralne i sek-
sualne funkcije. Ciq ovog rada je bio da se utvrdi uticaj pola na mirisnu
funkciju. U radu je obuhvaãeno 120 ispitanika (60 ÿena i 60 muškaraca) razvr-
stanih u tri starosne grupe (20—30 g., 31—40 g., 41—50 g.). Ispitivawe je ura-
ðeno olfaktometrijskom metodom po Fortunato-Niccolini-ju sa šest ispitivanih
mirisnih materija A — anethol, PH — phenyl-ethyl-alcochol, C — citral, M —
menthol, V — vanilline, P — pyridin, pri åemu su odreðeni pragovi percepcije
(TP) i pragovi identifikacije (TI) za svaku ispitivanu mirisnu materiju.
Ÿene imaju nešto niÿe pragove percepcije (PP) i identifikacije (PI) is-
pitivanih mirisnih materija u odnosu na muškarce iste ÿivotne dobi, ali bez
statistiåke znaåajnosti, osim u grupi ispitanika 41—50 g. gde ÿene imaju znat-
no boqu mirisnu funkciju, što se moÿe objasniti padom mirisne sposobnosti
s godinama u oba pola, ali kod ÿena te ÿivotne dobi još uvek postoji dovoqan
nivo estrogena koji protektivno utiåe na mirisnu funkciju.
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UPUTSTVO ZA AUTORE

1. Opšte napomene
1.1. Zbornik za prirodne nauke prima originalne radove i pre-

gledne ålanke kao i kratka saopštewa iz svih nauånih oblasti koje ob-
uhvata naziv åasopisa. Pregledni radovi se objavquju samo na poziv re-
dakcije. Radovi koji su veã objavqeni ili su poslati za objavqivawe u
drugom åasopisu ne mogu biti prihvaãeni.

1.2. Prihvataju se rukopisi pisani na engleskom jeziku. Jezik mora
biti ispravan u pogledu gramatike i stila. Autori treba da predaju ru-
kopis u tri primerka (original i dve kopije). Autori åiji materwi je-
zik nije engleski takoðe treba da priloÿe i kopiju rada na izvornom
jeziku.

1.3. Po primawu rukopisa, autori ãe dobiti redni broj svoga rada.
Taj broj treba navoditi u daqoj prepisci. Redakcija ãe obavestiti auto-
re o prispeãu rukopisa i mišqewu recenzenata u roku od tri meseca
od prijema. Svaki rad recenziraju najmawe dva recenzenta. Ako rad ne
bude prihvaãen, rukopis se ne vraãa autoru.

1.4. Rukopise za objavqivawe treba slati na adresu redakcije Zbor-
nika za prirodne nauke, Ul. Matice srpske 1, 21000 Novi Sad, Jugosla-
vija.

2. Priprema rukopisa
2.1. Rukopisi se kucaju sa dvostrukim proredom u svim delovima

teksta (ukquåujuãi literaturu, tabele itd.), na papiru formata A4. Sve
margine treba da budu široke 2,5 santimetra.

2.2. Rukopis treba podeliti na: Saÿetak, Kquåne reåi, Uvod, Ma-
terijal i/ili metode, Rezultati ispitivawa, Rasprava, Literatura, Sa-
ÿetak na srpsko-hrvatskom jeziku, Zahvalnost.

2.3. Naziv rada treba da bude informativan, ali ne duÿi od deset
reåi.

2.4. Kquåne reåi treba da ukazuju na celokupnu problematiku is-
traÿivawa. Treba ih navesti abecednim redom i odvojiti zarezima.
Kquåne reåi ne treba da preðu sto slovnih znakova.

2.5. Treba navesti prezimena, sredwe slovo i imena autora rada
kao i naziv ustanove (bez skraãenica) u kojoj je rad nastao, zajedno sa
punom poštanskom adresom.
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2.6. Saÿetak, na engleskom i srpskom, treba da bude informativan
i da rezimira sadrÿaj rada. Duÿina engleskog saÿetka treba da bude do
5%, a srpskog do 10% duÿine ukupnog teksta. Srpski saÿetak treba da
sadrÿi naslov rada, prezimena i imena autora i naziv ustanove u koji-
ma su autori zaposleni.

2.7. Podatke o finansijskoj pomoãi, savetima i drugim vrstama
pomoãi treba navesti na kraju rada, pod naslovom Zahvalnost.

2.8. Radovi ne smeju biti duÿi od 12 kucanih strana, ukquåujuãi
literaturu, tabele, legende i slike.

3. Literatura
3.1. Literaturu treba ograniåiti na neophodan broj navoda.
3.2. Literaturne navode treba sloÿiti abecednim redom, na slede-

ãi naåin:

a. Ålanci iz åasopisa Autor CD, Autor DC (1990) Naziv rada. Ime
åasopisa 135: 102—134.

b. Ålanci iz kwiga
Autor ED, Autor SI, Autor VV (1991) Naziv citiranog dela kwige.

U: A. Blom, B. Lindau, Eds., Naziv kwige, Ed 3, Vol 2, Izdavaå, Grad,
242—255.

v. Disertacije
Autor VA (1989) Naziv teze. Doktorska disertacija. Univerzitet,

Grad.

g. Kwige
Autor AE (1987) Naziv kwige, Izdavaåi, Grad, 237.

d. Publikacije bez autora ili urednika
Naziv kwige, brošure, itd. (1989) Izdavaå ili ustanova, Grad.

ð. Neobjavqeni radovi
Navod „u štampi" treba da se odnosi samo na prihvaãene radove;

navesti ime åasopisa u kojem ãe rad biti objavqen.
3.3. Imena åasopisa treba skraãivati prema „Bibliographic Guide for

Authors and Editors" (BIOSIS, Chemical Abstracts Service and Engineerings
Index, Inc., 1974).

3.4. Reference u tekstu treba da ukquåe prezime autora i godinu
izdawa. Ako ima dva autora, treba navesti obojicu, a u sluåaju tri ili
više autora treba navesti prvog autora i naznaåiti „et al.".

3.5. Ako se navode dva ili više radova istog autora, objavqenih u
istoj godini, potrebno je u tekstu i spisku literature staviti a, b, c
itd. iza godine objavqivawa.

4. Ilustracije
4.1. Za ilustracije mogu se koristiti crno bele fotografije i cr-

teÿi. Fotografije treba da imaju dobar kontrast a crteÿi treba da budu
crtani tušem, na papiru dobrog kvaliteta. Osim grafikona, metabo-
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liåke šeme, komplikovane formule i velike ili komplikovane tabele
takoðe treba tretirati kao slike.

4.2. Sva slova, brojke i simboli treba da budu dovoqno veliki u
originalu, tako da posle smawivawa ne budu mawi od 1,5 mm. Tekst na
slikama i grafikonima takoðe treba ispisati tušem.

4.3. Ilustracije treba priloÿiti uz rad a ne umetnute u tekst. Po
moguãnosti, legende treba naznaåiti na ilustracijama.

4.4. Mesta ilustracija treba oznaåiti na levoj margini, arapskim
brojevima.

4.5. Svaka ilustracija treba da ima tekst koji objašwava sadrÿaj
priloga. Tekst za ilustracije treba kucati na posebnoj strani.

5. Tabele
5.1. Tabele treba kucati na odvojenim stranama (jedna tabela po

strani) i priloÿiti ih na kraju rada.
5.2. Tabele se oznaåavaju arapskim brojevima.
5.3. Svaka tabela treba da poåne naslovom koji objašwava wen sa-

drÿaj.
5.4. Napomene treba kucati odmah ispod same tabele.
5.5. Mesta tabela u tekstu treba oznaåiti na levoj margini.

6. Jedinice, imena, formule i skraãenice
6.1. Treba koristiti SI oznake koliåina i jedinica (SI Systeme In-

ternational d'Unit's), izuzetno se mogu koristiti i druge zvaniåno pri-
hvaãene jedinice.

6.2. Molarnu koncentraciju treba oznaåiti sa M i podvuãi.
6.3. Biološka imena na latinskom treba podvuãi.
6.4. Hemijske strukturne formule i jednaåine treba nacrtati (ne

ispisivati ili kucati) i pripremiti za fotografsku reprodukciju.
6.5. Prihvataju se samo standardne skraãenice. Pri korišãewu

specijalnih skraãenica, pun termin treba navesti prilikom prvog spo-
miwawa, a skraãenicu dodati pod navodnim znacima.

6.6. Matematiåki izrazi treba da budu napisani tako da se koristi
najmawi broj redova, ali da se saåuva åitqivost, npr. 2/3 umesto 2:3,
exp (-ab) umesto a-ab, itd.

7. Kratka saopštewa
7.1. Zbornik za prirodne nauke nudi moguãnost objavqivawa krat-

kih saopštewa o svim nauånim oblastima obuhvaãenim nazivom åaso-
pisa.

7.2. Veliåina kratkog saopštewa je ograniåena na 4 kucane strane,
ukquåujuãi sve ilustracije.

7.3. Kratko saopštewe se piše po uputstvima za pripremu rada
normalne duÿine, sem što u literaturi treba izostaviti naslove rada.

8. Obaveštavawe autora
8.1. Kada rukopis bude prihvaãen, autor ãe o pribliÿnom vremenu

objavqivawa biti obavešten u pisanoj formi.
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8.3. Ispravqawe teksta pripremqenog za štampu treba ograniåiti
na štamparske greške. Znaåajne promene teksta ãe se naplaãivati. Ko-
rigovani tekst treba vratiti uredništvu u najkraãem moguãem roku.

8.3. Autori dobijaju 50 besplatnih primeraka separata. Ako autor
ÿeli veãi broj separata moÿe ih naruåiti kod izdavaåa uz nadoknadu.

9. KOPIJA RADA NA DISKETI
Posle prihvatawa rada potrebno je dostaviti disketu sa konaånom

verzijom rada. Disketa treba da sadrÿi tekst rada, tabele i slike (pri-
loge) na DD ili HD disketi od 3,5 inåa. Priloÿite i jednu kopiju od-
štampanog rada radi lakše obrade tabela i slika. Molimo da obradu
teksta vršite programom Word for Windows (bilo koja verzija). Prili-
kom kopirawa rada na disketu, pridrÿavajte se sledeãe procedure: File>
Save as>Options>Embed True Type fonts>ok>Save.
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