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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
(Dobrovoljskiy and Grishina, 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.



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 (Michaelidou 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 (Vroc -
hinskiy and Makovskiy, 1979). The European Union has opted for su-
stainable agriculture, reduced pesticide use and monitoring of acute and gene-
tic toxicity for the ecosystem (Petsikos-Panagiotarou, 2000). Rate
of herbicide decomposition in soil depends on the properties of the preparation
applied Mishustin and Emtsev, 1987), herbicide dose (Schuster
and Schroder, 1990; MiloSevic¢ et al, 2001), physical and chemical
soil properties (Willems et al., 1996; Milicic¢, 1987), humidity, temper-
ature, plant cover, soil cultivation technique and the types of the soil microor-
ganisms present (Barriuso and Houot, 1996; Govedarica et al.,
1993, 2000; Willems et al.,, 1996; MiloSevi¢ 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 (Janjic¢ et al., 1996).

According to Lynch (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 (Cervelli et al., 1978). Soil mic-
robiological population uses herbicides and their metabolites as sources of bio-
genous elements (Cook and Hutter, 1981; Radosevich 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 (Hart and
Brookes, 1996).
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Fig. 1 — Effect of herbicides on soil microbiological population

Studies of numerous authors (Lynch, 1983; Radosevich et al.,
1995; MiloSevi¢ 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
MisSkovic etal, 1983; MiloSevic etal, 2001). In general, herbicides
affect soil microbes indirectly. Herbicides may be a source of nutrition for mi-
crobes (Cook and Hutter, 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 (Milic¢i¢, 1987; Schuster
and Schroder, 1990; Radosevich et al., 1995; MiloSevidé 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 (Konstantinovi¢ et
al., 1998, 1999).

Table 1 — Period of herbicide degradation in soil (Konstantinovié, 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 Barriuso and Houot (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 (Lynch, 1983).



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 -
vedarica et al., 1993; Konstantinovi¢ et al., 1998; MiloSevié
et al., 2001).

A dose of 1.6 1. ha—! 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 1. ha—! (MiloSevic etal., 2001a).
A dose of 2 1. ha—! of flumetsulam + trifluralin (Rival) caused a larger reduc-
tions of Azotobacter by about 2% than a dose of 1.7 1. ha—! (up to 30 days)
(MiloSevi¢ etal, 2000a; Govedarica et al.,, 2001). Simultaneously,
the larger dose of Rival increased the numbers of fungi and actinomycetes by
2—4% and 1%, respectively (MiloSevic¢ et al., 2001a). Increased doses of
dimethenamid (1.6 1. ha—') and metolachlor (1.7 1. ha—"') caused larger reducti-
ons in the number of azotobacters than lower doses (Govedarica et al.,
2001).

High doses of atrazine and alachlor (3 and 4 1-ha—!, respectively) caused
decreases in the total number of bacteria, ammonifiers and azotobacters and
they reduced dehydrogenase activity (Konstantinovic¢ 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) (Schuster and Schroder, 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 Willems 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.
Wolf and Martin (1975) stated that atrazine mineralization was 18% af-
ter 550 days, depending on physical and chemical soil properties. Klint et
al. (1993) reported the value of 20% after 90 days. According to Willems
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 (Willems 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 (MiloSevi¢ 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 CaCO, considerably
lowered the rate of herbicide degradation. No degradation could be registered
14 days after the application; on the 28" day, 2,4-D of MCPA were degraded
by 29% and 45%, respectively (Burns, 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 (MiloSevié¢ et al.,, 2001). Under unfavorable, i.e., anaerobic
conditions, soil microorganisms produce metabolites which, synergizing with
the applied herbicides, intensify their negative effects (Kosinkievicz,
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 (Kosinkievicz 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
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how it is incorporated, by the aboveground plant parts or the roots (Kastori
et al., 1996). Plant species affects the rate of mineralization of atrazine’s triazi-
ne rings. Experiments of Barriuso and Houot (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.

MilosSevi¢ and Govedarica (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 10? 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 (Radosevich et al, 1995) or nitrogen (Cook and Hutter,
1981). The hormone herbicide 2.4-D is rapidly decomposed in the soil, as
much as 3.4 x 10° moles in a single day. Various microorganisms decompose
2.4-D: Mycoplana, Corynebacterium, Achromobacter, Rhizobium, Arthrobac-
ter, Flavobacter and some actinomycetes (L ynch, 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 Kosinkievicz (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 (MiloSevic¢ 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 (Janji¢ 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 (Lee, 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 MiloSevi¢ et al,
1995, 2001; Govedarica et al, 1993, 1995; Konstantinovidé 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 MiloSevié et al, 2001).

MiloSevi¢ 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 (MiloSe-
vicé et al., 2000a).

the occurrence %

Oflumetsulam+trifluralin Elimazrthapyr Elclomasone [alachlor+linuron Hcontrol

Graph. 1 — Effect of herbicides on the total number of microorganisms
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 Azorobacter is most sensitive to herbicide
application (MiloSevic et al, 1995; 2000a, MiloSevié¢ and Gove-
darica, 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.
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Graph. 2 — The effect of herbicides on the occurrence of Azotobacter

MilosSevi¢ and Govedarica (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 45" day their number reached 10.76 x 10? per one
gram of soil. According to Govedarica 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% (MiloSevic et al.,, 2000a).

According to Cervelli 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 (Cervelli et al, 1978; MiloSevi¢ 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 (Christainsen-Weniger, 1992; 1995; Christainsen-We-
niger and Vanderleyden, 1994, cit. Christainsen-Weniger,
1997) and rice (Christainsen-Weniger, 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.
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Graph. 3 — Effect of herbicides on fungi and actinomycetes

Generally, our studies have shown that herbicide application stimulated
the growth and development of actinomycetes. Dimethenamide and metalo-
chlor applied to sugarbeet (Govedarica et al., 2001), and prometryn ap-
plied to soybean and sunflower (MiloSevi¢ and Govedarica, 2001)
increased the number of actinomycetes. Only seven days after herbicide appli-
cation, their numbers started to increase (Graph. 3). On the 14% 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 MiloSevi¢ etal, 2000; MiloSevi¢ and Govedarica, 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 (Skujins, 1973; Govedarica et al,
1993; MilosSevié et al., 1997).

Being endocellular, oxido-reducing enzymes, dehydrogenases are a foun-
dation of the enzymatic systems of all microorganisms (von Mersi and
Schinner, 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 (Ross, 1971). DHA is a measure of microbial oxidative ac-
tivity (Skujins, 1973; Casida, 1977; Tabatabai, 1982; Trevors,
1984; Camifa et al, 1998), Many authors consider it as an indicator of
soil biological activity (Lenhard, 1956; Thalmann, 1968; Skujins,
1973; MiloSevicé 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 (MiloSevié et al,
1995, 1998, 2001; Govedarica et al., 1995, 2001).
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Graph. 4 — Effect of herbicides on dehydrogenase activity

The tested herbicides (Graph 4) were significantly reducing dehydrogena-
se activity on the 7%, 14" and 30" day after application (MiloSevi¢ et al.,
2001). After that period, however, the oxido-reducing processes return to the
level of the control variant.

According to Govedarica 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
(MilosSevié¢ and Govedarica, 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 (Schuster et al., 1987, cit. to Schuster
and Schroder, 1990a). A field trial of Schuster and Schroder
(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% (Schuster and Schroder, 1990).

According to Janji¢ et al. (1996) the amount of released CO, (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 CO, (DZugeli, 1982, cit. Janji¢ 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

15



herbicides, Burns (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 (Burns, 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 Milanova and Karadova, 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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YTULAJ XEPBMLIMJA HA MHUKPOBMOJIOIKA CBOJCTBA 3EMJbUILTA

Haga A. Mwunomesuh*, Murap M. T'oBemapuma**
* HayyHu MHCTUTYT 3a patapcTBO M mnosprtapctBo, M. T'opkor 30,
21000 HoBu Can, Jyrocmasuja
** [ToswonpuBpenuu dakynrer, Tpr [I. O6pamosuha 8,
21000 HoBu Can, Jyrocmasuja

Pesume

MukpoopraHu3aMu 3eMJbMIITA CY 3HaYajHA KapuKa y OJHOCY 3eMJbUINTE — OUb-
Ka — xepouuunu — ¢ayHa/dyoBek. Haume, MUKpoopraHu3Mu a) y4ecTBYjy y Jerpaia-
LYju Xepouimaa, 0) HBbUXoBa aKTUBHOCT, OPOJHOCT U Pa3HOBPCHOCT CYy OMOMHAMKATO-
pY TIpoMeHa OMOJIONIKE aKTMBHOCTM 3€MJBUMINTA ITOCE TPUMEHE OBMX XEMMjCKUX je-
IMbeHha, U B) TIOjeIMHE BPCTe MUKPOOpPraHm3aMa MOIY Ce NMPUMEHUTU Kao Ormoxepou-
LUIN.

XepOuluayu 13a3uBajy yruHyhe oceT/bMBUX Tpyla MUKpoopraHuzama. MehyTtum,
XepOUIIMAM Ce MOTY Pa3rpaauTv y 3eMJBMINTY €H3MMUMa MMKPOOHUX TOMyJalnja KO-
puctehn oBa XeMujcKa jedu-ea U J00ujeHe MeTaO0oJMTe Kao M3BOpPE OMOTEeHUX efie-
MeHaTa. YouaBa ce Jia TOojeJIMHe Tpyle MUKpoopraHu3amMa (MpuMapHa Momyaluja)
pasrpal)yjy xepobuuuae Beh mocje HEKOJMKO JaHa HaKOH JOCIeBama y 3eMJbUIITE.
MebhyTtum, T3B. CeKyHAapHa MOIyJaluja Koja MpoayKyje MoAeCHe-UHIYKOBAaHE €H3MMe
pasrpal)yje oBa XeMHUjCKa jeduiberha IIocje Mepuoaa amarTaiuje.

Hama ucrpaxuBama 1okasyjy na je rpyna Mukpoba Azotobacter HajoceT/bUBUjaA
Ha MPUMEHY XepOouuuaa, Te Moxe OUTU TMOy3NaH OMOMHIMKATOP OMOTEHOCTU 3€MJbM-
mra. YouaBa ce Ja je 3aCTYIJbEHOCT OBe TpyIie a30ToduKcaropa CMarbeHa Y BEJIMKOM
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npoueHTy 1o 14. naHa. 3acTyrubeHOCT Actinomycetes U y Mam0j MEPU TJbUBA je TIOBe-
hana, 1mto ykasyje na oBe rpyrne MHUKpOOpraHu3aMa KOPHUCTE XepOWIIUAe Kao M3BOPE
OUOreHux ejeMeHara.

Pasrpanmwa xepbuninma y 3eMJbUIITY 3aBUCU O] CBOjCTBAa NPUMEHEHOT Ipernapa-
Ta, 3aTUM O KOJMYMHE (H03€) XepOuluaa, adu U ol (pU3MIKO-XeMUjCKUX CBOjCcTaBa
3eMJbUIITA (BJIAXXKHOCTU, TeMIlepaType, OMJbHOT TTOKpHUBava, o0pajae) U BPCTe MUKPO-
opraHu3ama.
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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, tungicides, 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
(Kloepper etal, 1989). Azotobacter has been used as a potential nitroge-
nous fertilizer to increase suger beet yield Martin, 1986, Steinberga
et al.,, 1996, Mrkovacki 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 GluSac and Drazi¢ (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 -
lidza and GlusSac, 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 (San -
tos and Flores, 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) (Kole et al.,, 1994).

Insecticides affect soil microorganisms and their biochemical processes
related to soil fertility and can stimulate Azotobacter growth (Das and
Mukherjee, 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 Sancevi.
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
(NSCNEFB).

The strains were grown in a liquid Fjodor medium at pH = 7 and 30°C.
Cell density in the inoculum was 10'> 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 1 of water per hectare are 4 |
for Ro-Neet and pyramin, 5 1 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.

Balajee and Mahadevan (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.

Martinez Toledo 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 (Singh et al., 1996), while the number of Azotobac-
ter cells two and 14 weeks after herbicide application dropped as a result of
the same (Piskorz, 1998).

Abul Kalam and Banerjee (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
(Vannini etal.,, 1992). The organophosphorous insecticides profenofos and
chloropyrifos reduced the number of aerobic nitrogen fixers and significantly
decreased nitrogen fixation (M artinez Toledo et al., 1992; Pozo 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 (Cernakova, 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 (Gupta 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 (Kanungo 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. chrogcoccum A. chrogcoccum A. chrqococcum
strain 5 strain 8 strain 14
Pyramin 1 + + +
2 + + +
3 + + +
@ + + +
Ro-Neet 1 + + +
2 + + +
3 + + +
@ + + +
Lindan 1 + + +
2 + + +
3 + + +
@ + + +
Mankogal 1 — — —
2 _ _ _
3 — — —
@ + + +
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
¢ — control (pesticide-free disk)
+ positive culture growth around disk and — inhibited culture growth around disk
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YTULAJ TIIECTULIMIA HA AZOTOBACTER CHROOCOCCUM

Hacracuja b. MpkoBauku, H. A. Yauuh, Bepa M. Muiuh
Hayynu wiHcTMTYT 3a parapctBo u moBprapcTBo, HoBu Can,
Maxkcuma I'opkor 30, Jyrocnasuja

Pe3ume

VY pany je ucnutaH edekar TpU KOHLEHTpalluje YeTUPU pasidyuTa IMeCTUIMIA
Ha pacT YMCTUX KYJATypa TpU coja Azotobacter chroococcum. KopumrheHna cy maBa xep-
ouumna — Ro-Neet n Pyramin, jenaH mHcektnumn — JIMHoaH v jesaH gyHruumn —
Mamnxoran. HajMarba KoHILIeHTpalLija OwmiIa je JeceT ITyTa Marba O OHE KOja ce KOpH-
¢t y mpakcu (y IoJjby), a HajBeha nmeceT myrta Beha. JloOujeHM cy pasanuutu eeKTu
TeCTUIINIA Ha pacT cojeBa Azotobacter chroococcum. CBa TpU coja HECMETaHO Cy pa-
cjla Ha CBE TPU MCIMUTUBAHE KOHLeHTpauuje Pyramin-a, Ro-Neet-a u JIunaaHa, 1ok je
MaHKoras y ¢Be TpM MCIUTUBAHE KOHIIEHTpallMje M3a3Ba0 MHXMOUIIM]Y pacTa KO CBa
Tpu coja. McrmuTuBaHU COjeBM BeoMma Cy OCET/bMBM Ha (yHruiuia MaHkorai.
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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
(Skori¢ and Rajc¢an, 1992). This parasite usually attacks all parts of the
plant: roots, stalks, leaves, flower buttons and heads (Zimmer and Hoes,
1978). There are no suitable cultural control methods (Lumsden, 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 (Georgieva-Todo-
rova, 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. Imhoff et al. (1996) described a method for efficient
propagation of three wild sunflower species using sterile rthizomes. Vasi¢ 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
(Murashige and Skoog, 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 (Skoric,
1988). In contrast to the results of Skori¢ and Rajc¢an (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
Total seeds Number of | Percentage of Percentage of
Cross obtained germinated regenerated plant§ obtained
seeds plants 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 (Pelletier et al., 1992). That is why, as suggested by Paul
and Barthou (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 Paul and Barthou (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 asi¢ 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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MMPEHOIIEWKE OTITIOPHOCTHU ITPEMA SCLEROTINIA U3 OUBJBET
Y TAJEHU CYHLOKPET — KOMBMHOBAKE KOHBEHIMOHAJTHUX
N JJABOPATOPMICKMX TEXHUKA

Hparana M. Bacuh, Kcenuja J. Tamku, Cperen 3. Tep3suh,
CnaBko E. Kespeman!, Iparan M. Ikopuh
WHctutyT 3a patapctBo U moBprapctBo, Makcuma I'opkor 30,
21000 Hosm Can, Jyrocimasuja
I TToswonipuBpenuu dakyarer, Tpr Hocureja Obpanosuha 8, 21000 Hosu Can

Pesume

Tectupano je no ner nonynauuja H. molis, H. maximiliani, H. rigidus v H. tube-
rosus Ha OTIIOPHOCT TIpeMa Sclerotinia cradima. Ha ocHOBY moOMjeHUX pe3yjTata U3Bp-
LIIEHO je JIeBET YKpIlUTama OTIOPHUX IOMyJalyja ca IpyruM AWMB/bMM BpCTama WU ra-
jeHnM cyHIoKpeToM. Kako je y HeKMM ciydyajeBMMa J0OMjeHa Majia KOJIMYMHA ceMeHa
Koja cy ciabo Kiujaia, KopuinheHe cy Moau(pUKOBaHE METOIE KYJIType TKMBa Ia Ou
ce noBehayia KJIMjaBOCT M TIPOM3BEJIM KJIOHOBM MHTEpeCaHTHUX Ousbaka. OBe MeTone
cy ce mokasayie ehMKacCHMMa UM 3a HaKJIMjaBakhe CeMeHa U 3a MPOU3BOAY U YMHOMXKa-
Bambe Ousbaka.
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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
Br.-B1. 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 Br.-B1. 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 Zolyomi et
Jakucs 57 and Festucion rupicolae So6 (40) 64 (So6, 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 Becej and Melenci, on the alluvion of the River Tisza (Figure 1).
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Figure 1. — Investigated area

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) (Kati¢ et al., 1979).
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Figure 2. — Climate diagram after Walter for the meteorological station Zrenjanin

The swamps Slano Kopovo and Rusanda, formed by water accumulation
in depressions, are located northeast of the town of Novi Becej 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 Knezevié et Boza 88 and Suaede-
tum maritimae S o6 27 develop along the banks of Slano Kopovo, stands of
the associations Suaedetum maritimae S 0 6 27, Suaedetum pannonicae (S 0 6
27) Wendel. 43 and Salsoletum sodae S1avnic¢ (39) 48 along the banks
of Rusanda (Knezevié¢, Boza 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 Gajié
(Gajic, 1980), life forms after Raunkiaer (S o 6, 1966—1973), and ecologi-
cal indices after Landolt (Landolt, 1977, KneZevié 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 (1), Suaedetum maritimae (1), Suaedetum pannonicae (111) and Salsoletum sodae (1V)

Floristic Life I I m v
element form
Association character species
Cosm. T  Salicornia europaea L. V +—2 — — —
Cosm. T  Suaeda maritima L. V1i-3 V2-3 — —
Pan. subend. T  Suaeda pannonica Beck — — v2—4 1+
Eurasian T  Salsola soda L. — 1I + — vV 2-3
Cypero — Spergularion
Subsouthern. . .
Siberian T  Crypsis aculeata (L.) Aitt. — I+ — —
Festuco-Puccinellietea
Sub-Pannon. ~ H  buccinellia limosa (Schur) V43 V4ol VI-2 Vi-2
Holmb.
Pannonian .;\_;t(e:rqtrlpollum L. var. pannonicus V4l Va4 IV4—11V +—1
Eurasian T  Atriplex litoralis L. I + IV+ V+-2 V+-2
SubPontic- .
SubMediterr. T  Bupleurum tenuissimum L. I+ — — —
SubPontic- Taraxacum serotinum W . et K.
. H  subsp. bessarabicum (Horn.) I+ — — —
Central Asian
H.-M.
Pont.-Pannon T  Camphorosma annua Pall. — — I+ —
Other species
Cosm. H Spergularia media (L.) Presl. I +—1 — — —
SubPon.-Sub .
Centr, Asian.- T [fgleochod alopecurotdes S
Sub. Mediterr. ’ ’ ’
European Lepidium ruderale L. I+ — — —
SubPontic.- o .
SubMeditorr. T Lactuca salina L. I+ — —
Cosm. H Bolboschoenus maritimus (L.) I+ I+ . L
Pall.
Cosm. H  Phragmiters communis Trin. — 1I + — —
Eurasian H Taraxacum officinale Weber. — — I +—1 —
Cosm. T  Polygonum aviculare L. — — I+ —
Eurasian T  Chenopodium urbicum L. — — I + I +

1 Salicornieto-Suaedetum maritimae continentale
11 Suaedetum maritimae
Il Suaedetum pannonicae

IV Salsoletum sodae

38



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 (Knezevié¢, BozZa, 1988).

Table 2. — Area type percentages of the investigated associations Salicornieto-Suaedetum mariti-
mae continentale (1), Suaedetum maritimae (11), Suaedetum pannonicae (111) and Salsoletum sodae

V).

Floristic element (,;U ) (11737 ) (IWI,OI) (I%)
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 (KneZe -
vié, BoZa 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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Figure 3. — Life forms of the associations Salicornieto-Suaedetum maritimae continentale (1),

Suaedetum maritimae (11), Suaedetum pannonicae (11I) and Salsoletum sodae (IV)

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 (KnezZevié, Boza, 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 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 (1), Suaedetum maritimae (11),
Suaedetum pannonicae (I11) and Salsoletum sodae (IV).
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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 Knezevié¢ et Boza 88, Suaedetum
maritimae So6 27, Suaedetum pannonicae (Soé 27) Wendel. 43 and
Salsoletum sodae Slavnicé¢ (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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BUJbHOTEOTPA®CKE U EKOJIOIIKE KAPAKTEPUCTUKE
BETETALMIE CBE3E THERO-SALICORNION BR.-BL. 33 EM. TX. 50
CA KOHTUHEHTAJIHUX CIIATUHA (BAHAT — JYTOCJIABUJA)

Anekca C. Kuexxesuh!, ITan I1. boxa?, [Iparuma C. Mujoies!,
T'opan T. AHaukoB?
I UTHCTUTYT 3a paTapcTBO M TMOBPTApCTBO, [loJbompuBpenHn (hakyiTeT,
Tpr Hocureja Obpanosuha 8§, 21000 HoBu Can, Cp6uja
2 UTHCTUTYT 3a OMOJIOTHjy U eKosorHjy, [IpupomHo-MaTeMaTUUKU (haKyJTeT,
Tpr Hdocuteja Ob6panosuha 2, Hoeu Can, Cpbuja

Pesume

Bereranuja cBese Thero-Salicornion Br.-Bl. 33 em. Tx 55 3acTymbeHa je Ha KOH-
THHEHTAJHUM cilaTuHaMa banata 3ajemHunama Salicornieto-Suaedetum maritimae con-
tinentale Knezevic¢ et Boza 88, Suaedetum maritimae S o6 27, Suaedetum pan-
nonicae (So6 27) Wendel. 43 1 Salsolaetum sodae Slavnié (39) 48. JomuHa-
1IMja TAaHOHCKUX eyxajodura Mel)y OmibHOreorpadpCckyd KapakTepUCTUYHUM ITOHTCKO-
-LIEHTPAJIHOA3UjCKMM OMJbKama CBEIOYM O apeasly 3ajelHUIla OrpaHUYEHOI Ha IPOCTO-
py IlaHoHCKe HHU3Mje, HOMMHAHTHUM yTHULAjUMa apuiHE KOHTUMHEHTAJHE KIUME U
pa3Bojy mon crieliupuuHuM efadCKUM MpuiInKama.

HbuxoB xeMukpunTouTOo-TepOUTCKU KapakTep ITOCAeArla je €BOJYLIMOHEe IPU-
JlaroheHocTn obOpacTtamba 3aciambeHux 00o1a 0apa TeK HAaKOH TOBJavyeka BOJE Y IOy~
CYLUTHOM ¥ CYIITHOM TIepUOJIY.

Ycaen nmocTeneHor mpecylBamba y 100a MOTIyHO (opMUpaHOT OUIBHOT MOKPH-
Baya TO Cy YMEpPEHO BJIa)KHA 10 YMEPEHO CyBa CTaHWINTA. 300T aKyMyJjallfje COJHN y
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pu3ochepHUM CIIOjeBMMa MMajy IPeTe:KHO 0a3aH KapakTep M o0pacTajy MpeTeKHO Xa-
noputama. Mako y ocHOBM HeMajy MeXaHWYKM cacTaB cjiabe Cy opraHcKe IpOmyKIuje
300r MaJior calprkaja XpaHJbUBUX MaTepuja U xymyca. JLoOpo cy ocBeT/beHe MOBPILK-
He Ha Kojuma mpeosialyjy xenmodmiHe n TepMoMIHe OMJbKE CYITHUX, KOHTUHEH-
TaJTHUX TIpenesa.
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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 (Cain and Or-
mord, 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 (Herpka, 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 (Orlovi¢ et all.,, 1998;
1999). The construction of an ideotype after Dickmann 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
(Larsen and Mekic, 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 Duby ) 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 (Ostia, M1 and Robusta)
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 Skoric 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 (Jones and
Osmond, 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 NaHCO,, 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 (Stan -
kovic and Walker, 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 H,O m—2s—.

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 (Browning, 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 H,0O m—2s—! (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

Net photosynthesis Transpiration

Clone mg CO, m—2s—! mg H,O m—2s—!

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 227778 12.7778 6.3889
Ml 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 Fexg X Fclone Fexg l:cl X exp
107.85%%%* 44 .13 %% 5.58%%% 101.25%*%* 95.24#*% 20.66%+*
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The ratio between transpiration and net photosynthesis (water use effici-
ency) shows how many units of H,0O have to be transpired in order to fix one
CO, unit (Larsen and Mekic, 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 (H,0/CO,)

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
Flone 32.25%%* Foyp 11.25%%* Flone 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
Folone 1273.17%%% Foyp 1788.31%%* Feione x exp 90-15%%*

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

Net photosynthesis NS —0.53%* 0.85%**
Transpiration 0.48* —0.42%
WUE —0.61%**

Transpiration WUE Biomass

Figure 1 — Dendrogram of cluster analysis
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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 (Gordon and Promintz, 1976; Ceulemans and Im-
pens, 1983; Isebrands etal., 1988; Ceulemans, 1990; Orlovi¢
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 (Ceu -
lemans and Saugier, 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 (Orlovi¢ 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.
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CEJIEKLIIMJA OPHUX TOITOJIA HA E®OUKACHOCT
KOPUITREHA BOIE

Camra C. Opnosuh!, Cno6onanka I1. TlajeBuh?, bopusoj B. Kpcrtuh?
I TTowonipuBpenuu dakyarer Hosu Can, MHCTUTYT 3a TOMOJAPCTBO,
21000 HoBu Cap, e-mail: sasao@polj.ns.ac.yu
2 TIpupogHO MaTeMaTHUYKU (akyiaTeT, MHCTUTYT 3a OMOJIOTHjYy M €KOJIOTH]Y,
21000 Hosu Cagn

Pesume

Y pany cy npukazaHM pe3yjaTaTd UCTpakuBama (GOTOCHMHTE3e, TpaHcHupaluje,
epukacHoctn kopuinhewa Boge (WUE) m Omomace aeBeT KJIOHOBa TOmojda y TpU
MoJbCcKa orjena Ha pPas3IMuATAM TUIIOBUMA 3eMibUIlITa (XymModuyBUCOJ, (GIyBUCOJ
dopma umnosacta, ¢uayBucon (opma meckoButa). KioHOBM amepuuke LIpHE TOIMOJIE
(Populus deltoides) cy umanu Hajehy HeTo oTocuHTEe3y U eduKracHOCT Kopulrhemwa
Bome. PesyntaTtu KopemannoHe aHajau3e Cy IIOKa3aad jaKy Kopemauujy udmel)y HETo
(orocunTeze u 6uomace. EdpukacHoct kopuiithewa Boge U HeTo (OTOCHHTE3a, TPpaH-
cnupanyja u omomaca u eduKacHOCT Kopuinhema Bole M Ouomaca cy Owiau y Hera-
TUBHOj Kopelauuju. McTpaxkuBambe je IOoKa3aJo BUCOKY WHTEPKIOHAIHY BapujaOu-
HOCT y TIOTJIeNy MCTPKUBAHUX (DU3MOJIOIIKUX U TapameTapa pacra.
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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 (Orlovi¢ 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 (Erde§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 (Lit-
tvay, 1999).

Oak fruit, acorn, contains a seed without an endosperm and an achlo-
rophyllous embryo (Watson and Dallwitz, 2000). The size of English
oak acorn depends on tree age and site characteristics, but its form, which is
ovoid, is constant (Sdrkdny and Szalai, 1966). The size of a mature
acorn is not constant and depends on the yield and other growth factors
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(Maksimovic 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 Aizen and Woodcock (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 (Maksimovic¢ 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 Visnji¢evo, Forest Estate Sremska Mitrovica,
State Enterprise “SrbijaSume”, Belgrade. The plantation is situated along the
left bank of the River Sava, in the location “Sancine”, 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 o = 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, Brookes and Wigston (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”
Length (mm) Diameter (mm) Mass (g)
Genotype - - -
min max X min max X min max

4 26.74 24.0 294 16.0def 14.0 17.2 4.44 2.98 5.74
5 32.32 31.0 35.0 16.8be 15.0 18.3 6.12 4.54 7.32
6 25.3¢f 225 27.0 17.92 17.0 19.6 5.5be 3.76 7.15
16 23.8¢8 20.7 26.0 16.2¢de 144 17.5 3.7fe 2.43 5.31
18 26.0de 243 27.6 14.9hi 14.0 16.0 3.68 293 4.99
20 28.0c¢ 23.3 30.7 15.5th  14.0 17.0 3.8¢fg  2.29 4.97

21 28.5¢ 26.3 29.9 18.0a 15.3 19.5 5.8ab 3.83 6.87
22 26.54 24.5 28.2 16.1def 144 17.2 4.4d 3.39 543
25 25.1¢f 239 27.0 15.7¢fe 144 17.3 3.8¢fg  3.30 4.98

28 29.8b 26.3 31.8 16.5bcd 146 18.0 5.5bc 332 6.83
29 26.7d 239 29.1 16.2¢de 14,1 17.8 4.3de 2.83 5.24
30 26.54 243 30.0 15.5f¢h 13.8 17.1 4.2def 318 5.47
33 26.84 242 29.3 15.0hi 13.8 16.2 3.9defe 3,10 4.91
35 24.6te 219 26.0 13.9i 124 15.8 2.8h 1.97 4.12
38 28.7¢ 272 29.9 17.0b 15.5 18.5 5.1¢ 4.14 6.06

40 2674 254 281 146 133 158  38f 309 472

85 3075 288 326 1528h 142 162 42d4f 330 5.16

Average 272 249 293 159 144 174 44 320 5.60
LSDyos 089  — — 062  — — 047 — —
CV% 523 — — 6.28 — — 1726  — —

Kormanik 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. Miao (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 (1> = 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
Percentage in fresh mass (%) Percentage in dry mass (%)
Genotype - -
Cotyledon Pericarp and testa Cotyledon Pericarp and testa
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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TEHOTUIICKA BAPUJABMJIHOCT MOP®OJIOIIKMX OCOBMHA
KHNPA XPACTA JIYKHAKA (QUERCUS ROBUR L.)

Harama I1. Hukomuh!, Camra C. OpnoBuh?
I TIpupoaHo-MaTteMaTuku dakyaTer, MHCTUTYT 3a GUOJIOTHjYy U EKOJIOTHU]Y,
Tpr Hocureja O6pamosuha 2, 21000 Hosu Can, Jyrocnasuja
2 MMoswonpuBpeauu dakynrer, MHCTUTYT 3a TomosiapctBo, AHTOoHa YexoBa 13,
21000 Hosmu Can, Jyrocimasuja

Pesnme

VY pany cy aHanuzupaHe MOp(dOJIOIIKEe 0COOMHE (IyKWHA, MPEYHUK U Maca) Ku-
pa Kol cegaMHaecT IeHOTMIIOBa XpacTa Jykibaka (Quercus robur L.) U3 BeretaTUBHE
cemeHcke maHtaxke baHoB Bpon (Cpewm, Bojsommna). Hajsuiie BpegHOoCcTHM Mace u
JIy)KUHE Kupa yTBpheHe Cy KoJ TeHOTHIa 5, HajBehM MpeYyHMK KOI IeHOTHUIIOBa 6 U
21, nox je reHotun 35 MMao HajHWKE BPEIHOCTHM Mace, AY)>KMHE M TPEeYHMKa KUpa.
Jlobujenu pesyatatu Tpeba ga Oydy jemHa oI CMEpHUIIAa Yy omabuparby OHMX T'€HOTH-
TOBa KOjU Jajy TUIOJOBE ca TMOXKeJbHUM MOPQOJIONIKMM KapaKTepuCcTUKaMa.
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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 (Takhtajan, 1997). Fifteen species of this genus are present
in the flora of Europe (Hawkes and Edmonds, 1972), nine in the flora
of Serbia (Stjepanovic-Veselicic, 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 So 6 (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 (Stjepanovic-Veselicic, 1974).
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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 (S0 6, 1968; Mahn and Lemme, 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
(Kojic 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 (Landolt, 1977). The life form is therophyte
(Landolt, 1977; Kojic 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 (Metcalfe and Chalk,
1957). Rogers and Ogg (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 (Rogers and Ogg, 1981). Sto-
mata number is two to three-fold higher on abaxial than on adaxial epidermis.
Seithe and Anderson (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 Wolf
(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 Y 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-

Figure 1 — Leaf epidermis, stomata of anisocytic type

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

Figure 2 — Hair types: a-b — non-glandular hairs; c-e — glandular hairs
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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 mm? of lamina surface) and size ( m) of stomata of S. nigrum leaves
Sample 1 Sample 2 Sample 3
Number of stomata X+S¢ 131 £ 5 63 +3 64 +2
(adaxial epidermis) 5 217 13.1 12.8
min-max 92—174 37—94 44—87
95 Pct 121—141 57—69 59—69
Ccv 16,6 20,8 20,0
Number of stomata X+S¢ 181 £ 5 89 + 2 116 + 3
(abaxial epidermis) 5 17.6 7.9 14.7
min-max 155—216 81—109 94—144
95 Pct 170—191 83—95 111—122
CcvV 9,7 8,9 12,7
Stomata length X+5¢ 37,7 £ 0,7 39,0 = 1,0 40,1 + 0,7
(adaxial epidermis) . 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 X+S¢ 21,2 + 0,4 21,9 + 0,6 23,3 + 0,6
(adaXial epidermis) o 21 33 33
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 X+5¢ 41,1 £ 1,0 38,1 + 1,1 434 + 1,2
(abaXial epidermis) o 53 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
(6AY 12,9 16,2 15,5
Stomata width X+S¢ 26,9 + 0,6 239 + 0,7 29,7 + 0,7
(abaXial epidermis) G 34 3.6 37
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
(6AY 12,7 15,0 12,3
X — average value; S — 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—S5 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.

Figure 3 — Leaf cross-section at % of leaf width
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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

Figure 4 — Leaf cross-section at the main vein

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 CaCO;, P,0; and K,O. Data on soil characteristics are presented in Table 2
(Krstic 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

pH in pH in CaCO;y Humus Total N AL-P,054 AL-K,O

Habitat KCl H,0 (%) (%) (%) (mg/100 g) (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,

64



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+S; 265 + 12 273 + 11 300 + 6
c 52,3 49,1 27,8
min-max 163—326 194—357 265—367
95 Pct 240—291 250,4—296,3 287—313
(&% 19,7 18,0 9,2
Mesophyll thickness X+5¢ 214 £ 10 211 = 10 240 £ 6
c 43,5 449 26,6
min-max 122—270 148—296 209—306
95 Pct 193—235 190—232 228—253
(&% 20,4 23,3 11,1
Palisade tissue X+S; 109 + 4 112 + 5 123 + 3
thickness o 22,8 24,6 12,8
min-max 71—148 71—153 107—153
95 Pct 101—118 102—122 117—129
(&% 20,9 22,0 10,4
Spongy tissue X+5¢ 104 + 4 103 + 4,7 117 + 4
thickness o 234 243 18,9
min-max 71—153 61—153 92—163
95 Pct 95—112 934—113 108—126
(&% 22,6 23,5 16,2
The ratio of palisade X+Ss 1,08 + 0,03 1,10 + 0,04 1,06 + 0,03
and spongy tissue 5 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
(&% 18,5 18,2 18,9
Palisade tissue cells X+Sr 107,7 + 5,0 111,5 + 17,8 123,1 + 2,7
height o 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
CcvV 25,2 17,8 12,1
Palisade tissue cells X+5¢ 25,7 £ 0,7 29,2 + 1,1 242 + 0,64
width o 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
CcvV 14,1 21,2 14,5
Adaxial epidermis X+Ss 31,1 £ 1,0 31,6 + 1,0 31,2 £ 0,9
cells height 5 71 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
CcvV 22,7 22,4 19,6
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Adaxial epidermis X+S¢ 423 + 19 400 + 14 464 + 1,9
cells width 5 13,6 9.9 133
min-max 21,4—85,7 24,0—63,0 25,2—85,7
95 Pct 38,5—46,2 37,2—429 42,6—50,2
Ccv 32,1 247 28,6
Abaxial epidermis X+Sr 19,9 + 0,9 21,1 £ 0,7 18,8 £ 0,6
cells height 5 57 4.6 42
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
CcvV 28,8 21,7 22,3
Abaxial epidermis X+S¢ 245 + 1,3 274 + 13 22,0 + 1,0
cells width 5 8.6 8.7 72
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
Ccv 35,0 31,9 32,9
The main vein height X+S¢ 942 + 34 800 + 47 965 + 40
c 106,0 149,8 125,9
min-max 780—1118 572—988 780—1170
95 Pct 867—1018 692—907 875—1055
Ccv 11,3 18,7 13,05
The main vein width X+5¢ 766 + 40 662 + 27 828 + 31
G 127,1 84,6 97,3
min-max 650—1066 520—754 728—1001
95 Pct 675—857 601—722 759—898
CvV 16,6 12,8 11,8
The main vein vascular X +S; 306 + 15 251 £ 16 319 + 16
bundle height 5 47.1 49.6 517
min-max 235—408 173—321 255—408
95 Pct 272—340 216—287 282—356
Ccv 15,4 19,7 16,2
The main vein vascular X +S; 394 + 20 329 + 16 428 + 25
bundle width 5 64.7 50.6 80.5
min-max 342—561 255—377 342—556
95 Pct 348—441 293—365 371—486
(&% 16,4 15,4 18,8
Vessel height X+S: 22,9 £ 0,7 21,2 + 1,0 28,1 + 1,0
c 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
Ccv 16,1 26,9 20,1
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Vessel width X+S; 21,0 £ 0,7 19,0 + 0,9 24,8 + 0,7
c

3,6 49 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
(GAY 16,9 25,8 15,8
X — average value; S — the standard error of the average value; c — 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) N * 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 o = 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.
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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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BAPUJABMNITHOCT AHATOMCKUX KAPAKTEPUCTUKA JIMCKE
SOLANUM NIGRUM L. (SOLANALES, SOLANACEAE)
CA PA3JIMUNTUX CTAHULITA

Jlana H. Kpcruh, Jbumana C. Mepkynos, [Tan I1. Boxka
JenapTtMmaH 3a Ouojorujy u exosnorujy, IlpupoaHo-maTeMaTuyku akyirTer,
Tpr I. O6pamosuha 2, 21000 Hosu Can, JyrocnaBuja

Pe3ume

Ha nonpyuyjy EBporie m JyrocnaBuje HajpacnpocTpameHMja KOPOBCKAa BpCTa M3
pona Solanum je Solanum nigrum L. Kako oBa BpcTa Hace/baBa BeoMa pa3jivyMTa CTa-
HUIITA, pa3BWja je HEKOJMKO HauMHa INpuiiarohaBamba ycJoOBUMa CIIOJbAIIIHE CPEIUHE.
Ilo3Harto je ma JAUCT HajBUIlE M HajOp:Ke pearyje Ha YTUIIAje CIIOJballllbe CPeauHE, Te
ce y meroBoj MopdoJIOIIKOj U aHATOMCKOj Tpahji HajooJbe oriena yTUIAj] €KOJIOLIKMX
¢akTopa Ha OwbHM opraHu3aMm. Crora je aHaJM3MpaHa aHAaTOMCKa rpaha JMcke U mo-
KOPMYHOT TKMBA JIMCKE OBE BPCTe UM yropeleHa je kox Omibaka ca pa3aInyMTHUX TUIIOBA
CTaHWIITA, paau YTBphUBarma HUXOBUX CTPYKTYPHUX amartaiuja.

Jlucka S. nigrum je me3oMopdHe rpahe, ca M3BECHUM KCepO-XeIMOMOP(MHUM
aganTtauvjama. Konm aucroBa Ousbaka Koje IMOTHUYY Ca PasIMYUTUX CTAHMUILTA YCTAHO-
BJbEHE Cy pasjiMKe y Opojy cToMa Ha 00a enujepMuca, JJaKaBOCTH, NEO/bUHM JIMCKE,
MaJmcagHoOr M cyHhepacTor TKuBa, Kao M y BeanumHu henuja me3opuia. Hajsehe
BPENHOCTU 3a BehMHY MepeHuX MapamMeTapa AoOujeHe Cy KoJ Ouibaka ca oOpaauBOT
3eMJbMIITa. MIcMUTUBAHU TTapaMeTpy Cy HajBUILIe Bapupav KOI JIUCKU OWibaka ca py-
JIEPATHOT CTaHUIITA, TAE CY M YCJIOBU CIOJbAlllbe CPeIUMHE HajBapujabUIHUjU.
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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 F; and F, 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 F; and F, 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 F; and F, progenies formed significantly fewer grains / spike. On the other
hand, the F; 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 F, 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 F, and F, 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 F, and F, 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)

¢) normal / normal — (Sava x Forlani)

The F, and F, 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 F, and 2000 F, 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 F, and F, 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 F, 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 (Denci¢, 1988).

RESULTS AND DISCUSSION
Number of fertile spikelets / spike
In the crosses normal x branched spike, all F, and F, 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 F, and F, progenies showed a
lower number of fertile spikelets / spike (more than 30% below that of the
better parent (Tablel). 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 F, hybrids (which consisted of
plants with normal spikes) or F, 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
Jinks (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

No. of fertile No. of Grain
Parent and hybrid spikelets / spike grains / spike weight / spike (g)
x (%)* X (%)* x (%)*
(Srf'ovr?n al 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 21,0 439 53.8 75,7 1,67 71,1
Forlani/ZG 172 F-1 19,8 414 63,0 88,6 2,75 117,0
F-2 23,8 49,8 62,9 88,5 2,61 111.1
(Zb‘r}anlg}fe 4 spike) 4738 711 2.35
Sava/ZG-T-171/1 F-1 19,5 66,8 594 1210 225 1541
F-2 18,5 63,4 509 1037 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 60,6 504 1026 2,72 1347
égrzs?ic}ﬁlspike) 292 49.1 1.44
Sava/Forlani F-1 174 97,7 58,0 121,1 2,53 125,2
F-2 16,4 92,1 50,1 104.6 1,95 96,5
(Fn"orr';l‘:l spike) 15.5 479 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 F, and F, 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 F; 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 F, were lower
but still heterotic. In the cross Sava x Forlani (both normal spikes), the F, hy-
brid was superior (21.1%) to the better parent (Forlani).

Grain weight / spike

The F, and F, 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 F, and F, (17.0% and
11.1%, respectively) (Table 1).

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

In the F, 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 F, seed production. Consequently, the required level of heterosis needs to
be at least 6% (Pickett and Galwey, 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 (Briggle et al.,, 1967a, b; Boland and Walcott, 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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XETEPO3UC ¥V YKPIUTAFbUMA T’EHOTUITOBA TMINEHULIE
CA PA3JIMYNUTOM APXUTEKTYPOM KJIACA

Bopucnas b. Kobumwcku, Cpoucnas C. denunh
Hayynu MHCTUTYT 3a paTapcTBO M TMOBPTapCTBO,
Maxkcuma I'opkor 30, 21000 HoBu Can, JyrocnaBuja

Pesume

Ca umM/beM MpolieHe XMOPUAHOT BUTOpA, T. j. XeTepo3uca YKPIITEHU CY TeHOTH-
TIOBY MIIICHUIIE Ca Pa3TNUUTOM apXUTEKTYpOM Kiaca (HOpPMajHU, TETPACTUXOH U Tpa-
Hatu), u y @, u @, reHepaluuju cy aHaIU3UpaHu OpOj MIOAHMX Kiacuha mo Kiacy,
Opoj 3pHa Mo KjJacy M Maca 3pHa Mo kjacy. PoauTesbu 3a ykpuiTama cy OWid copra
CaBa (HopMmanHu Kiac), copra Popnanu (Hopmaiuu kiac), sunuja 3T T 171/1 (te-
TpacTtuxoH knac) u ouauja 3I' 172 (rpanatu kinac). Y @, u @, reHepaumju je, ceM Koj
ykpitaba CaBa/@PopnaHu, yIBphieH MarmbK IpoceyaH 0poj TuiogHux kiaacuha 1mo Kia-
Cy y OIHOCy Ha Oosber poauTesba. Y YKpHITatbMMa FeHOTUIIOBAa ca HOPMAJIHUM U Tpa-
HaTUM KiacoBuMma mienuie, y @, u @, reHepauuju je dopMupaH 3HAYAjHO Marbu
6poj 3pHa 1o kinacy. Hacynpor oBum pesyaratuma, y @, reHepalmju yKpIlTamba reHo-
TUIIOBA HOPMAJIHUX M TETPACTMXOH KJIacoBa YTBplEeH je BMCOKO3HAuyajaH MO3UTHUBAH
XeTepO3MC 3a CBOjCTBO OpOj 3pHA IO Kjacy, M TO HapouuTo y ykpiuTamwy Popianu/3T
T 171/1. 3a cBojcTBO Maca 3pHa IO Kjacy, 3HayajaH IMO3UTUBHM XETEPO3UC je yTBpHeH
KOl CBMX YKpIITama, ca u3y3eTkoM kombuHauuje Capa/3I 172.

IloreHumjanHo moOpa yKpIuTama 3a IIPOM3BOMIGY XMOPUAHOT CeMeHa ITIICHUIIE,
a KOJl KOjuX je yTBpheH 3HauajaH XeTepo3uc 3a JBe KOMIIOHEHTe MPUHOCA, Cy YKpIITa-
ha n3Mel)y TeHOTMIIOBa ca HOPMAJIHUM M TETPACTUXOH KJIAacOBMMA, M 3aTO OBaj THII
VKpIITaa 3aciyKyje TOoJaTHY MaKby M Jajba UCTpaXKuMBarba.
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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 E, (PGE,) that has proinflammatory
properties and can stimulate bone resorption. Studies have shown positive cor-
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relation of PGE, 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 PGE, in particular is clo-
sely associated with periodontal status and it appears to reflect the disease ac-
tivity.

Inhibition of PGE, 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 PGE, 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
plaque and calculus on the gingival third of tooth surface
plaque and calculus on the middle third of tooth surface

1
2
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
bleeding within 30 sec. after probing

1
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2
3

bleeding immediately after probing
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
1I 0.71 0.78 p > 0.05
111 0.78 0.81 p > 0.05
v 0.82 0.89 p > 0.05
3
Ogroup A
2.5 1 Egroup B
2 .
1.5 1
1 4
0.5 _ .
0 T T T T
baseline | 1l 1 v
Figure 1. — Plaque index — the bars represent mean values

for each week of the examination period
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1
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Figure 2. — Gingivitis index — the bars represent mean values

for each week of the examination period

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
PGE,, and on bone loss as well.

Investigating the effects of different non-steroidal anti-inflammatory drugs
on experimental periodontitis in beagle dogs, Offenbacher et al. (1992)
reported a significant decrease in the gingival crevicular fluid levels of PGE,
in all non-steroidal anti-inflammatory drug-treated animal groups [5]. Abram -
son et al. (1992) analyzed the clinical and biochemical effects of systemic
flurbiprofen on gingivitis in humans. They concluded that gingival crevicular
fluid levels of PGE, were significantly decreased in flurbiprofen-treated pati-
ents when compared with the placebo group. One week after drug administra-
tion was discontinued, PGE, levels returned to baseline levels [1]. Heas-
man et al. (1993), who also investigated effects of systemic flurbiprofen on
experimental gingivitis in 21 patients, reported similar results [2]. Jeffcoat
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 PGE, 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 PGE,
coincidences with clinically reduced gingival bleeding scores, several other in-
vestigators reported opposite results. Vogel 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]. Johanson 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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KIIMHNYKN E®EKTU IMTPUMEHE UBYITPO®EHA
Y KOH3EPBATUBHOJ TEPAIIMUIN MTAPOJOHTAJIHE BOJIECTU
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Xajnyk Bemkosa 12, 21000 Hosu Cap

Pe3ume

bakrepuje m OGakTepujcku MpPOAYKTH ce Beh ayrm HM3 roauHa O3HavyaBajy Kao
[JIABHU Y3POUHULIM MApoJOHTaIHe OosiecTh. MelyTuMm, JaHac je jacHO na U APYyTd Me-
XaHU3MM, MpPe CBEra UMyHU OArOBOp AoMahuHa, Urpajy BEJMKY YJIOTY Yy AECTPYKUUjU
NapoJOHTATHUX TKKUBA. McTpaxuBama Cy Mokas3aja 1a apaXUJAOHCKAa KUCEJIMHA U Hbe-
HU MeTaboJUTH, a TIpe CBUX MpocTtarjaHnauH E2, umajy 3HaTtaH uMHGbJIaMaTOpHU T0-
TEHLHMjal U Ja JAOBOJE 0 PECOpIILMje ajiBeosiapHe KOCTU. Pe3yntaTu MHOTruX CTyauja
MoKasyjy Ja NpuMeHa HeCTePOUIHUX aHTUMHOIAMATOPHUX JIEKOBA JOBOAU IO CMathe-
HBba HUMBOA MpocTariaHaMHa E, y TMHIMBaMHOj TEYHOCTU M 10 CMameHa KOLUTaHE pe-
copIyje.

OBO HUCTpaKUBamhe IIPEdy3eTO je ca LIM/bEM Ja Ce MCIUTA yTullaj ubympodeHa,
jEMHOT OJi HECTEPOUIHUX aHTUMMHGbIAMATOPHUX JIEKOBA, Kao NOIMYHE KOH3EPBATUBHO]
Tepanuju mapoJoHTajaHe OOJeCTH, Ha KIMHUYKM Hajla3 Ha mapomoHLujyMy. [BameceT
MeTopo MalMjeHaTa je HAaKOH KOH3epBaTMBHE Teparuje MojesbeHo y jaBe rpyne. Ilamm-
JEHTH Tpyne A y3uMasu Cy CBaKOAHEBHO TOKOM Mecell JaHa 200 mg ubynpodeHa, 1ok
naunujeHTu rpyne b Hucy npumanu HUKakBy Menukauwujy. PesdyntaTu cy mokasaim na
je Kop TanujeHata o0e Tpyme, HaKOH YKJIarbama Cylpa- M CyO-TMHTMBAJHUX Hacjara
1 00pajie MapoJOHTAIHUX 1IEMOBA, JAOLUIO 10 3HAYajHOT CMamea UHbIaMaluje THH-
ruBe. U3melyy, mak, cpeamux BpeAHOCTH TUIAK MHIEKCA, TMHTUBAJIHOT MHIEKCA U WH-
JIeKca KpBapewa TMHTYBE MallijeHaTa JBe UCIUTUBAHE Ipyrne HUje OUI0 CTAaTUCTUYKUA
a, M0 HalleM MUIJbEHY, HU KIMHUYKM 3HauyajHuX pasznuka. Crora 3akbydyjeMo aa
ubynpodeH HUje MMao 3Ha4yajHUju MO3UTUBAH YTUIAj HA KJIMHUYKM Haja3 Ha mapo-
IOHILIMjYMY KOI OBHUX MallijeHaTa.
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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 -
vicé, 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
\Y% 6.00 7.75
P 5.00 5.00
z 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
\Y% 7.00 10.50
P 5.00 5.00
b 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
\'% 7.50 11.75
P 5.25 5.25
z 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
A% 8.25 12.00
P 5.25 6.00
z 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
\% 10.50 14.75
P 6.25 8.50
z 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
A% 12.50 16.50
P 8.00 10.25
z 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;
Savovicé, 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, Kobal 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, Broich 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. Davies et al. (1999)
and Petrulis etal. (1999) also found significantly better olfactory function
in females.

Hvastia and Zanuttini (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, Simola et al. (1998)
and Kalmey et al. (1998) found no difference in the olfactory function
between the sexes.
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Hornung and Leopold (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.

Gangestad and Thornhill (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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YTULAJ TTOJJA HA MUPUCHY ®OYHKLNIY
KO/ 3APABUX MCITUTAHUKA

Cno6oman H. Casosuh!, Bnamumup WM. INunuja2, Cnobomanka H. Jlemajuh!,
Maja M. Bymuuk!, ejan I1. Hununh3, Becna I1. MBetuh*
I Knununuku nenrtap, Hosu Can, KimHuka 3a Gosiectn yBa, Ipja UM HoOcCa,
Xajoyk Bemkosa 1—3, 21000 HoBu Can, JyrocinaBuja
2 MeauumHcku dakyarter, 3aBoa 3a aHatoMujy, Xajayk Bembkosa 3,
21000 HoBu Can, JyrocnaBuja
3 UHctutyT 3a oHkojorujy, Knmmauka 3a xupyprujy, Onmeberbe 3a TMHEKOJIOTH]Y
4 MemuuuHcku (akyateT, 3aBoa 3a dusnonorujy, Xajayk Besbkona 3,
21000 Hosu Can, JyrocnaBuja

Pe3ume

Ocehaj mupnca je Hajciabuje mpoydeH ol cBMX Ipyrux ocehaja. BaxkHoct opra-
Ha MUpHuca 3a 4YoBeKa oriefna ce u3Mely ocTajor M y TOMe INTO HajBUIIE ONl CBUX
OCETHUX OpraHa yTWUe Ha MYIIEBHO PAaCIIOJOXCH-C, BETeTaTUBHE, BUCIICPATTHE U CEK-
cyanHe ¢yHkuuje. Llmb oBor pama je 0MO Oa ce YTBpAM YTHUILIA] MOJIAa HA MHUPUCHY
dynakmjy. Y pamy je obyxsahieno 120 mcrmranuka (60 »xeHa m 60 MymTkapaiia) pa3Bp-
cranux y Tpu ctapocHe rpyme (20—30 r., 31—40 r., 41—50 r.). UcniutuBame je ypa-
Heno ondakromerpujckoM MeromoMm 1o Fortunato-Niccolini-jy ca 1ecT MCIUTUBAHUX
mupucHux Matepuja A — anethol, PH — phenyl-ethyl-alcochol, C — citral, M —
menthol, V — vanilline, P — pyridin, npu 4yemy cy oapelheHu nparoBu mnepuerniuje
(TI1) un mparoBu uaeHTudukanuje (TH) 3a cBaky MCIUTUBAHY MUPUCHY MaTepujy.
Kene umajy Hemro Huke mparose nepuenuuje (ITI1) n unentndukauuje (ITAN) uc-
MUTUBAHUX MUPUCHMX MaTepuja y OMHOCY Ha MYIIKaplie MCTe KUBOTHE MOOM, amu 6e3
CTAaTUCTUYKE 3HAYajHOCTH, OCUM Yy Tpynu ucnutanuka 41—50 r. rae »xeHe umajy 3HaT-
HO 00Jby MUPHUCHY (DYHKIIH]y, IITO C€ MOXKEe 00jaCHUTHU MaJIOM MHMPHCHE CIIOCOOHOCTHU
C roavHaMa y oba roJja, ajii KoJ jKeHa Te KMBOTHE JI0OM joll YBEK MOCTOjU JAOBOJbAH
HMBO €CTpOTreHa KOju TMPOTEKTUBHO YTUYE HAa MUPHUCHY (DYHKIIH]Y.
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INSTRUCTIONS FOR AUTHORS

1. General

1.1. Proceedings for Natural Sciences accepts original works, review pa-
pers, and short communications on all subjects implied by the journal’s title.
Review papers are published only at the invitation of the board of Editors. Pa-
pers already published or under consideration elsewhere cannot be accepted.

1.2. Manuscripts are accepted in English. They must be correct in terms
of grammar and style. Authors are requested to submit manuscripts in triplica-
te (original plus two copies). Authors whose native tongue is not English sho-
uld also submit a copy of the paper in the original language.

1.3. Upon receipt of a manuscript, the author will be sent the file number
of the paper. This number should be quoted in all correspondence. The Editors
will try to inform the author about the status of the paper within three months.
Each paper will be reviewed by at least two reviewers. If a paper is not accep-
ted, the manuscript will not be returned to the author.

1.4. Manuscripts submitted for publication should be sent to the Editorial
Office of Proccedings for Natural Sciences, 21000 Novi Sad, Ul. Matice srp-
ske 1, Yugoslavia.

2. Preparation of manuscript

2.1. The maunscript must be typed double space throughout (including
references, table, etc.), on A4 paper, and all margins should be kept wide (2.5
cm).

2.2. Manuscripts should be divided into sections, viz. Abstract, Key
words, Introduction, Material and/or Methods, Results, Discussion, References,
Abstract in Serbo-Croatian, Acknowledgements.

2.3. The title of the paper should contain as many relevant terms as pos-
sible, but should be limited to about 10 words.

2.4. The key words should indicate the scope of the paper. They should
be given in alphabetical order and separated by commas. Key words should
not exceed 100 characters.

2.5. The names, family names and middle names, of all authors with at
least one first name should be spelled out for each author. The affiliation of
the authors (without abbreviations) and where the contribution originated, in-
cluding complete postal addresses, should be specified.
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2.6. The abstract should be given in two languages, English and Ser-
bo-Croatian. It should be as informative as possible, and it should summarize
the contents of the paper. The former should not exceed 5% and the latter not
10% of the length of the entire manuscript. The abstract in Serbo-Croatian
should include the title of the paper, the name(s) of the author(s), and his/their
affiliation.

2.7. Acknowlegdements of financial support, advice, or other kinds of as-
sistance should be made at the end of the paper, under the heading ,,Acknowl-
edgements”.

2.8. Papers should not exceed 12 typewritten pages, including references,
tables, legends, and figures.

3. References

3.1. References should be limited to those that are absolutely necessary.

3.2. References to literature should be arranged alphabetically; cite ex-
actly as follows:

a. Journal articles
Author CD, Author DC (1990) Title of article. Plant and Soil 135:
102—134.

b. Book articles
Author ED, Author SI, Author BB (1991) Title of article. In: A Blom, B.
Lindau, Eds., Title of book, Ed 3, Vol 2, Publisher, City, pp 242—255.

c. Doctoral theses, M. A. Theses and Habilitations
Author VA (1989) Title of thesis. PhD Thesis. University, City.

d. Books
Author AE (1987) Title of the book. Publishers, City, pp 237.

e. No authors or editors
Title of booklet, pamphlet, etc. (1989) Publisher of company, City.

f. Unpublished works

Cite an article as ,,in press” only if accepted for publication; cite the jour-
nal in which it will appear.

3.3. Journal names should be abbreviated in conformity with the Biblio-
graphic Guide for Authors and Editors (BIOSIS, Chemical Abstracts Service
and Engineering Index, Inc., 1974).

3.4. References to literature in the text should be made by mentioning the
last name of the author and the year of publication. In the case of two authors,
both should be mentioned, but with three or more only the name of the first
author plus ,.et al.” should be given.

3.5. If an author is cited who published several papers in the same year,
add a, b, c, etc, to the year of publication, both in the text and references.

4. Tllustrations

4.1. Figures are of two kinds: black-and-white photographs and drawings.
Photographs must have good contrast; line drawings must be neatly drawn,
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boldly in black ink on good quality white tracing paper. In addition to the
usual line-drawn graphs, also treat metabolic schemes, complicated formulas,
and large or complex tables as figures.

4.2. All letters, numbers, and symbols must be large enough in the origi-
nal to be at least 1.5 mm high after reduction. The lettering of figures should
also be drawn in black ink.

4.3. Figures should be added separately, i.e., not inserted in the typed
text. Legends should, if possible, be inserted in the figures.

4.4. The position of figures should be indicated at the left margine. Figu-
res are to be numbered with Arabic numerals.

4.5. Every figure must be accompanied by a caption. The caption must
explain the contents of the figure. Captions are not to be typed under the figu-
res, but should be compiled on a separate page.

5. Tables

5.1. Tables are to be typed on extra pages (one page per table), at the end
of the manuscript.

5.2. Tables are to be numbered with Arabic numerals.

5.3. Each table must begin with a caption. The caption must explain the
contents of the table.

5.4. Footnotes to a table should be typed directly under the table.

5.5. The position of tables should be indicated at the left margin.

6. Units, names, formulas, and abbreviations.

6.1. Only SI quantities and units are to be used (SI = Systeme Internatio-
nal d’Unit’s); in exceptional cases, other officially accepted units may be used.

6.2. For molar concentration, an italicized M (underlined) should be used.

6.3. Biological names in Latin should be italicized (underlined).

6.4. Chemical structural formulas and equations should be drawn (not
written or typed), ready for photographic reproduction.

6.5. Only standard abbreviations should be used. Where specialized ab-
breviations are used, the term should be given initially in full with the abbre-
viation indicated in parentheses.

6.6. Mathematical expressions should be written in such a way as to use
the minimal number of lines, while retaining their clarity, for example: 2/3 in-
stead of 2:3, exp (-ab) instead of e, etc.

7. Short Communications

7.1. Proceedings for Natural Sciences offers an opportunity to publish
short communications on all aspects that are implied by the journal’s title.

7.2. Short communications are limited to 4 typewritten pages including
all illustrations.

7.3. The presentation and format of the short communications are similar
to those of a normal paper, except for the list of references, in which the titles
of the papers should be omitted.
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8. Information of authors

8.1. When the manuscript has been accepted, the author will be informed
of the approximate time of publication.

8.2. Corrections of the proofs should be restricted to printer’s errors only.
Other than these, substantial alterations will be charged to the author. Proofs
should be handled promptly and returned to the Editorial Office.

8.3. Fifty offprints are supplied free of charge. Copies in addition to these
may be ordered and paid for through the Editorial Office.

9. DISKETTES: After acceptance, the final revision should be submitted
on disk. Include text, tables and figures on a double-density or high-density
3.5-inch diskette. An accompanying printout is needed to facilitate the incor-
poration of electronic tables and figures. Word for Windows (any version) is
the preferred word-processing program. When copying the paper on disk, it is
important to follow this procedure: File>Save as>Options>Embed True Type
fonts>ok>Save.
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VYIIVTCTBO 3A AYTOPE

1. Omiute HaromeHe

1.1. 300pHUK 3a TIPUPOJHE HayKe MpUMa OpPUTMHAJIHE paloBe U TIpe-
[JIeJHEe WIaHKe Kao M KpaTKa CaolllTeHa U3 CBUX HAyYHMX 00JIaCTH Koje 00-
yxBaTa Ha3uB yaconuca. [IpersienHu pagoBu ce objaBibyjy caMO Ha IO3UB pe-
nmaknuje. PagoBu kKoju cy Beh 00jaB/beHM WJIM CY IIOCJIaTU 3a 00jaB/bUBAILE Y
JIpyroM 4acoIiucy He MOry OuTuh mpuxBaheHU.

1.2. IlpuxBarajy ce pyKonucH MUCAaHU HAa SHIJICCKOM je3uKy. Je3auk Mopa
OUTHU ucrmpaBaH y IOIJIEAY rpaMaThKe M CTWIa. Ayropu Tpeba Ja Ipenajy py-
KOIIUC y TPU TpUMepKa (OpUTMHA U JIBE KOMUje). AYyTOPU UMjU MaTePHU je-
3UK HHUje CHIJIECKM Takohe Tpeba dga MpUJIOKEe M KOMNUjy paga Ha M3BOPHOM
je3UKYy.

1.3. Ilo npumary pykomnuca, ayropu he nooutu peagHu Opoj cBora paja.
Taj 6poj Tpeba HaBoAMTHU y Jasboj npenucuu. Pemakuuja he obaBecTUTH ayTo-
pe o mpucriehy pykomnuca U MUIUbEHY PELEH3eHaTa y POKY O TpU Mecelia
on npujeMa. CBaku paa peUEH3Mpajy HajMame IBa pelieH3eHTa. AKO pal He
Oyne mpuxBaheH, pykomnuc ce He Bpaha ayrtopy.

1.4. Pykommce 3a o0jaBipuBarbe Tpeba cliaTy Ha aapecy pemakmuje 300p-
HUKa 3a NpupojHe Hayke, Y. Matuue cpricke 1, 21000 Hosu Can, Jyrocna-
BUja.

2. Ilpunpema pykomnuca

2.1. Pykonucu ce Kylajy ca ABOCTPYKMM IIPOPEIOM Y CBUM JAcJIOBMMa
TekcTa (yK/byuyjyhu nureparypy, Tadese utd.), Ha nmanupy ¢dopmata A4. Cie
MapruHe Tpeba ma Oymy mmpoke 2,5 caHTUMETpa.

2.2. Pykormmc Ttpeba momenutu Ha: Caxkerak, Kibyune peum, YBom, Ma-
Tepujasl u/uau mertonae, Pesyntatu ucnutuBawa, Pacripasa, JIuteparypa, Ca-
JKeTaK Ha CPIICKO-XPBAaTCKOM je3UKY, 3aXBaJIHOCT.

2.3. HasuB paga Tpeba nma Oyae mH(pOpMaTUBaH, ali HE OY>KM OJ JeCeT
peun.

2.4. KibyuHe peuu Tpeba Ja ykasyjy Ha LIEJOKYMHY MpOOJEeMaTUKy HC-
TpakmBarba. Tpeba WX HaBeCTH abelleAHWM peIoM M OIBOJUTH 3ape3nma.
Kmbyure peun He Tpeba ma Tipel)y CTO CITOBHMX 3HAKOBA.

2.5. Tpeba HaBecTH Mpe3uMMeHa, CPellle CIOBO M MMEHa ayTopa paja
Kao M Ha3uB ycTaHoBe (0e3 ckpaheHmMIa) y KOjoj je pam HacTao, 3ajeJHO ca
ITyHOM TTIOIITAHCKOM alpecoM.
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2.6. CaxeTak, Ha €HIVIECKOM M CPIICKOM, TpebOa jga Oyme mHbopMaTHBaH
U Ja pe3uMupa campikaj pamga. Jy)KuMHa €HIJISCKOT CcakeTKa Tpeba ma Oyde 1o
5%, a cprckor go 10% nyxmuHe ykymHor tekcta. CpIICKM ca)keTak Tpeba aa
CaZip’KM HacJOB pajaa, Mpe3uMeHa M MMeHa ayTopa M Ha3MB YCTAHOBE Y KOjU-
Ma Cy ayTopu 3arocJieHH.

2.7. TlopaTtke o (puHAHCUjcKOj TToMmohu, caBeTMMa U IPyrMM BpcTama
noMmohu Tpeba HaBeCTU Ha Kpajy paja, IIOoJ HacJIOBOM 3axBaJHOCT.

2.8. PagmoBu He cMejy OuTHM Ay:Xku on 12 KyLlaHMX CTpaHa, YKJbydyjyhu
JIATEpaTypy, Tabese, JereHIe U CIUKe.

3. JIurepartypa

3.1. JIutepaTypy Tpeba OorpaHMYMTH Ha HEOIXoJaH Opoj HaBoja.

3.2. JluteparypHe HaBome TpeOa CIOKUTU aOCLEOHMM pPEIOM, Ha CIlele-
hu Haumn:

a. Yranum u3 yacoruca Ayrop CD, Ayrop DC (1990) Hazus pama. Mme
yaconuca 135: 102—134.

0. YnmaHUuM U3 KHUra

Aytop ED, Ayrtop SI, Ayrop BB (1991) Ha3uB uuTtupaHor nejia Keure.
¥: A. Blom, B. Lindau, Eds., HazuB kwure, Ed 3, Vol 2, U3nasau, I'paxn,
242—255.

B. Jluceprauuje
Aytop VA (1989) Hazus Te3e. JlokTopcka aucepraiivja. YHUBEP3UTET,
I'pan.

r. Kibure
Aytop AE (1987) HaszuB kwure, MzpaBauu, I'pan, 237.

n. ITybnukaiuje 6e3 aytopa Wiu ypeaHUKa
HasuB xwure, opomype, uta. (1989) MznaBau wiu ycraHosa, I'pan.

h. HeoGjaBmeHu pamoBu

Hasop ,,y mrammm” Tpeba ma ce omHOCH camMo Ha IpuxBaheHe pamose;
HaBeCTU MMe Yacolmca y Kojem he panm OuTu oOjaBibeH.

3.3. MmeHa yaconuca tpeba ckpahupatu npema ,,Bibliographic Guide for
Authors and Editors” (BIOSIS, Chemical Abstracts Service and Engineerings
Index, Inc., 1974).

3.4. PedepeHuie y TekcTy Tpeba na yk/byye IMpe3uMe ayTopa W TOAUHY
u3gama. AKO MMa JBa ayTropa, Tpeba HaBeCTU 000jully, a y Clydyajy Tpu WU
BUIIIE ayTopa Tpeba HaBeCTU IIPBOI ayTopa M Ha3HA4YUTU et al.”.

3.5. AKo ce HaBoje ABa WM BUILE paJoBa UCTOI ayTopa, 00jaBJbeHUX Y
WUCTOj TOAMHU, MOTPEOHO je y TEKCTY W CIIMCKY JIMTepaType CTaBUTU a, b, ¢
WTI. W3a TOIWHE O0jaBJbUBaibHha.

4. Nnycrpauuje

4.1. 3a wiycTpaluuje MOTY ce KOPUCTUTU LIpHO Oeje ¢oTorpaduje u up-
texkn. Dororpaduje Tpeda ga MMajy 1obap KOHTPACT a LPTeKU Tpeba na Oymny
LpTaHU TyllleM, Ha manupy Aobpor kBaiutTeTa. OcuMm rpacdukoHa, MeTabo-

96



JINYKE IIeMe, KOMIUTMKOBaHe (hopMyJie M BEJIMKE WIM KOMILIMKOBaHEe Tabese
Takohe Tpeba TpeTupaTu Kao CIUKE.

4.2. CBa cioBa, Opojke U cumMOonu Tpeba Ja Oyay JHOBOJBHO BEIUKHU Y
OpUIMHaly, TaKo Ja IOCJie cMambrBama He Oyay Mawbu on 1,5 mm. TekcT Ha
cMKaMa M rpaduKoHMMa Takohe Tpeba MCIucaTd TYILIEM.

4.3. Mnycrpauuje Tpeba MpUIOKUTU y3 paja a He yMeTHyTe y TekcT. Ilo
MoryhHOCTH, JiereHIe Tpeba Ha3HAaYMTU Ha WIycTpalujama.

4.4. Mecra uiycTtpaiuja Tpeba O3HAUYUTU Ha JIEBOj MaprUHU, aparncKuM
OpojeBUMa.

4.5. Cpaka wmiycTpalyja Tpeba Ja uMMa TEKCT KOoju oOjalllraBa CamapiKaj
npwiora. TekcT 3a wiycTpaluje Tpedba KyllaTu Ha MOCeOHO] CTpaHu.

5. Tabene

5.1. Tabene Tpeba KylaTWM Ha OJBOjeHMM cCTpaHama (jemHa TabOena IO
CTpaHM) U IIPWIOKUTU MX Ha Kpajy paja.

5.2. TaGene ce o3HauaBajy apaliCKMM OpojeBMMa.

5.3. CBaka Tabena Tpeba ga IOYHE HACJIOBOM KOjU OOjalllhaBa HheH ca-
APKa.

5.4. HanmomeHe Tpeba KyllaTM OoIMax MCIIOA caMe Talere.

5.5. Mecra Tabejia y TeKCTy Tpeba O3HAUMTU HaA JIEBOj MapryUHU.

6. Jenunuiie, nMeHa, dopmyine U ckpaheHulle

6.1. Tpe6a kopuctutu SI o3Hake KoiuumHa U jenuuuna (SI Systeme In-
ternational d’Unit’s), u3y3eTHO ce€ MOTY KOPUCTUTU M JIpyre 3BaHUYHO TPU-
xBaheHe jenuHule.

6.2. MosapHy KOHIIEHTpalujy Tpeba o3HauMTh ca M u TmoaByhu.

6.3. Buosonika MMeHa Ha JIaTUHCKOM Tpeba momByhu.

6.4. Xemujcke CTpPyKTypHEe (opMysie M jemHaumHe Tpeba Hampraty (He
WUCIIUCUBATA WIM KyLATH) U MPUIPEMUTH 3a (PoTorpadcKy perpomyKiujy.

6.5. TlpuxBarajy ce camo craHmapmHe ckpahenume. Ilpu kopunrherby
CIieliMjaTHuX ckpaheHula, myH TepMUH Tpebda HABECTU MPUIMKOM IPBOT CIIO-
MUIbakha, a CKpaheHMIly JAofaTy TOJI HABOIHUM 3HAllMMa.

6.6. MateMaTuky m3pa3u Tpeba ga Oymy HalMcaHU TaKo Ja ce KOPUCTH
HajMambu Opoj peloBa, alu Ja ce cayyBa YMT/BUBOCT, HIp. 2/3 ymecto 2:3,
exp (-ab) ymecro a-ab, utn.

7. KpaTtka caomiuTera

7.1. 300pHUK 3a TIPUPOAHE HayKe Hyau MoryhHocT obGjaB/buBarba KpaT-
KHX CaoIlllTeHha O CBUM HayYHUM objacThuma oOyxBaheHWM Ha3MBOM 4aco-
nuca.

7.2. BennumHa KpaTKOT CAOIIITEHa je OrpaHMYeHa Ha 4 KyllaHe CTpaHe,
VKJbyuyjyhu CBe MiIycTpaluje.

7.3. Kpatko caomiteme ce Muile Mo YHMyTCTBMMA 3a MpUIIpeMy pana
HOpMaJiHe AY)KMHE, CeM IITO Yy JUTepaTypu Tpeba M30CTaBUTH HACIOBE paja.

8. ObGaBelraBarbe ayropa

8.1. Kama pykonuc 6yne npuxaheH, ayrop he o nmpuOIMKHOM BpeMEHY
o0jaB/bMBaba OMTU O0aBEIITEH y MUCAaHOj (POPMHU.
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8.3. McnpaBmbame TEKCTa MPUIIPEMIbEHOT 3a ILITaMITy Tpeba OorpaHUYUTU
Ha IlITaMIlapcKe Tpellke. 3HavyajHe MpoMeHe Tekcra he ce HarahuBatu. Ko-
PUTOBaHM TEKCT Tpeba BpaTUTU YPEAHUINTBY y Hajkpahem moryhem poky.

8.3. Ayropu no6wujajy 50 OecruiaTHUX NMpUMepaka cerapara. AKO ayTop
JKenu BehM Opoj cemapaTa MOKE€ MX HApyduTU KOJ M3[JaBaya y3 HaJOKHaIy.

9. KOITHNJA PAJA HA JUCKETU

Ilocne nmpuxBarama paga MOTPeOHO je JOCTABUTU JUCKETY ca KOHAYHOM
Bep3ujoM paga. duckera Tpeba ga caap:Ku TEKCT paga, Tabese U cluke (IIpu-
Jiore) Ha DD wau HD aucketu ox 3,5 unua. [lpunoxkure U jenHy KOTUjy Of-
IITaMIAHOI paja paau Jlakiie oOpane Tabema m ciavka. Moaumo jga obpamy
TekcTta BpiuuTe nporpamomM Word for Windows (6uno koja Bepauja). [Tpunu-
KOM KOIlMpama paja Ha AUCKETy, Mpuap:kaBajre ce ciaenaehe mpouenype: File>
Save as>Options>Embed True Type fonts>ok>Save.
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