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THE ASSESSMENT OF PHYSIOLOGY PARAMETERS
OF WILLOW PLANTS AS A CRITERION FOR
SELECTION OF PROSPECTIVE CLONES

ABSTRACT: Bioenergy production based on short rotation coppice willow planta-
tions (SRC) is an effective direction both for economic and environment profit. The yield of
willow wood can amount to 10-15 tons per hectare of dry biomass per year and the cost of
thus obtained energy is lower in comparison with other energy crops. In order to achieve
high yield and profitability, the use of special willow clones is necessary. Species most often
used in selection for biomass production are shrub type willows: Salix viminalis, Salix dasy-
clados and Salix schwerini, while the clones tested in this paper were also of tree species
Salix alba. The productivity and some physiology characteristics of Serbian selection clones of
Salix alba (Backa, Volmianka and Drina) and Swedish selection clone Jorr (Salix viminalis)
were investigated in greenhouses and in field conditions. As the result of testing three clones
of Salix alba — Backa, Volmianka and Drina, having special preferences and adaptability to
different environmental conditions, these were included in State register of Republic of
Belarus in 2013. In our experiment it was also satisfactory that specific properties of wil-
lows (intensity of transpiration and photosynthesis, water use efficiency and others), were
conserved both in greenhouses and in field conditions. This factor gives opportunity to
select prospective clones of willows at an early stage of ontogenesis for further testing.

KEYWORDS: bioenergy, willow, selection, varieties, physiology parameters

INTRODUCTION

Bioenergy production based on short rotation coppice plantations (SRC)
is widely introduced in some European countries, USA and Canada [Rodzkin
et al., 2012]. Willows have a special place among energy crops due to their
high potential in productivity and broad tolerance to environmental factors.

* Corresponding author e-mail: aleh.rodzkin@rambler.ru



The average yield of willow wood is 10—15 tons per hectare of dry biomass per
year [McElroy 1986], which results in a lower cost of energy obtained from
willow wood compared to other crops [Keolian 2005].

The assessments of cost of energy crops production on the basis of total
costs and risk assessment were done in Sweden [Rosenqvist and Nilsson
2007], where the cost of energy from willow biomass was 4—5 Euro/GJ, from
poplar 5—-6 Euro/GJ, from hemp 89 Euro/GJ, from reed 6.5—-6 Euro/GJ, from
silver-grass 7.9—8.5 Euro/GJ and from triticale 6.7-7.1 Euro/GlJ. In Poland, the
assessment of cost of energy crops has shown that the highest profit was from
willow wood [Krasuska 2011]. According to Polish agricultural market, energy
crops can be as competitive as cereal crops.

In order to achieve high yield and profitability, the use of special willow
clones is necessary. In the former USSR the special breeding program of wil-
low clones selection started in 1960s and 1970s [Skvortsov 1968]. The willow
biomass was used for baskets, furniture, as building material and for other
purposes [Levitskiy 1965]. As prospective candidates, hybrid varieties of wil-
low Jarvim, Omvim, (Salix schwerinii), Chillin-3, (Salix viminalis x Salix
chilkoans), Jikin-7, (Salix viminalis x Salix purpurea) were selected, and dur-
ing field testing the highest biomass production was obtained by varieties of
Salix schwerinii.

Selection of willow for energy purposes started after 1970’s. The following
species of willow were most actively used for selection: Salix viminalis, Salix
dasyclados, and Salix schwerini. These species were characterized as high
productive with a large number of sprouts and fast sprout re-growing. They
belong to bush types of willow [Caslin et al., 2012; Tuck et al., 2006]. But along
with these characteristics for selection, it is necessary to assess other features.
For example, Salix dasyclados is characterized by lower requirements regard-
ing oxygen and nutrients supply when comparing to Salix viminalis. Salix
purpurea and Salix acutifolia successfully grow under condition of water
shortage, as opposed to Salix nigra which can resist extra flooding, and so on
[Parfenov 1986]. Taking in consideration that willow wood can grow on differ-
ent types of soil, influence by a number of environmental factors, it is neces-
sary to broad of base of willow species and hybrids for selection [ Tahvanainen
and Rytkonen 1999; McKay 2011; Rodzkin et al., 2013]. In this article, the
results of our study of selection of willow Salix alba are presented.

MATERIAL AND METHODS

The clones of Salix alba were selected at the Institute of Lowland Forestry
and Environment in Novi Sad, and clone Jorr (Salix viminalis) is Swedish se-
lection. The experiments were carried out in greenhouses in Mitscherlich pots
and under field conditions in the International park “Volma” (Republic of
Belarus). Soil properties are presented in Table 1. The field experiment was
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designed as 25 m? plots in 4 repetitions with 1.40x0.70 m spacing. The following
physiological characteristics of willow plants were measured: water use effi-
ciency (WUE), transpiration (E), photosynthesis (A), and stomatal conductance
(GS). The results were measured by means of LC pro+ Portable Photosynthesis
System (ADC BioScientific Ltd. company).

Transpiration, water deficit, water retained abilities, morphology param-
eters of willow plants were measured under field conditions by weighing the
leaves on the torsion balance [Grodzinskij 1973]. The soil of experimental plot
was sandy loam (Table 1). The density of willow planting was 16,000 per hectare.

Table 1. Agrochemical characteristics of soil

Soil characteristics

Experimental plot
Structure Humus % P,0s, mg/kg | K,0, mg/kg pH xai

Volma Sandy clay 2.2 76.2 96.9 6.05

RESULTS AND DISCUSSION

Due to its tree form, Salix alba was not actively used in the selection for
SRC plantations. The reason could be in the risk of insufficient number of
sprouts after the first year cutting. Our results showed that the average number
of new sprouts after cutting of Salix alba varied from 3.5 to 3.9, Salix viminalis —
3.1-4.1, and Salix dasyclados — 3.9—4.2 (Table 2). These characteristics indicated
that clones of Salix alba were competitive to other species of willow. The Ser-
bian candidate clones of Salix alba were estimated both in greenhouses and
under field conditions. The high potential of willow clones selected within Salix
alba species was also recorded for the conditions of Russia [Parfenov 1986]
where yield of hybrids Salix fragilis x Salix alba was higher than yield of
Salix viminalis and ranged from 7 to 10 tons of dry biomass per hectare.

One of the problems in selection of perennial crops is the duration of the
process, where testing of prospective clones lasts for several years until final
selection of the best cultivar. In our experiments was investigated the ability
of willow clones to keep their parameters both in greenhouses and under field
conditions. The key factor for willow production is the water regime of plants.
Willows belong to the group of phreatophytes, having an increased demand
for water during vegetation. Therefore, the focus on water regime in willow
plants is obligatory in the investigation.



Figure 1. Seedlings of Salix alba after cutting at experimental plot “Volma” in 2013.

The results of comparison of Serbian selection of Salix alba candidate
clones (Drina, Volmianka and Backa) with widely used Swedish clone Jorr, re-
garding the intensity of transpiration in greenhouse, is presented in Figure 2.

fE H Drina

= m Jorr

E ® Volmianka
-

Figure 2. Intensity of transpiration of willow clones in greenhouse.

The highest transpiration was observed for clone Backa, while the lowest
transpiration rate was with clone Volmianka. The transpiration of clone Jorr
(Salix viminalis) was moderate, when compared with other clones, as pre-
sented in Figure 2.
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As already mentioned, energy willow plantations can be grown under differ-
ent environmental conditions, including areas with low water supply, for exam-
ple post-mining peatlands, degraded peaty soils, etc. Therefore, a very important
factor for willow clones is the water use efficiency (WUE). The results of water
use efficiency (WUE) in greenhouse experiment are presented in Figure 3.
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Figure 3. Water use efficiency of willow clones in greenhouse

The best results of WUE were recorded for clone Volmianka (Salix alba).
As it was identified earlier, this clone had the lowest level of transpiration.
Clones of willow tested in greenhouses during early stage of ontogenesis were
also tested under field conditions. Results of measurements of intensity of
transpiration are presented in Figure 4.
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Figure 4. The diurnal dynamics of transpiration of willow clones under field conditions.
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Diurnal dynamics of transpiration showed that the lowest level of tran-
spiration, the same as in greenhouse experiment, was observed for clone Vol-
mianka, while the highest transpiration was recorded for clone Backa. The
results of diurnal dynamics of transpiration showed one peak (typically at
midday) for all clones. Our results are in accordance with the results of tran-
spiration dynamic presented in other publications [Kostjuchenko 2009].

Water retention ability represents a physiology indicator related to water
use efficiency. The results of this parameter are presented in Figure 5.
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Figure 5. The dynamic of water loss by leaves of willows under field conditions

As presented in Figure 5, the minimal level of water loss was observed
for clone Volmianka. It indicates that this clone can economize water and
spend it efficiently under field conditions, which was also identified in green-
house experiment. Plants of willow clone Backa showed maximal discharging
of water both in field and in greenhouse.

Results of water deficit dynamics (Figure 5) correlate with water deficit
parameters in willows. Minimal water deficit on average was recorded for
clone Volmianka, while maximal was recorded for clone Backa. These results
indicate that clone Volmianka has the best water retention capability and low
water deficit parameters, resulting in better drought resistance and tolerance
to unfavorable environmental conditions.

Results of morphology characteristics of clones showed higher productivity
of Salix alba clones compared to clone Jorr (Salix viminalis), Table 2.
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Figure 5. Water deficit dynamics of willow clones

All results of testing of three Serbian varieties of willow selected from
Salix alba, characterized by intensive growth and sprout re-growing, were
included in State register of Republic of Belarus in 2013. Every variety has
special preferences and can be adapted to different environmental conditions.
Backa showed higher productivity than other clones during the testing. Vol-
mianka is characterized by special water regime and this clone can be success-
fully adapted to the areas with low water supply. Drina, as it was identified in
our experiments, accumulates heavy metals to biomass less than other clones.
This clone can be used for reclamation of areas polluted by heavy metals (e.g.
along the roads, near the livestock breeding complexes, etc.) [Rodzkin et al.,
2010; Rodzkin and Pronko 2010].

Table 2. Morphology characteristics of willow clones under field conditions

Parameter
Clone Year Height of plants, Stem diameter Number of sprouts
cm mm
Jorr 2012 206 12.5 3.6
2013 401 25.2 -
Backa 2012 226 14.0 3.5
2013 428 28.5 -
Volmianka 2012 225 13.6 34
2013 417 26.9 -
Drina 2012 197 13.5 34
2013 387 27.3 -
2012 9.2 0.53 0.28
LSDys
2013 14.6 1.12 0.28
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CONCLUSIONS

According to prognoses of World Energy Council, energy consumption
will increase twofold until 2050. Over 40% of energy demands will be covered
by renewable energy resources, including bioenergy with 32%. It is obvious
that development of bioenergy production will have the priority, which in-
cludes crop remains, energy cultures, animal waste and energy biomass plan-
tations like poplars, willows, black locust and eucalyptus.

Results of our testing of Salix alba L. clones (Backa, Drina and Volmianka)
and Salix viminalis L. clones (Jarr) showed good adaptability in Belarus. Wa-
ter regime of investigated clones shows differences in transpiration and water
use efficiency, with clone Backa surpassing other investigated clones, while
clone Volmianka showed the highest potential for drought conditions.
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NCITUTUBABE OU3UOJIOLIKMX ITAPAMETAPA BPBA KAO
KPUTEPUIYM 3A CEJIEKIIMJY INEPCIIEKTUBHMX KJIIOHOBA

Onez U. POIKHUH', Cawa C. OPJIOBUR?,
Bopusoj b. KPCTUR’, Anopej P. ITUJTUTIOBUR’

'Benopycku HayuHH M HCTpakuBauku neHTap ,,Ecology*, Munck, benopycuja
2 Vuupepsuter y HoBom Cajty, IHCTHTYT 3a HU3H]CKO LIlyMapCTBO M )KMBOTHY
cpenuny, Hosu Can, CpOuja
> Vuusepsutet y Hosom Cany, [IpupogHo-MatemaTnuku pakynrer, JenapTMan 3a
6uonorujy u exonorujy, Hou Cax, Cpouja

PE3UME: I1pousBoama OuoeHepruje y 3acannma ca Kparkum Typrycuma (SRC)
BpOa edukacaH je mpapall HCTPaKHBamba, KAKO ca EKOHOMCKOT, TaKO M Ca acIleKTa
3aIITUTE )KUBOTHE cpeaune. [IpuHoc apBHE Mace ko BpOe Moxe noctuhu 10—15 ToHa
[0 XEKTapy CyBe OMoMace TOIUIIBE U TPOIIKOBIMA JTOOHjeHE CHEPrUje HIDKHM Y
nopehemy ca Ipyrum eHepreTCKUM KyinTypama. Y by TOCTH3amba BUCOKOT ITPHHO-
ca 1 npopuTadUIIHOCTH Tpeda KOPUCTUTH NoceOHe KiIoHOBe BpOe. Hajuemrhe BpcTe
kopuirhene y n300py 3a Mpou3BOIBY OMOMace Cy yKpacHU TUIIOBH BpOE Kao LITO CY:
Salix viminalis, Salix dasiclados w Salix schverini 10k cy y OBOM pajJly UCITUTHBAHU
kioHOBH BpOe: Salix alba. [IpogyKTUBHOCT M HEKe (PU3HMOJIOIIKE KapaKTEPUCTUKE
cpricke ceneknuje kiaoHosa Salix alba (bauka, Boxmuanka u J[puHa) v IBEICKU KIOH
Jorr (Salix viminalis) cy ICINTHBAaHU y CTAKJICHULIIMMA U y TEPCHCKUM YCIIOBHMA.
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Tectupama Tpu kinona Salix alba — (bauka, Bonmuanka u J{puna) koju umajy nocedHe
CKJIOHOCTH ¥ IIPHIIarol)eHU Cy Ha Pa3IMUNTE YCIOBE KUBOTHE CPEANHE TECTUPAHH CY
takohe y ycrnoBuma bejopycuje 1 TH KJIOHOBH Cy YKJbYUCHH y APKABHU PETUCTAp
Penry6nuke benopycuje y 2013. Y HammM ekcriepiMEeHTHUMa, ca HaBeICHUM KJIOHOBHMA,
ucnuTHBaHa cy cieneha cBojcTBa BpOe (MHTEH3UTET TpaHCIHpanuje U POTOCHHTESE,
euracHOCT Kopuirhema BoJe U IPyTHX OKa3aTeba), KaKO Y CTAKJICHHIIMA, TAKO U
y CIIOJEHUM yclioBUMa. OBaKaB MPUCTYII Jaje MOryhHOCT Aa ce nzabepy nepCcreKTHBHH
KJIOHOBH BpOe y paHoj (a3 OHTOreHe3e T¢ Ce MOTY KOPHCTHUTH 3a Jlajba TECTUPAbA.
KJbYUHE PEYU: 6uoenepruja, BpOa, cenekiuuja, copre, pU3HOIOIIKY TapaMeTpH
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EFFECTS OF BIOCHAR APPLICATION ON
MORPHOLOGICAL TRAITS IN MAIZE AND SOYBEAN

ABSTRACT: This paper analyses the effects of the biochar application morphologi-
cal traits in maize and soybean under semi-controlled conditions. During the study, the in-
creasing doses of biochar (0%, 0.5%, 1, 3, and 5%) were incorporated in three soil types:
Alluvium, Humogley and Chernozem to determine plant height and shoot weight. The ex-
periment was set up as fully randomized design with three repetitions. The plants were
grown in pots of 5 1 with controlled watering and N fertilization. The research results have
shown that there are differences in terms of biochar effects on soils. The greatest effect on
plant height and shoot weight was obtained when the biochar was applied to Humogley soil
and lower effects were found on the Alluvium soil. The increase in aboveground mass of
maize and soybeans was significantly conditioned by adding different doses of biochar.
Based on these results, it can be concluded that adding biochar can significantly affect the
growth of plants. This is a consequence of the changes it causes in soil, which requires
further tests to complement the current findings.

KEYWORDS: biochar, soil, maize, soybean, plant height, shoot biomass

INTRODUCTION

Arable soils are among the largest and most important natural resources
of all mankind [Wall and Six 2015]. To protect the arable soil from degrada-
tion preventive measures are the most important, such as identification of
hazards and detection of appropriate solutions to overcome risks of agricul-
tural intensification. Today, a great effort is made to improve and utilize less
productive soils and restore their initial fertility. One of the possible solutions

* Corresponding author e-mail: srdjan.seremesic@polj.uns.ac.rs
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for the amending of degraded soils is biochar application [Biederman and
Harpole 2013; Lehman et al., 2005]. Biochar is a solid material obtained in the
process of carbonization, pyrolysis of biomass, usually of plant origin. The
manufacturing process is similar to the process of obtaining charcoal with a
difference in the used raw materials. Soil biochar amendment is based on two
thousand years old experience, which in recent decades has been renewed
because of proven multiple benefits [Chan et al., 2007]. This importance is
largely long-term, but also reveals the short-term effects [Mann 2005].

Traditional charcoal production uses carbon dioxide sequestered into
woody biomass tissue via the process in which tissue of biological origin is
burnt (or charred) in the absence of, or at low levels of oxygen to produce
‘biochar’ [Preston and Schmidt 2006]. After pyrolysis, approximately 50% of
the carbon contained in the original source of biomass can be retained within
the biochar. However, recovery rates are highly dependent of the pyrolysis
process. Among the many elaborated effects, the most beneficial result of the
biochar application could be sequestration of the atmospheric carbon with the
consequence to global climate [Laird 2008; Woolf et al., 2010]. Many studies
confirmed that soil incorporated with biochars can improve plant growing
[Yamato et al., 2006; Steiner et al., 2007]. According to Lehmann et al. [2003]
biochar incorporation induces soil alkalization which can increase soil nitrifi-
cation and N levels. Increases in soil pH are likely to affect electrical conduc-
tivity (EC), cation exchange capacity (CEC) and increase alkaline metal (Mg*",
Ca®" and K") oxides. Likewise, it reduces soluble forms of aluminium, Wthh
is suggested as the most 51gn1flcant biochar factor affecting P solublhty [De-
Luca et al., 2009]. The presence of biochar in the soil can provide a physical
niche for growing hyphae and bacteria [Warnock et al., 2007]. Beneficial ef-
fects of biochar have been elaborated in studies word wide. However, there is
a lack of experimental confirmation of the biochar application in our agricul-
tural science. Researches of biochar use have been mainly conducted on soils
under tropical and humid climatic conditions, which are more degraded and
have a lack of soil organic carbon [Seremesi¢ et al., 2014]. Therefore, the aim
of this study is to investigate the possibility of biochar application and doses
on the contrasting soil types under temperate climatic conditions.

MATERIALS AND METHODS

In order to evaluate the dose-response pattern of biochar application, a
pot experiment was set up under semi-controlled conditions of the vegetation
shed at the Faculty of Agriculture, University of Novi Sad. The study included
maize and soybean growing in three soil types Chernozem (C), Alluvium (A) and
Humogley (H) and five application rates of biochar 0, 0.5%, 1%, 3, and 5% in
a fully randomized experimental design with three rephcates The blochar doses
were equivalent to application rates of 0.0, 12.5, 25, 75, 125 t biochar ha™ assum-
ing a soil bulk density of 1.25 g cm>uptoa depth of 20 cm. Chemical analyses
of biochar used in this study are presented in Table 1. Total carbon content of
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74.5% was measured in 30 mg soil sub-samples on an elemental analyzer (CHNS).
The obtained values corresponded with those described by Jindo et al. [2014].

Chemical soil properties are presented in Table 1. Preparation of the sub-
strate preceded plant growing. Soil was first mixed with the biochar, and then
the pots were filled with the substrate in order to ensure similar bulk density
of substrate in pots (5 1 — 20 cm of diameter; 20 cm of height). Pots were filled
2 weeks before sowing and watered to maintain soil water regimen and establish
the stabilization of physical and chemical soil properties.

Table 1. Chemical soil properties of the investigated soil types

Soil type Depth pH CaCO,% | T C i N o AL-P0s AL'_Kzo
(em) | KCI | H,O Humus % mg/100g soil
Biochar - | 754|824 1.6 74.51 0.54 53.8 291.0
Chernozem (C)| 0-30 | 7.21 | 8.13 | 1.04 2.75 0.159 23.96 29.08
Alluvium (A) | 0-30 | 7.38 | 826 | 3.80 172 0.148 102.5 14.1
Humogley (H) | 0-30 | 6.98 | 599 | 0.33 3.66 0.183 29.98 4971

Soybean Favorit (NS Seme) as short vegetation variety (maturity group
000) and maize line with short vegetation (<Im in height) was used in this
experiment. The nitrogen (in the form of NH4NQO;) fertilization was applied in
post-emergence stage to ensure undisturbed plant growth. The moisture of soil
substrate was maintained by watering at an optimal level, between 70—80% of
the water retention capacity of soil in pot to prevent water stress. Plants were
harvested by cutting aboveground biomass for determination of yield and
morphological properties. The plant material was dried in an oven at 105 °C
for 48 h, after which the absolute dry mass was determined by using the tech-
nical scale. The soil substrates were also analyzed in order to determine their
chemical properties. The data reported was assessed by analyses of variance
(ANOVA). Analysis of variance was used to separate the treatment means
when there was a significant difference at the p < 0.01 and p <0.05 level. The
analyses were conducted using the statistical software package Statistica 12.6.
(StatSoft Inc., USA).

RESULTS AND DISSCUSION

In the combined analysis of variance, the effects of soil (P<0,0004) and
interaction of soil type and biochar doses (P<0.0261) showed significant F-test
for maize plant height (Table 2). The soil accounted for 27.6% of total height
variation, whereas the interaction is responsible for 26.89% of total variation
and 37.97% variation derives from residual influences. Biochar application
has not significantly affected maize height in our study. Contrary to our study,
the application of 50 t/ha biochar to acid soil increased height and the fresh
weights of the maize aerial part [Rodriguez and Preston 2009]. Study of saline
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soil (pH 8.52) in the pot experiment and the application of biochar recorded
17.7 to 25.8% increase in the maize shoot length with the maximum of 78 cm

plant™ 30 days after sowing (Saranya at al., 2011).

Table 2. Analysis of variance for maize plant height

Sources of variation | d.f. S.S. SS % m.s. F P
Soil (A) 2 2210.0125 27.59 1105.0062 10.171%* 0.0004
Biochar (B) 4 342.9792 4.28 85.7448 0.789 0.5407
Interaction (A x B) 8 2153.8208 26.89 269.2276 2.478* 0.0261
Blocks 2 261.8792 3.27 130.9396 1.205 0.3096
Error 28 3042.1208 37.97 108.6472

Sum 44 8010.8125 100

d.f. — degrees of freedom, s.s. — total sum of squares, s.5.% — sum of squares relative to
total sum, m.s. — mean squares

The analyses of variance for maize shoot biomass reveal that the soil
very significantly influenced maize dry biomass (P<0,0000**), while doses of
biochar (P<0,0114*) and interaction of soil type and biochar doses (P<0.0159*)
showed significant F-test for dry maize biomass (Table 3). The soil accounted
for 80.60% of total shoot biomass variation, whereas the residual influences
accounted for only 8.39%. It appears that in maize growing different soil
types showed higher effect regardless of biochar doses. Some researchers re-
ported no changes in the maize production in the first year after biochar
amendment, but a significant increase was observed in the following years
Major et al. [2010]. According to Yamato ef al. [2006] maize production was
significantly increased after the application of bark charcoal under a fertilized
condition in an infertile soil environment. A positive effect of biochar addi-
tion on maize dry biomass could be ascribed to higher soil N-retention also
observed in Baronti ef al. [2010]. Although some positive effects were ob-
served, we assume that in our study biochar addition could manifest more
beneficial effects to maize growing if added earlier (in the autumn).

Table 3. Analysis of variance for maize shoot biomass

Sources of variation df. S.S. SS % m.s. F P
Soil (A) 2 1563.3114 80.60 781.6557 | 134.473%* 0.0000
Biochar (B) 85.9029 4.43 21.4757 3.695* 0.0114
Interaction (A x B) 8 126.6447 6.53 15.8306 2.723% 0.0159
Blocks 0.8770 0.04 0.4385 0.075 0.9274
Error 28 162.7571 8.39 5.8128

Sum 44 1939.4932 100

d.f. — degrees of freedom, s.s. — total sum of squares, s.s.% — sum of squares relative to
total sum, m.s. — mean squares
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Higher maize plant height was observed on Humogley soil, while appli-
cation of biochar resulted in significantly lower plant height on Alluvium soil.
Maize shoot biomass was significantly higher on Humogley soil compared
with Chenozem and Alluvium. Obtained results indicate that the ameliorative
effect of biochar is largely related with pH increase and N availability to
plants. Our results with maize are in accordance with those presented by
Zhang et al. [2011] who suggested that positive effects of biochar application
in field crop production could be also observed in the calcareous soils.
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Figure 1. Maize plant height (A) and shoot biomass (B) after biochar addition
on Alluvium (4), Chernozem (C) and Humogley (H) (*"°Column marked with
the different letters within treatments differ significantly at P<0.05;
Error bars indicate standard deviation)

The analyses of variance for soybean plant height indicate very significant
effects of soil type and biochar doses on the plant height (P<0.0015**) and
(P<0.0001**), respectively (Table 4). The biochar doses accounted for 40.27%
and soil types for 17.66% of total height variation, whereas the interaction (A
x B) is responsible for 26.89% of total variation and 37.97% variation derives
from residual influences. Soybean height appears to be significantly influences
by biochar doses compared to maize.
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Table 4. Analysis of variance for soybean plant height

Sources of variation d.f. S.S. SS % m.s. F P
Soil (A) 2 461.5661 17.66 230.7831 7.900%* 0.0015
Biochar (B) 4 1052.6328 40.27 263.1582 9.009** 0'8%01
Interaction (A x B) 8 254.4651 9.73 31.8081 1.089 0.3892
Blocks 2 27.2328 1.04 13.6164 0.466 0.6362
Error 28 817.9235 31.29 29.2116

Sum 44 2613.8203 100

Soybean shoot biomass was significantly affected by soil type and bio-
char level (P<0.000**). Biochar doses showed considerable fraction in total
variation (42.99%) indicating positive response of soybean to increased
amount of biochar application. The error accounted for 25.06% of total shoot
biomass variation. It clearly showed positive and higher reaction of soybean to
biochar application compared to maize. Also, soil types had less effect to mor-
phological trait manifestation in soybean compared to maize. Sun et al. [2012]
suggested that biochar incorporation to brown soil might bring potential ben-
efit to soybean production from N retention in soil and enhanced microbial
turnover that resulted with P and K feedback. Our results correspond with
Yin et al. [2012] study on acid black soil where soybean yield increased by
35.97% compared with the control.

Table 4. Analyses of variance for soybean shoot biomass

Sources of variation d.f. S.S. SS % m.s. F P

Soil (A) 2 9.1981 27.02 4.5991 15.098%** 0.0001

Biochar (B) 4 14.6356 42.99 3.6589 12.012%* 0.0000

Interaction (A x B) 8 1.6324 479 0.2041 0.670 0.7162

Blocks 2| ooa0 0131 5.0220 00721 09302
0.3046

Error 28 8.5291 25.06

Sum 44 34.0393 100

Significant effects of biochar application on the soybean shoot was ob-
sereved on Humogley soil compared with soybean height that was obsered on
Chernozem (Figure 2). Regarding shoot biomas, Humogley significantly in-
fluenced its formation compared with Alluvial soil. Obtained result could be
explained with better water holding capacity of Humogley.
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Figure 2. Soybean plant height (4) and shoot biomass (B) after biochar addition
on Alluvium (4), Chernozem (C) and Humogley (H) (*B°Column marked with

the different letters within treatments differ significantly at P<0.05;
Error bars indicate standard deviation)

CONCLUSION

Humogley soil showed higher response of the observed traits compared
to Chernozem and Alluvium regardless of biochar doses. In maize experi-
ment, different soil types exerted higher influence on the plant height and
shoot biomass, while in the soybean experiment biochar application showed
significant effects. Our study indicates better response of soybean to biochar
application than maize. Based on the obtained results, biochar addition could
contribute to crop growing, while additional examinations must be performed
to identify doses of biochar corresponding to different soil types.
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E®EKAT BUOVYIJbA HA MOP®OJIOLIKA CBOJCTBA
KYKYPY3A U COJE

Cphan U. IIEPEMELINER', Munopao C. XUBAHOB’, Tpazuwa C. MUJIOIIIEB',
Josuya P. BACHIF, Braoumup U. RUPHR', Map]aHaB BACHUJBPEBUR’,
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! Yuusepsuret y Hopom Cany, [lossonpuspenuu paxynrer Hou Can,
Tpr Hocureja O6panosuha 8, 21000 Hosu Can, Cpouja
2 VIHCTUTYT 32 paTapcTBO U MOBpTapcTBO, Makcuma opkor 30,
21000 Hosu Can, Cpbuja
3 Jlynas coja”, Bace Crajuha 8/19, 21000 Hosu Can, Cp6uja

CAXETAK: VY pany je ucnutupas yTHIaj IpUMeHe OMOyIJba Ha MOP(OJIOIIKa
CBOjCTBa KYKypYy3a H COje Y MOy KOHTPOJIHCAaHUM ycinoBuMa. [Ipumemene cy pactyhe
J103e OMOyTJba Ha TPH THUIIA 3eMJBUIITA: alTyBHjyM, UEPHO3EM U XyMorJiej u npaheHa je
BHCHHA OMJbaKa M Maca HaJa3eMHor jaena. OTjes je MOoCTaBJbeH M0 PaHJOMU3UPAHOM
pacropeay ca Tpu IOHaBJbAkA y CYI0BE 3allPEMUHE 5 TUTApa, a CETBA je U3BpIICHA Y
mecely Majy. Pesyaratn uctpaknpama Cy I0Kasaju J1a NOCTOje PasinKe y Moriey
MCIIMTUBAHUX 3EMJBHILITA U IPUMCECHHX 1032 Oroyriba. Hajoosbn edekar je nodujex
Kaja je Ouoyrasb MPUMEHEH Ha 3eMJBHLITE XYMOIUIE] 2 HAJMAbH yTHLA] IIPUMEHE
Onoyriba je yTBpheH Ha amyBHjairHOM 3eMJbMINTY. [TopacT Hapg3eMHe Mace KyKypy3a
1 coje OO je y 3Ha4ajHOj MEpH yCIOBJbEH JI0JaBabeM pa3InIuTHX 1032 Ouoyriba. Ha
OCHOBY JTOOMJCHHX pe3yJITaTa MOKE CE 3aKJBYIHTH Jia JI0/laBambe OMOyTiba MOXKE 3Ha-
YajHO yTHLATH Ha IOpacT OnJbaka KOjH je Mocieana NpoMeHe Koje OH H3a31Ba y CBOj-
CTBHMMA 3EMJBHUIINITA, aJIN Ja j¢ HEOMXOIHO HACTABHUTH Jlajba HCIUTHBAKkA KaKo On ce
YHOTIyHHJIA Jocaalllba ca3Hama. YTBpHEHO je 1a cy MCIUTHBAaHa CBOjCTBA KO COje
ucrospruIa Behy peaknujy Ha IpUMeHy OHOyTJba Y OTHOCY Ha KYKYPY3.

KJbYUYHE PEUU: Ouoyrasbe, 3eMIbHILITE, KYKYPYy3, COja, BUCHHA OUJbaka, Maca
Ha/I3eMHOT Jiena
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BARIUM CONCENTRATION IN GRAIN OF AEGILOPS
AND TRITICUM SPECIES

ABSTRACT: The aim of this study was to evaluate the concentration of barium in
grain of various Aegilops and Triticum species with different genomes. The studied species
differed significantly with respect to the concentration of barium. The grain of wild diploid
Aegilops speltoides, the donor of B genome, contained significantly higher Ba concentra-
tion than all other analyzed genotypes. Wild and cultivated tetraploid wheats (7riticum
diciccoides, Triticum dicoccon, Triticum turgidum and Triticum durum) had the lowest Ba
concentration in grain. The modern cultivated hexaploid varieties presented substantial
variation in grain concentration of barium. The highest Ba concentration (3.42 mg/kg) oc-
curred in Serbian winter wheat variety Panonnia.

KEYWORDS: barium concentration, grain, wheat, genotypes, diploid, tetraploid,
hexaploid

INTRODUCTION

Barium (Ba) is a silvery-white alkaline earth metal that occurs naturally
in different compounds. Ba is relatively abundant in the earth’s crust, with mean
values ranging between 265 and 835 pg/g dry weight (DW) depending on the
soil type [Lide 2005]. Ba is not a very mobile element in most soil systems
due to the formation of water-insoluble salts and their partition into soils and
sediments [WHO 2001].

Ba has not been reported as an essential trace element for plants, and it was
included in a list of elements that pose a risk to human health and are most com-

* Corresponding author e-mail: kastori@polj.uns.ac.rs
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monly found in cases of soil contamination [USEPA 2009; CETESB 2001].
Ba absorption by plant species grown in polluted areas has been observed by
Abreu et al. [2012]. Pais et al. [1998] found that Ba contents of 200 mg/kg could
be moderately toxic and that 500 mg/kg could be considered toxic for plants.
Therefore, there is an increasing concern regarding Ba in plants, especially in
edible plants, because Ba can cause damage in the human body. The ingestion
of Ba can result in several human health problems such as: high blood pressure,
muscular paralysis, gastrointestinal disturbances, kidney damage, respiratory
failure, and, in some cases, even death [Jacobs et al., 2003; Lenntech 2005].

The land is enriched in Ba from the atmosphere with a range of 40—80 g/ha/
year. In atmosphere Ba comes from the production of barium compounds, com-
bustion of coal and oil, and in arable land primarily by using mineral fertilizers.
Manure contains Ba from 20 to 100 mg/kg, compost from 35 to 100 mg/kg,
slaughterhouses meat meal from 4 to 16 mg/kg, sludge wastewater from 110 to
200 mg/kg [Kadar et al., 2012; Kéadar 2013], phosphatic fertilizers 200 mg/kg, and
the means of calcification 150 to 250 mg/kg [Kabata-Pendias and Pendias 1984].

The effects of Ba on plant growth are in general toxic as small concentra-
tions can retard growth [Robinson et al., 1938]. The various harmful effects
of Ba in cereals, such as reduction in germination, root-shoot length, changes
in the activity of various enzymes and grain yield, are reported [ Debnath and
Mukerija 1982; Igbal and Naz 1989; Suwa ef al., 2008].

Ba concentration in the dry matter of plants varies within a wide range
from 1 to 200 mg/kg. Koéros [1980] reported the plants of the family Myrta-
ceae characterized by particularly great accumulation of Ba. The legumes are
also characterized by larger accumulation of Ba. According to Kéadar [2013],
Ba concentration in dry matter in monocots, dicots and legume grown on lime
chernozem was 23, 41 and 150 mg/kg (respectively), and on serpentine soil 9,
14 and 29 mg/kg (respectively).

The wheat group has evolved through allopolyploidization, namely, through
hybridization among species from the plant genera Aegilops and Triticum fol-
lowed by genome doubling. Bread wheat (7riticum aestivum) is an allohexaploid
species (2n = 6x = 42, genome BBAADD) that originated from hybridization
events involving three different diploid progenitors: (i) 7riticum urartu, the donor
of the A genome [Dvorak 1976], (ii) a yet undiscovered extant (or extinct)
Aegilops species closely related to Aegilops speltoides, the donor of the B
genome, and (iii) Aegilops tauschii, the donor of the D genome [Kihara 1944].

This paper focuses on evaluation of barium concentration in whole grain of
diploid and tatraploid wheat progenitors and ancestors of common wheat as well
as in hexaploid commercial cultivars all grown at the same location for three years.

MATERIAL AND METHODS

Six diploid genotypes with different genome formula BB, AA, and DD,
five tetraploids (BBA A) and nine hexaploids (BBAADD) wheat were used in
the experiment. Among the diploid wheats, four were wild and one (7riticum
monococcum subsp. monococcum) was primitive cultivated wheat. Among
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the tetraploid wheats used, three genotypes were wild einkorn while two were
cultivated. All hexapolids were cultivated cultivars (Table 1).

The wheat genotypes were planted in a randomized complete block design
with three replicates at the experiment field of the Institute of Field and Vegeta-
ble Crops, Novi Sad (45.2° N, 19.5° E, 80 m elevation), in 2011, 2012 and 2013,
on weakly calcareous chernozem. Meteorological data for the experimental
years show that the year 2013 was characterized by higher average temperatures
as well as precipitation in comparlson to years 2011 and 2012 (Table 2).

Field plots of 2.5 m* with 10 rows spaced 10 cm apart were planted with
400 seed per m?. In the beginning of October before plantmg, the experimen-
tal area was fertilized with 50 kg N ha™, and 50 kg P,Os ha™'. The soil at the
experimental site was well provided w1th potassium. The genotypes were
planted in mid-October which is the optimal time for Wlnter wheat. There was
one top-dressing in early February with 50 kg N ha. During the spring the
field plots were protected against weeds once without fungicides application.
The genotypes were harvested at crop maturity and all hulled genotypes were
dehulled by hand. All grain samples selected for this study were visibly intact
without any sign of degradation.

Table 1. Genotypes of Aegilops and Triticum species (after Van Slageren, 1994) examined
in the experiments

Species and subspecies Genome Name Source/Origin
Aegilops speltoides ssp. speltoids 1 BB IPK*
Aegilops speltoides ssp. speltoids 2 BB IPK
Triticum urartu AA IPK
Triticum monococcum ssp. aegilopoides AA Wild einkorn IFVC, SRB**
Triticum monococcum Ssp. monococcum AA Cultivated einkorn  IFVC, SRB
Aegilops tauschii ssp. tauschii DD Goat grass IPK
Triticum turgidum ssp. dicoccoides (IPK) BBAA Wild emmer IPK
Triticum turgidum ssp. dicoccoides (IFVC) BBAA Wild emmer IFVC, SRB
Triticum turgidum ssp. dicoccon BBAA  Cultivated emmer  IFVC, SRB
Triticum turgidum ssp. turgidum BBAA Rivet wheat IPK
Triticum turgidum ssp. durum (cv. Durumko)  BBAA Durum wheat IFVC, SRB
Triticum aestivum ssp. spelta (cv. Nirvana) BBAADD Spelt wheat IFVC, SRB
Triticum aestivum (cv. Panonnia) BBAADD Common wheat IFVC, SRB
Triticum aestivum (cv. Bankut 1205) BBAADD Common wheat HUN
Triticum aestivum (cv. Bezostaja 1) BBAADD Common wheat RUS
Triticum aestivum (cv. Siete Cerros) BBAADD Common wheat MEX
Triticum aestivum (cv. Florida) BBAADD Common wheat USA
Triticum aestivum (cv. Renan) BBAADD Common wheat FRA
Triticum aestivum (cv. Condor) BBAADD Common wheat AUT
Triticum aestivum (cv. Bolal) BBAADD Common wheat TUR

* IPK — Genebank Gatersleben of the Leibniz Institute of Plant Genetics and Crop Plant
Research, Gatersleben, Germany; ** IFVC, SRB — Institute of Field and Vegetable Crops,
Novi Sad, Serbia; HUN — Hungary; RUS — Russia; MEX — Mexico; USA — United State of
America; FRA — France; AUT — Australia; TUR — Turkey.
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Table 2. Monthly mean temperature and precipitation during three years

Month Mean air temperature (°C) Precipitation (mm/m?)
2010/11. 2011/12. 2012/13. 2010/11. 2011/12. 2012/13.

October 9.2 10.7 13.7 67 35 48
November 9.5 2.8 10.1 46 2 36
December 0.8 43 0.7 64 50 55
January 0.2 2.0 2.8 25 43 60
February -0.3 -5.0 43 37 67 50
March 5.8 8.3 6.0 26 4 68
April 13.2 13.0 13.5 23 83 30
May 16.7 17.2 18.2 63 51 118
June 21.0 22.6 20.2 37 34 126
Average/Sum 8.5 8.4 9.9 388 366 591
Average yield* 4.88 448 5.50

*average wheat yield in the province of Vojvodina

Milling was carried out using a Perten Laboratory Mill 3100 to produce
wholemeal. After digestion of grain wholemeal in a mixture of HNO; (65%) and
H,0, (30%) total concentrations of Ba were determined by an ICP-OES (Varian
Vista-Pro) in Research Institut for Soil Science and Agricultural Chemistry,
Budapest. All statistical analyses were done with program XLSTAT-Pro
(demo version, Version 3.02.2009).

RESULTS AND DISCUSSION

Like other similar alkaline earth metals barium is poorly mobile in plants.
Kastori et al. [2007] emphasized the low index of Ba translocation from veg-
etative organs to grain in wheat. Barium mostly accumulates in the vegetative
parts of the plants, in older leaves and stem, and to a much lesser extent in the
generative organs (grain). This is confirmed by the results of Kadar and Sze-
mes [1994] in triticale, where Ba concentration in grain was 1.7 mg/kg while
in the stem it was 31 mg/kg.

The analyzed Aegilops and Triticum species differed significantly with
respect to the concentration of barium (Tab. 3). The grain of both genotypes
of Aegilops speltoides with B genome contained significantly higher concen-
tration of barium (9.02 mg/kg and 10.19 mg/kg respectively) than the grain of
all others species including related species (Adegilops tauschii). This is an indica-
tion that species which belong to the same genera can be quite genetically dif-
ferent. Among the diploid wheats the lowest Ba concentration occurred in the
wild encorn (7riticum monococcum subsp. aegilopoides) (Tab. 3). In the set of
tetraploids, wild emmer wheat (from IFVC) contained significantly higher Ba
concentration than all other tetraploids including the modern cultivated durum
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variety. The primitive cultivated emmer (7riticum turgidum subsp. dicoccon)
had the lowest Ba concentration when compared to all analyzed wheat geno-
types (Tab. 3).

Table 3. Concentration of barium (mg/kg, DW) in the whole grain of Aegilops and
Triticum species

Species and subspecies Year Average
2011 2012 2013

Aegilops speltoides ssp. speltoids 1 6.75 8.38 11.93 9.02°
Aegilops speltoides ssp. speltoids 2 9.67 8.98 11.93 10.19%
Triticum urartu 1.94 2.38 2.23 2,18
Triticum monococcum ssp. aegilopoides 2.29 1.92 1.55 1.92¢feh
Triticum monococcum ssSp. monococcum 2.28 2.17 2.07 2.17°"%
Aegilops tauschii ssp. Tauschii 1.92 2.04 2.15 2.04°
Triticum turgidum ssp. dicoccoides (1PK) 1.62 1.65 1.62 1.63%"
Triticum turgidum ssp. dicoccoides (IFVC) 2.12 2.14 2.16 2.14¢t
Triticum turgidum ssp. dicoccon 0.86 0.98 1.10 0.98"
Triticum turgidum ssp. turgidum 2.52 0.99 1.46 1.66%"
Triticum turgidum ssp. durum (cv. Durumko) 2.02 1.01 1.32 1.45¢
Triticum aestivum subsp. spelta (cv. Nirvana) 1.70 1.61 1.51 1.618h
Triticum aestivum (cv. Panonnia) 3.63 2.89 3.74 3.42°¢
Triticum aestivum (cv. Bankut 1205) 2.65 2.73 3.22 2.87°%
Triticum aestivum (cv. Bezostaja 1) 1.71 0.87 1.55 1.38¢h
Triticum aestivum (cv. Siete Cerros) 4.08 2.45 3.38 3.30
Triticum aestivum (cv. Florida) 3.34 1.25 3.30 2.63¢def
Triticum aestivum (cv. Renan) 3.20 0.87 2.54 2.20°"%
Triticum aestivum (cv. Condor) 2.22 0.93 2.01 1.72fh
Triticum aestivum (cv. Bolal) 2.92 1.92 2.28 2,374t
Average 297 2.41° 3.15°

Different letters indicate significant difference at P < 0.05 level.

The modern cultivated hexaploid varieties presented substantial variation
in grain concentration of barium. The highest Ba concentration (3.42 mg/kg)
occurred in Serbian winter wheat variety Panonnia, which is still being pro-
duced in Serbia, Bulgaria and Czech Republic. Contrary the well known variety
Bezostaja 1 had 2.5 times lower concentration of barium in grain (Tab. 3).
Among hexaploid wheats, cultivated spelt variety (cv. Nirvana) had the second
lowest level of Ba concentration in grain. The existence of a large variation in
concentration of barium in grain of modern cultivated wheat varieties indicates
that the concentrations of Ba in hexaploid wheats are genetically controlled. The
similar results in tetraploids for Zn concentration reported Cakmak et al. [2000].
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It is quite clear that two accessions of Aegilops speltoides with B genome
had exceptionally large concentration of barium in grain, many times larger
than all others analyzed genotypes. The main reason for this is that there is a
large genetic distance between these genotypes and all other genotypes. Sec-
ond, high grain Ba concentration in the wild Aegilops species is partly related
to the lowest grain weights, indicating a role of “concentration effects”. The
species from other two diploids with A and D genomes did not differ signifi-
cantly in barium concentration in the grain (Tab. 4).

Table 4. Concentration of barium (mg/kg DW) in the species with five different genomes

Year

Genome Average
2011 2012 2013
BB 8.21 8.68 11.93 9.61*
AA 2.17 2.16 1.95 2.09™
DD 1.92 2.04 2.15 2.04%
BBAA 1.83 1.35 1.53 1.57°
BBAADD 2.83 1.72 2.61 2.39°
Average 3.39° 3.19° 4.04°

Different letters indicate significant difference at P < 0.05 level.

Table 5. Analysis of variance of concentration of Ba concentration in the whole grain of
Aegilops and Triticum species

Source of variation df SS MS F value
Genotyp (G) 19 986.32 51.91%** 147.02
Year (Y) 2 18.14 9.07** 25.68
G *Y 38 73.67 1.94%%* 5.49
Pooled error 120 42.37 0.35

In average, the tetraploids (wild and cultivated emmer) with BA genome
had the least concentration of barium comparing to all diploid and hexaploid
analyzed genotypes (Tab. 4). It was unexpected that diploids with A and B ge-
nome did not significantly differ from cultivated hexaploid modern varieties
(Tab. 4). It confirms that plumper grain which occurred in modern hexaploid
varieties does not necessarily contain a smaller concentration of barium. This
finding is also consistent with studies on various trace elements concentrations
of McDonald et al. [2008] and Zhao et al. [2009].

It is quite obvious that concentration of barium in grain of various wheats
is influenced by genotype to a great extent. Results of ANOVA (Tab. 5) show
that conditions over the year also had significant effect to Ba concentration in
grain, which can be seen in Table 4 as well. The concentration of Ba in the grain
of tested wheat genotypes was significantly lower in dry years (2011 and 2012)
than in humid year 2013 (Tab. 4).
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KOHLEHTPALIMJA BAPUJYMA V 3PHY BPCTA
AEGILOPS 1 TRITICUM

Cpbucnas C. JEHYUR', Py()OJZd) P. KACTOPHU?, Hmpe KAJIAP?,
Hsana B. MAKCUMOBU'R?, Mapuna Y. ITY'T HUK JIEJINR’,
Bojucnasa M. MOMYUJIOBUR'

"MIHCTUTYT 32 paTapcTBO U IOBPTAPCTBO,
Maxkcuma ['opkor 30, 21000 Hosu Can, Cpowja,
*YuusepsuteT y HoBom Cany, IomonpuBpenau paxynrer,
Tpr Hocuteja O6panosuha 8, 21000 Hosu Can, Cp6I/I]a
SUcTpakMBayKy MHCTHTYT 32 HGJIOJTOFI/I_]y U arpoxemMHjy,
MahapCKa akaJeMuja HayKa,

Herman Ott6 u. 15, Bynumnemra, Mahapcka

PE3MME: [{usb oBOr HCTpaXkuBama 01O je Jia ce polieHe KOHIICHTpallnje 0apujy-
Ma y 3pHY pa3jIMuuTHX reHoTunoBa Aegilops u Triticum Bpcta. VicnuTruBaHe BpCTe Cy ce
3HAYajHO PA3JIMKOBAJIE Y OJJHOCY Ha KOHIICHTpAIK]jy Oapujyma. 3pHO JIMBJbET JUILIOUIA
Aegilops speltoides, nonarop b reroma cajpxu 3HaTHO Behy KOHIIEHTpaIjy 6apujyma
HEro CBU OCTAJIM UCIIUTUBAHU T€HOTHUIIOBH. J{MBJba M MUTOMA TETPAILIONIHA MIIICHHIA
(Triticum diciccoides, Triticum dicoccon, Triticum turgidum wn Triticum durum) nmana
j€ HajHUXKY KOHLEHTpalujy Oapujyma y 3pHy. MoJiepHe rajeHe XeKCarJIouIHe COpTe
TMoKa3alie Cy 3HauajHe BapHjalfje y KOHICHTPALUjH 6ap1/1ija y 3pHy. HajBehe koHIeH-
tpanuje (3,42 mg/kg) ycraHoBibeHe Cy Ko ,,I [aHOHM]E”, 03UME COPTE MILICHHIIE POU3-
BezeHe y Cpouju.

KJbYUYHE PEYMU: konnenTpanuja 6apujyma, 3pHa, NIICHUIIA, TEHOTHI, UII0-
WJTU, TETPATLION I, XEKCATUION I
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STRUCTURAL PROPERTIES OF MAIZE HYBRIDS
ESTABLISHED BY INFRARED SPECTRA

ABSTRACT: This paper discusses the application of the infrared (IR) spectroscopy
method for determination of structural properties of maize hybrid grains. The IR spectrum
of maize grain has been registered in the following hybrids: ZP 341, ZP 434 and ZP 505.
The existence of spectral bands varying in both number and intensity, as well as their shape,
frequency and kinetics have been determined. They have been determined by valence oscil-
lations and deformation oscillations of the following organic compounds: alkanes, alkenes,
alkynes, amides, alcohols, ethers, carboxylic acids, esters and aldehydes and ketones, char-
acteristic for biogenic compounds such as carbohydrates, proteins and lipids. In this way,
possible changes in the grain structure of observed maize hybrids could be detected.

KEY WORDS: Maize hybrid, grain, structural properties of molecules, infrared spec-
tra, spectral bands

INTRODUCTION

At present, contemporary methods of spectroscopy and biotechnology
provide essential progress in diagnostics of a state of organs and vital functions
of the whole plant at the molecular level. Vibrational spectroscopy (infrared
and Raman) is an unavoidable method in the analysis of spectra originating

* Corresponding author e-mail: radenovic@sbb.rs
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from molecular vibrations, which provide numerous data on structures of ob-
served systems [Krimm and Bandekar 1986; Vasilev 2007; Tarasevich 2012;
Sverdlov 1970].

Our previous scientific papers [Radenovi¢ et al., 1994a; 1994b; 1995;
1998) described changes in the molecular structure of carotenoids in grain of
various maize hybrids and inbred lines and showed that these molecules can
be used as molecular markers in evaluation of agronomic values of maize inbred
lines and hybrids.

The IR spectroscopy method was applied in the present study to diagnose
the state of grain of observed hybrids. It is well known that IR spectroscopy
provides the analysis of molecular composition and structure by registering
the intensity of oscillations and deformations of molecular bonds [Vasilev
2007; Tarasevich 2012].

The aim of this study was to develop methods for registration of the IR
spectrum of grain of observed maize hybrids and to identify structural differ-
ences in its biogenic compounds.

MATERIAL AND METHODS

Plant material — The following three hybrids of high quality and with
high yields were studied: ZP 341, ZP 434 and ZP 505. These hybrids were
developed at the Maize Research Institute, Zemun Polje, Belgrade, Serbia.
The stated maize hybrids have been released not only in Serbia, but also in
Russia and another three European countries. These hybrids are annually
sown on more than one million hectares.

Methods — Overall studies of high yielding and high quality maize hybrids
encompass several sets of experiments in which new and standard methods
and procedures were applied.

1. Infrared spectroscopy of maize hybrid grain

Measurements of infrared spectrum were done by the IR Furle spec-
trometer (Shimadzu IR — Prestige 21) in the range of 400-4,000 cm™. Spec-
trophotometers used in infrared spectral region, in pr1nc1ple do not differ
from those used in the visible and ultraviolet spectral region. The specifics of
the behaviour of IR radiation, particularly with regard to the middle and far
spectral region, still impose some differences, first of all, the principles of
vibrational spectroscopy, the nature of the materials, sources of IR radiation,
the application of thermal detectors, etc.

Shimadzu IR —Prestige 21 is based on the principle of interferometers.
Namely, it does not give the spectrum itself, but an interferogram, which is
additionally processed by computers and transformed into a common shape of
a spectrum — it is called Fourier transformation and therefore this type of
spectroscopy is called Fourier transform spectroscopy (FTS). These devices
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are particularly suitable for use in the far IR regions and are characterised by
high power of breakdown. In order to register the IR spectrum of observed
maize hybrids, grain was homogenised and packed as a tablet with the addi-
tion of potassium bromide (KBr).

2. Chemical composition of grain of maize hybrids

Methods used to determine the chemical composition of grain of ob-
served maize hybrids are generally accepted and standardised and described
in detail in papers written by Radosavljevi¢ et al., 2000; White and Johnson
2003; Radenovi¢ et al., 2009, 2010.

3. Functional dependence of maize hybrid yields in
different locations in Serbia

Studies of functional dependence of high yielding and high quality maize
hybrids (ZP 341, ZP 434 and ZP 505) were performed in many locations in
Serbia with the apphcatlon of the standard cropping practices [ Videnovic et al.,
2011].

4. A broad overview of breeding, seed production and
technological traits of maize hybrids

Since the hybrids are high yielding and recently developed a broader
overview of relevant breeding, seed production and technological traits, prop-
erties and parameters obtained by the application of standard ranking methods
are presented.

RESULTS
1. Infrared spectroscopy of maize hybrid grain

Grains of the observed maize hybrids (ZP 341, ZP 434 and ZP 505) were
homogenised and pressed into the tablet form with the addition of KBr and
thus prepared for the measurement of the IR spectrum, Figures 1-3.

The observed IR spectrum was characterised by spectral bands There
was about 20-23 bands in the wavenumber range of 400 to 4,000 cm™. Spectral
bands were differently pronounced, of uneven intensity, w1th spec1a1 kinetics
and various width in their base. There were 3—5 distinctly pronounced bands,
2-3 bands were moderate, and 4—5 were very low intensity bands. There were
several spectral bands that could not be separated, or that indicated the unsta-
ble state of the system.
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1.1. Infrared spectroscopy of the maize hybrid ZP 341

Figure 1 shows the IR spectrum of the maize hybrid ZP 341 gram There
are three very prominent spectral bands at 3,400, 1,000 and 2,900 cm™. More-
over, spectral bands at 1,650, 1,175, 2,850 and 1, 145 cm! are also d1st1nct1vely
observable. A detailed survey shows weakly pronounced spectral bands at
3,780, 2,300, 1,550, 1,145, 1,100, 925, 825, 775, 700 and 600 cm™. There is an
1nd1cat10n of an unstable state of the system in the wavenumber range of 400
to 4,000 cm™: at 3,000, 1,700 and 700 cm’!
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Figure 1. Infrared spectrum of the maize hybrid ZP 341 grain

1.2. Infrared spectroscopy of the maize hybrid ZP 434

Figure 2 shows the IR spectrum of the maize hybrid ZP 434 grain. There
are four very outstanding spectral bands at 3,400, 1,000, 1 ;700 and 2,900 cm’!
Furthermore, spectral bands at 2,825, 1,775 and 1 185 cm™ are also partlcularly
observable. Weakly pronounced spectral bands are observable at 3,750, 1,500,
1,225, 1,100, 975, 900, 800, 700 and 600 cm™. There is also an 1nd1cat10n of an
unstable state of the system at 3,700, 2,300, 1,800, 1,400 and 550 cm!
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Figure 2. Infrared spectrum of the maize hybrid ZP 434 grain
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1.3. Infrared spectroscopy of the maize hybrid ZP 505

Figure 3 shows the IR spectrum of the maize hybrid ZP 505 grain. There
are eight very significantly expressed spectral bands at 3,400, 2,900, 1,750,
1,000, 2,850, 1,700, 1,450 and 1,150 cm™. Besides, spectral bands at 3,750,
3,025, 2, 350 1,550, 1,300, 1,100, 900 775, 700, 575 and 500 cm™ are Weakly
pronounced There is an 1ndlcat10n of 1nstab111ty of the system at 3,750, 1,900,
1,800, 1,460 and 1,430 cm™
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Figure 3. Infrared spectrum of the maize hybrid ZP 505 grain

2. Chemical composition of grains of studied maize hybrids

Results of overall studies of the chemical composition of the studied
maize hybrids are presented in Table 1.

Table 1. Results of the analyses of the chemical composition of maize hybrid grains

Chemical composition Range of the Average chemical Average chemical composition
of grains of maize chemical composition composition in of maize hybrids

hybrids in the literature* the literature* 7P 341 ZP434 ZP 505
Moisture (%) 7-23 16 11.96 11.56 11.14
Starch (%) 61-78 71.7 70.40 72.04 73.38
Proteins (%) 6-12 9.5 9.75 10.15 9.88
Lipids (oil) (%) 1-5.7 43 6.28 6.02 6.38
Ash (%) 1.1-3.9 1.4 1.34 1.40 1.31

* Source: [White and Johnson 2003]

3. Functional dependence of yields of observed maize hybrids in
various locations in Serbia

High yielding and high quality maize hybrids: ZP 341, ZP 434 and ZP 505
are primarily intended for cultivation in European maize growing regions.
Results of the yields of the stated maize hybrids are presented in Table 2.
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Table 2. Maize hybrid yields (t ha™) in several different locations in Serbia in the period
2008-2011

. Year Average
Hybrid 2008 2009 2010 2011 tha' %
7P 341 7299 9318 8.389 7.626 8.158 100.0
7P 434 7432 9.522 8.393 7788 8.284 101.6
7P 505 7.580 9.706 8.752 7918 8.489 104.1

tha 7437 9.515 8511 7777 8310 -
Mean
% 100.0 127.9 114.4 104.6 117 -

Genetic potential of the yield of maize hybrids ZP 341, ZP 434 and ZP 505
was observed in 38, 35, 41 and 37 locations in Serbia in 2008, 2009, 2010 and
2011, respectively. Common cropping practices required for maize hybrid culti-
vation were applied in trials. Irrigation was not applied. Results of the yields
(Table 2) show that there are differences in yields among hybrids, but they are
not significant. If the average yield of the hybrid ZP 341 is considered 100%,
then the yields of hybrlds ZP 434 and ZP 505 are higher by 1.6% (0.126 t/ha™)
and 4.1% (0.331 t/ha™), respectively. These data point out to the fact that genetic
potential of these hybrids is very similar and that only the hybrid ZP 505 has a
certain advantages that is actually a result of its somewhat longer growing sea-
son. However, yields obtained over years differ much more. Hence, if the lowest
yield recorded in 2008 is cons1dered 100%, then yields were much higher in
remaining years: 4. 6% or 0,340 t/ha™ in 2011, 14.4% or 1.074 t/ha™ in 2010 and
27.9% or 2.078 t/ha”t in 2009. These data unamblguously show to which extent
climatic characteristics over years affected the maize yield.

4. A broad overview of breeding, seed production and
technological traits of studied maize hybrids

Results of these analyses are presented in Tables 3a and 3b.

Table 3a. Agronomic traits of studied maize hybrids

Agronomic trait ZP 341 ZP 434 ZP 505
Type of hybrid TC SC SC
FAO maturity group 300 400 500
Plant height (cm) 210 220 230
Ear height (cm) 100 105 110
1000-kernel weight (g) 350 350 400
Type of kernel dent dent dent
Sowing density (000 plants ha™) 70 70 60-65
Leaf position erect erect erect
Resistance to drought good good good
Resistance to diseases good good good
Appearance of leaves at harvest stay green stay green stay green
Growing region (altitude, m) up to 600 up to 600 up to 500
Silage yield (t/ha™) 50 50 60
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Table 3b. Morphological traits of ears of studied maize hybrids

Morphological trait ZP 341 ZP 434 ZP 505
Grain moisture 11.96 11.56 11.14
Ear length (cm) 21.53 21.53 23.05
Ear weight (g) 281.43 296.62 309.13
Number of kernel rows per ear 14.6 14.7 15.7
Number of kernels per row 604.1 599.5 706.2
Embryo weight (g) 41.31 43.07 45.18
Kernel weight (g) 240.33 253.56 263.95
DISCUSSION

As already stated, different spectral bands varying in the number, inten-
sity, shape, frequency and kinetics were established in IR spectra of maize
hybrids (Figures 1-3). These bands occurred in the wavenumber range of 400
to 4,000 cm™. The intensity of spectral bands was designated as a transmit-
tance (%) and it ranged from 0 to 100. Spectral bands were determined by
valence oscillations and deformation oscillations of numerous functional
groups within biogenic organic molecules, starch, proteins and lipids (Table
1). Essentially, this procedure resulted in possible changes in grain structure
of studied maize hybrids.

Based on previously stated, the following two questions arise. First, how to
acquire information on the individual biogenic organic molecules by valence
oscillations and deformations of functional groups that result in appearance of
the spectral bands?

And second, are there any differences in totality of IR spectra of grains
of observed maize hybrids ZP 341, ZP 434 and ZP 505? If such differences
exist, than it can be concluded that various structural properties of grains of
studied maize hybrids exist.

The answers to these questions can be, to a great extent, found in Table 4.

The overall observation of the columns in the Table 4, especially those
related to intensities of spectral bands, wavenumber values at which the bands
occurred, wavenumber range taken over from the references [ Vollhardt and
Schore 1996], then the observation of the biogenic organic molecules with
valence vibrations of functional groups, the information on structural proper-
ties of molecules in grains of studied maize hybrids were gathered. Organic
molecules from maize hybrids grain were compared with molecules of organic
compounds [Vollhardt and Schore 1996], which provided their identification.

When the same parameters for the studied maize hybrids are compared
(Table 4), it can be concluded that the structural properties of the hybrids ZP
341 and ZP 434 were similar, while those in the hybrid ZP 505 differed to a
greater extent.
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Table 4. Properties of IR spectra caused by valence vibrations of biogenic organic
molecules of grains of studied maize hybrids

Maize Intensity of five most Wavenumber, cm™ Biogenic organic molecule*
hybrid | pronounced spectral bands, % ? & &
3,400 alcohols
87.5 3,200-3,650* amides
3,250-3,500%*
1,000 alcohols
705 1,000-1,260* ethers
2,950 alkanes
ZP 341 |56.0 2,840-3,000* lic aci
2.500-3.300* carboxylic acid
1,650 alkenes
44.0 1,620-1,680* aldehydes
1,690-1,750% ketones
1,150 alcohols
38.0 1,000-1,260" ethers
3,410 alcohols
100 3,200-3,650* amid
3,250-3,500% es
885 1,000 alcohols
’ 1,000-1,260%* ethers
2,925 alkanes
ZP 434 160.5 2,840-3,000* .
2.500-3.300* carboxylic acid
1,625
50.0 1,620-1,680* alkenes, aldehydes, ketones
1690-1750*
1,175 alcohols
390 1,000-1,260* ethers
3,410 alcohols
93.0 3,200-3,650* amides
3,250-3,500%*
2,975 Ikan
100 2,840-3,000% atkanes
2.500-3.300* carboxylic acid
L775 esters
_ *
ZP 505 73.0 1’23?)711’7755%* aldehydes, ketones
1’710_1 ’760* carboxylic acid
1,000 alcohols
67.0 1,000-1,260* ethers
495 }’23871 750 aldehydes, ketones
1,620-1,680* alkenes

*Source: [Vollhardt and Schore 1996]
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CONCLUSION

The IR spectrum was for the first time registered in grain of the maize
hybrids ZP 341, ZP 434 and ZP 505 by the application of the IR spectroscopy
method. According to obtained results the following can be concluded:

* IR spectrum of maize hybrid grain is characterised by 20-23 spectral
bands that can occur in the wavenumber range of 400—4,000 cm™ ;

* Spectral bands can be differently pronounced, can be of uneven intensity
(transmittance, %), particular kinetics and various width at the base;

* Five spectral bands for each studied maize hybrid were analysed and the
following data were gathered: intensity (%), value of the experimentally
established wavenumber wavenumber range; literature data were also
analysed; possibly present organic molecules;

* The following biogenic organic molecules: alcohols, amines, ethers, alkanes,
carboxylic acids, alkenes, aldehydes, ketones and esters were registered
(by their functional groups) in the IR spectrum of grain of maize hybrids;

* It can be concluded that the structural properties of the hybrids ZP 341
and ZP 434 are similar, while those in the hybrid ZP 505 differed to a
greater extent.
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CTPYKTYPHE KAPAKTEPUCTUKE XUBPUJJA KYKVYPVY3A
ITOKA3AHE MH®PALIPBEHUM CIIEKTPUMA

Yeoomup H. PAIJEHOBUR*? Ieopeuj B. MAKCHUMOB?, Eczenuj B. TJYTJAEB?,
UJbA B. CJYCUH’, Buitianuna B. ITYTOBA?, Mune J]. CEHAHCKH',
Jenena JK. CPIUR’, )Kusopao B. BUIIEHOBU'R’, Anexcandap C. [IOI[IOBUR’

' THCTHTYT 3a KYKYypy3 ,,3eMyH [lospe®, 11185 3emyn [osbe, beorpan, Cpouja
2 Yuusepsutet y beorpany, ®akynter 3a pusnuxy xemujy, Ctyaentcku Tpr 12-16,
11000 Beorpan, Cpb6uja
* .M. B. JJomoHOCOB”, MOCKOBCKH Ap>KaBHU YHUBEP3UTET, bronomku daxynrer,
Jlennncku ropu 1-12, 119991 Mocksa, Pycuja
*Mopnosua H. I1. Orapes Ap:kaBHH YHHBEP3HTET, broaomku Gakynrer,
Bbommesuiikaja 68, 430005 Capanck, Pycuja

PE3MME: Y oBoM pajy pa3marpa ce npuMeHa MeTozie UH(PPAIPBEHE CIIEKTPOCKO-
Mje Ha 3pHYy XHOpHUa KYKypy3a paju yTBphUBamka BEroBUX MOTYHHX CTPYKTYPHUX
KapaKTepUCTUKA. M3BPIICHO je perucTpoBame HHPPALPBEHOT CIIEKTpa 3pHa XUOpH,1a
kykypy3a: 3I1 341, 311 434 u 3I1 505. [lokaszaHo je mocTojame Pa3THINTHX CIICKTPA-
HUX TpakKa, KaKko 1o Opojy ¥ MHTEH3UTETY, TAKO U [0 lbUXOBOM OOJIMKY, (DPEKBEHIIH]H
Y KuHeTHIH. J{o BHX ce JI0J1a3u BAJICHTHUM OCIMJIaljaMa u gedopmariijama GpyHk-
LIMOHAJIHUX TpyIa: ajlkaHa, aJkeHa, aJIKHHA, aMH/1a, aJIKOX0Ja, eTpa, KapOOKCUITHE
KHCEJIMHE, eCTPa, aJIIeXU1a M KETOHA, KOje Cy KapaKTePUCTHIHE 32 ONOTCHA jeTHCHha
yIJbOBOJIOHUKA, IPOTEHHA U Tunua. Ha oBaj HauuH ce 1ona3u 10 Moryhux pasiuka
y CTPYKTYPH 3pHa UCITUTHBAHUX XUOPHUIa KyKypy3a.

KJbYUYHE PEYU: xubpu kyKypy3a, 3pHO, CTPYKTYPHE KapaKTEPUCTUKE MOJIe-
KyJa, HHQPAIPBCHHU CIICKTPH, CIIEKTPAITHE TPaKe
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DEGRADATION OF LINURON IN SOIL BY
TWO FUNGAL STRAINS

ABSTRACT: Two fungal strains were applied to soil polluted with herbicide in order
to determine their degradation potential. Three experimental setups were used. In the first
setup, the soil in pots was contaminated by linuron in final concentration of 1 ppm. Suspen-
sions of Phanerocheate chrysosporium and Trichoderma asperellum were applied sepa-
rately or in combination. Tomato plantlets were transplanted and chlorophyll content in
their leaves was determined at two time points during plant growth. In the second setup in
pots, the final concentration of linuron was lower, 0.45 ppm. In the third setup 0.1 ppm of
linuron was applied in the field plot. Plantlets of lettuce were transplanted and chlorophyll
content was measured as indicator of plant stress. The content of linuron in soil was deter-
mined by HPLC. The applied fungal strains significantly reduced toxic effect of 0.45 ppm
linuron on plants, which was not the case for 1 ppm linuron. Both fungi, applied separately
or in combination, were effective in decreasing the linuron content in the soil. However, in
field conditions the combination of both fungi was the most effective.

KEYWORDS: Trichoderma asperellum; Phanerochaete chrysosporium; bioremedia-
tion, herbicide, linuron

INTRODUCTION

The demand for food supply increases constantly throughout the world
due to the increase of human population. It is predicted that by the year 2050,
agricultural production may need to be increased by 60—110%, which can
only be achieved through targeted increase in crop yield [Ray et al., 2013].

* Corresponding autor e-mail: gordana.racic@educons.edu.rs
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Intensive agriculture is highly dependent on the use of chemical pesticides to
control plant pathogens. However, these methods are time-consuming and
environmentally harmful. As chemicals build up in soil they become toxic to
microorganisms and plants, therefore the cleaning of the soil using the reme-
diation is of the primary importance [Verma et al., 2014]. Among different
remediation technologies biological methods are very promising as they are
easy to operate, do not produce secondary pollution and show higher effi-
ciency in cleaning the soil [Beskoski et al., 2011]. The use of microbes for
pesticide removal/degradation from the agricultural soils is widely known,
mostly through the enzymatic degradation [Vidali 2001].

Various microorganisms are used for bioremediation purposes, although
indigenous species are the ones with best remedial potential.

Among different microorganisms, Phanerochaete spp. and Trichoderma
spp. are recognized as fungi capable for degradation of organic pollutants,
such as PAH and POPs. Phanerochaete chrysosporium, a basidiomycetous
filamentous fungus, is proven to be effective in biodegradation of these com-
pounds. P. chrysosporiumis is a white rot fungus which has a highly efficient
lignin degrading enzyme system. With this enzyme system the fungus can
also break down different xenobiotic pollutants. In these types of degradation
processes, the lignin peroxidase and the manganese peroxidase have a great
significance [Vagvolgyi et al., 2014].

Beside these enzyme systems, laccases also oxidize various organic and
inorganic compounds such as diphenols, polyphenols, substituted phenols, di-
amines and aromatic amines with concomitant reduction of molecular oxygen
to water [Kormoczi et al., 2013a].

Trichoderma spp. is a widely present cosmopolitan soil borne fungi
[Kredics 2014]. Strains of Trichoderma spp. exert a number of different capa-
bilities as they are genetically quite diverse [Harman et al., 2004a]. Some of
the strains are recognized as promising biocontrol agents, as well as plant
growth promoters [Harman et al., 2004b; Kormoczi et al., 2013b]. Moreover,
they are known for their potential in bio- and phytobioremediation of toxic
compounds, such as pesticides and heavy metals [Woo et al., 2014; JoviCi¢
Petrovi¢ 2014]. Like Phanerochaete spp., Trichoderma spp. is also able to
produce laccase enzymes. Strains known for laccase production are 7. atro-
viride, T. harzianum and T. assperellum [K6rmoczi et al., 2013a].

Linuron (IUPAC: 3-(3,4-dichlorophenyl)-1-methoxy-1-methylurea) is a
nonselective herbicide used worldwide for the control of grasses and broadleaf
weeds in the cultivation of a variety of crop plants, particularly vegetables and
cereals. It is absorbed by plant roots and transported passively, via the xylem,
to leaves where it inhibits photosynthesis by disrupting Photosystem II
(USEPA 1984). Linuron is moderately persistent in soils. In aerobic conditions
in the lab its half-life was 75 days, while under field conditions it was 230 days
(Pest Management Regulatory Agency 2002). It is known to enter surface
waters in agricultural runoff, and its residues have been detected in surface
waters, drinking water and foodstuf [USEPA 1995; PMRA 2012].
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Linuron is highly toxic to non-target aquatic organisms such as fish and
shellfish, while in mammals it disrupts male reproductive function acting as
an antiandrogen.

In this work we investigated the remediation potential of 7. assperellum
and P. chrysosporium to linuron in soil.

MATERIAL AND METHODS

Examinations of herbicide degradation in soil consisted of three separate
experiments. Herbicide linuron was applied in each experiment. Solution was
prepared by dissolving of commercial herbicide Afalon in tap water, in order
to prepare three different final concentrations of linuron: 0.1 ppm, 0.45 ppm
and 1 ppm, in three experimental conditions as it will be explained further
below. The treatments in all experiments described below were split in two
groups, one with and the other without herbicide applied in soil where plant-
lets of tomato or lettuce were transplanted. Both groups were split into the
following subtreatments differing in the application of fungal suspensions:
control, only Trichoderma, only Phanerocheate and both Phanerocheate and
Trichoderma application.

Experimental conditions 1

Soil mixture was prepared (1:1:5 V ratio of soil:sand:peat) and half of it was
sprayed with linuron solution to achieve final concentration in soil of 1 ppm.
In the growth chamber experiment 635 g of soil mixture was weighted in
transparent Plexiglas pots (depth of 24 cm), covered with aluminum foil. Plants
were watered up to 75 % of maximum soil mixture water capacity. Lighting was
provided with fluorescent bulbs in 14 h day / 10 h night light regime.

Two days after herbicide application, 5 ml of P. chrysosporium suspen-
sion (5.84 x 10’ CFU/ml) was applied in each pot of Phanerocheate subtreatment
group. One week after herbicide application, tomato plantlets were transplanted
and 5 ml of T. asperellum suspension (32.5 x 10° CFU/ml) was applied to pots
in only Trichoderma or Phanerocheate and Trichoderma subtreatment group.
Non-destructive measurements of plants were done at two time points: two
days after transplantation (I) and nine days after transplantation (II). Each
treatment was done in three pots, with two plants per pot.

Experimental conditions 2

In order to be comparable with the first experimental setup, the final
concentration of linuron in field experiments was calculated per soil weight
also, assuming the area of experimental plot and soil depth of 15 cm. So, a half
of the field plot was treated with linuron in final concentration of 0.45 ppm.
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After seven days, 5 ml of both fungal suspensions were applied according to
the described experimental design (P. chrysosporium suspension = 0,194 x 10’
CFU/ml, T asperellum suspension = 0,145 x 10° CFU/ml), followed by trans-
plantation of tomato plantlets five days later. Non-destructive measurements
of plants were done one month after fungal suspensions were added. Each
treatment was done in plants with four pots (replicates).

Experimental conditions 3

A half of the field plot in this experiment was treated with herbicide
linuron in the final concentration of 0.1 ppm in 15 cm soil layer, which is a
recommended concentration in common agricultural practice. Both fungal
suspensions were applied according to the described experimental design.
Two days after herbicide application, 5 ml of the P. chrysosporium suspension
(1x10’CFU/ml) was applied to the future soil transplanting spot. One week
after herbicide application, plantlets of lettuce were transplanted and 5 ml of
the T. asperellum suspension (1x10°CFU/ml) was applied. Non-destructive
measurements of plants were done one month later.

The content of linuron in the soil was determined at two time points with
two weeks interval (two and four weeks after transplantation). Each treatment
was done in 10 plants (replicates).

Fungal suspension

Strains Trichoderma asperellum SZMC 20866 and Phanerochaete chrys-
osporium 78 SZMC 20961 were from the Szeged Microbiological Collection
(SZMC), Department of Microbiology. Fungal isolates were maintained on
Potato Dextrose Agar (PDA) medium at 4 °C.

Prior to preparation of fungal suspensions, 7. asperellum isolate was pre-
incubated at 25 °C in the dark, and P. chrysosporium isolates were preincu-
bated at 28 °C in the light. Suspensions were prepared as follows: pure culture
of T. asperellum isolate was grabbed from a Petri dish, resuspended in 100 ml
of tap water, and shaken for 2 h on 50 rpm. Pure culture of P. chrysosporium
isolate was grabbed from 10 Petri dishes, resuspended in 100 ml of tap water,
and shaken for 2 h on 50 rpm.

Determination of linuron in soil

Soil samples from pot experiments were taken in 3 replicates and in field
experiment in 5—10 replicates. Linuron was determined by HPLC (Agilent
1220 Infinity LC). The column used was a stainless steel Phenomenex Synergy
2.5 um Fusion RP 100 A (50 mm x 2.1 mm L.D.). The chromatographic condi-
tions were as follows: eluent, methanol-water (65:35, v/v); flowrate, 0.4 ml/min;
injection volume, 10 pl; wavelength, 254 nm. Column temperature was ambient.
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To obtain a solution of extractable linuron, 0.5 g of soil was shaken with
5 ml of water for 24 h. The suspension was then centrifuged at 14,000 rpm for
30 min and the aqueous extract was separated [Sanchez-Martin et al., 1996].

The response of the detector as referred to peak areas was linear in the
range assayed (0.1-1.2 pg/ml) and least squares linear regression analysis of
the data provided an excellent correlation (R*=0.999). LOD was 0.03 ug/ml or
0.3 ug/g of soil.

Non-destructive measurements

Chlorophyll content of the leaves was measured nondestructively with
SPAD 502 + chlorophyllmeter (Konika Minolta Sensing Inc, Japan). Soil water
content and temperature were measured with WET sensor with HH2 (Delta T).

RESULTS AND DISSCUSSION
Experiment 1

Data on soil water content (WET= 30 + 2%) and soil temperature (T= 25
+ (0.2 °C) measured around each tomato plant used for measurements, indicate
that plant growth conditions were uniform and optimal. Chlorophyll content
of the leaves (SPAD, rel. units) in plants that were treated with 1 ppm did not
decrease in comparison with control plants measured two days after plant
transplantation. However, chlorophyll content decreased in plants treated with
herbicide nine days after transplantation regardless on the fungal treatment
(Table 1). One week after the herbicide application the plants wilted. However,
the content of linuron in the soil after plant harvest was lower in all fungal
treatments (Table 2).

Table 1. Parameters of chlorophyll content measured in situ (SPAD) as influenced by
herbicide and different fungal treatments in growth chamber experiment. I — refers to
the first measurement performed two days after transplantation; Il — refers to the second
measurement performed nine days after transplantation.

Treatment SPAD (rel.units) Treatment SPAD (rel.units)
+s.d. +s.d.

Linuron I33.1+0.75 Control 133+0.46

11 30.83+1.86 11 37.93+0.64
Linuron and Trichoderma 134.17£1.55 Trichoderma suspension 133+0.46
suspension 1130.07£2.29 P 11 37.93+0.64
Linuron, Phanerochaete and 133.63+0.57 | Phanerochaete and 133.2+0.31
Trichoderma suspension 1129.83+1.8 | Trichoderma suspension 1139.07+2.21
Linuron and Phanerochaete 132.9+0
suspension 1129.2+1.27

49



Table 2. The percentage of linuron content in soil related to the value at the beginning
of the experiment, as influenced by different fungal treatments in growth chamber

experiment.
Treatment Linuron [%]
Linuron 90
Linuron and Trichoderma suspension 68
Linuron, Phanerochaete and Trichoderma suspension 74
Linuron and Phanerochaete suspension 75

Experiment 2

Data on soil water content (WET= 17.7 £ 2.3%) and soil temperature
(T=33.8 £ 1.0 °C) measured in the field around each tomato plant used for meas-
urements, indicate that plant growth conditions were uniform and optimal.

Parameters of plant vitality and chlorophyll content in leaves indicate
that the application of P. chrysosporium fungal strain, alone or in combination
with 7. asperellum fungal strain significantly reduced negative effect of 0.45
ppm linuron treatment of tomato plants (Table 3).

Table 3. Parameters of chlorophyll content measured in situ (SPAD) as influenced by
herbicide and different fungal treatments in field conditions.

suspension

Treatment SPAD (rel.units) Treatment SPAD (rel.units)
+s.d. +s.d.

Linuron 48+12 Control 106+5
Linuron and Trichoderma 54413 Trichoderma suspension 10628
suspension
Linuron, Phanerochaete
and 84414 Phanerochaete and 10410

) . Trichoderma suspension
Trichoderma suspension
Linuron and Phanerochaete 79417

The content of linuron in the soil after plant harvest was the lowest after
the application of both fungal suspensions (Table 4).

Table 4. The percentage of linuron content in soil related to the value at the beginning of
the experiment, as influenced by different fungal treatments in field conditions

Treatment Linuron %
Linuron 62.5
Linuron and Trichoderma suspension 70
Linuron, Phanerochaete and Trichoderma suspension 46.5
Linuron and Phanerochaete suspension 63
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Experiment 3

Data on soil water content (WET= 23 + 2%) and soil temperature (T= 17
+ 1 °C) measured in the field around each lettuce plant used for measure-
ments, indicate that plant growth conditions were uniform and optimal. Chlo-
rophyll content of the leaves (SPAD, rel. units) treated with 0.1 ppm linuron
did not differ significantly from untreated plants. Basically, there was no dif-
ference among the treatments (Table 5). The decrease of linuron content in the
soil was the highest when both fungi were applied at both measurement time
points (Table 6).

Table 5. Parameters of chlorophyll content measured in situ (SPAD) as influenced by
different fungal treatments in greenhouse conditions in lettuce plants. The concentration
of applied Linuron was 0.1 ppm.

Treatment SPAD (rel.units) Treatment SPAD (rel.units)
+s.d. +s.d.

Linuron 199+£22 Control 19.3+£2.1

Llnuron. and Trichoderma 19.7+23 Trichoderma suspension 224+1

suspension

Ln}uron, Phanerochagte and 20425 Phgnerochaete and . 19.9 + 3.4

Trichoderma suspension Trichoderma suspension

Llnuron. and Phanerochaete 19731

suspension

Table 6. The percentage of linuron content in soil related to the value at the beginning of
the experiment, as influenced by different fungal treatments in field conditions

Linuron % Linuron %

Treatment 2 weeks after plant 4 weeks after plant

transplantation transplantation
Linuron 83 42
Linuron and Trichoderma suspension 69 59
Linuron, Phanerochaete and Trichoderma 45 0
suspension
Linuron and Phanerochaete suspension 87 27

Investigations of the possibilities of pesticide microbial degradation are
of great importance in the field of environmental protection. Species belong-
ing to Phanerochaete and Trichoderma genus are known for their application
in biotechnology, due to their production of lignin peroxidase, manganese
peroxidase enzymes [Vagvolgyi et al., 2014], as well as laccases [Da Silva
Coelho-Moreira et al., 2013; Kérmdczi et al., 2013]. Vagvolgyi et al. [2014]
showed that P. chrysosporium strains exert good degradation potential of her-
bicides, parabens and phenol derivatives. Also, it is well known that P. chrys-
osporium possesses a great ability to degrade isoproturon, atrazine, propanil,
bentazon, and diuron [Da Silva Coelho-Moreira et al., 2013].
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CONCLUSION

According to our results, the applied fungal strains significantly reduced
toxic effect of 0.45 ppm linuron in plants, which was not the case for 1 ppm
linuron. Both fungi, applied separately or in combination, were effective in
decreasing the linuron content in the soil. However, in field conditions the
combination of both fungi was the most effective. Investigations should be
continued in order to determine which metabolites are produced due to micro-
bial degradation of linuron as they could be more toxic than herbicide itself.
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I[MPUMEHA JIBA PA3JIMYUTA COJA TJBUBULA Y AETI'PAJALTININ
JIMHYPOHA Y 3EMJBUIITY

Topoana M. ,HAHHJ]OBI/IHI, Hainiawa JK. BYPYUR', Mupa M. HYUAPEBHH’,
Jbybunxo 5. JOBAHOBU R’ Yaba BATBEJIBIP, Jlacio KPEQUY,
Hejana M. IAHKOBU'R'

'DakynTeT 3amTHTE KUBOTE CpeuHe, YHUBEp3UTET EMyKOHC,
21208 Cpemcka Kamenwna, Cpouja
2DakynTeT eKONOMLIKe MoJbONpUBpese, Yaupep3uter ExykoHc,
21208 Cpemcka Kamenwuiia, Cpouja
3JlemapT™an 3a MUKpoGHONIOrHjy, daKkynTeT MPUPOTHUX HayKa H HH(OpPMATHKE,
VYuusepsurer y Cerenuny, Mahapcka

PE3MME: [la Ou ce ucruTao NoTEHIMjal 3a Aerpajalnjy XepOuuna, 1sa coja
TJBMBHIIA CY MPUMEHEHA Ha 3eMJBHIIITE 3aral)eHo TUHYPOHOM Y OKBUPY TPH €KCIICPH-
MEHTaJlHa CUCTeMa. Y MPBOM EKCIIEPHMEHTY ca CyAOBMMa 3eMJbHINTE je 3araheHo
JINHYPOHOM y KOHauHOj KoHIIeHTpanuju oz 1 ppm. Cycriensuje ciopa Phanerocheate
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chrysosporium v Trichoderma asperellum cy npuMemneHe MojeIMHAYHO HIIH Y KOMOH-
Hanuju. Hakon pacaljuBama Ha OnbkaMa 1mapajiajaa je MepeH cajpikaj Xjopoduia 1Ba
IyTa y TOKY BereTammje. Y IpyroM eKCriepuMeHTalTHOM CHCTEMY IPHUMEH-CHA j& HUXKa
KOHIICHTpalMja JUHYPOHA, Y KOHauHOj KoHIeHTpauuju ox 0,45 ppm. Y tpehem excre-
PUMEHTY MPUMEH-EHA je KOHauYHa KOHIIeHTpanuja JuHypoHa ox 0,1 ppm Ha ekcriepu-
MEHTaHOj Mapieiu y nojby. Hakon pacahjBama Ha OMJpKaMa cajiaTe je MEpeH ca/ipKaj
XJIopoduiia Kao okaszaresb crama crpeca. KoHIeHTpanuja IMHYpOHa Y 3eMJBUIITY
je onpehuBana HPLC meTonom. IlpuMemeHu cojeBU TJbUBHUIIA CY 3HAYAJHO CMAUIIN
TokcuuHe edekre 0,45 ppm JIMHYpoHa Ha OMIbKE, IITO HUje OMO CITy4aj MU KOHICHTpa-
uuju ox 1 ppm nmurypona. O6a coja rJbUBHLIA, TPUMEHEHA MOjeIMHAYHO UITH Y KOMOH-
HalMju, Ona cy eprKacHa y cMambUBamby capikaja IMHYpOHa Y 3eMJBbHINTY. MehyTnm,
y yCJIOBHMa OrJie]ia Y 1oJby HajepukacHuja je Ouiia mpruMeHa koMOnHaiuje oba coja.

KJBYUHE PEUU: Trichoderma asperellum, Phanerochaete chrysosporium, 6uo-
pemenujanuja, XepoUIua, TMHYPOH

54



30opuuk Marwuie cpricke 3a mpupojgHe Hayke / Matica Srpska J. Nat. Sci. Novi Sad,
Ne 129, 55—64, 2015

UDC 635.8
DOI: 10.2298/ZMSPN1529055L

Milica V. LJALJEVIC GRBIC", Zeljko D. SAVKOVIC,
Milos C. STUPAR, Nebojsa ILIC,
Jelena B. VUKOJEVIC

University of Belgrade, Faculty of Biology,
Institute of Botany and Botanical Garden ”Jevremovac*,
Takovska 43, 11000 Belgrade, Serbia

PHYLLOSPHERE MYCOBIOTA OF EUCALYPTUS
CAMALDULENSIS Dehnh. AND E. GLOBULUS Labill.

ABSTRACT: Diversity of phyllosphere microfungi of two Eucalypti species (E. ca-
maldulensis and E. globulus) was investigated using moist chamber method. A total of 19
different taxa of phyllosphere microfungal community were identified in leaves and seed
bearing capsules. Aspergillus niger was the most frequent isolate in both investigated Eu-
calyptus species along with Alternaria alternata and Penicillium spp. Saprotrophic species
occurred more frequently in Eucalypti phyllosphere compared to plant pathogens. Epiphytes
were quantitatively prevalent. Microscopic analyses of E. globulus phylloplane microfungal
community revealed potential inhibitory effect of Trichoderma viride against Eucalypti
pathogenic species Seimatosporium eucalypti which formed aberrant, collapsed conidia.
The study of phyllosphere mycobiota is of significant importance, considering that numerous
leaf inhabiting fungi are in complex interactions with each other and their host plant.

KEYWORDS: epiphytes, Eucalypti, fungi, moist chamber, phyllosphere, saprobes

INTRODUCTION

The genus Eucalyptus I’Heritier (Myrtaceae) includes over 700 species,
mostly tall, forest and woodland trees and shrubs, most of them endemic to
Australia [Williams and Brooker 1997]. In the last 200 years, Eucalypti have
become economically very important plants and one of the most widely planted
forest species in the world. Outbreaks of plant diseases in both plantations and
native forests have influenced the scientific research of Eucalypti in the recent
years [Keane 2000].

Almost all vegetative organs are colonized by various microorganisms,
including viruses, bacteria, protozoans and fungi forming biofilms together
with biopolymer and nutrients composed matrix. Biofilms are usually 10 pm

* Corresponding autor e-mail: jmilica@bio.bg.ac.rs
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thick with its role in host protection against stress factors, excluding the influ-
ence on metabolic and genetic changes [Morris et al., 1997]. Microfungi are
probably the most important group to investigate since they are well known
plant pathogens or colonizers of their tissues. Phyllosphere is a region of bio-
logical activity which covers the leaf surface and its interior [Caroll et al., 1977].
Epiphytes grow on the surface of vegetative organs, usually termed as phyl-
loplane, and are exposed to outer environmental factors, while endophytes
colonize interior tissues and are in close contact with the inner microenviron-
ment [Kharvar et al., 2009]. Epiphytes colonization depends on biofilm layer
thickness. Qualitative and quantitative phyllosphere community characteris-
tics are influenced by nutrients availability, leaf maturity and morphology, as
well as the presence of inhibitors [Kinkel 1997]. Phyllosphere fungi have a
significant role as biosensors in terrestrial ecosystems through the processes
of organic matter decomposition and mineral solubilization, which lead to
more increased resistance to pathogens and toxic elements [Dix and Webster
1995]. Both epiphytes and endophytes can cause disease symptoms, while
certain endophytes may enhance the tolerance capacity of the plant to survive
under stressed conditions [Redman et al., 2002]. Biological significance of
phyllosphere fungi has been emphasized and investigated by numerous authors.
Therefore, it is of special importance to study microfungal leaf community,
especially on economically important plants, such as Eucalypti.

The aim of this study was to investigate phyllosphere microfungal com-
munity of two economically important Eucalypti: Eucalyptus camaldulensis
Dehnh. and E. globulus Labill. collected from different countries.

MATERIALS AND METHODS
Sampling sites

Plant samples were collected from different localities. E. camaldulensis
leaves and seed bearing capsules were obtained from plantations (Turkey),
park trees (Egypt) and the green house of the Institute of Botany and Botanical
Garden “Jevremovac” (Faculty of Biology, University of Belgrade, Serbia).
Investigated samples of E. globulus leaves were collected from park trees
(Herceg Novi, Montenegro).

Sampling

Leaf and fruit samples were obtained from 10 randomly chosen Euca-
lypti specimens at every sampling site. Sampling took place in spring 2007.
All leaves and fruits were collected directly from living plants and placed in
sterile polyethylene bags for transport.
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Isolation

Plant samples were placed in Petri dish moist chambers, according to
Keyworth [1951], in aseptic conditions and then transferred into thermostat at
25 °C. During the incubation period, microfungi were isolated successively.
To obtain pure cultures, all primary isolates were inoculated via single co-
nidial transfer to Malt Extract Agar (MEA) and Czapek Dox agar (CzA).

Identification

During the incubation period, microfungal colonies formed on leaf or
fruit surface were initially examined with binocular microscope (Stemi DV4,
Carl Zeiss) and photographed.

Mycelium samples were taken from the colony grown on plant leaf or
seed-bearing capsule surface, dyed and fixed with glycerol or Lactophenol
Cotton Blue. Likewise, plant samples were dissected using a sterile scalpel
and dyed with fuchsine acid. All samples were observed under a light micro-
scope (Zeiss Axio Imager M.1, with AxioVision Release 4.6 software).

Identification of fungi was based on the macroscopic features of the colo-
nies growing on MEA and CzA and the micromorphology of the reproductive
structures, using identification keys by Raper and Fennell [1965], Pitt [1979],
Ellis [1971], Ellis and Ellis [1997], Watanabe [2002] and Samson et al. [2004].

RESULTS AND DISCUSSION

A total of 19 different taxa of phyllosphere microfungal community were
identified from Eucalyptus camaldulensis and E. globulus leaves and fruits
(Table 1). A total of 16 identified taxa were isolated from E. camaldulensis
plant parts, including 4 taxa isolated from samples collected in Egypt, 7 from
Turkey and 8 from Serbia. On the contrary, only 6 taxa were isolated from E.
globulus plant parts. The most frequent isolate on both investigated Eucalypti
was Aspergillus niger. Alternaria alternata and Penicillium spp. were also
frequent isolates.

Aspergillus and Penicillium species were most frequently isolated from
both tested Eucalypti plant parts. A. niger colonies were documented on leaves
of both Eucalypti, collected in Turkey and Egypt as well as on fruits of E. ca-
maldulensis collected in Egypt. Leaf and fruit surfaces were covered with felt
of black conidial heads (Fig. 1a,b). Fruits of E. camaldulensis were complete-
ly overgrown with A. flavus conidial heads (Fig. 1b). Penicillium sp. was com-
mon isolate from E. camaldulensis plant parts covered with dark blue-green
colonies. In some cases, conidiophores covering the leaf were rising from
stomata-interior (Fig. 2d). Blue-green colonies observed on E. camaldulensis
samples from Egypt and Serbia, were identified as P. aurantiogriseum and
P. citrinum, respectively.
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Table 1. Phyllosphere microfungi of Eucaliptus globulus and E. camaldulensis

Isolated taxa

E. camaldulensis

E. globulus

Serbia

Turkey

Egypt

Montenegro

Acremonium strictum W. Gams

+

Alternaria alternata (Fr.) Keissl.

+

Aspergillus sp. P. Micheli

Aspergillus flavus Link

Aspergillus niger Tiegh

Aspergillus versicolor (Vuill.) Tirab.

Botrytis cinerea Pers.

Fusarium moniliforme J. Sheld.

Penicillium sp. Link

Penicillium citrinum Thom

Penicillium aurantiogriseum Dierckx

Periconia minutissima Corda

Pestalotiospsis sp. Steyaert

Phomopsis sp. Sacc. & Roum.

Rhizopus stolonifer (Ehrenb.) Vuill.

Seimatosporium eucalypti (McAlpine) H.J. Swart

Stachybotrys atra Corda

Trichoderma viride Pers.

Zygosporium masonii S. Hughes

Undefined taxon (Dematiaceae)

Total

Trichoderma viride was frequently isolated from E. globulus leaves
where it formed characteristic, dense, green cover (Fig. 1a). Seimatosporium
eucalypti picnidia with extruded black cirri were observed on the same leaf
samples of E. globulus (Fig. 1c). Alternaria alternata formed typical branched
conidial chains on the leaf surface (Fig. 2e), while Botrytis cinerea (gray
mold) was isolated from leaves covered with characteristic red gum lerp psyl-
lid honeydew crystalline shells. It is well known that B. cinerea is one of the
most significant pathogens of Eucalyptus globulus Labill, the least resistant
species [Zaldtia and Sanfuentes 2010]. Fusarium moniliforme was isolated
from leaves of E. camaldulensis from Turkey where symptoms included pres-

ence of white sporodochia.
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Figure 1. @) Fungal phylloplane community of Eucalyptus globulus,

b) Seed bearing capsules of E. camaldulensis overgrown with conidial heads
¢) Picnidia with prominent cirri; Aspergillus niger (An), A. flavus (Af),

Seimatosporium eucalypti (S) and Trichoderma viride (Tv) [Photo D. Lakusic].

Stachybotrys atra was seldomly isolated from E. camaldulensis leaves,
appearing as black conidial slime heads. Phomopsis sp. was rarely isolated
from the leaves of E. camaldulensis, covered with small, dark-colored picnidia.
Periconia minutissima was observed in only one sample of E. globulus leaves,
which were partially covered with long melanized conidiophores (Fig. 2c¢).
Rhizopus stolonifer was once documented on E. camaldulensis leaf surface
overgrown with grey mycelial felt bearing numerous black sporangia. Acervu-
lae containing characteristic conidia with apical setulae of Pestalotiopsis sp.
were documented on E. camaldulensis leaves from Serbia (Fig. 2b). In several
trichomes of E. camaldulensis leaves, dark-pigmented hyphae belonging to
unidentified species of the family Dematiaceae (Fig. 2a) were detected.
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Figure 2. a) Pigmented mycelium of the unidentified taxon from Dematiaceae family
inside the leaf trichome of Eucalyptus camaldulensis; b) Acervulae of Pestalotiopsis sp.

on the leaf surface of E. globulus; c) Melanised conidiophores of Periconia minutissima

isolated from the leaf of E. globulus; d) Conidiophores of Penicillium sp. emerging from
stommata-interior of E. camaldulensis leaf; e) Conidial chains of Alternaria alternata

observed on the leaf surface of E. camaldulensis

There are several studies related to fungal diversity of Eucalipti phyllo-
sphere. Upadhyay et al. [1977] reported some species of Alternaria, Fusarium,
Penicillium and Pestalotiopsis as moderately frequent isolates from E. globulus
leaves, while 4. niger and 4. flavus were least frequent, based on investigated
population density. 4. alternata, Penicllium cristata and Aspergillus spp. are
common isolates from both interior and exterior of the Fucaliptus citridora
phyllosphere [Kharvar et al., 2010]. In study presented here, isolated phyllo-
sphere fungi of tested Eucalypti species belonged to two different ecological
groups: epiphytes and endophytes, and most of isolated species belonged to
epiphytic saprobes. The most frequently isolated fungi were: Aspergillus spp.,
Penicillium spp. and A. alternata. Endophytes include species of genera Pestalo-
tiopsis, Phomopsis and Seimatosporium. They are frequently found in phyllo-
sphere of different Eucalipti, many of them living as plant pathogens [Sankaran
et al., 1995]. Quantitative prevalence of epiphytes is expected, since many
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pathogenic endophytes are host specific, while phylloplane fungal community
of Eucalypti is similar to other plant species [Cabral 1985]. It should be noted
that Penicillium, Alternaria and Fusarium genera include both saprobe species
and plant pathogen endophytes [Sanchez Marquez et al., 2011; De Aldana et
al., 2013].

Saprobe micromycetes (most notably Aspergillus, Penicillium and Tricho-
derma species) occurred more frequently in Eucalypti phyllosphere compared
to reported plant pathogens (such as Alternaria, Botrytis, Fusarium, Pestalo-
tiopsis and Phomopsis species). This could be attributed to saprobes faster
growth and greater competition for nutrients against plant pathogens [Upadhyay
et al, 1977]. Furthermore, Aspergillus and Penicillium species are important
mycotoxin producers [Samson et al, 2010] which could exhibit negative effect
on the growth of other fungi. Additionally, potential biotic interaction was
observed on the leaf surface of E. globulus, with visible colonies of A. niger,
T. viride and Seimatosporium eucalypti. In this case, the isolated plant pathogen
Seimatopsorium eucalypti was determined despite observed aberrant, collapsed
conidia. Atypical conidiogenesis is due to strong antifungal inhibitory effect
of Trichoderma species documented in close proximity of Seimatosporium sp.
[Zimowska 2004]. It is important to emphasize that many phyllosphere fungi
produce a wide range of antimicrobials and some authors have demonstrated
antagonistic activity of certain fungal species against others [Naik et al., 2009].
This demonstrates that phyllosphere microfungi exhibit highly complex inter-
actions, including natural systems of phytopathogen control [Ljaljevi¢ Grbi¢
2006].

A large number of isolated epiphytic saprobes, like in this study, suggests
that external microenvironment of the leaf surface induces the fungal growth
while its internal microenvironment restricts fungal population to some extent
[Kharvar et al., 2010]. This is supported by the fact that Eucalypti leaf tissues
often contain essential oils which are proven to have antimicrobial properties
[Safaei-Ghomi and Ahd 2010; Katooli et al., 2011; Bachir and Benali, 2012].
It is argued that plant trichomes could capture and retain airborne particles,
including fungal spores [Calo et al., 2006]. This is confirmed with observed
growth of the species from family Dematiaceae where visible pigmented my-
celium was inside the leaf trichome.

CONCLUSIONS

Phyllosphere microfungal community of Eucalyptus camaldulensis and
E. globulus is diverse, with domination of saprobe epiphytes such as Aspergillus
and Penicillium species. It is evident that isolated species are in complex inter-
actions with each other and their host plant. Since both epiphytes and endophytes
can cause various disease symptoms, study of phyllosphere fungal community
is of great importance, especially on economically important plants.
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MUKOBUOTA ®UIIOCDEPE EUCALYPTUS CAMALDULENSIS Dehnh. U
E. GLOBULUS Labill.

Munuya B. JhbAJbPEBU'R I'PEU'R, XKewxo [ CABKOBUR, Murow 4. CTYIIAP,
Heb6ojwa UJINR, Jerena b. BYKOJEBU'H

Yuusep3uret y beorpany , buonomku dakynrer,
WucTnTyT 32 O0TaHuky u borannyka 6amra ,,JeBpemoBarr’,
Taxoscka 43, 11000 Beorpan, Cpbuja

PE3UME: VY pany je uciutuana Mmukoouora punochepe nse Bpere pona Eucalyptus
(E. camaldulensis u E. globulus) mpuMeHoM MeTo/Ie BlIakHe Komope. M neHTugukoBaHo
je 19 Takcona koju ynase y cacTa 3ajeJHUIIC MUKPOTJbHBA MIOBPIIMHE JIMCTOBA U Yaypa.
Aspergillus niger, Alternaria alternata w Penicillium spp. cy Hajuenrhe usongoBane
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MHKpPOIJbUBE ca 00e ucnutrupane OusbHe BpcTe. CanpoOHe MUKPOMHUIIETE Cy uerihe
JOKyMeHTOoBaHe y nopelemy ca ¢puronarorennma. Takole, youena je moMmuHaIMja
enuUTCKUX BpcTa. MUKPOCKOIICKa aHanu3a tucTa E. globulus je mokasana mpucycTBO
TIJIOZIOHOCHUX Tena Seimatosporium eucalypti ca KoHuIMjaMa H3MemeHe Mopdooruje,
HajBepoBaTHH]je ycien HHXUOUTOpHOT edexra Trichoderma viride. icnutnBame MHKO-
o6uote punocdepe je o BenmKor 3Ha4aja, ¢ 003upoM j1a OpojHE TIBHUBE, KOJOHU3ATOPH
JUCTOBA, (hopMUPajy KOMILIEKCHE OMOTHYKE HHTEPAKIIH]e.

KIJbYYHE PEYU: BnaxxHa komopa, ripuBe, enudute, Eucalypti, canpobu, ¢uio-

chepa
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SCREENING OF AZOTOBACTER ISOLATES FOR
PGP PROPERTIES AND ANTIFUNGAL ACTIVITY

ABSTRACT: Among 50 bacterial isolates obtained from maize rhizosphere, 13 isolates
belonged to the genus Azotobacter. Isolates were biochemically characterized and estimated
for pH and halo tolerance ability and antibiotic resistance. According to characterization, the
six representative isolates were selected and further screened in vitro for plant growth promoting
properties: production of indole-3-acetic acid (IAA), siderophores, hydrogen cyanide (HCN),
exopolysaccharides, phosphate solubilization and antifungal activity (vs. Helminthosporium
sp., Macrophomina sp., Fusarium sp.). Beside HCN production, PGP properties were detected
for all isolates except Azt;. All isolates produced IAA in the medium without L-tryptophan
and the amount of produced IA A increased with concentration of precursor in medlum The
highest amount of IAA was produced by isolates Azt,(37.69 and 45.86 pg ml™") and Azt;
(29.44 and 50.38 ug ml™) in the medium with addition of L-tryptophan (2.5 and 5 mM). The
isolates showed the highest antifungal activity against He/minthosporium sp. and the smallest
antagonistic effect on Macrophomina sp. Radial Growth Inhibition (RGI) obtained by the
confrontation of isolates with tested phytopathogenic fungi, ranged from 10 to 48%.

KEYWORDS: antifungal activity, Azotobacter, IA A, maize, PGP properties, rhizosphere

INTRODUCTION

Maize (Zea mays L.) is one of the three world’s most widely grown crop
with an annual global production of 1 billion t in 2013 [available at FAOSTAT].
In Serbia, maize is grown on about 1.2—1.4 million ha, with a total grain produc-
tion between 4 and 7 million t per year [Jockovi¢ et al., 2010]. Besides genetic
potential, achieving higher yields also demands appropriate fertilization.

Recently, plant growth promoting rhizobacteria (PGPR) have been used
to enhance crop yield and improve agricultural sustainability. PGPR are directly
involved in increased uptake of nitrogen through biological nitrogen fixation,

* Corresponding autor e-mail: dragana.bjelic@ifvens.ns.ac.rs
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synthesis of phytohormones, solubilization of minerals such as phosphorus
and production of siderophores that chelate iron and make it available to the
plant root [Ahemad and Kibret 2014].

The beneficial effect of Azotobacter, applied alone or in mixture with
other PGPR strains, on vegetative growth and yield of maize was reported by
numerous authors [Biari ef al., 2008; Gholami et al., 2009; Jarak et al., 2012].
Yield increase by Azotobacter inoculation is a result of nitrogen fixation, as
well as the production of growth regulators, antibacterial and antifungal com-
pounds [Mrkovacki and Mili¢ 2001; Wani et al., 2013].

Efficiency of microbial preparations can be increased by using the best
combination of beneficial microorganisms and it requires a clear definition of
useful and necessary properties of a microorganism selected for specific en-
vironmental conditions and certain plants. Therefore, the aim of this study
was to perform characterization of Azotobacter isolates from maize rhizos-
phere and selection of strains with potential environmental and plant growth
properties, as well as antagonistic activities against phytopathogenic fungi,
for the purpose of further field application.

MATERIAL AND METHODS
Isolation and characterization of Azotobacter strains

The rhizosphere soil samples were collected from the one-month-old
maize plants (hybrid NS6010) grown on calcareous chernozem soil at Rimski
Sancevi experimental field of the Institute of Field and Vegetable Crops, Novi
Sad, Serbia. Chemical soil properties of the experimental field were: pH (in H,O)
— 8.42, nitrogen percentage — 0.152%, calcium carbonate percentage — 5.04%,
humus content — 2.05%, available P and K contents — 12.8 and 17.3 mg 100 g soil.
The soil paste-plate method [Becking 1981] was used as isolation strategy for
Azotobacter. The isolates were characterized by their morphological and bio-
chemical characteristics using standard methods [Jarak and PBuri¢ 2004].

The isolates were grown on N free medium adjusted with IM HCl or IM
NaOH for pH tolerance (5.5 and 9.0) and supplemented with 3% and 7% NaCl
for salt tolerance. Determination of the direct impact of antibiotics was per-
formed by the diffusion method using different concentrations of antibiotics
(ug mI™"): ampicillin (10, 25), neomycin (10, 30), erithromicin (5, 15), strepto-
mycin (10, 300), chloramphenicol (10), and kanamycin (30).

In vitro screening for plant growth promoting properties

Phosphate solubilization. The ability of isolates to dissolve sparingly soluble
inorganic phosphate was determined by spot inoculations on PVK (Pikovskaya
medium) [Pikovskaya 1948] and NBRIP (National Botanical Research Institute’s
phosphate growth medium) [Nautiyal 1999] with 0.5% TCP (Ca;(POy),).
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Siderophores production. Bacterial ability to produce siderophores was
assayed on a chrom-azurol S (CAS) medium by protocol of Milagres et al. [1999].

Exopolysaccharides (EPS) production. In order to test the production of
EPS, isolates were grown on the appropriate media supplemented with 0.02%
Calcofluor color (Calcofluor White M2R, Sigma) [Reed et al., 1991].

Hydrocyanic acid (HCN) production. HCN production was tested on HCN
induction medium supplemented with glycine (4.4 g 1"") [Ayyadurai et al., 2007].

Indole acetic acid (IAA) production. For quantitative analysis of [AA
production, a 100 pl 24h-old bacterial suspension was inoculated in liquid N-
free medium, supplemented without and with 2.5 and 5 mM of L-tryptophan
(as precursor of TAA) and incubated for 48h at standard temperature. Salkows-
ki reagent was mixed with the supernatant (2:1 v/v) and intesity of the devel-
oped color was measured at 530 nm [Glickman and Dessaux 1995].

Antifungal activity assay. The ability of the isolates to inhibit the growth
of the phytopathogenic fungi (Helminthosporium sp., Macrophomina sp. and
Fusarium sp.) was determined by the method of dual culture [Rodriguez et
al., 2000]. Radial Growth Inhibition (RGI) was caluculated according to for-
mula: RGI (%) = [(1;-12) / 1;] x 100; where: r; = radius/growth of mycelium in
the control and r, = radius/growth of mycelium confronted with a bacterial
isolate.

Statistical Analysis. The statistical variation in IAA production by Azo-
tobacter isolates and antifungal activity were analyzed using the analysis of
variance (ANOVA), followed by mean separation according to Duncan’s Mul-
tiple Range test (p<0.05).

RESULTS AND DISCUSSION

Among 50 bacterial isolates obtained from maize rhizosphere, according
to morphological and biochemical characterization, 13 representative isolates
were grouped into genus Azotobacter as described in Bergey’s Manual of
Determinative Bacteriology [Holt ef al., 1994]. General properties of test iso-
lates were presented in Table 1. All the isolates were gram-negative and able
to use the examined carbohydrate and citrate as carbon sources.

Table 1. Screening of isolates for morphological and biochemical characteristics

Morphology C utilization ISO&Z tes Test reaction ISO&Z tes
Glucose 69 Citratase 84

Colony Galactose 100 Gelatinase 92

Slimy, glistening, brown to yellow-green Sucrose 69 Amilase 0

on aging, medium to large-size

Cell Fructose 100 Catalase 100

Gr—ve rod-shaped to coccoid cells Lactose 92 Urease 69
Mannitol 69 Nitrate reduction 61
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Soil properties have a strong impact on a range of processes that influence
crop yield, including microbial activity. Bacteria investigated in our study ex-
pressed good potential for adaptation. Four isolates had optimal growth on the
medium with pH 5.5. All isolates were tolerant to concentration of 3% NaCl,
while on the medium with the addition of 7% NaCl growth was not recorded.
Resistance to antibiotics depended on the tested isolates, types and concentra-
tions of antibiotics. Neomycin and streptomycin had the largest inhibitory effect,
while the most tolerant isolates were Azt;, Azts and Azt; (Table 2).

Table 2. Screening of isolates for pH and halo tolerance and antibiotic resistance

halg Ii)faer;;lnce Antibiotics (ug ml™)

8 pH | NaCl(%) | Amp Ery Neo Str | Kan | Chl

‘E [}

I I = e N I N - R =R
Azt - - + - r r r s s S S s r :
AZtg + - + - S S S s r s S S S S
Azts - , + - s s s $ s s s s s s
Azty + - + - S s s S s S S S s s
Azts S I N A r r s s s s s s s r
Azt - - + - s s S s S S S S S S
Azty - - + N r s r s S S s s s r
Aztg - - + - S S s s S S S S s s
AZtg - - + - S S S S S s s S S S
Azt + - + - s s s $ s s s s s s
Azt - - + - S s s s S S S s s s
Azti - ; + - s s s $ s s s s s s
Azt); - - + - S S s S s s S S S s

pH and halo tolerance: (+) growth; (-) growth absent; Antibiotic resistance: (s) sensitive;
(r) resistant

According to environmental properties, the six representative isolates
were selected for further screening on the basis of PGP properties and anti-
fungal activity (Table 3). Poor solubility of TCP on PVK and NBRIP has been
determined, with the width of the solubilization zone between 1 and 4 mm,
whereas a larger solubilising zone, from 4 to 7 mm, was measured only for
isolate Azt; on the NBRIP medium. The ability of bacteria to produce sidero-
phores was detected in all isolates except Azt,. Larger orange zone, from 5 to
15 mm, was measured for isolates Azt; and Azt;), while the zone of color
change for other isolates was between 1 and 5 mm. All isolates except Azt;
produced exopolysaccharides, while production of HCN was detected in iso-
lates Azts and Azty,.
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Diverse PGPR produce IAA and other metabolically active substances,
which lead to an increase in root length, height of above ground plant parts and
yield. Bacteria use this phytohormone to interact with plants as part of their
colonization strategy, including phytostimulation and circumvention of basal
plant defense mechanisms [Spaepen et al., 2007]. In this study, the quantity of
produced TAA depended on the applied concentration of L-tryptophan and
tested isolates. All isolates produced IA A in the medium without L-tryptophan
and the amount of produced A A increased with concentration of precursor in
medium. Isolate Azt,o was the best IAA producer in the medium w1thout pre-
cursor (26.16 pg ml™), while isolates Azt (37.69 and 45.86 pug ml") and Azts
(29.44 and 50.38 pug ml™") produced the largest amounts in medium supple-
mented with 2.5 and 5 mM L-tryptophan. This is in accordance with the inves-
tigation of Govedarica et al. [1993]. In their study, Azotobacter strains isolated
from chernozem soil had the ability to produce auxins, gibberelins and phenols
and thus increase planth length, mass and nitrogen content of tomato plants.
Similarly, variability within the same PGPR properties in different isolates was
recorded by Mahalakshmi and Reetha [2009], while Suresh ef al. [2010] con-
cluded that the most isolates from maize rhizosphere possessed PGPR charac-
teristics, and therefore should be used as potential biofertilizers.

Table 3. Screening of isolates for PGP properties and antifungal activity

P-sol IAA production Radial Growth Inhibition (%)
(ng ml?)
0 mM L-trypthophan ! '

s 2 2 g

5 =1 3 £E| 2
S M| Z|5|Z|ln| O 2.5 5 sg | £% 5
S | >|BA|IZB|0O|A S-= g 3
2 ||l Z|la|Z|a = E T & =
Aztl |+ |+ |+ | - |+ 457% | 2871° | 36.20° | 19.61° | 4676% | 38.43®
Azt2 |+ |+ |+ ] - |+ | 296° 2373" | 24.38" 18.03% | 42.28% | 39.21°
Aztd |+ |+ |+ | - |+ ] 726° 37.69% 45.86° 10.59° 29.36° | 35.29%
Azt5 | + |+ [ ++| + | + ] 5.26° 29.44° | 50.38" 10.98* | 40.79° | 27.06™
Azt7 |+ |4+ - | - | - | 413¢ 24.66° | 2879 | 21.96* | 4825 | 34.50"
Aztl0 | + | + |[++| + | + | 26.16* | 27.09¢ | 30.83¢ | 18.82* | 42.79* | 30.58°

P-sol: (+) 1-4 mm of halo diameter; (++) 4-7 mm of halo diameter; siderophore: (-) no color
change (1) 1-5 mm wide of orange zone; (++) 5-15 mm wide of orange zone; HCN, EPS:
(+) positive reaction; (-) negative reaction; IAA: The different letter above the number
inicates a significant difference at P < 0.05

Azotobacter isolates showed the highest antifungal activity against Hel-
minthosporium sp. and the smallest antagonistic effect on Macrophomina sp.
RGI, obtained by confrontation of isolates with tested pathogens, ranged from
10 to 48%. The largest decrease in growth of Macrophomina sp. and Hel-
minthosporium sp. was obtained by the confrontation with isolates Azt; (19.61%
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and 46.76%) and Azt; (21.96% and 48.25%). The highest antifungal activity
against Fusarium sp. was registered through confrontation with the isolates Az
and Azt, (38.43% and 39.21%). Other isolates had equally good antagonistic effect
against the tested pathogens. Similar findings about fungal growth inhibition
and posibble application of Azotobacter isolates as biocontrol agents were ob-
tained in numerous studies. Subba Rao [2001] proved that isolates of Azotobacter
chroococcum produced an antibiotic which inhibited the growth of several patho-
genic fungi. Investigating the effect of Azotobacter isolates against Apergillus
flavus, Cercospora sp., and Fusarium oxysporum, Ponmurugan et al. [2012]
determined the larger inhibition zone at a higher suspension of culture.

CONCLUSION

This study confirmed the occurence of Azotobacter sp. in maize rhizos-
phere. Results are of practical importance because we demonstrated that the
tested isolates produce a considerable amount of IAA, and have a good anti-
fungal activity, partly due to production of siderophores and HCN. Further
studies on the performance of these isolates in soil-plant system are needed to
establish which traits of selected isolates are useful and necessary for certain
environmental conditions and different hybrids.
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UCIIUTUBAIE PGP CBOJICTABA 1 AHTU®YHI'AJIHE AKTUBHOCTU
N30JIATA ASOTOBAKTEPA

Hpazana 'b. BJEJIUR, Jenena b. MAPUHKOBU'R, bpanucaasa b. THHTOP,
Comwa Jb. TAHYU R, Anexcanopa M. HACTACHR, Haciuacuja b. MPKOBAYKHU

WHCTUTYT 32 paTapcTBO U MOBPTAPCTRBO,
Maxkcuma 'opkor 30, 21000 Hoeu Can, Cp6uja

PE3VME: Mehy 50 uzonara bakrepuja us pusochepe Kykypysa, 13 uzonara npu-
najanu cy pony Azotobacter. I3onatu cy OMOXEMUjCKH KapaKTepUCAHH U HCIIMTAHA je
TOJIEPAHTHOCT IIpeMa PeakiMju CpeJInHe, KOHIIEHTPAIMjU COJIM U PE3UCTEHTHOCT Ha
aHTHOMOTHKe. HakoH KapakTepu3saimje, 01a0paHo je MIeCT penpe3eHTaTHBHUX H30IaTa
3a najba ucnutuBama PGP cBojcraBa: nponykuuje nuaon-3-cupherne kucenunne (IAA),
cunepodopa, IHjaHOBOJIOHUYIHE KUCETIHE, er30Iorucaxapuaa, hochocomydonnusamje u
aHTU(yHranHe akTuBHOCTHU (ipema Helminthosporium sp., Macrophomina sp., Fusarium
sp.). Ocum ponykimje HCN, PGP cBojcTBa yTBpleHa cy 3a cBe u3onare ocuM Azt;. Haj-
Behy kommunny IAA npoxykoBanu cy nsonati Azt, (37,69 u 45,86 pg ml™) u Azts (29,44
u 50,38 ug ml™) y moxmosu ca gonatkom L-tryptophan-a (2,5 u 5 mM). U3omnaru cy uc-
noJbuiin HajBehy aHTU(YHTaIHY aKTUBHOCT nipema Helminthosporium sp., a HajMambu
AHTaroOHOCTHYKH edekaT npema Macrophomina sp. [Iponienat naxudunmje pacta (RGI)
J00MjeH CyouaBamkeM M30J1aTa Ca HCITUTHBAHUM (DUTONATOTeHUM IJbHBaMa KPeTao ce Off
10 1o 48%.

KJbYUHE PEYU: anTudyHnranua aktuBHOCT, Azotobacter, IAA, xyxypy3, PGP
CBOjCTBa, pu3ochepa
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ON THE NEW AND RARE LEPIDOPTERA
IN SERBIAN FAUNA

ABSTRACT: New distributional records are given for eight Lepidoptera species in
Serbia. Ethmia lugubris (Staudinger, 1879) (fam. Ethmiidae) is reported in Serbia for the
first time. Larval mines of Stigmella centifoliella (Zeller, 1848) (fam. Nepticulidae), photos
of Hypercalia citrinalis (Scopoli, 1763) (fam. Amphisbatidae) and Cryphia amasina (Draudt,
1931) (fam. Noctuidae), as well as male genitalia of Leptidea reali Reissinger (1988) — Leptidea

Jjuvernica Williams, 1946 complex (fam. Pieridae) and Cryphia amasina are presented.
UTM 10 x 10 km distribution map for three species is provided.
KEYWORDS: Lepidoptera, Republic of Serbia, fauna

INTRODUCTION

The latest comprehensive checklist of Serbian Lepidoptera [Zecevic 1996]
revealed, among other things, that many families, genera and species had not
been sufficiently investigated in the past, as well as that many species had not
been found again for even few decades. The knowledge of the species is still
insufficient: 1,355 species [Zecevi¢ 1996] compared to 4,104 species in Roma-
nia [Rakosy et al., 2003], or 3,598 species in Slovakia [Pastoralis et al., 2013],
etc. As a result of a recent field research carried out predominantly in eastern
Serbia, some interesting data for eight Lepidoptera species have been found.
These faunistic data are presented in this paper. Among the recorded species,
one Microlepidoptera species has not been known in Serbian fauna so far.

The region of eastern Serbia, towards Bulgarian border, phytogeograph-
ically belongs to Moesian phytogeographic province of the Balkan floristical
subregion. Due to lack of exploration in the first place, we decided to examine
the composition of the fauna Lepidoptera in the gorge of Jelasnicka Klisura and
Suva Planina Mountain. The results would present the zone of Suva Planina
Mt. and Vidli¢ Mt. influence in the east and Tresibaba Mt. in the north. Rich
faunistic material has been collected in the last few years.

* Corresponding author e-mail: jaksicpredrag@gmail.com
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MATERIAL AND METHODS

Specimens were collected with butterfly net, light trap and by collecting
mined leaves. The coordinates at which the Lepidoptera were caught were de-
termined using “Garmin e-Trex Vista” GPS device. The photos of specimens
in situ were taken using Nikon Camera with “AF-S Micro-NIKKOR Lens”.

Fieldwork in protected areas was done on the basis of permits provided
by the Ministry of Environment, Mining and Spatial Planning, Republic of
Serbia, No. 353-01-1559-2011-03, dated 8 June 2011; No. 353-01-1070/2012-03,
dated 12 June 2012.; No. 353-01-916/2014-08, dated 29 May 2014. and No.
353-01-356/2015-17, dated 27 April 2015.

After the preparations, the determination of the specimens was done by the
wing-patterns and in some cases by examination of the male genitalia. The prep-
arations were carried out following the well known standard procedure: mac-
eration by boiling in potash, dissecting and cleaning, clearing in xylolum and
mounting in Canada balsam. The photos of genital parameters were taken using
the “Leica DM 1000” microscope with the “Camera Leica DEC 290”. All the
material (specimens and genitalia slides) are deposited in the author’s collection.

The taxonomic order identified according to Nieukerkenn et al. [2011],
and the nomenclature was done according to Karsholt & Razowski [1996] and
Van Swaay et al. [2010].

RESULTS AND DISCUSSION

1. Stigmella centifoliella (Zeller, 1848) (fam. Nepticulidae)

Material examined: Beograd, Avala Mt., 1 June 2015. Jaksi¢ P. leg. (Fig. 1).
Determination was done according to Lodl & Gaal-Haszler [2010]. During the
work on medicinal plant research, 152 species of leaf miners from order Lepi-
doptera in Serbia have been proved [Dimi¢ et al., 2000]. These data include spe-
cies S. centifoliella, but without precise localities. The larvae feed on Rosa spp.

In Bulgaria, this species is reported from Eastern Rhodopes [Buszko &
Beshkov 2004]; in Croatia from Jastrebarsko, Gonjeva [Matosevi¢ et al., 2009].

Ova laid usually underside of leaf mine: June—July, September—October.

2. Ethmia lugubris (Staudinger, 1879) (fam. Ethmiidae)

Material examined: Eastern Serbia, the town of Zagubica, Jagnjilo, 350 m;
20 May 2015, 2 33, Jaksic P. leg.

This is a new species in the fauna of Serbia.

In Bulgaria, species is reported from Rila Mt., Rhodope Mts. and Stara
Planina Mt. [Ganev 1983].
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Figure 1. Mine of S. centifoliella on Rosa canina, Beograd, Avala Mt.,
1 June 2015, Jaksi¢ P. leg. [Foto: P. Jaksic]

3. Hypercallia citrinalis (Scopoli, 1763) (fam. Amphisbatidae)

According to Karsholt & Razowski [1996] there are 26 Amphisbatidae
species in Europe and 7 species in former Yugoslavia. Species Hypercallia
citrinalis [Scopoli 1763] is a member of family Amphisbatidae. Fazekas [2002],
Vallhonrat ef al. [2004], Pastoralis [2010], Rakosy & Wieser [2010] and Pas-
toralis & Szeone [2011] are of the same opinion. Following Lesar & Habeler
[2005], Bond & O’Connor [2012] and Sumpich ez al. [2013] this species is a
member of family Elachistidae. Finaly, by Klepikov [2004], Malkiewicz [2005]
and Kocak & Kemal [2009] this species is a member of family Oecophoridae.

Representatives of family Amphisbatidae in former Yugoslavia have not
been sufficiently examined yet. The first literary data was given by Scopoli
(1763), who described H. citrinalis for Slovenia. Rebel [1910] described Pseu-
datemelia aeneella Rebel, 1910 for Hercegovina: Prenj Mt. and Bosnia: Trebe-
vi¢ Mt., as well as for Slovenia: Nanos and Gradische Mt.; Rebel und Zerny
[1931] recorded Anchinia daphnella (Denis und Schiffermiiller 1775) and 4.
laureolella Herrich-Schéffer, 1854 for Macedonia (Bulgaria — Greece): Alibotus
Mt., as well as Lesar and Habeler [2005] for Slovenia. Rebel (1904) reported
Pseudatemelia flavifrontella (Denis und Schiffermiiller, 1775) for Bosnia and
Hercegovina: Bjelasnica Mt.; Klimesch (1968) specified P. josephinae (Toll,
1956) for Macedonia: Sar—planlna Mt., Crni vrh, as well as Fuchsia luteella
(Heinemann, 1870) for Macedonia: Drenovo — Kavadarci.

When it comes to H. citrinalis (Scopoli, 1763) species, there is only a few
information for former Yugoslavia. Following literature data, there could be spec-
ified: Rebel (1904) for Bosnia and Herzegovina (Sarajevo, Dzﬂe and Vlasenica);
Rebel und Zerny (1931) for Albania (Kula e Lumes) and Serbia (Zljeb Mt.); Lesar
& Habeler (2005) for Slovenia (Polzela and Slatina pri Polzeli).

Lemon Flat-body [Hypercallia citrinalis (Scopoli, 1763)] is an interesting
species. It was recorded in 12 May 2015 in the gorge of Jelasnicka Klisura,
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310 m above sea level, EN89, N 43°17°55”, E 22°03°42”" (Fig. 2). This new site
near the city of Ni§ connects two already known distant localities: Zljeb Mt.
(Western Serbia) and Borovets in Bulgaria [Soffner 1967].

Figure 2. H. citrinalis, Serbia, Nis, the gorge of Jelasnicka Klisura,
12 May 2015 [Photo: P. Jaksic]

It was found in a developed and well preserved habitat determined as:
6210 Semi-natural dry grasslands and scrubland facies on calcareous sub-
strates (Festuco-Brometalia) (*important orchid sites) (E1.21, E1.22, E1.55).
Caterpillars are fed with common milkwort (Polygala vulgaris) and chalk
milkwort (P. calcarea). Petrovi¢ [1882] reported P. vulgaris for this area.

4. Leptidea reali Reissinger (1989) — Leptidea juvernica Williams,
1946 complex (fam. Pieridae)

Material examined: Bor, Deljboke, 500 m, 11 August 1994, Jaksic¢ P. leg.
(prep. no. SR-2048 and SR-2125); Bor, Savaca, 500 m, 9 July 1993, Jaksi¢ P.
leg. (prep. no. SR-2123); the Raca River canyon, 16 August 2006., Dodok 1.
leg. (prep. no. SR-2328); Kosmaj Mt., 24 April 2006, PBuri¢ M. leg. (prep. no.
SR-2306); Pastrik Mt., Gorozup, 700 m, 2 July 1996., Jaksi¢ P. leg. (prep. no.
SR-2102); the town of Knjazevac, Papratna, 200-300 m; Prijepolje, the MileSevka
River, 685 m, 7 June 2015, Jaksi¢ P. leg. (prep. no. SR-2683); Pristina, Grmija
Mt., 700 m, 3 July 1978, Jaksi¢ P. leg. (prep. no. SR-5740); Negotin, 14 March
1998, Grozdanovic A. leg. (prep. no. SR-2301); Rudnik Mt., 600 m, 28 April 1985,
Jaksi¢ P. leg. (prep. no. SR-1786); Tara Mt., the Beli Rzav River, 12 August 20006,
Dodok L. leg. (prep. no. SR-2330); Tara Mt., Kaluderske Bare, 11 August 2006,
Dodok I. leg. (prep. no. SR-2337); Tutin, Crkvine, the Smolucka Reka River,
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23 June 2006, Jaksi¢ P. leg. (prep. no. SR-2314); Vranje, Go¢ Mt., 18 May 1997,
Stosi¢ G. leg. (prep. no. SR-2179); the town of Uzice, the gorge of the Detinja
River, 23 April 2006, Dodok I. leg. (prep. no. SR-2336); Zlatibor Mt., Mokra
Gora, 22 April 2006, Dodok I. leg. (prep. no. SR-2338) (Map 1, Fig. 3).

L. reali, described previously by Réal as a new species L. lorkovici, then
as L. reali Reissinger [1989], from the eastern Pyrenees, is distinctly different
from L. sinapis by greatly prolonged ductus bursae, acdoeagus and saccus
alone (Fig. 3). Recently, Dinca et al [2011] have shown that inside of Leptidea
reali exist another species — L. juvernica Williams, 1946 L. reali and L. juver-
nica, differenced by at least 11 chromosomal fusions/fissions. Recent studies
have shown that population in the Balkan Peninsula which used to be known
as L. reali is now referred to as the new cryptic species L. juvernica which
occurs in temperate Europe and Asia.

oo B tEEAE=CRPAY
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Map 1. The UTM 10x10 km distribution map of the localities of analyzed species:
e — L. reali — L. juvernica complex, A — C. amasina, © — K. climene.
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Figure 3. Male genitalia of L. reali — L. juvernica: Serbia, Bor, Deljboke, 500 m,
11 August 1994, Jaksié¢ P. leg.

5. Kirinia climene (Esper, 1783) (fam. Nymphalidae)

Material examined: Tresibaba Mt., 787 m, 23 June 2014, Jaksi¢ P. leg. (Fig.
4; Map. 1). In Tresibaba Mt. this species was found in plant association Querce-
tum cerris moesiacum s. lat. A small colony of about 10 specimens was noticed
flying in treetop. In Rtanj Mt. it was treetop of Sorbus aria (L) Crantz, and in
Tresibaba Mt. it was treetop of Quercus cerris L. The localities where this spe-
cies was recorded are detached and distant from each other. For this reason,
there is the question of communication within and between these populations.

Extremely rare species in Serbia are reported from Stol Mt. [ZeCevic
2002], Rtanj Mt. [Jaksi¢ et al., 2008] as well as from SvrljiSke Planine Mt.:
Juzni izvor, 556, Stara Planina Mt.: the village of Rudinje, 836 m and Zajecar:
Beli Breg, 170 m [Puri¢ & Popovi¢ 2011].

In Bulgaria, they are reported only on three localities: Stara Planina Mt.:
Gorna Kremna and Sliven [Abadjiev 2001], as well as in Vlahina Mt., the vil-
lage of Debocica, 1,000 m [Domozetski 2012].

Figure 4. K. climene, Tresibaba Mt., 787 m, 23. 6. 2014. [Photo: P. Jaksic]
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6. Erebia alberganus (Prunner, 1798) (fam. Nymphalidae)

Material examined: E. alberganus found at two localities — Stara Planina
Mt., Dojkinci, 700 m, 14 June 2015 and the town of Pirot, Crni Vrh Mt., 790 m,
22 June 2015. Both localities are meadows in beech forests. This is the species
with large populations.

Parker & Jaksi¢ [1996] reported this species from several localities in
Stara Planina Mt.: beside the Toplodolska River, 800—1,000 m; beside the Ra-
kitska River, 1,350 m and beside the Ilijina River, 1,400 m. Van Swaay et al.
[2007] reported E. alberganus from Stara Planina Mt.: Babin Zub, 1,750 m.

7. Diacrisia sannio (Linnaeus, 1758) (fam. Erebidae)

Material examined: Fruska Gora Mt., Grabovo, 180 m, 1 &, 25 July 2008,
Jaksi¢ P. leg.; Fruska Gora Mt., Beo¢in, 125 m, 1 @, 18 July 2008, Jaksi¢ P. leg.

This is an already well-known species of the fauna of Serbia from several
localities: Velika Ada Ciganlija; Beograd, Bor¢anski Kanal; Beograd, Pionirski
Grad; Kraljevo; Grocka; Div€ibare Mt. (Andus, 1984). Zecevi¢ (2002) reported
this species from eastern Serbia, Timocka Krajina; also, in Vojvodina, Rots-
child (1909-1917) from Deliblatska PeSc¢ara (Deliblato sands) and Keresi and
Almasi [2009] from Novi Sad: Rimski Sancevi. However, there were no data for
this species in Fruska Gora Mt. [Stojanovi¢ 2012], these are the first data.

The polyphage larvae feed on different plants: Galium, Plantago, Taraxa-
cum, Epilobium, Urtica, Hieracium, Rumex, etc.

8. Cryphia amasina (Draudt, 1931) (fam. Noctuidae, Bryophilinae)

Material examined: Beograd, Zvezdara, 185 m, 3 3, 27 July 2015, Jaksi¢ P.
leg. (Figure 5, Map 1). This is the third finding of this species in Serbia.

Figure 5. C. amasina, left: adult male, Beograd, Zvezdara, right male genitalia slide
SR-2692, x44.
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As a new species in the fauna of Serbia Stojanovi¢ (2005) found this spe-
cies in Fruska Gora Mt.: Ledinci-Stokuc¢a, 360 m., 1 &, 28 July 2001 and 17,
18 July 2004. Recently, Beshkov [2015] found C. amasina in eastern Serbia,
the region of Nis, Koritnjak above Niska Banja, 560 m.

CONCLUSION

Representatives of the following families have been recorded: Nepticuli-
dae, Ethmiidae, Amphisbatidae, Pieridae, Nymphalidae, Noctuidae and Ere-
bidae. Obtained results contribute to the more complete knowledge of the
distribution of certain Lepidoptera species in Serbia. These results support the
fact that the highland and mountainous regions of the Republic of Serbia,
apart from Carpathes, Rhodopes and Stara Planina, as parts of Balkan Penin-
sula, are one of six European centers of Lepidoptera diversity.
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O HOBUM U PETKNM BPCTAMA JIEIITUPA (LEPIDOPTERA)
Y ®AYHU CPEUJE
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JemapTMaH 3a OHOJIOTH]Y B €KOJIOTH]Y,
Bumerpancka 33, 18000 Humr, Cpouja
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PE3UME: Cpowuja ca 1.355 no cama peructpoBaHux Bpcta peaa Lepidoptera jom
YBEK 3HaTHO 3a0CTaje Y [I03HABAbY (hayHe OBE IPyIie HHCEKaTa. Y OBOM IPHJIOTY IIPH-
Ka3aHU Cy HOBH IIOJIAIIM O pacIpocTpamemny ocaM Bpcta Lepidoptera. Bpera Ethmia
lugubris (Staudinger, 1879) (fam. Ethmiidae) yrBphena je y okonunu JXKaryowurie (Jarmu-
110) Kao HoBa 'y ayHu CpOuje. Y okonuHu beorpaja (ABasa) mprKa3aH je IpoHajIa3aKk
nucHor MuHepa Bpcte Stigmella centifoliella (Zeller, 1848) (fam. Nepticulidae). M3noxen
je caumax Bpcre Hypercalia citrinalis (Scopoli, 1763) (fam. Amphisbatidae) koja je
yTBphena y Jenamunukoj knucypu. Hasenen je u nanas Diacrisia sannio (Linnaeus,
1758) (fam. Erebidae) caxynssene Ha @pyikoj ropu (I'padoro u beounn). [punoxenn
Cy U CHUMIIY TeHUTAIHE apMaType Mykjaka Bpcta Leptidea reali Reissinger (1989) —
Leptidea juvernica Williams, 1946 kommuiekc (fam. Pieridae), yrephene Ha 15 nmoka-
nuteta y Cpouju, kao u Cryphia amasina (Draudt, 1931) (fam. Noctuidae, Bryophilinae)
ytBphene y beorpany (3Besnapa). Ypahena je u UTM 10x10 km kapTa pacmpoctpa-
Bewa Tpu Bpete y Cpouju.

KJbYUYHE PEYMU: nentupm (Lepidoptera), Penmyonuka Cpbuja, dpayna
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THE RATIO OF DOMESTIC AND WILD ANIMALS
AT NEOLITHIC SITES IN VOJVODINA (SERBIA)™

ABSTRACT: Based on the results of the vertebrate fauna research from 10 Neolithic
archaeological sites in Vojvodina (Serbia), two of which belong to Kéros culture, 7 to Star-
¢evo culture, and one to Vinéa culture, the proportional contribution of domestic and wild
animals was analysed. These sites were approximately dated between 6000 and 3200 BC.
The smallest proportion of domestic animals was recorded at the sites of Golokut-Vizi¢ and
Nosa Biserna Obala, while the biggest one at the sites of Prosine-Pecinci, Zlatara-Ruma
and Kudos$-Sasinci. A small proportion of domestic animals at Nosa Biserna Obala shows
that the animal husbandry was only just at the beginning, and a high proportion of wild
animals testifies about the importance of hunting in economy. These are the characteristics
of settlements of Kords culture, where goats and sheep dominate among domestic animals.
Low proportion of domestic and high proportion of wild animals were recorded at the site
of Golokut which, like most of the described sites in this paper, belongs to the Middle Neo-
lithic; this is not characteristic for Star¢evo culture and it testifies that hunting was much
more important than animal husbandry. What is characteristic for settlements of Starcevo
culture is the domination of oxen in the total vertebrate fauna and among domestic animals.
At the site of Donja Branjevina-Deronje, the settlement which belongs to Starcevo culture
as well, goats and sheep have the biggest proportional contribution. The only analysed set-
tlement in this paper which belongs to the Early Neolithic (Vinca culture) is Gomolava —
Hrtkovei where domestic animals dominate, oxen being the most numerous ones.

KEYWORDS: Neolithic, Vojvodina, domestic animals, wild animals

INTRODUCTION

In the territory of Vojvodina there are dozens of archaeological settlements
from different periods. Archaeological researches have been conducted there

* Corresponding author e-mail: desanka.kostic@dbe.uns.ac.rs
** Note: The paper was presented at the conference Environmental Archaeologies of Neoli-
thisation, 9-12 November 2012, University of Reading, United Kingdom.
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over the last eighty years during which an immense sample has been collected,
predominantly consisting of bones of vertebrates (Vertebrata), seashells and
snail shells (Mollusca). The paper shows data from 10 Neolithic sites, dated
between 6000 and 3200 BC [Cerovi¢ et al., 1997]. These sites belong to dif-
ferent cultures, Kords being the oldest one. The sites of Nosa Biserna Obala
and Luda$ Budzak were discovered in northern Vojvodina. The first site was
excavated in 1957 [Bokony 1974], while archaeological digs at other sites were
done in 1965 [Bokony 1974]. The next cultural layer is Starcevo and it belongs
to Early and Middle Neolithic. It is widespread in Vojvodina and the majority
of Neolithic sites belong to this culture. Archaeozoological researches for this
period were done at the following sites: Donja Branjevina near Deronje, exca-
vated in 1987 [Blazi¢ 1992a], Golokut near Vizié, excavated in 1973 and 1976
[Blazi¢ 1984], Starcevo, where vertebrate bones were first collected in 1932,
and where the researches continued in the period between 1969 and 1970 [Clason
1980]. There are also 4 Neolithic sites along the highway through Srem that
belong to StarCevo culture: Malo Kuvalovo-Krnjesevci, Prosine-Pecinci, Zla-
tara-Ruma and Kudos-Sasinci [Blazi¢, 1992b]. The earliest cultural layer is
Vinca culture and it belongs the end of the Neolithic. Multilayered archaeo-
logical site Gomolava-Hrtkovci belongs to this period as well. This site, the
end of the Neolithic and the beginning of the Eneolithic, is dated between
3800 and 3400 BC [Petrovi¢ 1984]. Systematic collecting of osteological ma-
terial at Gomolava started in 1971 [Clason 1979].

The main goal of archaeozoological researches is to classify remains of
animals that were present in human communities, as well as to give the insight
into the ratio of wild and domesticated animals, analyse the usage of animals
and monitor the domestication process.

Domesticating and animal husbandry, as a mass phenomenon, are pre-
sent at all Neolithic sites in Europe, and date back to circa 5000 years BC. The
characteristic of the Neolithic domestic fauna is the presence of five breeding
species: Bos taurus — ox, Ovis aries — sheep, Capra hircus — goat, Sus scrofa
domestica — pig, and Canis familiaris — dog. The process of domestication and
animal husbandry did not have the same direction and intensity in all Neolithic
settlements. The differences identified during archaeological excavations are
the result of various conditions, primarily ecological. These changes are related
to the knowledge of domestication process and breeding in different cultures
[Blazi¢ 2005].

MATERIAL AND METHODS

The presence of domestic and wild animals is shown according to the
vertebrate (Vertebrata) fauna research from 10 archaeological sites in Vojvodina
from different Neolithic cultural periods [Radmanovi¢ et al., 2014]. Osteo-
logical material comes from settlements and necropolises. Determination was
done by using the key Schmid [1972] and comparative osteological collections.
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RESULTS AND DISSCUTIONS

The Neolithic Age — the New Stone Age — is characterised by the appear-
ance of farming and livestock breeding, and by the intensification of the pro-
cess of domestication. During the Neolithic, the diet was based on large game
hunt. The process of domestication and the type of economy are characterised
by specialised animal husbandry and hunting. Breeding of domestic animals
and animal husbandry in early period were based on breeding goats and
sheep. During the Middle Neolithic, and especially at its end, there is a change
in animal husbandry, when oxen became the dominant domestic species. The
role of hunting in the diet is reduced, and the most important game species are
deer, wild boar and roe deer.

Table 1. Proportional contribution of domestic and wild animals (vertebrates) at Neolithic
sites in Vojvodina

Culture Site Author % of QOmestic % of wild animals
animals

Kéros Nosa Biserna Obala Bokony 1974 37.29 62.71
Ludas Budzak Ibid. 79.08 20.91

Star¢evo | Donja Branjevina Blazi¢ 1992a 66.36 33.63
Starcevo Clason 1980 75.11 24.88
Malo Kuvalovo Blazi¢ 1992b 66.53 33.47
Prosine Ibid. 81.20 18.70
Zlatara Ibid. 81.10 18.90
Kudos Ibid. 83.30 16.70
Golokut Blazi¢ 1984 35.21 64.79

Vinca Gomolava Clason 1979 62.80 37.20

Note: Kudo§ — fauna consists of vertebrates and Mollusca; Gomolava — proportional
contribution was calculated according to bone fragments that were determined up to the
level of species

After analysing Table 1, it can be concluded that the smallest proportion
of domestic animals is at sites of Golokut (35.21%) [Blazi¢ 1984] and Nosa
Biserna Obala (37.29%) [Bokony 1974], while the biggest one is at sites Prosine,
Zlatara and Kudos [Blazi¢ 1992b]. A small proportion of domestic animals at
Nosa Biserna Obala shows that the animal husbandry was just at the beginning,
and a high proportion of wild animals testifies about the importance of hunting
in economy. These are the characteristics of KOrds culture settlements, where
goats and sheep dominate among domestic animals (Table 2).

Although it belongs to Koéros culture, the situation at the site of Ludas Bu-
dzak is very different. There, domestic animals dominate with 79.08% when
compared to the wild ones [Bokony 1974] (Table 1). The dominant place here,
both in the total vertebrate fauna and among domestic animals, occupy sheep
and goats (Table 2).
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The proportional contribution of domestic and wild animals at these two
sites of the Ko6ros culture in Vojvodina is different when compared to the sites
of Gyalarét and Roszke-Ludvar in Hungary, which also belong to this culture
[Bokony 1974], but the above mentioned dominance of goats and sheep was
also revealed in this analysis.

It has already been stated that the low percentage of domestic animals
was recorded at the site of Golokut [Blazi¢ 1984] which, like most sites de-
scribed in this paper, belongs to the middle Neolithic. This ratio of domestic
and wild animals is not characteristic for Star¢evo culture, and it proves that
hunting played a more important role than animal husbandry, which is related
to the fact that Golokut was located at higher altitude in woody terrain of Fruska
Gora Mt. What is characteristic for settlements of Star¢evo culture is the dom-
ination of oxen in the total vertebrate fauna and among domestic animals,
which is also true for this Neolithic site (Table 2).

At the sites of Donja Branjevina [Blazi¢ 1992a], Star¢evo [Clason 1980],
Malo Kuvalovo, Prosine, Zlatara and Kudos [Blazi¢ 1992b], a high propor-
tion of domesticated species can be observed, with the domination of oxen,
excluding the first mentioned site (Tables 1 and 2). At the site of Donja Branje-
vina, goats and sheep have the biggest proportional contribution.

Concerning the settlements of Star¢evo culture, when compared to Div-
ostin [Bokony 1988], Anzabegovo [Bokony 1976] and Sitagroi [Bokony 1986],
the sites in Vojvodina have lower proportional contribution of domestic animals
and higher contribution of wild ones. The high percentage of domestic animals
at these three sites points to a developed animal husbandry. However, after com-
paring the sites of Lepenski Vir [Békonyi 1969] and Padina [Clason 1980],
which also belong to Starcevo culture, and given the isolation of these two sites
and the fact that the population lived mainly from hunting and fishing, there is
a far greater proportional contribution of domestic animals, and much smaller
contribution of the wild species recorded in Vojvodina. Furthermore, it can be
stated that at the sites of Starcevo, Prosine, Kudo$ and Golokut, when compared
to Divostin, Anzabegovo and Sitagroi, there is a greater proportional contribu-
tion of oxen as the dominant species in the total vertebrate fauna. At the sites of
Anzabegovo and Sitagroj, the most numerous domestic species are sheep and
goats, which did not have their wild ancestors in these areas, so we can assume
that they originate from the South or South-East [Lazi¢ 1988].

The only settlement analysed in this research which belongs to the Early
Neolithic (Vinca culture) is Gomolava, where domestic animals are dominant,
with oxen as the dominant species. Pigs — Sus scrofa domestica, sparsely pre-
sent at other sites, are at the second place. In comparison to Vinca layer at the
sites of Divostin [Bokony 1988], Anzabegovo [Bokony 1976], and Sitagroi
[Bokony 1986], and early layers at the sites of Obre I and Obre II [Bokony 1977],
Gomolava site has far greater proportional contribution of wild animals. Pres-
ence of wildlife at this site in the proportion of 37.20% corresponds to the re-
sults from the site of Crkvine in Kolubara basin [Blazi¢ and Radmanovi¢ 2011].
On the other hand, it is lower when compared to Petnica (47.18%) [Greenfield
1986]. There is a difference in the proportional distribution of oxen, sheep and
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goats between Gomolava and the above mentioned sites in the Balkan Penin-
sula, but the dominance of oxen is noticeable. The increase in proportional
contribution of oxen can be a easily tracked back from the oldest to the young-
est layer of Anzabegovo settlement, which confirms that the breeding of oxen
gradually became more important during the Neolithic period, even in those
settlements where the bases of animal husbandry were sheep and goats. Dom-
ination of oxen, ranging between 43.68% and 72.28% among domesticated
mammals at the Neolithic sites in the territory of Romania, is mentioned by
Stanc et al. [2010]. Domination of oxen at the sites from this period shows the
developed animal husbandry.

Bokony, 1974 gives the outline of the fauna of the Neolithic sites in the ter-
ritory of Hungary, of various cultures, especially Tisa culture. The analysis of
the presence of domestic animals showed a range from 25.17% at the site of
Dévanya-Sarto (Tisa culture) to 91.55% (Tiszavasvari-Keresztfal) which is far
wider range when compared to the sites in Vojvodina. With the exception of two
mentioned sites of the Kords culture, proportional contribution of domestic and
wild animals at the other 8 sites in the territory of Hungary is close to the values
recorded in Vojvodina. Both sites in Vojvodina and those in Hungary, from the
Middle and Late Neolithic, show the already mentioned dominance of oxen, the
proportional contribution of which displays similar values in most cases.

CONCLUSIONS

The paper shows data from 10 Neolithic sites in Vojvodina (Serbia), dated
between 6000 and 3200 BC. Two sites (Nosa Biserna Obala and Ludas BudZzak)
belong to the Early Neolithic (K6rds culture); seven sites: Donja Branjevina-
-Deronje, Starcevo, Malo Kuvalovo-KrnjeSevci, Prosine-Pecinci, Zlatara-
-Ruma, Kudos-Sasinci and Golokut-Vizi¢ belong to the next layer — Starcevo
culture, belonging to the Early and Middle Neolithic, while the site of Gomolava
belongs to the youngest layer — Vinéa culture, which covers the end of the
Neolithic Age.

The smallest proportion of domestic animals was recorded at the sites of
Golokut and Nosa Biserna Obala, while the biggest one at the sites of Prosine,
Zlatara and Kudos.

A small proportion of domestic animals at Nosa Biserna Obala shows
that the animal husbandry was just at the beginning, and a high proportion of
wild animals testifies about the importance of hunt in economy. Sheep and
goats dominate among domestic animals at this site, which is a characteristic
for KoOros culture.

A small proportion of domestic, and a great proportion of wild animals
registered at the site of Golokut is not characteristic for Star¢evo culture.
However, what is the characteristic for StarCevo culture settlements is the
domination of oxen in the total vertebrate fauna and among domestic animals.

At the site of Donja Branjevina, goats and sheep have the biggest pro-
portional contribution.
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Gomolava is the only analysed settlement in this paper that belongs to
the Early Neolithic (Vinca culture), where domestic animals are dominant, with
oxen as the dominant species.
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OJHOC IOMARKUX N INBJBUX )KMUBOTUBA -
HA HEOJIMTCKUM JIOKAJIMTETUMA YV BOJIBOJAWUHU (CPEMJA)

Hapxo IT. PAIMAHOBHUR', [Jecankxa KOCTUR’, Jenena 3. IVJUR’,
Ceeminana B. BIIAJKHR'

' Mys3ej Bojsonune, Iynascka 35-37, 21000 Hosu Can, Cp6uja
> Vuusepsutet y Hosom Cany, [Ipupogno-matematuuku pakynrer, JenapTMan 3a
6mnonorujy u exonorujy , Tpr Jocuteja O6panosuha 2, 21000 Hou Can, Cp6uja
? Vuupepsurer ,,Cent Mmrpan®, dakynTer 3a MOJLONPHBPENY U 3AIITUTY KUBOTHE
cpenune, Pater Karoly 1, H-2103 G6dollé, Mahapceka

PE3UME: Ha ocHoBy pe3ynrara (payHUCTHYKHX HUCTPAKHBAKHA KHUMEHaKa
(Vertebrata) ca 10 HEOTUTCKHUX apXeOJOMIKUX JIoKkanuTera y Bojoaunu (CpOuja) o
Kojux ABa npumnaznajy Kepemkoj, cenam CtapyeBaukoj, a jenan Bunuanckoj kynry-
PH, aHAJIM3UPaHa je 3aCTYIJbEHOCT JoMahuX U IUBJbUX KUBOTHHA. JlaTOBamke OBUX
HaJa3ullTa npouemwyje ce Ha nepuog 6000-3200. rogune 1. H. e. HajmMamu npoueHar
nomahux skuBoTHIbA 3a0enexeH je Ha tokanuretuma [osoxkyT-Buzuh u Hoca bucepna
obana, 1ok je Hajeehu Ha Hanmasumtuma [pocune-Tlehnnnu, 3narapa-Pyma u Kynou-
-lMamuuauu. Huzak npouenar nomahux sxuBotuma Ha Hocu bucepna obasna rosopu
Jia je rajeme OMJIo y 3a4eTKY, a BUCOK IMPOLCHAT AUBJEUX CBEI0YH O BaXKHO] yIIO3H JIOBa
y ekoHoMUjU. OBO Ccy KapaKTEpUCTHKE HaceJba KepellKe KyJIType KOjuMa ce PUKIbY-
4yje U yhmbeHuna aa mehy nomahum xuBoTHHBaMa TOMHHHpAjy OBLA U Ko3a. Huzak
mpoueHat goMahux, a BUCOK POLEHAT AUBJBUX XKUBOTHHA 3a0€JI€/KEH Ha HaIa3uIITy
lonokyT Koju, ka0 1 BehrnHa onMcaHuX JOKAIUTETa Yy OBOM pajy, IpUIaa CPEeambeM
HEOJIUTY, HUje KapakTepucTuyaH 3a CTapueBauKky KyJITypy, a CBEIOUYH O TOME /1A j€ JIOB
rnMao MHOTO Behu 3Havaj of1 rajema )KuBoTHEa. OHO IITO jecTe KapaKTepPUCTHKa Hacesba
CrapueBauke KyJIType je JOMHUHAIIMja TOBE/IA M 'y YKYITHO] (hayHH KMUMemaka u mehy
nomahum xxuBotutbama. Ha Jlomoj BpameBuHu-/{epome, JTOKaIUTEeTy KOjU Takohe
npunana CrapueBaykoj KyJITypH, HajBehy MpoOIeHTyaTHy 3aCTyJbEHOCT MOKa3yjy
OBILIA U KO3a. JeIMHY aHAJIM3UPAH JIOKAJIUTET y OBOM paay Koju mpurmaaa miahem Heo-
nuty (BuHuaHcka kynrypa) je [omomaBa-XpTKOBIHM Ha KOjOj TIOMHUHHPA]jy JoMahe Ku-
BOTHIE, a Mel)y ’rMa roeeye.

KJbYYHE PEUU: veonut, Bojsonuna, nomahe )UBOTHIbE, TUBIHE IKUBOTHHHE
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institutional affiliation and address, and key words.

2.8. Write the information about financial support, advices, and other forms
of assistance, if necessary, at the end of the article under the Acknowledgement.
Financial support acknowledgement should contain the name and the number
of the project, i.e. the name of the program from which the article originated,
and the name of the institution that provided the financial support. In case of
other forms of assistance the author should submit the first name, middle initial,
last name, institutional affiliation, and the address of the person providing the
assistance or the full name and the address of the assisting institution.

3. Structure the Review articles in Abstract, Key Words, Text of the manu-
script, Conclusion, and References; submit Summary and Key Words in Ser-
bian language. Review articles should not be longer than 12 pages, including
references, tables, legends, and figures.

4. Write brief communication according to the instructions for original
articles but not be longer than five pages.

5. References
5.1. List the References alphabetically. Examples:

(@) Articles from journals: Last name CD, Last name CD (2009): Title of the
article. Title of the journal (abbreviated form) 135: 122-129.

(b) Chapters in the book: Last name ED, Last name AS, Last name [P (2011):
Title of the pertinent part from the book. In: Last name CA, last name I[F
(eds.), Title of the book, Vol.4, Publisher, City

(c) Books: Last name VG, Last name CS (2009): Title of the cited book.
Publisher, City
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(d) Dissertations: Last name VA (2009): Title of the thesis. Doctoral disser-
tation, University, City

(e) Unpublished articles: designation “in press” should be used only for papers
accepted for publishing. Unpublished articles should be cited in the same
way as published articles except that instead of journal volume and page
numbers should write “in press” information.

(f) Articles reported at scientific meetings and published in extenso or in a
summary form: Last name FR (2011): Proceedings, Name of the meeting,
Meeting organizers, Venue, Country, 24-29

(g) World Wide Web Sites and other electronic sources: Author’s last name,
Author’s initial. (Date of publication or revision). Title, In: source in Italics,
Date of access, Available from: <Available URL>. Use n.d. (no date) where
no publication date is available. Where no author is available, transfer the
organization behind the website or the title to the author space.

5.2. References in the text should include author’s last name and the year
of publishing. When there are two authors both should be cited, but in case of
three or more authors, cite the first author only and follow with et al.

5.3. If two or more articles of the same author or authors published in the
same year are cited, designate the publishing years with letters a, b, c, etc.,
both in text and reference list.

5.4. The names of the periodicals should be abbreviated according the
instructions in the Bibliographic Guide for Authors and Editors (BIOSIS,
Chemical Abstracts Service, and Engineering Index, Inc.).

5.5. Do not translate references to the language of the article. Write the
names of cited national periodicals in their original, shortened form. For example,
for the reference in Serbian language, put (Sr) at the end of the reference.

6. Units, names, abbreviations, and formulas

6.1. SI units of measurement (Systéme international d’unités) should be
used but when necessary use other officially accepted units.

6.2. Write the names of living organisms using /talics font style.

6.3. Abbreviated form of a term should be put into parenthesis after the
full name of the term first time it appears in the text.

6.4. Chemical formulas and complex equations should be drawn and pre-
pared for photographic reproduction.

7. Figures

7.1. Authors may use black-and-white photographs and good quality
drawings.

7.2. A caption with the explanation should be put below each figure.

8. Tables

8.1. Type tables on separate sheet of papers and enclosed them at the end
of the manuscript.

8.2. Number the tables using Arabic numerals.

8.3. Above each table, write a capture with table explanation.

8.4. On the left margin, indicate the place of the tables in the text.
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9. Electronic copy of the article

9.1. After the acceptance of the article, send a CD with final version of
the manuscript and a printed copy to facilitate technical processing of the text.
Articles should be written in Microsoft Word format and sent to the Editorial
office of the Matica Srpska Journal for Natural Sciences, 1 Matica Srpska Street,
21000 Novi Sad (Urednistvo Zbornika Matice srpske za prirodne nauke, Matice
srpske 1, 21000 Novi Sad).

9.2. Before printing, the manuscripts shall be sent to the authors for the
approval of final version. Corrections of the text prepared for printing should
be restricted to misspelling and printing errors as much as possible. For major
changes of the text, a fee will be charged. Corrected manuscript should be
returned to the Editorial office as soon as possible.
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YIIYTCTBO AYTOPUMA
(www.maticasrpska.org.rs)

1. Onmre HanoMmeHe

1.1 36opuuk Marurie cpricke 3a mpupoiae Hayke / Matica Srpska Journal
for Natural Sciences (ckpahenu nacinoB: Matica Srpska J. Nat. Sci.) 06jaBibyje
OpHUTHMHAJHE HAayYHE PaJOBEe U MpErJieHe YIaHKE Ka0 M KPaTKa CaONIITeHa
13 CBUX 00JIacTh Koje 00yxBaTa Ha3uB 4aconuca. [Ipernennu pagosu ce o0ja-
BJbY]Yy caMO Ha M03uB penakiyje. Pagosu koju cy Beh 00jaBbeHu y 1IETOCTH UITH
y JAeTOBUMA WJIH Cy IOHYheHU IpyroM 4yaconucy He Mory OuTu npuxBaheHu.
Yaconuc 00jaBsbyje 1Ba Opoja roauIIbE.

1.2. IlpuxBaTajy ce pyKOIHcH MMCAHU HA EHIJIECKOM je3UKY. Je3uk Mopa
OWTH MCIIpaBaH y MoIJieay I'paMaTHKe U CTUIIa. PyKoruc ce 1ocTaBiba eneKTpoH-
CKOM IIOIITOM Kao rnoce0aH IOKyMeHaT Ha azpecy: vnikolic@maticasrpska.org.rs,
y3 00aBe3Hy MOTIHUCAHY M3jaBy ayTOpa y BE3U ca MPUjaBOM paja 3a IITaMITy.

1.3. Tlo mpumamy pykomnmuca, aytop he nobutu mudpy cBor pana, Kojy
Tpeba yBeK HAaBOAMTH Y J1aJb0j MPENUCIH. YPeTHUIITBO he 00aBecTUTH ayTopa
o npucnehy pykonuca y poky ol cenam JiaHa, a 0 MUILbEHY PeleH3eHaTa y
POKY ox Ba Mecera of npujema. CBaku pajl ce peleH3upa 1 JEKTOPHIIIE.

2. Ilpunpema pykomnuca

2.1. TexcT paja nuuie ce eneKTpoHCKH Ha cTpanu A4 (21x29,5 cm), ¢ map-
ruHaMa of 2,5 cm, yBiIauemheM MPBOT pelia HOBOT 1acyca, ¥ pa3MakoM Melhy
penoBuMa 1,5. Texcr Tpeba mucat y pouty Times New Roman ciioBuMa BeJH-
yuHe 12 a caxeTak, KJby4HE peyH, pe3uMe U MOJHOXKHE HAIIOMEHE CIIOBUMa
BennunHe 10 pt.

2.2. HaBoge ce nme, cpeame CI0OBO M MPE3UME CBUX ayTopa paja Kao u
Ha3WB ycTaHOBe (0e3 ckpaheHuIa) y K0joj Cy ayTOpH 3aroCiIeHH, 3ajeHO ca
ITyHOM IOLITAHCKOM aJpeCOM. Y CIIOXKCHIM OpraHu3aliijaMa HaBOJIM CE yKyIIHa
xujepapxuja (Ha npumep: Yuusepsutetr y HoBom Cany, IIpupognomarema-
THYKH (hakynteT — JlenapTman 3a OHOJIOTH]jy U €KOJI0THjy). MecTo 3anociema
HABOJIH CE HEIIOCPE/IHO MCIIOZ NMEHa ayTopa. DyHKIHje i 3Batba ayTopa ce
HE HaBoJe. AKO je ayTopa BHIILIE, MOpa Ce, TOCEOHUM O3HaKama, Ha3HAUYUTH U3
KOje OJ] HAaBC/ICHUX YCTaHOBA IOTHYE CBAKH OJ HaBEACHUX ayTopa. KoHTakT
ajipeca ayropa (IOLITAHCKA UIIN CICKTPOHCKA) Jjaje Ce y HAIOMCHH [IPU JHY
IIpBE CTpPaHUIlEe 4JaHKa. AKO je ayTopa BHILE, Jaje Ce caMo aJpeca jeaHOT,
0OWYHO TIPBOT ayTopa.

2.3. Pykonuc opuruHaIHOT Hay4HOT paja Tpeda noaenuTu Ha: CaxeTax,
Kipyune peun, YBon, Marepwujan nin Meton niau Matepujan u meton, Pesynra-
i unu Pesynraru u auckycuja, Jluckycuja, 3akspyuak, JIuteparypa, Caxerak
u KipyuHe pedn Ha CpricKoM je3uKy U 3aXBaJHOCT (YKOJIMKO 32 TO MOCTOJU
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norpeba). OpurnHaTHN HAYYHH PaJOBU HE cMejy Outh nysxu ox 10 crpaHa,
yKJbyuyjyhu muteparypy, Tabene, JereHe U CIHKe.

2.4. Hacnos pana tpeba na Oyae nHPOpMaTUBaH, alli HE Ty>KH Of AeCeT
peun. Y HMHTEpeCy je Jacomuca 1 ayTopa J1a ce KOPHCTe PeyH IMPUKJIATHE 32
HHJIEKCHUPAbe U MPETPaKUBAE.

2.5. Ayropu Tpeba 1a foctaBe U TeKyhu HAacioB Koju Tpeba 1a caapxu
Ipe3nMe M MHULHjAIIe IPBOT ayTOpa (aKo je ayTopa BHILE, IPEOCTAlH CE 03Ha-
4aBajy ca “et al.”’) u Haci0B pana y ckpaheHoM 00IHKY, HE BHILE O[] IIET PEYH.

2.6. 3a kJpyuHE peun Tpeba KOPUCTUTH TEPMHUHE WITH (ppaze Koje HajooIhe
OIIUCY]y Ca/p:Kaj WiIaHKa 3a MoTpede MHJeKCUpama U IpeTpaxuBama. bpoj
KJbYy4HUX peun He Moxke outu Behu ox1 10. Tpeba ux HaBecTH abelieAHUM peioM
U O/IBOJUTH 3ape3umMa.

2.7. AnCTpakT Ha EHITIECKOM U Pe3UMe Ha CPIICKOM Tpeda J1a IpeCTaBIbajy
KpaTak MHOOPMATHBHH MPUKA3 YiIaHKA. ATICTPAKT Y 3aBUCHOCTH OJI JTY)KUHE
ynanka Tpeba na uma ox 100 1o 250 peun. Pesaume Ha CPIICKOM je3UKY MOXKE
outu no 1/10 gy>xuHe uianka u Tpeba aa capKu HACJIOB paja, UMEHA ayTopa,
CPeAmbe CIOBO U MPE3NMEHA, HA3UB U MECTO Y KOjUMa Cy ayTOpPHU 3aIl0CICHU
U KJbYYHE PEUH.

2.8. Ilopatke o (puHaHCH]jCKOj MTOMONM, CaBETUMA U JIPYyTUM BpcTama Io-
MohH, YKOJIMKO 3a TO TIOCTOjU MOoTpeda, Tpeda HaBeCTH Ha Kpajy paja, oj Ha-
CIIOBOM 3aXBaJIHOCT. Y 3aXBaJTHHI 32 PHHAHCHJCKY TIOMON TpeOa HABECTH HA3UB
1 Opoj IPOjeKTa, OAHOCHO HA3MB LIPOrpaMa y OKBHPY KOjer je WIaHaK HACTao,
Kao ¥ Ha3WB MHCTHUTYIIH]jE Koja je (PMHAHCUpaJIa IPOjeKaT MK Iporpam. Y ciry-
Yajy IpyruX BUJOBa OMOhH Tpeba HaABECTH UME, CPEIIhE CIOBO U MPE3nMe,
YCTaHOBY W CEIUIITE JINIIA KOj€ je& TPy KaIo HOMoh, a aKo je momoh mpysxasna
yCTaHOBA IIyH HA3WB U aJipecy.

3. [lpernennu pag Tpeda na caapxku: Anctpakt, Kibyune peun, 3akibyyak,
JIuteparypy, kao u Pesnme n Kibyune peun na cprickom. [Ipernennu pagosu
He cMmejy OuTH ay»ku ox 12 ctpaHa, ykJbydyjyhu nureparypy, Tadene, Jeren e
U CIIHKE.

4. KpaTko caonmiTene ce Mulile N0 yIyTCTBIMA 32 OpUTHHAJIaH HAyYHU
pan, anu He cMe Ja Oyze Ay’Ke o1l 5 cTpaHa.

5. JIuteparypa
5.1. JlutepaTypHe HaBOJIE Tpeba CIOKUTH adCTICTHIM PeIoM Ha ciienehn
HAYMH:

(@) Ynanum u3 vaconuca: Ilpesume CD, [Ipezume SP (2009): Hazus pana.
Nwme vaconuca (ckpahenu o6nuk) 135: 122-129.

(6) Iornassea y kmu3u: [Ipesnme ED, Ipesume AS, IIpesume, IP (2011): Ha-
cioB nutupaHor nena y kiwmsu. In: [pesume CA, Tpesume IF (eds.), Hazus
kwure, Bon. 4, U3nasau, ['pan, 224-256.

(8) Kmure: [Ipesume VG, IIpesume CS (2009): HacnoB uutupane Kmure.
N3pasay, ['pan.
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(r) Huceprammje: [Ipesume VA (2009): Hasus Te3e. JlokTopcka qucepraimja,
VYuusep3surer, I'pan.

(1) HeoGjaBsbenu panosu: HaBon ,,y mtamnu” Tpeba aa ce OAHOCH caMo Ha
panose npuxBahene 3a mramiy. Heo0jaB/beHH paoBU: IUTUPATH KAo
na ce paau o 00jaBJbeHOM pajly OCHM IITO C€ YMECTO BOJIyMEHA YaCOIH-
ca u Opoja cTpaHa HaBOIH ,,y IITAMITH .

(h) PamoBu caonmTeHn HA HAYYHUM CKYTIOBHMA IITAMIIAHU Y LEIUHUA UITU
y m3Bonay: IIpesume FR. (2011): 36opuuk, Hasus ckymna, Opranu3atop
ckyna, Mecrto oapxkaBama, [Ipxasa, 24-29.

(e) EnexTpoHCKH U3BOPH:

World Wide Web Sites and Other Electronic Sources
Author last name, Author initial. (Date of publication or revision). Title,
In: source in Italics, Date of access, Available from: <Available URL>

Use n.d. (no date) where no publication date is available.
Where no author is available, transfer the organisation behind the website,
or the title, to the author space.

5.2. Pedepentie y TekcTy Tpeba fa yKIbyde npe3uMe ayTopa U rOAuHY U3-
nama. AKO MMa JIBa ayTopa, Tpeba HaBeCTH 000JHILY, a Y CTydajy TPY UITH BUIIE
ayTopa Tpeba HaBeCTH IIPBOI ayTOpa U Ha3HAYUTH “‘et al.”.

5.3. Axo ce HaBo€ /1Ba WJIM BUIIIE paJioBa UCTOT UJIM UCTHX ayTopa, 00ja-
BJbEHHX Y UCTO] TOJMHHM, TOTPEOHO je Y TEKCTY U CIIUCKY JINTepaType CTaBUTH
a, 0, I, UTI. u3a ronuHe 00jaBJEUBAHA.

5.4. mena vacomnuca Tpeba ckpahuparu npema “Bibliographic Guide for
Authors and Editors” (BIOSIS, Chemical Abstracts Service and Engineerings
Index, Inc., ).

55, Pe(bepeHue ce He IPeBO/IC Ha jesuK paja. Hacnosu nutuparix nomahix
Jacornuca ajy ce y OpuruHaiHoM, ckpaheHom o0muKy. AKo je pepepenia
HIIp. HA CPIICKOM J€3UKY Ha Kpajy ce cTaBu (Sr).

6. Jenuuure, nMeHa, ckpahenuue u Gopmyie

6.1. Tpeba xopuctutH SI 03nake 3a jenunmue (SI Systeme International d’Un.);
M3Y3ETHO CE MOTYy KOPUCTHUTH U IpyTe 3BaHUYHO npuxBaheHe jenuHure.

6.2. Ha3uBe ®MBHX OpraHn3amMa Ha JATHHCKOM TpeOa MUCATH UTATHMKOM.

6.3. [Ipu xopunrhemwy ckpahenuIa y TeKCTy, TyH TEPMHUH Tpeba HAaBECTH
IPHIIMKOM IIPBOT CIIOMHEakha, a CKPaeHUIy I0AaTH y 3arpaju.

6.4. XeMujcke CTpYKTYpHE (GOpMYJIe H CIIOXKEHE jeIHaYrHE Tpeda Halp-
TaTH ¥ MPUIIPEMUTH 32 GOTOrpadCKy PenpOLyKIH]y.

7. Unyctpanuje

7.1. 3a nnycTpauuje MOry ce KOpUCTUTH LpHO Oele poTorpaduje u upre-
KU T0OpOT KBaJIUTETA.

7.2. CBaka mirycTpaiyja Tpeda 1a uMa TeKCT (JISTeH1y) Koju o0jarmaBa
cajapikaj mpuiora (UCIoJ| CIIUKE).
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8. TaGene

8.1. Tabene Tpeba KyLaTH Ha OJABOJEHUM CTpaHHUIIAMa U MPUIIOKUTH UX
Ha Kpajy paja.

8.2. Tabene ce o3HaUaBajy apariCKuM OpojeBHMA.

8.3. CBaka Taberna Tpeba 1a moYHe HACJIOBOM KOjH O0jalimaBa leH CalipiKaj
(n3Hapg Taberne).

8.4. Mecta Tabena y TeKCTy Tpeba 03HAUYUTH Ha JIEBO] MAPTUHH.

9. Konmja paga y enekTpoHCKoj popMu

9.1. Ilocne mpuxBsarama paja noTpe6Ho je nocraput CD ca KoHaYHOM
Bep3ujoM paja. [IpuiIokuTy U jeaHy KOMuUjy OAIITAMITIAHOT pajia pajiu JIAKIIe
TeXHUYKe 00pase. Pykomnuc Tpeba ciatu Ha anpecy: YpenHUumTBo 300pHUKA
Maruue cpricke 3a IpupoaHe Hayke, MaTuia cpricka, Yia. Martune cpricke,
21000 HoBu Cax. Pykonucu ce masmy y Word gopmary.

9.2. Ilpe ynacka paja y mramiy ayTopuma ce J0CTaBJba PYKOITHC 32 KO-
HayHy peBu3Hjy. VcripaBibame TeKCTa IPUIIPEMIBEHOT 3a IITaMIy Tpeda orpa-
HUYHTH Ha TITaMIIapcKe rperike. 3HadajHe mpoMeHe Tekcra he ce HarahuBaTw.
Kopurosanu Tekct Tpeba BpaTUTH YpeIHUIITBY y HajkpaheM Moryhem poky.
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