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KOPUIITREILE MOJAEJA MAIIMHCKOTI YYEIbA U CHUMAKA
CEHTHUHEJI-2 CATEJIMTA 3A TIPOHEHY KOHUEHTPALIMJE
OPTAHCKOI YI'JBEHUKA Y 3EM/bULITY

Bnagumup hupuh!, Cama Bpaap?, [Ipeapar Jlyroma?, Ockap Mapko?, Bnagumup Lipaojesuh?

Mosmonpuspennn dakynrer, Yuupepsuter y Hopom Cany, Tpr locuteja O6pamosrha 8, 21000 Hou Can, Cp6uja
2BuoCenc Uncturyt, Yuusepsurer y Hosom Cany, Jlp 3opana Bunhuha 1, 21000 Hosu Can, Cp6uja
*AyTop 3a KoHTakT: vladimir.ciric@polj.uns.ac.rs

YBO/J u HUJbEBMU: Oprancku yribeHuk 3emspuinta (SOC) je mapameTap Koju BeoMa 3Ha4ajHO YTUYE Ha
BOJIHO-Ba3IyIIHU-XpaHuaOeHn pexkuM 3emipumTa. Crora je SOC on moceGHOr uHTepeca y
MIOJBONPUBPEIHOj MPAKCH, Ka0 M y INIOOATHUM EKOJIOMIKAM M KJIUMATCKUM IIPOLleCMMa KOjH Jelyjy Kao
notpomad wian u3Bop atMocdepckor CO,. OnpehuBame konuentpamuje SOC je BakaH eleMeHT 3a
JIOTMYAHO IUIaHWpame pa3Boja Oymayhe crabmiHOCTH arpoexocucTeMa M Ouocdepe, MehyTum, TadHOCT
aHAJIUTUYKUX Pe3yJiTaTa HHUje HEONXOJHA Y CBAaKOj CTyAHjU KoOja ce KOpHUCTH. [locneqmux roiauHa cBe je
Beha motpeba 3a Op3uM, jeTHHUM U caBpeMEeHHM MeToJaMma 3a mpoleHy KoHueHTpanyje SOC y 3eMIBHIITY
Ha PErMOHAIHOM, HAIlMOHAJIHOM U INI0OAJTHOM HHBOY.

MATEPUJAJI u METO/I: Taunu nopaiy o 3eMJBUINTY ca BHUIIE o1 17 Xuibaa JoKaluja NpUKYIJbEHH Cy
y OKBHpPY Ip)KaBHOT INPOjeKTa MOHHMTOPHHIa HosborpuBpene y Bojsoaunu (ceepra CpOuja), 0JHOCHO
TI0JHONIPUBPEAHOM peruony y Ilanonckoj Husuju Ha 21506 km?. 3a npukyIubame OBMX I0/aTaKa BEIMKOD
obmma xopumheHa je qurnTanHa miatgopMa ArpoceHc. ATpOCeHC Npy»ka MOAPIIKY HOJbOIPUBPETHAIINMA
1 TIOJHONPHBPEAHIM KOMIIaHHjaMa y mpahemy yceBa U IUIaHUpamy IOJbOIMPUBPEIHNX aKTHBHOCTH, Kao M
BlanajyhuMm cTpykTypama y KOHTpOJIM CyOBEHIIMja U KpeHpamy HOIUTHKE. ATpoceHc je pa3Buo buocenc
Wnceruryt 13 HoBor Cazna mTo npejcraBiba BaskaH KOpPaK y JUTHTAIH3AIMjU MOJBONPUBpee 1 noBehamy
euKacHOCTH 1 KOHKYPEHTHOCTH CPIICKUX ITpon3Bohada U MPUKYIJbamy IT0aTaKa.

VY wucrpaxuBawy cy kopumiheHn cHumim CeHTHHeN-2 caTelduTa W3 BpeMeHcKor mHTepBana 2016-2020.
Tomuue. OnabpaHu Cy CHUMIM CauME-HH TOKOM 3MMCKOT IIepHOJa ca MHHHUMAIHOM IOKpHBeHoIhy
obJlaka u 3eMJbHINTA Oe3 CHera. YKYIHO 7 CIIMKa je HCITYHHWIO Te ycioBe. Y aajboj oOpaau Gpuintpupanu cy
Y30pIIH Ca YCeBOM MM KOpoBoM Ha muBama (NDVI> 0,3).

PE3VJITATH u 3AK/bYULIM: Haxon ¢unrpupama, 6poj y3opaka Ha pasiHdUTHM CIHKaMa ce KpPerao
on 6038 mo 11574. Tomanu cy mamse kopumihern y TpeHupamy Random forest perpecwoHor momena u
Mopa3yMeBaHUM IapaMeTpuMa 3a CBaKy OJ AOCTYNMHHX ciuka. [la OucMo mpoueHwtn nepgopmaHce
Mojena KopucTwian cMo 10-cTpyKy yHakpcHy Banmumanujy. HajOossm mopen je mocturao KoeduiimjeHT
nerepmunanuje R>=0,56 u ITupcoHos koeduiujeHT Kopenanuje 1=0,75. OBU pe3y/ITaTH HaJMAIlyjy Halry
OpETXOAHY Maly IWIOT CTyAujy rie je Haj6o/bu Mozen mocturao R?=0,38 u ITMpcoHOB KoeuIHMjeHT
xopenaruje ox r=0,62. VI3Bop Benmmukor oduma mojaraka o 3eMJBUINTY KopumrheH y 0BOj cTyauju omoryhmo
HaM je Ja W3rpajyMo OIINTH MojAel Koju he ce kopuctHTH 32 cBeoOyxBatHy mporeHy SOC Ha
peruoHamTHOM HUBOY. Takohe, MOeNT MOXe CIYy>KHTH Kao perep 3a JyrOpOYHH MOHUTOPHHT 3eMJBHINTA U
Ba)kaH (haKkTOp y ONTHMH3ALMjH hyOpema y by MaKCUMH3alje IPHHOCA ¥ MUHUMH3Hpama yTHIaja Ha
JKMBOTHY CPEJHHY.

K/bYUYHE PEUYM: opraHcky yIJbeHHK 3€MJBMINTA, MAIIWHCKO y4YeHe, JaJbHHCKA JEeTeKIrja, CEHTUHEN-2,
CAaTCJIMTCKU CHUMIIU
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USING MACHINE LEARNING MODELS AND SENTINEL-2 SATELLITE
IMAGERY TO ESTIMATE SOIL ORGANIC CARBON CONCENTRATION

Vladimir Ciri¢!, Sanja Brdar?, Predrag Lugonja2, Oskar Marko?, Vladimir Crnojevié?

'Faculty of Agriculture, University of Novi Sad, Trg Dositeja Obradovi¢a 8, 21000 Novi Sad, Serbia
BioSense Institute, University of Novi Sad, Dr Zorana Pindiéa 1, 21000 Novi Sad, Serbia
*Corresponding author: vladimir.ciric@polj.uns.ac.rs

INTRODUCTION and OBJECTIVES: Soil organic carbon (SOC) is an important parameter that
strongly affects the air-water-nutrient regime of the soil. Thus, SOC is of the special interest in agricultural
practice as well as in the global environmental and climate processes acting as a sink or source of
atmospheric CO,. Determining SOC concentration is an important element for the logical development of
the future stability of the both agro ecosystem and biosphere, but accuracy of the analytical results is not
necessary in every study. In recent years, need for the rapid, cheap and contemporary methods for the
assessment of SOC concentration on the regional, national and global level is of an increasing interest.
MATERIAL and METHOD: Ground truth soil data from more than 17 thousands locations was collected
as part of governmental agricultural monitoring project in Vojvodina (northern Serbia), that is the
agricultural region situated in the pannonian plain covering 21506 km? To collect this large scale data
agrosense digital platform was utilized. Agrosense provides support to farmers and agricultural companies
in monitoring crop growth and planning of the agricultural activities, as well as government in controlling
subventions and policy making. It was developed by Biosense Institute from Novi Sad, Serbia and
represents an important step in digitisation of agriculture and an increase in efficiency and competitiveness
of Serbian producers and data crowdsourcing.

We used Sentinel-2 images from 2016 — 2020 time interval and selected those, acquired during winter
period, with minimal cloud coverage and without snow. Total of 7 images fulfilled those conditions. In
further processing, we filtered out samples with crops or weed on the fields (NDVI > 0.3).

RESULTS and CONCLUSIONS: After filtering the number of samples in different images ranged from
6038 to 11574. Data was further used in training a Random forest regression model with 100 trees and
default parameters for each of available images. To estimate the models performance we used 10-fold
crossvalidation. The best model achieved the coefficient of determination of R?=0.56 and pearson
correlation coefficient of r=0.75. This results outperforms our previous small pilot study where the best
model achieved R?>=0.38 and pearson correlation coefficient of r=0.62. Large scale soil data source used in
this study enabled us to build a general model that will be exploited for comprehensive assessment of SOC
on a regional level. It will also serve as a benchmark for long-term ecological monitoring of soil and an
important factor in optimising fertiliser rates with the aim of maximisation of yield and minimisation of
environmental footprint.

KEY WORDS: soil organic carbon, machine learning, remote sensing, sentinel-2, satellite imagery
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YIIOTPEBA JOITYHCKUX NIOJATAKA 3A YHAIIPEBEIGE ITPOLHECA
HPEJABUBABA 3EM/BUIIHUX CBOJCTABA Y IPELIU3HOJ
IHOJbONIPUBPEIN

Mapko Koctuh!, Muxajno Hoekosuh'

'Vuusepsurter y Hosom Cany, Iosmonpuspeanu daxynter, Cpouja

*ayTtop 3a KoHTakT: marko.kostic@polj.uns.ac.rs

Mupokum yBohemem I'TIC u 'MC TexHONOTHje y MOJBONPHUBPERY OTBOPHIIO je BpaTa HOBOM HAa4YHHY
NpYKyIUbama, 00paje U aHalM3e nojartaka. [lapanenHo ca yBohemeM anaTa y NpeLU3HY IOJONPUBPENY,
pasBujaiie cy ce TexHuke koje he mohu na MaHunmynuiy reopedepeHINpPaHNM ojanuMa. Y TOM CMHCIY,
IJJABHO  IIOMarajio  jecy TeOCTaTHCTHYKM METONM  MOJEJNOBamka  IPOCTOPHE  CTPYKTYPHOCTH
(KpUTHHI/KOKPUTHHT) U Mel)ycOOHE MOBE3aHOCTH Meperba y (PyHKIMjH IPOCTOPHE AUCTAaHIE. Y OBOM paiy
1B je Ouo aa ce carsena MmoryhHocT yHampelema mpocTopHor npeasulama 3eMIBHIITHOT CBOjCTaBa Koje je
OLICHEHO U3 PEJIATHBHO MAJIOT y30pKa MO CTaHIapAHO] 1abopaTOpHjCKOj METOAM KOpHIIhemeM JNOMyHCKe
MIPOMEHJBHBE 100HjeHe OIMCKOM JETEKIHjOM Ca BEIMKOM IPOCTOPHOM pe30irylijoM. Mepeme je 00aBJbeHO
Ha npoiehe 2021. roanHe Ha 3eMJBUINTY THIIA KapOOHATHH YepHO3eM. Canpikaj ITUIMHE MPOoLeheH je u3 13
y30paKa y3eTUX Yy pa3IM4uTHM JIOKalfjaMa IpeMa I[PEeTXOAHO YTBph)EHHM IPOM3BOAHMM 30HaMa.
EnexTpoMarHerHa TpOBOMJBMBOCT je MepeHa y Xony H nobmjeH je ckym on 3300 momartaka. 3a
HMHTEPIIONANHjy TMoIaTaka KopuimheHa je TeXHUKa KPUTHHT U BHIIE (paKTOpHjaIHU KOKpUTHHT. Ha ocHOBY
pe3ynirata MOXKe Ce 3aKJbYYWTH Ja jé KOKPUTHHT HHTEpIIoJaluja JompuHeNa oxpeheHoM moOospImamy
KBaJNMTeTa NpeaBHbarma ImapameTrpa cajpikaja IianHe. [IpMEeHOM KOKPHUTHHI HMHTEpIIOJiallije CMambeHa je
IpocedHa rpemka npensubama ca 1,08 na 0,88 mro oarosapa penaTnBHOM cMamery o1 oko 10%. Takobe,
Ha ocHOBY oreHuTesba RMSStE Moxe ce koHcTaroBaTtn na je kokpururd mozpen (RMSStE=0,92) 6mmxu
upaeanHoj BpenHoctd | y omHocy Ha ocHoBHHM KpurdHr (RMSStE=0,57) 3a canpkaj rimHe, yuMme je
OCTBapeH MOMaK Ka HeMPHCTPaCHOCTH MoJielIa ca KopuihemeM olaTHe IPOMEHIBUBE.

K/bYUYHE PEYM: KpUruHr; KOKPUTHHT; MallupPamke; 3eMIBUIITE
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USE OF AUXILIARY DATA TO IMPROVE THE PROCESS OF SOIL
PROPERTY PREDICTION IN PRECISION AGRICULTURE

Mapko Koctuh!, Muxajno Hokosuh'

'Vuusepsuter y Hopom Cany, Iossonpuspennu dakynret, Cpouja
*ayTop 3a KoHTakT: marko.kostic@polj.uns.ac.rs

The widespread introduction of GPS and GIS technology in agriculture has opened the door to a new way of
collecting, processing and analyzing data. In parallel with the introduction of tools in precision agriculture,
techniques have been developed that will be able to manipulate georeferenced data. In this sense, the
geostatistical methods are the most important for modeling spatial structure (kriging / cokriging) and the
relationships between measurements as a function of spatial distance. In this paper, the aim was to observe
the possibility of improving the spatial prediction of soil properties estimated according to the standard
laboratory method from a relatively small sample, using an additional variable obtained by proximal
detection with high spatial resolution. The measurement was performed in the spring of 2021 on carbonate
chernozem soil. The clay content was assessed from 13 samples taken in different locations according to
previously delineated field zones. Soil electromagnetic conductivity measurement provided plenty of data
(3300). Kriging and multi-factorial cokriging techniques were used to interpolate the data. Based on the
results, it can be concluded that cokriging interpolation has contributed to a certain improvement in the
quality of prediction of clay content parameters. By applying cokriging interpolation, the average prediction
error was reduced from 1.08 to 0.88, which corresponds to a relative reduction of about 10%. Also, based
on the RMSStE estimator, it can be stated that the co-kriging model (RMSStE = 0.92) is closer to the ideal
value 1 in relation to the basic kriging (RMSStE = 0.57) for clay content, thus moving towards model
impartiality using additional variables.

KEYWORDS: kriging, cokriging, soil, mapping
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KOPEJALIUJA JJABOPATOPUJCKUX U CATEJIUTCKHUX ITOJATAKA O
OPI'AHCKOJ MATEPUJU 3EMJbUIITA

bpanucnas Josuh'*, Anexcannpa [Masnosuh?, Mapko IManuh?, Bpanko Kopauh'!, Bragumup
hupwuh?, Cphan [lepemennh’

'Vuusepsuter y Hopom Cany, [Tpuposo-maremaruuku ®axynrer, Hopu Can, Cpouja
2yuusepsuter y Hosom Cany, Unctutyt Brocenc Hosu Can, Cpouja
3Vuusepsurer y Hosom Cany, [Tossonpuspennn ®akynrer, Hopu Can, Cpouja

*ayTop 3a KOHTaKT: branislav.jovic@dh.uns.ac.rs

YBO/J u IMJBEBMU: 1ws oBor pana je cakymubamke HHGOpPMAIHMja paad pa3Boja PamuIHUX METOAA 3a
naeHTHdUKALMjy ¥ KBaHTH(UKALM]y OpraHCKe MaTepuje Y 3eMJBUIITY KopHinhemeM cienehnx merona 3a
nobujame crekTpanHux moxataka: YB BUHC cmekTpockomuja eKkcTpakaTa 3eMJBHINTA, AU(Y3HOHO
pedexcrona mHMpaUpBEHa CIEKTPOCKONHja, TEXHHUKA XHIIEPCIEKTPasHOr (oTorpaducama U TEXHHKA
carenuTcke nasbuHcKe aerekuuje (Cenrunen 2).

MATEPUJAJI u METO/: Ca 15 nokanuja va tTeputopuju All BojBoanHe y30pi Cy y3eTH, CAMIEBEHU 1
CaCyIeH!, a 3aTHM Cy CHUMJbCHHU CIEKTPH y Pa3IHIUTUM JIAOOPAaTOPHjCKUM M JaJbHHCKHM TEXHUKaMa y
LUJBbY MPOLIEHE cacTaBa opraHcke mMaTepuje. Kao pedepentHa "kiacuyna" Meroza 3a ofpehuBame oprancke
Marepuje kopumhena je Meroma mo Typuny. JloOWjeHH CHEKTPOCKOICKH IIOJAIll CHCTEMCKH CY
yhnpehuBaHM ¥ aHIM3MpaHH MeToJa MaMyITHBapHjaHTHE aHIN3e y NWJbY JAo0OHMjama KOPHCHUX
nHpOpMaIyja.

PE3VYJITATH n 3AK/bYUIIU: Hajeumm canpskaj opraHcke mMaTepuje M3MepeH je Ha Jokarujubeuej
3,9% nok je HajHWKH Ha sokaruju [Tamuh 0,9%, Ha ocoHoBy pesynraTta aHann3e TIIaBHAM KOMIIOHEHTaMa
y30pIH Cy KIacHUpaHH y pe(QepeHTHOM rpaduKy, pa3iBajabe y30paka 3eMJBHINTA Ca PasIHIUTHM
camp)kajeM OpraHcKe MaTepuje MOCTHTHYTO je ca 3HauajHoM mnpemnmsHomhy (cyma BapHjaHce 3a
PC+PC,=78+15=93%). Ha ocnoBy PCA aHanmse cheKkTpaJHHUX IapaMeTapa H3 BOJECHOI EKCTPaKTa,
IPyNHCAakE je penaTuBHO 100po, nok ce E,/E, OQHOCH W alCOPILMOHM CHEKTPAIHM HAarubu HEe MOry
KOPHCTHUTH 3a MOY3AaHy Kiacu(uKanyjy mpemMa caapkajy opraHcke Matepuje y 6azHom excrpakry. [Ipema
noganuMa JOOWj€HUM XUIIEPCIEKTPATHUM CIMKaMa U JUCTPUOYINjH HCIMTHBAHUX Y30paKa Kao U JOAATHX
BEIITAaUYKUX Yy30paKa (ca AeUHUCAHUM caapikajeM INIyKOo3€) MOXe Ce NMPETIOCTaBUTH Ja y IpeKiamnajyhum
orce3uMa TanacHuX OyxkuHa 1238-1360nm amudatinyHe CTPyKType MOTy OWTH BakKHE 32 ICTCKIIH]jY
oprancke Matepuje. CrieKTpaiHH OTce3d T0OHMjeHH CaTeTMTCKOM JaJbHHCKOM JETEKIIHjOM HeMajy 3HadajaH
yIeo y U3[Bajarkby U KiIacH(UKAIWjU 3eMJBUINTA IpeMa caapxajy OM, ok ce MOXKe MPETIIOCTaBUTH Ja Ou
orcer on 840 10 1600nm umao Behu yTHIaj y MOTCHIUjATHOj KIACH(PUKAIMjH 3EMJBUIIITA TIPEMa CapxKajy
OM. Haxanoct, 300r atMoc(epcKHX yCI0Ba, OBE TpaKe Cy BEOMa OCETJbHBE U YECTO Cabo DOCTYIHE, Ia
HHCY OMIIe TOCTYITHE 32 KOpEJaIHjy Y OBOM HCTPaKHBAmbY.

K/bYYHE PEYM: 3emssnmre, CiekTpockomnyja, JlasbuHcka nereknuja, Oprancka Matepuja
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CORRELATION OF LABORATORY AND SATELITE BASED
SPECTROSCOPIC SOIL ORGANIC MATTER DATA

Branislav Jovié®*, Aleksandra Pavlovié®, Marko Panié®, Branko Kordi¢?, Vladimir Ciri¢®, Srdan
Seremesic©

“University of Novi Sad, Faculty o f Science, Department of Chemistry, biochemistry and environmental protection, Novi
Sad, Serbia

b University of Novi Sad, Institute Biosens, Novi Sad, Serbia

‘University of Novi Sad, Faculty of Agriculture, Novi Sad, Serbia

*Corresponding author: branislav.jovic @dh.uns.ac.rs

INTRODUCTION and OBJECTIVES: The aim of this research is to gather information for the
development of rapid methods of analysis and models for the identification and quantification of the
percentage of organic matter in the soil, using the following techniques to obtain spectral data: UV/VIS
spectroscopy of soil extracts, Diffuse reflection infrared spectroscopy, hyperspectral imaging and remote
satellite (Sentinel 2) detection technique.

MATERIAL and METHOD: For 15 locations from the area of AP Vojvodina, samples were taken and
after grinding and drying, spectra were recorded by various laboratory and remote techniques in order to
define the composition of soil organic matter. The "Turin" method was used as a reference "classical"
method for the analysis of composition of organic matter. The obtained spectroscopic data were
systematically compared and analyzed by multivariate analysis methods in order to extract useful
information.

RESULTS and CONCLUSIONS: The highest content of organic matter is in the soil sample from the
Becej locality, in the value of 3.9%. The lowest percentage of organic carbon is in the soil sample from the
Pali¢ locality, with a value of 0.9%. Based on the chemometric PCA analysis, the samples were classified
according to the organic matter content in the reference graph, separation of soil samples with different
organic matter content was achieved with significant precision. Based on PCA analysis for spectral
parameters from the aqueous extract, the grouping is relatively good, while E,/E, ratios and absorption
spectral slopes cannot be used for reliable classification according to organic matter content in base extract.
According to hyperspectral images and distribution of samples with spiked glucose, it can be assumed that
in the overlapping wavelength ranges 1238-1360,,, of hydroxy and aliphatic structures can be important.
Bands obtained by satellite remote sensing do not have a significant share for the separation and
classification of soil by OM content, while it can be assumed that bands from 840 to 1600 nm would have a
greater influence in the classification of organic matter. Unfortunately, due to atmospheric conditions, these
bands are very sensitive and often poorly accessible, so they were not available for correlation in this
research.

KEYWORDS: Soil, Spectroscopy, Remote detection, Organic matter
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NPEJHOCTHU IPUMEHE IPEHOCHUBOI T'C-A IIPU TEPEHCKHUM
HNCTPA’KUBAIBLUMA — "gennun T'HC"
ITaBen Benka '*, Jacna I'pa6uh!

'Vuusepsurer y Hosom Cany, [Tossonpuspenu pakxynret, Jlenaptman 3a ypehemwe Boa, Hou Can, Cpouja
*ayTop 3a KOHTaKT: pavel.benka@polj.uns.ac.rs

V naHaime BpeMe HCTPaKMBarba Be3aHa 3a 3eMJBUILTE CY TOTOBO HE3aMHCIIMBA Oe3 MpuMeHe reorpadckux
nadopmammonux cucrema (I'MC). Ilpumenom I'MC-a ce NpHKYIUbEHM NOJalM O 3EMJBHINTY MOTY
jemHo3HaYHO mHpocTopHO neduHucatH. OBako AeUHHCAHH MOAanM OMOryhyjy aHamu3e IpOCTOpHE
PacrpoCcTpambeHOCTH 0COOMHA 3eMJbHIITA, KapTorpadcke mpukase M Ipyre mpocropHe aHamuse. Kazma ce
(dopumpa jenHa npoctopHa 6asza mojataka o0 3eMJBHIITY, MHOTE aKTHBHOCTH Cy BE3aHE 3a TEPEHCKH Pajl.
YobuyajeHo je 1a ce NPUKYIUbCHH MOAAI O 3eMJBHIITY U BbHX0BA MO3MIIKja MoaTaka OOUIHO 3a0eIeKn y
HEKOM IMPUBPEMEHOM OOJIMKY, YECTO MUCAmEM Ha Mamupy, I0K ce KacHuje oBU nopanu yHoce y [IC Gase
nozaraka. OBakaB HAa4MH PErMCTPOBama I0JATaKa YECTO MOXeE Ja J0BEIe IO MOTPEelIHHX MojaTaka. Y
OBOM paJly je MpeAcTaB/beHa MOryNHOCT AMPEKTHOT YIHCHBaba MMoJaTaka y MpuIpeMibeHy 0asy mnojparaka
IyTeM aruldKalyje Ha namMeTHoM anapoun ypehajy. Ammmkauuje koje cy mpexacrasibere (Input u QField),
npezcTaBibajy npuinaroheny Bep3ujy momyiapHor [MC makera QGIS. Mobunne ammkammje omoryhyjy
NPUXBAT PA3IMYUTUX MOJATAKa, KOjU Cy yHampel AeQUHHUCAHU. YKOJIHMKO Ce KOPUCTH KIAyJ CMCLITame
rnojaraka, IpUMEHOM aHAPOUJ allIMKalyje Moryhe je oqMax HaKOH YHOCa IOaTaKka Ha Tepeny, y ciaenehem
TPEHYTKY NPHUKYIUbeHE MogaTke kopuctut y QGIS amiukanuji Ha MepcOHaIHOM padyyHapy Ha YIaJbeHO]
nokaiuju. IIpeHOCT NpHMEHE OBAaKBOT pellieka ce orlena y MoryhHocTH Oenexerma pasHHX THIIOBA
nonaTka (OpojeBu, TekcT win poTorpaduja) y yHanpexn nzabpanoM Gopmaty U y AedHHHCAHUM OIICE3NMa,
yuMe ce u30eraBajy Tpellke Koje HacTajy y INpenucHBamy INPHKYIUBEHHX Iojaraka. MckycTBo mpu
npey3uMamy U XapMOHHU3alHUjH Mo/laTaka TOBOPH J1a OBaj po0OiieM He Tpeba 3aHeMapHBaTH, Te je HOTIYHO
ONpaBJaHo KopuiIewe ,,ienHor [ MIC-a“.

K/bYYHE PEUYM: reorpadcku HHGOPMAIIOHHU CHCTEM; TaMeTHHU ypehaj; aHnpous; 3eMIbUINTE; Kiay]]

18



Soimgroﬂ— ZUzZ7

ADVANTAGES OF THE USE OF PORTABLE GIS FOR ON-FIELD SOIL
INVESTIGATIONS - "POCKET GIS"

Pavel Benka®*, Jasna Grabic*®

*University of Novi Sad, Faculty of Agriculture, Department of Water Management, Novi Sad, Serbia

*Corresponding author: pavel.benka@polj.uns.ac.rs

Any contemporary soil oriented research includes as an inevitable tool the use of geographic information
systems (GIS). Using GIS, the collected data on land can be unambiguously spatially defined. The data
defined in this way enable analyzes of the spatial distribution of land features, cartographic representations
and other spatial analyzes. When building a spatial database about soil, many activities are related to the
field work. It is common for collected soil data and their position to be recorded in some temporary form,
often by writing on a paper, while later this data are transferred to GIS databases. This way of data
registering can often produce mistakes. This paper presents the possibility of directly entering data into the
prepared database via an application on a smart Android device. The applications presented (Input and
QField) are a customized versions of the popular GIS package QGIS. Mobile applications allow the
reception of various data, which are predefined. If cloud data storage is used, using the Android application,
it is possible to use the collected data in the QGIS application on a personal computer at a remote location,
immediately after entering the data in the field. The advantage of applying this solution is reflected in the
ability to record various types of data (numbers, text or photos) in a pre-selected format and in defined
ranges, thus avoiding errors that might occur in retyping the collected data. Experience in downloading and
harmonizing data shows that this problem should not be ignored and therefore the use of “pocket GIS” is
truly justified

KEYWORDS: geographic information system; smart device; android; soil; cloud
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HN3IBAJAIBE OBPA3ALIA KOPUIIIREBA 3EMJ/BUILITA IYTEM
MYJTHUCHEKTPAJTHOI' CHUMAIBA CA BECIIMJIOTHE JIETUJIMLE U
INPUMEHE I'IC AJIATA

Jacna I'pa6uh!, [TaBen Benka!*

'Vuusepsuter y Hosom Cany, Iossonpuspesnu dakynret, JlenaprMan 3a ypehemwe Bona, Hosu Can, Cpouja
*ayTop 3a KOHTAKT: pavel.benka(@polj.uns.ac.rs

TexHuke AajbUHCKE IETEKLHUje NPeCTaB/bajy HEM30SKHO opyle Kama je cHMMambe 1ojaBa Ha TEPEHY Y
nuTamy. JIOK Cy caTelUTCKH CHUMIM MOTOJHHU 32 UCIIMTHBambe BehHX MOApYydja, alu Cy Mambe JeTaJbHH, Y
HOCIeAe BpeMe OCECIHIOTHE JIeTeNHle Hyae MOryhHOCT JeTajbHHjer CHHUMamba MamHX JIOKaTHHX
nozapydja. ¥ 3aBHCHOCTH OJ] KOopHIIheHe KamMepe, MOTy Jia ce JOOUjy CHUMIMM Y Pa3IUIUTUM CHEKTPATHUM
orce3uMa, mWTO oMoryhaBa 0oJby HakHagHy OOpaly CHHMaka M Mamupame CIeNU(UYHHX IojaBa y
MOCMATPaHOM IIpefiely. Y OBOM HCTPaKHBamy, KOPHIINEmeM CHHMAaKa ca MyJITHCIEKTpanHe KaMmepe
NIOCTaBJbeHEe Ha OCCHHIIOTHY JICTWIIMILY, MallpaHa je IojaBa WHBAa3sUBHE BpcTa Amorpha fructicosa L.
MIPUMEHOM TEeXHHUKe AajbrHCKe nereknuje y QGIS coprBepy y CrenujanaoM pesepBaty npupoze ,,O0encka
6apa‘“ (CPII). Pesynaratu oBor MCTpakuBama IMOKa3yjy Ja C€ PacIpOCTPAamEeHOCT OBE MHBA3HBHE BPCTE y
nojenuHuM monpydjuma kpehe ox 1-3% mo npeko 35%, y 3aBUCHOCTH 01 JIoKaiuTeTa. TeXHUKE TajbHHCKE
JIeTeKIHje TOopa3yMeBajy Jia ¢y JOOWjeHH pe3yiTaT MOJIBPTHYTH OIpel)eHOM CTeleHy HECUTYPHOCTH, aJu
HaKOH KOHCYNTaIlMja ca yIpaBjbaunMa M JoBodyBapmma u3 CPIl-a, mporeHTn mnpucycTBa HaBeleHE
WHBa3UBHE BpCTe ofpeleHe Ma/bUHCKOM JCTEKIHMjOM TMpPOICHCHH Cy Kao BeoMa OJIMCKH CTBapHO]
3aCTyIUbEHOCTH. MO)ke ce 3aKJby4HMTH Jla KOMOMHOBaHa NPUMEHa MYJITHCIEKTPAIHOT CHHMama IoMohy
OecimiotHe nermwmie ca [MIC amatuma pesynTHpa HHCKOM LIEHOM, TauyHMM M PENaTHBHO Op3uM
pa3iBajalbeM M MamupameM paslHIUTHX THIOBAa KopHIIhema 3eMIBUINTa Y HCIUTHBAHOM IIPEAeINy,
yKJbydyjyhu mponeny nuctpuOynyje HHBa3UBHUX OMJBHUX BPCTA.

KJ/bYUHE PEYMU: GecninnoTHa JieTHiunIa; AajbuHcKa nerekuuja; [UC; Amorpha fructicosa

20



Soimgroﬂ— ZUzZ7

DIFFERENTIATION OF LAND USE PATTERNS BY UAV
MULTISPECTRAL SURVEY AND APPLICATION OF GIS TOOLS

Jasna Grabic¢?, Pavel Benka®*

*University of Novi Sad, Faculty of Agriculture, Department of Water Management, Novi Sad, Serbia
*Corresponding author: pavel.benka@polj.uns.ac.rs

Remote sensing techniques represent an inevitable tool when the land survey is in question. While satellite
images are suitable for examining larger areas but are less accurate, lately unmanned aerial vehicles (UAVs)
are offering more precise observation of smaller local areas. Depending on employed camera it can obtain
images in different spectral bands, thus enabling better subsequent processing of produced images and
mapping of specific objects within the observed landscape. In this research, using images from a
multispectral camera mounted on the UAV, the invasive species Amorpha fructicosa L. was mapped using
the remote detection technique and QGIS softvare, for Obedska Bara Special Nature Reserve (SNR). The
results of the research show that the prevalence of this invasive species in some areas is ranging from 1-3%
to over 35%, depending on the locality. The remote sensing technique implies that obtained results are
subjected to a certain degree of uncertainty, but upon consultation with managers and rangers from the
SNR, the percentages of the presence of remotely sensed investigated species were very close to the actual
representation. Thus, it could be conclude that coupling application of UAV multispectral survey with GIS
tools results in low cost, accurate and relatively fast differentiation and mapping of a variety of land use
types across the examined landscape, including invasive plant species distribution assessment.

KEYWORDS: UAV; remote sensing; GIS; Amorpha fructicosa
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CUCTEMMU 3A JUT'NTAJIHO YIIPABJ/BAIBE I'A3JUHCTBUMA KAO
AJIATH 3A OTKPUBAIBE 30HA 3A MEHAIIMEHT Y b UBAMA

Ockap Mapko?**, Camwa bpnap?, Mapko ITanuh?®, Bnanan Munuh?, bpanucnas Ilejak?,
Bnagumup LipHojesuh?

*Nucturyre buoCenc, Hou Can, Cpbuja

*AyTop 3a KopecnozeHIujy: oskar.marko@biosense.rs

YBOJ u HIUJBEBU: INoctoju orpomua notpeda aa ce nmoseha mpoayKTUBHOCT Y ITOJEONPUBPENN KaKo On
ce mpexpaHuia pactyha cBercka normysanyja. Mnak, oo nosehame Mopa 1a Gyle MOCTHIHYTO Ha OJIPIKUB
HayuH, 0e3 yrpokaBama CEKOCHCTEMa U JKHBOTHE cpefquHe. VHOBauuje y JAWTCHTAIHO] MOJBONPHUBPEIH
yOp3aBajy oBaj mpolec U Aajy aaeKBaTHAa pelliea 3a ONTUMHU3ALHM]y OUIyKa Ha TEpeHy, alu Cy 4ecTo
H30JI0BaHa M HEJOCTYIIHA MOJbONpUBpeqHUIMMA. L{1sb oBOT paja je Anu3ajHUpame CBEOOYXBAaTHOT CHCTEMa
3a JUTHTAIHO YNPaBJbakhe Ta3AMHCTBHMA KOjU CEe TEME/bU Ha HAay4HMM pe3yiTaTHMa M J03BOJbaBa
MOJbOIIPUBPETHULIMMA /12 UX KOPUCTE Y CBOJUM JTHEBHUM aKTUBHOCTHMA.

MATEPUJAJI u METO/IE: Kako 6ucmo cripoBenu auruTanHy Tpancdopmanujy nossonpuspene Cpouje
nmu3ajHupan cMo miatgpomy ArpoCenc. Jlancupana je 2017. ronuHe ¥ Ol Taja je MPHUKYIHIa BUIIE O
20.000 xopucHMKA YMja TOBPIIMHA W3HOCH YEeTBPTHHY YKYyIHE oOpanuBe 3emibe y Cpouju. [Tnatrdopma uma
BEIMKKA OpoOj MOIyNa 3a BPEMEHCKY HPOTHO3Y, MCTOPHjCKE METeO IMOAAaTKe, AWTHTAIHO Boleme KmHra
ToJba, 00pay CaTeMTCKHUX CIMKa UTA, JOK je HheH HajHOBHjH JOJaTak MOIYJI 3a 00pamy CIHKa ca JpoHa.
OBaj MOAyJT 103BOJbaBa TPENUM JIMIMMA JJa CKEHUPA]y HIBE U MOXpaHe MojaTKe y miaTdhopMy, HAKOH dera
ce cimke o0pal)yjy 1 aHanu3upajy. AHanm3a je ycMepeHa Ka JeJMeHallji 30Ha 32 MEHAIIMEHT, IITO j€ TPBH
KOpaK y IPUMEHHU TEXHOJIOTHja MpelU3He MOJbONPUBpPEE. 30HE Ce IETEKTY]y YHyTap BUBE Ka0 PETHOHH ca
XOMOTEHHM 3eMJBHIIHUM U pesbeHuM oumkama. OBO ce CIPOBOAU NIPUMEHOM k-means-a, HeHaATJIeJaHOT
MoOzella MaIllMHCKOT y4era 3a KJacTepu3alujy Iojaraka, Tj. Y OBOM cilydajy nukcena. OBaj anropuram
MHMHHMMHM3Yje HHTpAKJIacHy BapujaHcy (BapHjaHCy IHKCellda YHYTap 30HE) M MaKCUMH3Yje HHTEpPKIACHY
BapujaHCy (BapujaHCy muKcena uamely pasmuuuTux kiaca). OBakBa JeNuHealja ce MOXe CIPOBECTH Ha
HUBOY MHUKCENa, aKO je BeH Wb JIelHHealrja 30Ha, OHOCHO 01a0up JIOKallKja 3a Y30PKOBakhe 3EMJBHUIIITA,
WIA Ha HUBOY NPOXOJa TPAKTOpa YKOIWKO je IWib HIp. Bapujabuina mpumena hyOpusa. Bpoj 3oma u
LIMPHHA NTPOXO0Ja Cy MOAECUBH NApaMETPH, KOje YHOCH KOPUCHHK, y CKJIaJly Ca BEIMYNHOM HHBE, OIIPEMOM
KOjy mocezyje u ApyruM axropuma.

PE3YJITATHU n 3AK/bYULIU: Pesynryjyhu momyn je pasujeH 2021. ronuHe U TeCTUpaHa Ha BEITHKOM
Opojy KopucHuKa. [1okazao je o[uIMaHe pe3ynTaTe v CIIy)KHO 33 ONTHMHU3AIN]y TUIAHUPaka PyTe U JIOKaIHja
3a y30pKOBame 3eMJBHUINTA 32 OECHHMIOTHOT 3eMJbaHOT Po0OOTa, 32 KapaKTepH3alujy BUBa U OapHjaOmiHy
npumeny DhyOpuBa. Jlasbe ucTpakuBame he YKIBYYHTH pa3BOj IPYTHMX aJrOpUTaMa 3a KOMIUIEKCHHjE
3aj1aTKe Mpero3HaBama CIIUKa, OMYT JASTEKIHje PENoBa, JIMCHE MOBPIIMHE U Maripama 00JIeCTH U KOpoBa.

K/bYUYHE PEYM: npoHOBH, MpeIH3HA ITOJEONIPUBPEA, 00paga CIMKe, MAITHHCKO yICHE
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FARM MANAGEMENT INFORMATION SYSTEMS AS TOOLS FOR
REVEALING MANAGEMENT ZONES INSIDE THE FIELDS

Oskar Marko®*, Sanja Brdar?, Marko Pani¢?, Vladan Mini¢?, Branislav Pejak?, Vladimir
Crnojevi¢?
“BioSense Institute, Novi Sad, Serbia

*Corresponding author: oskar.marko@biosense.rs

INTRODUCTION and OBJECTIVES: There is a huge need to increase the productivity in agriculture to
feed the world’s growing population. However, this increase needs to be achieved in a sustainable way,
without jeopardising the ecosystem and environment. Innovations in AgTech are accelerating this process
and providing adequate solutions for optimisation of on-field decision-making, but they are often isolated
and inaccessible to the farmers. The objective of our work was to design a comprehensive farm
management system that takes scientific achievements and enables farmers to use them in their daily
operations.

MATERIAL and METHOD: In order to digitally transform the Serbian agriculture, we designed
AgroSense farm management information system. It was launched in 2017 and has since gathered more
than 20,000 users, whose total area equals one fourth of all farmland in Serbia. The platform has a number
of modules for weather forecast, historical weather records, digital field books, satellite image processing
etc., while the newest addition is the drone image processing module. This module allows 3™ party drone
services to scan the fields and upload the data to the platform, after which, the images are processed and
analysed. The analysis is directed towards zone management delineation, which is the first step in
application of precision agriculture technologies. Zones are detected within the field as areas with
homogeneous soil and elevation properties. This is done by applying k-means, an unsupervised machine
learning model for clusterisation of data, i.e. pixels in this case. This algorithm minimises the intra-class
variance (variance of pixels within the zone) and maximises the inter-class variance (variance between
pixels from different classes. This zone delineation can be done on a pixel-level if the objective of zone
delineation is e.g. choosing the right locations for soil sampling, or on the level of the tractor swath if the
goal is e.g. the variable-rate application of fertiliser. The number of zones and the swath width are variable
parameters, left to the user to choose, according to the size of the field, type of the equipment and other
factors.

RESULTS and CONCLUSIONS: The resulting platform was deployed in 2021 and tested on a number of
users. It yielded excellent results and served for optimising the route and sampling location of unmanned
ground vehicles (UGVs), characterisation of fields and variable application of fertiliser. Future work
includes development of other algorithms for more complex image recognition tasks, such as row detection,
leaf area assessment and disease/weed mapping.

KEYWORDS: drones; precision agriculture; image processing; machine learning
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KOPUITNREBE CUCTEMA SOILGRIDS U ITIEJOTPAHC®EPHUX
OYHKIUJA 3A TIPOUHEHY KAITAIUTETA AJCOPIHIUAJE KATJOHA

Bnamumup hupuh?, Iparana Mapunkosuh?, JIparan Pagosanosuh?, Cphan llepememuh?,
IMaBen benka®

“[TossonpuBpeiHK (akynTeT, [lenapTMaH 3a patapcTBO ¥ OBpTapcBo, Y HuBep3uteT y HoBom Cany
Tlossonpuspeuu paxyntet, enaptman 3a ypeheme Boaa, Yausepsurer y Hosom Cay

*AyTop 3a KoHTakT: vladimir.ciric@polj.uns.ac.rs

YBO/J u IMJbEBU: KonouaHu KOMIUIEKC 3eMJBHIITA OJ1 YHjET CapiKaja 3aBUCH KAMaIUTET aJCOPIIIHje
KaTjOHa JUPEKTHO yTHYe Ha CTAOMJIHOCT CTPYKTYPHHX arperata, JOCTYIHOCT XpamHBHUX Marepuja u pH
BPEIHOCT 3eMJbMINTA. MHIMPEKTHO, KaMalMTET ajcopIiuje KaTjoHa ozpelyje peakimjy 3eMJbHINTA Ha
hyOpuBa u menmopanuje. [lo3HaBambeM OBe XeMHjCKe OCOOMHE 3€MJBHILTA, MOXE CE€ OIPEIUTH BpEMe,
KOJIMYMHA M HayuH npuMene hyOpusa. L{wp mcTpaxuBama OHO je M3paga Mare BPeTHOCTH KalaluTeTra
ancopnuyje katjoHa (CEC) 3a teputopujy All Bojsoaune, y pezonxynuju ox 250 m, koja ce y KOMOMHAIIMjU
ca OCTaJMM MamaMma CBOjCTaBa 3eMJBHIITA MOXKE KOPUCTUTU Y CBPXY MPOLEHE IUIOJHOCTH 3EMJBUILNTA MM
CTeleHa Aerpajialuje.

MATEPUJAJI u METOJE: Ilonauu o ¢pakiuju rIMHE U OPTaHCKOM YIJbEHHKY KOjU Cy KOpUIIheHH 3a
n3padyHaBame BpenHoctu CEC-a, mpeyseru cy ca SoilGrids-a. SoilGrids mpezacrasiba cucteM 3a T00aIHO
JIUTHTAHO MalMparmbe 3eMJBHINTA KOjU KOPHCTH HajcaBPEMEHH]e METOJIe MAIIMHCKOT ydeha 3a MaIHparbe
MIPOCTOPHE IUCTPHOYNHje CBOjCTaBa 3eMJBUINTA IIMPOM CBETA, Y MPOCTOPHO] pe3oiynuju ox 250 merapa.
INomanm koju cy mpeyserH, kopuimheHn cy y nenoTpaHdcepHHM ¢yHKIUjama 3a goodujame CEC-a Ha
nyounu on 0-30 cm. VY nuspy nopeljema nogataka, y 150 y3opaka 3emsbuinta ca ucte teputopuje, CEC je
onpehen anammtruku. bpoj y3opaka ca oxpeleHor Tuma 3emipHmITa OHO je MPUONMKHO MPONOPIHOHANIAH
EET0BO]j 3aCTYIJBEHOCTH.

PE3VJITATHU u 3AK/bYUYLIN: Y 3aBUCHOCTH O THIIA 3eMJBHIITA Ca UCIIUTHBAHOT ITOPY4ja, BPEAHOCTH
CEC-a pauynate memorpaHcepHoM OyHKIHjoM cy ce kperade ox 8,06 cmol/kg, mo makcumaiHe
BpenHoctd on 39,99 cmol/kg. Ilpoceuna Bpemnoct CEC-a 3a ucTpakBaHO MOApYydYje HU3HOCH 26,63
cmol/kg. Pesynratn naGoparopujckux aHamu3a HOTBphyjy cpenme BpemHoctu CEC-a 3a Teputopujujy
BojBoaune u m3noce 26.68 cmol/kg. Bynyhu na anamutuuko onpehusame CEC-a mma mManu yuyumHaK 1o
JEIMHUIM BpEeMeEHa, a 3aXTeBa BEIMKH YTPOIIAK XEMHJjCKHX CpeACTaBa, mexotpandcepHa GyHKIHja mpyxa
MOTYhHOCT mpHcTyna momamyMMma ca BEIMKUX TepHTOopHja MHOro Opke m edpmkacHuje. Lllmpa ymorpeba
nenorpancdepHux ¢yHKIMja 3aBHcHhe Of Banuaanyje AOCTYITHHX IOJaTaka all W BalUJaldje came
(yHKIHje y pasTHIUTHM HCTPAXKUBABHUMA.

K/bYUYHE PEYM: 3emspnmre, Kamanuter axcopnuuje katjoHa, CEC, manmpame, nemorpanchepHa
(yHxiyja
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ASSESSMENT OF CATION EXCHANGE CAPACITY USING SOILGRIDS
SYSTEM AND PEDOTRANSFER FUNCTIONS

Vladimir Ciri¢?, Dragana Marinkovi¢?, Dragan Radovanovié?, Srdan Seremesic¢?, Pavel
Benka®

aFaculty of Agriculture, Department of Field and Vegetable Crops, University of Novi Sad
bFaculty of Agriculture, Department of Water Management, University of Novi Sad

* Contact author: vladimir.ciric@polj.uns.ac.rs

INTRODUCTION and OBJECTIVES: The content of the colloidal complex of the soil, on which cation
exchange capacity depends, directly affects the the aggregate's stability, the availability of nutrients, and the
pH value of the soil. Indirectly, the cation exchange capacity determines the reaction of the soil to fertilizers
and soil reclamation. By knowing this chemical soil property, it is possible to determine the time, quantity,
and manner of fertilizer application. The research aimed to create a map of cation exchange capacity (CEC)
for the territory of AP Vojvodina, in a resolution of 250 m, which in combination with other maps of soil
properties can be used to assess soil fertility or soil degradation.

MATERIAL and METHOD: Clay fraction and Organic carbon data, which were used to calculate CEC
values, were taken from SoilGrids. SoilGrids is a global digital soil mapping system that uses state-of-the-
art machine learning methods to map the spatial distribution of soil properties worldwide, at a spatial
resolution of 250 meters. The taken data were used in pedotransfer functions to obtain CEC at a 0-30 cm
depth. To compare the data, in 150 soil samples from the same territory, the CEC was determined
analytically. The number of samples from a certain soil type was approximately proportional to its
representation.

RESULTS and CONCLUSIONS: Depending on the soil type in the study area, the CEC values calculated
by the pedotransfer function ranged from 8.06 cmol/kg to a maximum value of 39.99 cmol/kg. The average
CEC value for the study area is 26.63 cmol/kg. The results of laboratory analyses confirm the average
values of CEC for the territory of Vojvodina and amount to 26.68 cmol/kg. Because the analytical
determination of CECs has small performance per unit of time and requires high chemical consumption, the
pedotransfer function provides the ability to access data from large territories much faster and more
efficiently. The wider use of pedotransfer functions will depend on the validation of available data but also
on the validation of the function itself in different studies.

KEYWORDS: soil, cation adsorption capacity, CEC, mapping, pedotransfer function
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MAIIMPAILE U ITPOCTOPHA AHAJIN3A Y ITPOI'PAMY R

Muiena JlakuheBuh®*

*Vuusepsurer y Hosom Cany, Ilossonpuspennn ¢dakynter, JlemaptMad 3a BohapcTBo, BHHOTPAanapcTBO, XOPTHKYITYPY U
nej3axHy apxutektypy, Hosu Can, Cpouja
*AyTop 3a KopecnozieHujy: milena.lakicevic@polj.edu.rs

YBOJ u HUJBEBU: V nanamme Bpeme, nporpam R u meros unredejc RStudio ce gecto npumemyjy y
Manupamky W TPOCTOPHHM aHalM3aMa y moJjsonpuBpenu. Lluwip oBor pajga je mHpukas W aHaIN3a
HajkopucHHjuX P makera 3a moTpebe Kpenpama pa3INYUTHX THIIOBA Mara (CTaTHYKUX M WHTEPAaKTUBHUX),
Kao ¥ 3a 00aBJbambe OCHOBHE IPOCTOpHE METPHKE IPEJEOHUX eleMeHaTa (IIyme, oOpaJvBO 3eMJBHIITE,
UT/L.).

MATEPHUJAJ u METO/: Iloctynak manupama he OWTH NpuKa3aH Ha HEKOJIHMKO CTyIHja clydaja y
obnactu nosbonpuBpene, Ha teputopuju Cpbuje, u nobujene mare O6uhe JOMymeHe aHaIM30M MIPOCTOPHE
METpUKE PA3IMYUTUX INPOCTOPHUX elleMeHaTa (TOBpIUMHA, AYXXKMHA IpaHULa, HaAMOpPCKAa BHUCHHA, HTH).
IIporpam kopumihen 3a anamusy je R (Bep3uja 3.5.3), weroB untepdejc RStudio (Bep3mja 1.2.1335) u R
naketu “dplyr”, “shiny”, “ggplot2”, “leaflet”, “tmaps” u “ggmap”.

PE3YJITATHU u 3AK/bYYLM: Pesynratu cy npukaszaHu y GOpMH CTaTUYKUX W MHTCPAKTHBHUX Mara
Koje MpHUKa3yjy IIymMe U o0pajHBO 3eMJBHINTE Ha ofabpaHuM jokaiautetuma y CpOuju, kao u y dopmu
rpadukoHa u Tabena moMohy KOjUX ce aHaJIH3UPajy W KBaHTH(UKY]y HEKe Ol Haj3HAYajHUJUX IPOCTOPHHIX
rHpOpMaIKja y Be3U ca OfadpaHUM IpENeOHHM eIEeMEHTHMA. R mporpam ce ouemyje Kao MpUKIagaH U
poeCHOHATHY anaT 3a 00aBJbAKE PA3THINTHX TUIIOBA aHATH3a y MOJFONPHBPENN U OBO CE€ OJHOCH M Ha
o0paty HyMepHIKHUX IPOCTOPHUX MOAATAaKa ¥ HA KpeHUpame Malla BUCOKOT KBAJIUTETA.

K/bYUYHE PEYM: nossonpuBpena; RStudio; mMarre; mpeneonn eneMeHTH
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MAPPING AND SPATIAL ANALYSIS IN THE R PROGRAM

Milena Lakicevi¢ 2*

University of Novi Sad, Faculty of Agriculture, Department of Fruit Science, Viticulture, Horticulture and Landscape
Architecture, Novi Sad, Serbia

*Corresponding author: milena.lakicevic@polj.edu.rs

INTRODUCTION and OBJECTIVES: Nowadays, the R program and its interface RStudio have been
widely used in mapping and spatial analysis in agriculture. The objective of this paper is to present and
analyse the most useful R packages for the purposes of creating different types of maps (both static and
interactive) and performing basic spatial metrics of landscape elements (forests, arable land, etc.).
MATERIAL and METHOD: The procedure of creating maps will be demonstrated on several agricultural
case study examples on the territory of Serbia, and the maps will be accompanied with the analysis of
spatial metrics of different landscape elements (size, length, altitude, etc.). The program used for the
analysis is R (version 3.5.3), its interface RStudio (version 1.2.1335), and the R packages “dplyr”, “shiny”,
“ggplot2”, “leaflet”, “tmaps” and “ggmap”.

RESULTS and CONCLUSIONS: The results are presented in a form of static and interactive maps
depicting forests and arable lands on selected sites in Serbia, as well as in a form of graphs and tables
analysing and quantifying some of the most important spatial info related to the selected landscape
elements. R program is assessed as a convenient and professional tool for performing different types of
analysis in agriculture, and this applies both to processing numerical spatial data and creating high-quality
maps.

KEYWORDS: agriculture; RStudio; maps; landscape elements
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BUIIEKPUTEPUJYMCKHN OKBUP 3A U350P OIIIMJE YBJIAZKABAIbA
E®EKATA CTAKJVIEHE BAHITE ¥ IIOJbOIIPUBPE/IN

3opuna Cphesuh!*, Kocana Cysouapes?

'Vuusepsurer y Hosom Cany, Iossonpuspeanu pakxynret, Jlenaptman 3a ypeherme Boma, Hosu Can, Cpouja
2V HUBEP3UTET Kamudopuuje, [lenaptman 3a 3eMibuIITe, Ba3ayX U Boay, Jejsuc, CAJl
*ayTop 3a KOHTaKT: zorica.srdjevic@polj.uns.ac.rs

YBO/J u HUJBEBU: CMmameme emucuje racoBa crakiieHe O6amre (I'CB) je jeman o HajBayKHHjUX IIJbEBA
Crpateruje oapxusor pa3oja YH. Iloctoje paznuyute omniuje 3a KOHTPOIY EMHCHje Koje Cy crenupryHe
3a CBaKHM CEKTOp M cBaky npxaBy. [locmenmu momanu (Ritchie, Roser u Rosado, 2020) moka3syjy aa y
Cp6uju nossonpuspena nonpunocu ca 20% ykynuoj emucuju I'CB; y CAJl, oBaj npouenar je oko 17%. [la
6u ce y Cpbuju mocturno cMmameme o1 9.8% mo 2030. rogune (kao mro je aepunucano y HammonanHom
aKLHOHOM IUIaHy 3a yOliaXxaBame KIMMATCKHX IPOMEHa), KOHKPETHH KOpaly MOpajy [a ce IPUMEHE IITO
npe. Y paiy ce mpeiiaxe METOJ0JIOrHja 3a CTBapambe CBEOOYXBATHOI BHIIEKPUTEPHjYMCKOT OKBHpPA 3a
MOJPIIKY OJUTYYHBamy 0 U300py onuuja yonaxasama ['Ch y mossonpuspenu (omimja KOHTPOIIE), ca MIJbeM
Ia ce n3adepe HajIoroJHKja ONNKja HA OCHOBY Pa3IMYUTHX, YeCTO KOHMIMKTHUX KPUTEPHjyMa Kao LITO Cy
KUBOTHA CPE/IHA, €PUKACHOCT, TPOLIKOBH, IPUXBATAE OJI CTPAHE APYIUTBA, UTII.

MATEPUJAJI u METOJ: ¥ onmreM citydajy, OKBHp 3a JOHOIICHE OIIYKa YKJbYdyje HEKOIMKO (asa:
ne(uHHCAakbe KOHTEKCTa JIOHOLICHA OMIyKa, WIACHTHOHKAUM)y MOryhux ajTepHaTHBHHX pelIcHa,
naeHTH(UKAIKMjy KpHUTEpHjyMa Ha OCHOBY KOjuX he ce OIeHmHBAaTH alTepHATHBE, KOpUIINEHE
oroBapajyhnx Meroa OlCHHBaba KPUTEPHjyMa U alTepHATHBA M paHrupame anrepHarisa. Kopucrehu
OBy mpoLenypy, AehHUHHCAH je WIYCTpaTHBHH IpHUMEp 3a OleHy omuuja yonaxasawa I'Ch y cekropy
yIpaBJbamba OWJBHOM IPOM3BOAKOM. KpuTepujymm 3a OLEHY Cy TpYNHCAaHH y YETHPU KaTeropuje:
JPYIITBEHH, SKOHOMCKH, 3allTHTa JKMBOTHE CpeinHe U TexHuukd. Omimje ybiaaxaBama Cy Hpeysere u3
texuuukor m3Bemraja JRC  (omumje 3a EY  nossompuBpeny) u  mpojekra  Drawdown
(https://www.drawdown.org/sectors/food-agriculture-land-use), a 3aTiuM cy aHaJaM3UpaHe U KOPUTOBaHE Y
CKJIaIy ca JIOKaJTHUM ycioBuMa y Cpouju.

PE3YJITATHU u 3AK/bYUYILIM: [IpeanoxeHn OKBUP MpeACTaB/ba OCHOBY 3a aHAIM3y W M300p omiuja
yonaxaBamwa ['Ch u mpBH KOpak y HMMIUIEMEHTAlMju Mepa yOiaxaBama W IpomMouujy climate-smart
pemersa. OKBUp Mopa OHTH MaXKJBUBO ycarjallleH ca MPaBHUM, MHCTUTYLMOHAJTHMM ¥ TEXHOJOILIKHUM
PEATHOCTHUMA Y TOCMATPaHOj APXKAaBH, U Y CKJIaay ca (MHAHCHjCKMM MOI'yNHOCTHMA M 3aXTEBHUMa 3aITUTE
KUBOTHE cpequHe. JJoK He jolje 10 cTBapHE MPHMEHE OBAKBOT WM CIIMYHOT OKBHMpPA U CTBAPHOT BUCOKOT
MO3ULMOHMpaka LWbeBa yOnaxkaBama y MOJIWUTHYKE arcHie, ayropu paja Mpeiaxy W Heka jedTHHa
peiema koja ce yerenrHo npumMenyjy y CAJL, a koja cy npuMersbuBa u 'y Cpouju.

KJ/bYUHE PEYMU: emucuja racoBa cTakiicHe OallTe; MOJpONPUBpena; yonaxkasame; climate-smart periema

34XBAJ/IHOCT: UctpaxuBame je ¢uuaHcujckn noapxao onx 3a Hayky Pemybmuke Cp6uje, [Iporpam
capaJie CPIICKe HayKe ca TUjacliopoM: BaydepH 3a pa3MeHy 3Hama (mpojekat ProControl, No. 6391442).
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MULTI-OBJECTIVE FRAMEWORK FOR SELECTING ghg MITIGATING
OPTIONS IN AGRICULTURE

Zorica Srdevié?, Kosana Suvod&arevb*

*University of Novi Sad, Faculty of Agriculture, Department of Water Management, Novi Sad, Serbia
"University of California, Department of Land, Air and Water Resources, Davis, USA
*Corresponding author: zorica.srdjevic@polj.uns.ac.rs

INTRODUCTION and OBJECTIVES: Reduction of greenhouse gasses (GHG) emission is one of the
most important targets of SDG and different options for emission control are specific for each sector and
each country. According to recent data (Ritchie, Roser and Rosado, 2020), agriculture contributes more than
20% of total GHG emissions in Serbia; in the US, that percent is around 17%. To contribute to achieving
the 9.8% reduction of greenhouse gasses by 2030 in Serbia (as stated in Serbian National Action Plan for
Climate Change Mitigation), concrete steps should be implemented as soon as possible. This paper proposes
a methodology to create a comprehensive multi-objective decision-making framework for selecting GHG
mitigating options in agriculture (control alternatives), intending to select the most appropriate one using
different and conflicting criteria such as environmental conditions, efficiency, costs, social acceptance, etc.

MATERIAL and METHOD: A general multi-objective decision-making framework includes several
phases: define decision context, identify alternatives to evaluate, identify evaluation criteria, use
scoring/weighting methods, synthesize the scoring/weighting of alternatives, and criteria and ranking of
alternatives. Following this procedure, an illustrative example of evaluating mitigating options for cropland
management is created. Criteria for evaluating options are grouped into four clusters: social, economic,
environmental, and technical. Mitigation options are adopted from JRC technical report 2020 (as options for
EU agriculture) and Project Drawdown (https://www.drawdown.org/sectors/food-agriculture-land-use) and
then discussed and corrected according to the local conditions in Serbia.

RESULTS and CONCLUSIONS: Created framework presents bases for general GHG mitigation options
analysis and the first step in the real implementation of mitigation measures and promotion of climate-smart
solutions. Nevertheless, it should be carefully aligned with legal, institutional, and technological reality in
particular country of interest, according to financial opportunities and environmental requirements. Until the
policy makers start including GHG mitigation goals into political agenda and use developed framework, in
this paper we also propose some low-cost solutions in use in US and applicable in Serbia.

KEYWORDS: GHG emission; agriculture; mitigation; climate-smart solutions

ACKNOWLEDGMENTS: This research is financially supported by the Science Fund of the Republic of
Serbia, Serbian Science and Diaspora Collaboration Program: Knowledge Exchange Vouchers (project
ProControl, No. 6391442).
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BEI'ETALHUMOHU UHAEKCHU 3A JUOPEPEHIIUJALIUJE YCEBA YV CBPXY
BAPUJABUJIHE AIVIMKAIIMJE IECTULUIA U CETBE

Anexcannap Cennap', Bnagumup Bummanxu'*, ®unun Bacuh!, Jan Typan!, Cranko
Omnapuuna®, Anexcanapa Ilapomku®, Ctanko Kepkes?

'Vuusepsuter y Hosom Cany, ossonpuspeanu dakynret, Tpr JI. O6panosuha 8, 21000 Hosu Can, Cp6uja
2Kure /100, Mehynaponuu myt 162a, 21233 Yenej, Cpbuja

ST Arpap Jloshenan, Iapa Jlazapa 66, 21234 Bauku Japak, Cpouja

*ayTop 3a KoHTakT: vladimir.visacki@polj.edu.rs

YBOJ u IIMJBEBU: Ilpaheme pacra M pas3Boja yceBa WM MOHHTOPHHI, OICEpBallMja yceBa IpeJCTaBiba
3Ha4yajaH acIleKT y MOJHONPUBPEIHOj NPOM3BOABH. HeonxomHOCT ce oriiefa y peayKUHju yTHI@ja HeraTUBHUX
OnoTnukux u abuotnukux axropa Ha nmpuHoc. Ca Apyre cTpaHe, KOHTPOJIA IUIOJHOCTH 3€MJBUIITA, IPUCYCTBO
MHKPO M Makpo ejeMmeHata M uHpecTanuja OolecTH M INTETOYMHA Cy YCKO IOBE3aHH Ca OJP>KHBOCTH
MOJbONPUBPENHE MPOM3BOe. CBE arpoTeXHHYKe Mepe Ceé MOpajy CIPOBECTH y CKJIaly ca Hadenuma Jo0pe
MOJBONIPUBPEHE NpaKkce. MOHUTOPUHT yceBa y CllyuajeBMMa IPEBEHTHBHOT Ipely3UMamba Mepa 3a CIIpeyaBambe u
LIMpee HeraTUBHUX (hakTopa Ha MPUHOC Ce BPILIM Ha JHEBHOM HHUBOY. [Ipoliec je Beoma oTexkaH U 3aXTeBa BeoMa
BEIIMKHM Y/IE0 JbYICKOT paja Kaja je noTpedHO 00aBUTH MOHHUTOPHMHI Ha BEIMKO]j MOBPLIMHU TE C€ Y T€ CBpXE
KOpHUCTE MYJITUCIIEKTPAJIHE )l U XHUIIepCIeKTpanHe kamepe. tbuxoso kopuiheme cBe BUllle MPOHANA3U IIPUMEHY
y audepeHImjarji yceBa Koja je HacTaia yCiie/l pa3inunuTuX eqad)CKiX CBOjCTaBa 3eMJBHIITA U Hamaa 0oiecT u
mrerounHa. To €y cBe €KOHOMCKM 3HauajHH (JaKTOPH IOJBOIPUBPEIHE HPOM3BOIE. Y CBpXy IUTO 0O0Jbe
nudepenijamje ycesa Ha Koju Cy yruuanu eaadcku (pakTopy 3eMIbHIITA WK OOJECTH U IITETOYHHE KOPHCTE Ce
BEreTallMOHH MHJEKCH. PaznnuuTH BeretallioHH MHIECKCH ce KOPHCTE 3a BapHjaOMIIHY CETBY yCeBa IO MPHHLUITY
MOTEHLMjajla 3eMJBHIITA a JPYTH 3a JIOLUpame mTera o OOJEeCTH M IITETOYMHA. BereTalMoHM HHIEKCH 3a
JIOIUpamke eKOHOMCKH 3Ha4YajHHUje ITeTe 01 O0JIECTH M IITETOYNHA Cy OHM BEreTAallMOHU MHICKCH KOjIMa Ce MOXKe
PErucTpoBaTH MPOMEHA Y XJIOpouIIy ycesa.

MATEPUJAJI u METO/I: 3a BereranMoHe HWHICKCE CE KOPUCTE MYJITHCHEKTPATHH M XHUIICPCIIEKTPATHU
CaTeNIMTCKH CHUMIM jep OHM HE 3aXTEeBajy aHTa)KOBame UOBEKa Ha JHEBHOM HMBOY. JlOCTYIHM Cy CBaKor jAaHa
OCHM KaJla BPEMEHCKHU YCIIOBH HHCY IOJECHH 3a CHHMame IIOIMyT obsiaka M kuie. MehycoOHOM Kommapaiujom
JMjanasoHa pedyuieKcuje TaJacHUX Jy)KHHA MYJATHUCHEKTPAIHUX U XUIEPCICKTPAIHUX TalaCHUX Ty)KHHA I00Ujajy
ce BereTaluoHM MHIekcH. Behe mnm mame oxcryname o] apUTMETHUKE CPEAMHE MHAEKCa Ha jeaHO] mapueim
yKa3yje Ha BapHjaOMJIHOCT Ha caMmoj mapueinu. Y ckiaay ca ToM BapujabwiHomhy ce (opmupajy BapujadOuiHe
Marie ceTBe U arviMkanuje nectuuuzaa. 3a Gopmuparme BapujaOMIHUX Marla 3a aluIMKalujy HeCTULUAA [10CIIe CeTBE
a Ipe HHL@Amba KOPUCTE Ce BEreTalliOHH HHIEKCH 3a 3embumite U Ouomacy. To cy Mame 3a BapujaOMIHY
aTuUTMKaIMjy MEeCTHIHIa HAKOH CEeTBE a IIpe HHUIlakha M HAaKOH HHLama 10 oaroBapajyhe BereranuoHe (aze mo
BBLIX ckamu. [Topen oBUX MHAEKCA, YKIbYUY]jy C€ M KOPEKTHBHE MEpe 3a BereTallMOHe HHJIEKCE TTOMYT BPEMEHCKUX
yCIIOBa, CaJipKaj OpraHcKe MaTepHje U XyMmyca y 3eMJBUILTY, €ICKTPHYHH KOHIYKTUBUTET 3eMJBHUIITA, KOIMYHUHA
MOTIIYHO PAcTBOPEHUX jOHA Y 3EMJBHMIITY, CaJp)Kaj MUKPO M Makpo eleMeHara y 3eMJBHMINTY W Jpyre enadcke
KapaKTepUCTUKE 3eMJbHINTA. 3a QopMmupame Mana BapHjaOHIHE CETBE OCHM OBHX Iapamerapa, ykipydyje ce
HCTOpHja Tapliese, HaYuH hyOpema W NpuXpaHe yceBa, MPOCEYHH NPUHOCH, Male MPHHOCA, KapaKTEPHCTHKE
xubpusa UM copTe U BPEMEHCKH YCJIOBH.

PE3YJITATH u 3AK/bYUYLIU: Kopumhewmem BapujabUIIHUX Mara CeTBE U alUIUKaluje NeCTULUIA PE3YITyjy Y
yreau cemena 1o 12 % u necruuuia 1o 27 %. Camo kaja je momyianuja KopoBa o KOHTPOJIOM OHJIa C€ MOIKe
ymrenety jom Behia konuynHa XxepOuimaa. Pesyntatu cy no0HjeHM HAKOH CIIPOBEICHHX Makpo Oriiena U MOry
BapHpaTH y 3aBHCHOCTU OJl THIA 3€MJBMINTA, NMECTHIMAA, BPEMEHCKHX ycioBa... CIM4HO je u ca OonectuMma U
wrerounHama. HajOuTHMju je MOMEHAT NpuUMeHe U NPEBEHTUBHO cy3bujame. OcrtBapenu Behu npunoc 360r
MHHHMMAJHOI yTHLaja OolecTM M INTETOYMHA U KOHKypeHuuje ca kopoBoM he pomatHo Out Behm 360r
BapHjabuiHe ceTBe. BapujabuimHoM ceTBo yceBa NMOCTUTHYTH Cy NpuHOCH Behu Kykypysa y pacroHy ox 7% 1o
23%. Iopexn kykypy3a, 1o NPHUHLUMIY BapHjaOUIIHEe ceTBe, o0aBJbeHa je BapujabHIIHA CETBa CoOje, CYHIIOKpeTa U
CTPHUHA.

K/bYYHE PEYMU: BeretaunoHy HHAEKCH; BapHjaOWIIHA CeTBa; BapHjaOyIIHa aluTHKal¥ja IIeCTUINAA; KYKYpY3;
KOpOBH; OOJIECTHU U IITETOYHHE
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VEGETATION INDICES FOR CROP DIFFERENTIATIONS FOR THE
PURPOSE OF VARIABLE APPLICATION OF PESTICIDES AND SOWING

Aleksandar Sedlar', Vladimir Visacki'*, Filip Vasi¢!, Jan Turan', Stanko Oparnica®, Aleksandra Parogki’,
Stanko Kerkez?

"University of Novi Sad, Faculty of Agriculture, Sq D. Obradovi¢a 8, 21000 Novi Sad, Srbija
’Kite DOO, International road 162a, 21233 Cenej, Srbija

SDTD Ribarstvo, King Lazar wn, 21234 Backi Jarak, Srbija

*coresponding author: filip.vasic@polj.uns.ac.rs

INTRODUCTION and OBJECTIVES: Monitoring of crop growth or crop observation is an important
aspect in agricultural production. Necessity is reflected in the reduction of the influence of negative biotic
and abiotic factors on yield. On the other hand, soil fertility control, the presence of micro and macro
elements and the infestation of diseases and pests are closely related to the sustainability of agricultural
production. All agro-technical measures must be implemented in accordance with the principles of good
agricultural practice. Crop monitoring in cases of preventive measures to prevent and spread negative
factors on yield is done on a daily basis. The process is very difficult and requires a very large share of
human work when it is necessary to perform monitoring over a large area, and for this purpose,
multispectral and hyper spectral cameras are used. Their use is increasingly finding application in crop
differentiation that has arisen due to different edaphic properties of the soil and attacks of diseases and
pests. These are all economically important factors of agricultural production. In order to better differentiate
crops that have been affected by edaphic factors of soil or diseases and pests, vegetation indices are used.
Different vegetation indices are used for variable sowing of crops according to the principle of soil potential
and others for locating damage from diseases and pests. Vegetation indices for locating economically
significant damage from diseases and pests are those vegetation indices that can register changes in crop
chlorophyll.

MATERIAL and METHOD: Multispectral and hyper spectral satellite images are used for vegetation
indices because they do not require human engagement on a daily basis. They are available every day
except when the weather is not suitable for shooting like clouds and rain. Vegetation indices are obtained by
comparing the ranges of reflection of wavelengths of multispectral and hyper spectral wavelengths. A
greater or lesser deviation from the arithmetic mean of the index on one plot indicates variability on the plot
itself. In accordance with that variability, variable sowing maps and pesticide applications are formed.
Vegetation indices for soil and biomass are used to form variable maps for the application of pesticides in
preEM treatments. In addition to these indices, corrective measures for vegetation indices such as weather
conditions, soil organic matter and humus content, soil electrical conductivity, amount of completely
dissolved ions in soil, content of micro and macro elements in soil and other edaphic characteristics of soil
are included. History of the plot, the method of fertilization, average yields, characteristics of hybrids or
varieties and weather conditions are also included to form maps of variable sowing.

RESULTS and CONCLUSIONS: Using variable sowing maps and variable pesticide application maps
results in seed savings up to 12% and pesticides up to 27%. When the weed population is under control can
even more herbicides be saved. It is similar with diseases and pests. The most important moment of
application is preventive suppression. The higher yield achieved due to the minimal impact of diseases,
pests and weeds will be additionally higher due to variable sowing. Variable sowing of crops achieved
higher yields of corn in the range of 7 to 23%.

KEYWORDS: vegetation indices; variable sowing; variable pesticide application; corn; weeds; diseases
and pests;
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NORMALIZED DIFFERENCE VEGETATION INDEX (NDV]) Y HBETAIBY
COJE I'AJEHE Y PA3JIMMUTUM 3EM/BUITHUM YCJIIOBUMA

[penpar Panhenosuh*?, Mapjana Bacmsesnh?®, Byk Bophesuh?, Jerop Munagnaosuh?,
Cranko Mmmh?, Cumona Jahumosuh?, Bojura Bykuh?

“MIHCTUTYT 3a paTapcTBO M MOBPTApCTBO, IHCTUTYT 0/ HAallMOHAIHOT 3Ha4aja 3a Pemy6uky Cpoujy, Hosu Can, Cpbuja
*ayTop 3a KoHTaKT: predrag.randjelovic@ifvens.ns.ac.rs

YBOJA u LHU/BEBU: 3emspumire Ha KOjeM C€ YCEB Taju OJ BEIHKOT je 3HAYaja 3a YCIEHIHY
MOJBOTPUBPEHY IPON3BOAKY. HEmoBOJbHM 3€MIBMINIHM YCIOBH Y MOTJENY IUIOZHOCTH, MEXaHHIKOT
cacraBa Kao M JIpyrux ocoOMHa HOIYT CHOCOOHOCTH PETEHIHje BOJE MOTY HETaTHBHO Jla yTHYy Ha CTame
rajeHnx OMJbaka M Ja TOKOM CE€30HE KOjy KapaKTepHIly CBE M3PaKEHHjH KIUMATCKH €KCTPEMHU JOBEIY IO
ryoutka y npusocy. Kao jenan on HaunHa 3a npaheme cTama Ousbaka TOKOM BET€TallMOHOT IIEPHOa MOXKe
na mnociayku NORMALIZED DIFFERENCE VEGETATION INDEX (NDVI). VY mnperxomHum
HCTPaKMBabUMa OBaj BEreTallMOHM MHJICKC KOpHIIheH je 3a NMPUKyIUbame BaXXHUX MH(OpMANHja MOmyT
omeHe Omomace, canpxaja xmopoduna, nHuekca nucHe nospumHe (LAI) amm m mpucyctBa crpeca y
OuspKama y ciydajy HeToBOJBHHUX ycioBa. L{usb oBor pana je 6o a ce HCIIMTa YTUIA] pa3TNuUTHX THUIIOBA
3emspHLITa Ha BpenHocT NDVI unnexca y ¢as3u nperama IMBEPreHTHIX TEHOTUIIOBA COje.

MATEPUJAJI u METO/: YV okBupy oriena aHaiau3upaHa cy 2 HAEGHTHYHa cera of mpeko 100
Pa3IMUUTHX TeHOTUNOBa coje koju cy 2020. roguHe rajeHd Ha 3eMJBMINTHMA Pa3iUYUTOr KBAIUTETAa Y
OKBHpY napiiena MHcTuTyTa 3a paTapcTBO U MOBpTapcTBO Ha PuMckum IllanueBuma.

[IpBu cer reHOTHIIOBA MOCEjaH je Ha MECKOBUTOM 3EMJBHINTY, JOMIET KBATHTETA Ca HEIIOBOJSHHM BOJIHOM
Ba3ylIHUM OCOOMHamMa Te cyiaboM peTeHIMjoM Boxe. VeHTHYaH ceT TeHOTHIIOBA TajeH je M Ha
TJIMHOBUTOM 3€MJBHINTY ONTHMATHOT KBAaJIHMTETa, Ca ITOBOJFHUM BOAHO-BAa3MYNIHUM KapKaTepPUCTHKaMa M
JNOOpOM peTeHHHjoM Boje. AHann3e 3eMJbHINTAa 3a onpehuBambe IUIOJHOCTH, MEXaHHYKOI cacTaBa MU
peTeHije Bone onpaljeHe cy oaropapajyhum nabopaTopujcKuM MeToaama.

Tokom (hase mBeTama TeHOTHIIOBU coje cy (ororpaducanu momohy Oecrmnotre neremuie (UAV)-DJI
P4AM u myntucnexTpanHe kamepe ca et cnekrpannux ka"ana (RED, GREEN, BLUE, RE, NIR). Hakon
npuKymbama (GoTorpaduja KpeupaH je opromosamk nomohy Agisoft codreepa mnpu uemy cy ca
MyJITHCIIEKTpaiHe (oTorpaduje u3padyHaTe BPEAHOCTH IMIUTAIHUX OpojeBa CBAaKOI IOjeIMHAYHOT
kaHana. [ururamau OpojeBu ca R m NIR kanama yBpmetHu cy y oarosapajyhy ¢opmyna xako O6u ce
n3pauyHana BpenHocT NDVI wuuaexkca 3a cBaku aHanusupanu reHotun. Bpeanoctu NDVI unpexca
CITy>KHJIE Cy 3a OIleHy e(eKTa pa3IMunuTHUX TUIOBA 3EMJBMINTA HA rajeHe TeHOTHIIOBE COje y IBETamy Kao
JEIHOj oIl KpUTHYHHUX (a3a pa3Boja.

PE3YJITATH u 3AK/bYUYIIU: 'eHOTUIIOBH KOjH Cy TajeHH HA NECKOBUTOM 3EMJBHINTY, HA 3E€MIJBHINTY
JomMjer KBaIUTeTa y (ha3u IBeTama UMalK Cy y Ipoceky HiKy BpeaHocT NDVI ungekca 3a npeko 8 % y
OJIHOCY Ha VMICTH CET I€HOTHIIOBA KOjU je TajeH Ha IIMHOBHTOM 3E€MJBHINTY ca OOJbUM BOJHO-Ba3IyIIHUM
ocobnnama u BehoM mioxHoctn. Ha ocHoBy pesynrara NDVI mniekca Moxke ce 3aKbydHTH Aa Cy
TeHOTHUIIOBH KOjU Cy OWJIM IOCejaHH Ha IIECKOBHTOM 3€MJBUINTY OMIIM rajeHH y HENOBOJPHUJUM YCIOBHMA U
Ia je To OMO jemaH OJ pas3iiora 3a IUXOBY CMameHy MPOAYKTHBHOCT Ha Kpajy ce3oHe. Bereraumonn
uHIekcH a npe ceera NDVI mMory mociyxuTH 3a pany oneHy e(pexTa KOju pa3IMyUTH 3eMJBUIIHH YCIOBH
MOTY Jla UMajy Ha CTambe OMJbaka TOKOM BEreTalMoHOT MepHoJa.

KJ/bYUYHE PEYM: 3emspuinte; coja; UAV, NDVI;
3AXBAJIHUI]A: VictpaxuBame je moap:xaHo of ctpane EBporcke yHuje y okBupy Horizon 2020 mpojexrta

ECOBREED - Increasing the efficiency and competitiveness of organic crop breeding, 6poj yrosopa
771367.
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NORMALIZED DIFFERENCE VEGETATION INDEX (NDVI) IN THE
FLOWERING PHASE OF SOYBEAN GROWN IN DIFFERENT SOIL
CONDITIONS

Predrag Randelovi¢*?, Marjana Vasiljevi¢?, Vuk Pordevic?, Jegor Miladinovié¢?,
Stanko Mili¢?, Simona Ja¢imovié?, Vojin Pukié?

“Institute of Field and Vegetable Crops, National Institute of the Republic of Serbia, Novi Sad, Serbia
*Corresponding author: predrag.randjelovic@ifvens.ns.ac.rs

INTRODUCTION and OBJECTIVES: The soil on which the crop is grown is of great importance for
successful agricultural production. Unfavorable conditions in terms of fertility, mechanical composition,
and other soil properties such as the ability to retain water can negatively affect the cultivated plants during
the season with climatic extremes which can lead to yield loss. The NORMALIZED DIFFERENCE
VEGETATION INDEX (NDVI) can be used to monitor plant condition during the vegetation period. In
previous research, this index was used to assess important information such as biomass, chlorophyll content,
LEAF AREA INDEX (LAI), and also the presence of stress in plants in case of unfavorable conditions.
This study aimed to examine the influence of different soil types on the NDVI value in the flowering phase
of diverse soybean germplasm.

MATERIAL and METHOD: In the experiment, we have analysed two identical sets of over 100 soybean
genotypes that were grown in 2020 within the plots of the Institute of Field and Vegetable Crops in Rimski
Sanéevi. These genotypes were sown on two different soil types. The first set was grown on sandy soil with
poor quality, unfavorable water and air properties and poor water retention. An identical set of genotypes
was sown on clay soil of optimal quality, with good water-air characteristics and good water retention.
Fertility, mechanical composition and water retention of two soil types were determined by appropriate
laboratory methods.

During the flowering phase, soybean genotypes were photographed using an unmanned aerial vehicle
(UAV)- DJI P4M and a multispectral camera with five spectral channels (RED, GREEN, BLUE, RE, NIR).
After collecting the photos, an orthomosaic was created using Agisoft software and the values of digital
numbers for each channel were extracted from the multispectral image. Digital numbers from the R and
NIR channels were included in the appropriate formula to calculate the NDVI index for each genotype. The
values of the NDVI were used to assess the effect of different soil types on soybean genotypes in one of the
critical development stages such as flowering.

RESULTS and CONCLUSIONS: Genotypes grown on low-quality sandy soil in the flowering phase had
on average a lower value of NDVI index by over 8% compared to the same set of genotypes grown on clay
soil with better water-air properties and higher fertility. Based on the results of the NDVI index, it can be
concluded that genotypes sown on sandy soil were grown in less favourable conditions and that this was one
of the reasons for their reduced productivity at the end of the season. Vegetation indices, especially NDVI,
have the potential to be used as a remote tool for the early assessment of the effects that different soil types
may have on plant condition.

KEYWORDS: soil, soybean; UAV; NDVI
ACKNOWLEDGMENTS: This research was supported by the European Union’s Horizon 2020 Project

ECOBREED -Increasing the efficiency and competitiveness of organic crop breeding under grant
agreement number 771367.
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CUMYJIMPAIBE BJJA’KHOCTU 3BEMJ/BUIITA

T'opnana Marosuh!*, Cnasuna Pagosanosuh?, Becna [Touywa!, Enuka I'peropuh!

'Vuupepsuter y Beorpany, ITossonpuspennn dakysret, 3emyn, Cpouja
Peny6InuKu XUIPOMETEOPOJIONIKY 3aB01, Beorpas, Cpouja

*ayTop 3a KOHTAaKT: gmatovic@agrif.bg.ac.rs

YBO/J u HHUJBEBU: Ha ocHOBY mojataka O H3MEPEHO] BIAKHOCTH 3EMJBHIITA HA METCOPOJIOIIKO]
cranuim beorpan-Komyrmak, BpiieHo je Tectupame FAO AquaCrop Mozena, ca IHJbEM J1a c€ YCTAaHOBH Ja
I CE ¥ ca KOjOM Ipenu3Houhy, MOTy BPIIUTH HPOIEHE BIAKHOCTH 3eMJBHINTA HA PA3ININTUM TyOHHAMA.
MATEPUJAJI u METO/I: Cumynanyje cy BpieHe 3a nepuox of 1. anpuia o 31. okrobpa 2010, 2011. u
2012. roguHe. Mepema BIaXHOCTH 3€MJBMINTA IOJA TPaBHAaTUM MHOKpUBAa4YeM O0aBJbaHA Cy OIPEMOM
Ipo¢punuaa mpoba Delta-T Devices Ltd (tum PR2/6). Ha catHOM HHBOy je permcrpoBaHa BIIQXXHOCT
3emspHIITa Ha qyouHama 10, 20, 30, 40, 60 1 100 cm. 3a penpe3eHTaTUBHY AHEBHY BPEIHOCT je KOpHUIIieH
NojaTak u3MepeH y 7 caTu yjyrpy. [lHeBHe BpeIHOCTH pedepeHTHEe eBaloTpaHCIHpaLHje 3a MoApydje
Beorpaga cy pauynHare merogom Penman-Monteith, a momamu o MUHUMaIHUM ¥ MaKCHMAaJIHHM
TeMIIepaTypaMa Ba3ayxa, Kao ¥ 0 KOJIMYMHH 11aJIaBUHa Cy KoprirheHH ca MeTeopoJIomKke cTanuie beorpan-
Komytwmak. BogaHo (usnuke ocoOrHE 3eMIBHINTA CY y3€Te y 003Up MpU Kpeupamy cuMyaiuja. Bpiirero je
nopeheme npoceyHe CHUMYyJMpaHEe BIAXHOCTH 3EMJBHIITA Ca NPOCEYHOM H3MEPEHOM BIIQKHOCTH 32 TPH
nyoune: 0-40 cm, 0-60 cm u 0-100 cm. OrieHa ciarama CUMYJIUPAaHUX U M3MEPCHUX BPEITHOCTH BPIIICHA je
nomohy: Willmott unnekca cmarama (d), cpeame kBagpatae rpeumke (RMSE), HopmanmsoBane cpenme
kBagpatHe rpemke (NRMSE) u koedunujenta kopenamnuje (R).

PE3YJITATH u 3AKJ/bYULMU: Pesynraru cratuctuuke ananuse (d=0.79-0.98; RMSE=1.39-4.97;
NRMSE=5.4-29.9; R=0.87-0.97) moka3yjy nha je clarame CHUMYJIHpPAaHHX H H3MEPEHHX BPETHOCTH Yy
pacnoHy 3ajoBosbaBajyhe 10 ommHuHO, 06e3 WM3paKEeHMX pas3iInKa KO CHUMYJIHMpama BIAKHOCTH Ha
pa3nmuuuTHM TyOMHAMAa.

K/bYYHE PEYM: Bna)kxHOCT 3eMJBHUINTA; CUMYJIAIH]j€ BIaKHOCTH 3eMibHiTa; AquaCrop
mozen; beorpan
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SOIL MOISTURE SIMULATION

Gordana Matovié®*, Slavica Radovanovié®, Vesna Po¢uc¢a?, Enika Gregori¢?

“University of Belgrade, Faculty of Agriculture, Belgrade, Serbia
Republic Hydrometeorological Service of Serbia, Belgrade, Serbia
*Corresponding author: gmatovic@agrif.bg.ac.rs

INTRODUCTION and OBJECTIVES: FAO AquaCrop model was tested on the basis of data on
measured soil moisture at the meteorological station Belgrade-Kosutnjak. The aim was to establish whether
and with what precision soil moisture estimates can be made at different soil depths, using the AquaCrop
model.

MATERIAL and METHOD: The simulations were performed for the period from April 1 to October 31,
2010, 2011 and 2012. Measurements of soil moisture under the grass cover were performed with the
equipment Profile Probe Delta-T Devices Ltd (type PR2 / 6). At the hourly level, soil moisture was
registered at depths of 10, 20, 30, 40, 60 and 100 cm. For a representative daily value, data measured at 7
am were used. Daily values of reference evapotranspiration for the area of Belgrade were calculated by the
Penman-Montheith method, and data on minimum and maximum air temperatures, as well as the amount of
precipitation were used from the meteorological station Belgrade-Kosutnjak. Water-physical properties of
the soil were taken into account when creating the simulations. The average simulated soil moisture was
compared with the average measured moisture for three depths: 0-40 cm, 0-60 ¢cm and 0-100 cm. The
agreement of the simulated and measured values was estimated using: Willmott agreement index (d), mean
square error (RMSE), normalized mean square error (NRMSE) and correlation coefficient (R).

RESULTS and CONCLUSIONS: The results of statistical analysis (d = 0.79-0.98; RMSE = 1.39-4.97;
NRMSE = 5.4-29.9; R = 0.87-0.97) show that the agreement of simulated and measured values are in the
range satisfactory to excellent, without significant differences in simulating moisture at different depths.

KEYWORDS: soil moisture; soil moisture simulations; AquaCrop model; Belgrade
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MNPOCTOPHMU INPUKA3 CAAPKAJA OPTAHCKE MATEPUJE Y
PEHJI3UHAMA KPIbEBAUKOI' BUHOI'OPJA, CPBUJA

Jenena Borocasbesuh!*, Harama Hukonuh?, Cejetnana Pagmanosuh', Chexana bpankosuh?,
Jlazap Kanyheposuh', Anekcanmap Bophesuh'

'Vuusepsuter y Beorpany, [osonpuspennu daxynrer, Karenpa 3a neonorujy u reonorujy, Hemamuna 6, 11080
Beorpan, Cpbuja

Bioagricert, Bopha Musnosanosuha 5, 11000 Beorpan, Cpouja

3Vuusepsurer y Kparyjesity, [Ipuponno-matematnuku dakynret Kparyjesai, MHCTHTYT 32 GHOIOTH]Y U €KOJIOTH]Y,
Panoja Jomanosuha 12, 34000 Kparyjeau, Cpouja
*ayTop 3a KOHTaKT: jelena.bogosavljevic@agrif.bg.ac.rs

YBOJ u HUJBEBU: Canpxaja oprancke marepuje (OM) y 3emipHIuTy je Outan dakrop mnpu omadupy
JIO3HHX MOAJIOTa U COPTH BHHOBE JIO3€ MOIITO 3HAYAjHO yTHUE Ha BEreTaTUBHU IIOPACT U IPHHOC, KOJH CY Y
MIPON3BOAIY BUHA KOHTPOJIMCAHH, TAaKO Jia jeé BaXKHO IPEHU3HO oApeanTu caapxkaj OM npu nomusamy U
eKCIUTOATAIMj! 3acaja BHHOBE Jo3e. L[1Jb OBOT HCTpaXkuBama jecTe MPELH3HO U MPOCTOPHO MPECTaBIbakhe
cagpxaja OM y penjsnHama Ha noapydjy Kpmesaukor BuHoropja. PeHa3uHa je jeqHo o HajIoroHUjHUX
BHUHOTPaJIapCKUX 3eMJbHINTa KOox Hac. IIpema 3BaHmYHOM cHcTeMy Kiacugukanuje emspnmra Cpouje,
penm3una je tun 3emipuiuta ca A — AC — C — R nmpoduiom, pa3BijeH Ha MaTHYHO] CTEHH KOja CaapiKu
Bunie ox 20% xpeumadkor Mmarepujasia (ocuM 3emipHmTa ca A — R mpoduiaom Ha TBPAOM YHCTOM
Kpeurbaky win jgoinomury). Y Cserckoj pedepeHtHoj 6a3u 3a semubuinHe pecypce (WRB) penmsune
OIroBapajy yriaBHOM peH3n4HUM jentoconnma (Rendzic Leptosols) mu paozemuma (Phaeozems).
MATEPUJAJI u METO/: KpmeBauko BuHOTOpje je neo Lllymanujckor BHHOIpaIapCcKor pejoHa, Hala3|
ce Ha Opexy/bKacTHM MaJWHAMa M Kocama 3amagHo o Bemmke Mopase, a ceBepHO ox CmenepeBcke
[Namanke n Benuke [lnane, npoctupe ce Ha mopiuuan on 11188,22 ha. UctpaxkuBame je CripoBeAeHO y
puHorpany I[lompyma PanoBamoBumh (44°25'57,60" CIL; 21°02'40,34" U u 44°25' 41,33" CI'UL
21°02'51,29" UT' 1), nHa mer mapuena 3acaljeHUX pa3IHYUTUM COpTaMa BHHOBE JIO3€ TAE j€ OTBOPEHO U
omnucaHo 15 meqosomkux npoduia. Y30piu y HapyIIeHOM CTamy CY Y3€TH U3 CBUX I'€HETCKUX XOpU30HATa
o] moBpIIKMHE 10 MaTH4He cTteHe. Canpxaj opranckor yribernnka (OC) oxpeleH je fuXpoMaTHOM METOIOM
y 54 y3opka 3emubuiiTa, a caapkaj OM je mpopauyHat mpema gopmynu OM = OC x 1,72. IIpoctopau
npukas caapkaja OM y HCIUTHBAHUM 3eMJBHINITUMA ypaljeH je kopuirhemeM nporpama ArcGis 10.0.
PE3YJITATHU u 3AK/bYULIU: Ha ucnuTHBaHOM JIOKAJIHUTETy WACHTU(GHKOBAHA Cy TPH BapujeTeTa
peHI3uHe: KapOoHaTaHA PEHI3MHA, PEHI3UHA y OrajmbavaBamby M H3ITyxeHa peHasuHa. Campxkaj OM y
XyMYCHOM XOPH30HTY peHJ3MHa Bapupao je y omcery ox 1,18% no 4,17%, ca npoceuno Bpenuorhy oz
2,55 £ 0,56%. 3emspHIITa MCIUTHBAHOT MOJpYdYja Cy cnabo M Cpelrme XyMyCHa, HITO jé MOBOJBHO C
003UpOM Ha TO Ja ce HajOOJBHM BUHOTPAIpPACKH W BHHAPCKH PE3YATATH H00Hjajy Ha CPEAme IUIOTHUM
3eMJBHINTHMA KOja MMajy HeKa IeJI0JOIIKa OrpaHuderha. VieaaHo BHHOTPagapCKO 3eMJBHINTE CaApKU 2—
4% OM. Caap:xaj OM ce mpaBHITHO CMamkHUBAO MO AyOHHH mpoduia, Tako fa je y C XOpH30HTY H3HOCHO O
0,67% no 1,04%, a mpoceuna BpemHoct je Owmma 0,97 £ 0,21%. PenmatuBHO BHcok caapxkaj OM y C
XOPH30HTY je IOCIIeIUna JyOoKoTr Mpogupamka KOPEHOBOT CHCTeMa BHHOBE J1o3e. Ha Temarckoj kapTu koja
MIPOCTOPHO TpHKazyje caapxaj OM y HOBPIIMHCKOM XOPH30HTY MOXKE CE€ YOUUTH Ja je HajBHIIN Caipikaj
OM y 30HU Izie ce BUHOTPaJ I'PaHU4y ca IIyMOM, IITO JOBOAHM JI0 3aKJby4Ka 1 je y OBOM JIeJly H3paKeHHje
Hakymbake OM (y oJlHOCY Ha IpeocTally HCIUTHBAHY ITOBPIIMHY), BEPOBATHO Ko ITOCIIENUNA TPUPOTHOT
YHOIIICHA OPTaHCKUX OCTaTaka IIyMcKe Bereramnuje. Ha ocHOBY pesynrar cTyzmuje Moxke ce 3aKJbyddTH Ja
Cy MCIUTHBaHA 3eMJbHINTA mpema canpxajy OM morogHa 3a y3roj BuHOBe Jjo3e. IIpocTopHu mpukas
canpxaja OM omoryhasa u3Bajame onpeljeHUX MOBPILHHA 32 Jajbe aHAM3E KBAIUTETa rpoxi)a i BUHA.

K/bYYHE PEUYM: OM; pennzuna; BUHOBA J103a; KpmeBauko BHHOTOpje
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SPATIAL DISTRIBUTION OF SOIL ORGANIC MATTER IN THE
RENDZINAS OF KRNJEVO VITICULTURE AREA, SERBIA

Jelena Bogosavljevié®*, Natasa Nikoli¢?, Svjetlana Radmanovié¢?, Snezana Brankovi¢®, Lazar
Kaluderovié?, Aleksandar Pordevi¢?

*University of Belgrade, Faculty of Agriculture, Department of Pedology and Geology, Nemanjina 6, 11080 Belgrade,
Serbia

®Bioagricert, Dorda Milovanovi¢a 5, 11000 Belgrade, Serbia

¢ University of Kragujevac, Faculty of Science, Department of Biology and Ecology, Radoja Domanovi¢a 12, 34000
Kragujevac, Serbia

*Corresponding author: jelena.bogosavljevic@agrif.bg.ac.rs

INTRODUCTION and OBJECTIVES: Soil organic matter (SOM) content is an important factor in the
choice of grapevine rootstocks and grape varieties as it significantly affects the vegetative growth and yield,
which are controlled in wine production, so it is important to precisely determine the SOM content in
growing and exploitation of vineyards. The aim of this research is the precise and spatial distribution of the
content of SOM in Rendzinas in Krnjevo viticulture area. Rendzina is one of the most suitable viticultural
soils in our country. According to the official soil classification system of the Republic of Serbia, Rendzina
is a soil type with an A — AC — C — R profile, developed on parent rock containing more than 20% of
calcareous material (except from soils with an A — R profile on hard pure limestone or dolomite). In the
World Reference Base for Soil Resources (WRB), Rendzinas correspond mainly to Rendzic Leptosols or
Phaeozems.

MATERIAL and METHOD: The Kmjevo viticulture area is part of the Sumadija wine-growing region,
located on hilly slopes and slopes west of Velika Morava, and north of Smederevska Palanka and Velika
Plana, covering an area of 11188.22 ha. The research was conducted in Radovanovi¢ Cellar vineyard
(44°25'57.60" N; 21°02'40.34" E and 44°25'41.33" N; 21°02'51.29" E), on five plots planted with different
grapevine varieties, where a total of 15 soil profiles were opened and described. Disturbed soils samples
were collected from all genetic horizons from the surface to the parent rock. The organic carbon (OC)
content was determined by the dichromate method in 54 soil samples, and the SOM content was calculated
according to the equation OM = OC x 1.72. Spatial distribution of SOM content in the examined soils was
done using the ArcGis 10.0 Software.

RESULTS and CONCLUSIONS: In the studied area, three varieties of Rendzina were identified:
Calcareous Rendzina, Cambic Rendzina and Decarbonated Rendzina. The SOM content in the humus
horizon of Rendzinas varied in the range from 1.18% to 4.17% at an average value of 2.55 + 0.56%. The
soils of the examined area are of low and medium humus, which is favorable considering that the best
viticultural and wine results are obtained on medium fertile soils that have some pedological limitations. An
ideal vineyard soil contains 2-4% SOM. According to the depth of the profile, the SOM content decreased
regularly, so that in the C horizon it was from 0.67% to 1.04%, and the average value was 0.97 £+ 0.21%.
The relatively high content of SOM in the C horizon is a consequence of the deep penetration of the
grapevine root system. On the thematic map that spatially shows the SOM content in the surface horizon, it
can see that the highest SOM content is in the zone where the vineyard borders the forest, which leads to the
conclusion that in this part the accumulation of SOM is more pronounced (compared to the rest of the
examined area), a consequence of the natural introduction of organic remains of the forest vegetation. Based
on the results of the study, it can be concluded that the researched soils according to the SOM content are
suitable for growing grapevines. The spatial distribution of the SOM content enables the selection of certain
areas for further analysis of grapes and wine quality.

KEYWORDS: SOM; Rendzina; grapevine; Krnjevo viticulture area
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HNPOINEHA CHABJAEBEHOCTHU HNPUPOJHUX TPABHBAKA BOJIO0OM
HNPUMEHOM BPEMEHCKE CEPUJE CATEJIMTCKUX CHUMAKA

Hesena Cresanosuh', Anexca Jlunosan!, Bragumup 3oprunh?, JbyGomup Kusotuh!, Hepenka
‘Byposuh!, Pyxunma Crpuuesuh'*

'Vuusepsutet y Beorpany, [losonpuspennn (pakyntet, 3eMibuITe M Menuopaiuje, 3emyH, Cpouja
2Huctutys 3a kpMHO 6ube Kpymenan, 37251 ['nobonep Kpymesan, Cpouja
*ayTop 3a KOHTAKT: sruzica@agrif.bg.ac.rs

YBOJ u IMUJ/BEBH: [lajbuHcka JeTeKLyja je TMOCTylaK OTKpuBama M Tnpahema (Qu3HUKux
KapaKTEePUCTHKA IMOApYYja MEPEHeM HEeTOBOT OJOMjEHOr M €MHTOBAHOT 3paduera Ha JaJbHHY, a Y yXKeM
cMuCIly oOyxBaTa aHaNM3y W HHTEPIPETAljy pasIHIUTHX CHUMaka JeloBa 3eMJbHHE IIOBPIIHHE.
IIpuMena caTenMTCKUX CHMMAaKa y3 CaBPEMEHY TEXHOJOTH]y M NPOTpaMCKy MOApIIKYy Moryha je y cBum
(a3ama HCTpaKMBamba Pa3IHIMTHX HPUPOAHHUX MOjaBa, a FUXOBA aHAIN3a C€ CIPOBOAU padyHAPCKH
MOAPKAaHUM W BU3YETHUM IOCTymuMa. L[ip oBor McTpakuBama je Ja ce MpeICcTaBe OCHOBHU ACIEKTH
IIpUMEHe JaJbUHCKE JETEKIMje W CaBPEeMEHUX TEXHOJIOTHja MpH MHPOIEHH CHAOIEBEHOCTH INPUPOJHUX
TpaBmaka BOJOM, Kao M MoOryhHOCT Opsker HpHKyIJbama MOJATaka y3 CMameHe TPOIIKOBA U JIAKIIe
carJie/[aBame [eJIMHE NCTPAKUBAHOT MOAPYYja.

MATEPUJAJI u METO/;: Orunen je mocrasibeH 22.03.2022. Ha NPUPOJHOM TPaBmaKy y ceily MUTPOBO
noJbe Ha tuianuau ['ou (43° 30" 22" c.r.u. u 20° 52’ 26" w.r.a., 700 m H.B.), omTrHa Anekcanaposain. Ha
TEpeHy Cy Y3eTH y30pLM 3eMJbHiITa y nopemehieHoM M HemopemeheHOM CTamby Kako OU ce OApeano
MEXaHMYKH CacTaB, BOJHE KOHCTaHTE Kao M IMOjeJuHEe XeMHjcke ocobuHe 3emsbuinTa. KoHTHHyaHO
Mepeme BIaKHOCTH 3eMJbHINTa 00aBbeHO je TDR conmama y Tpu moHaBibamka U MOCTABJECHU Cy CEH30PH
3a mpaheme Temmeparype 3emipMINTa. Y pany cy kopumheHu catenutckd cHummu (SENTINEL 2),
pesomynuje 10m, y BpeMEHCKOM HHTEpBaly O OKO HeJeJby AaHa, HAalpaBJbEHH MPH PENaTUBHO BEAPOM
BpeMeHy (o6magnocT <30 %), moyeBmu ox 22. MapTa 10 21. Maja, OK je BIaXXHOCT 3eMJbHIITa ojpehuBana
Ha JHEBHOM HHMBOY y HcToM mepuonxy. Ca moprama Agrosens Ipey3eTH Cy IOJaldl O TajJaBHHAMa H
TeMIIepaTypH Ba3lyXa 3a ImocMmarpaHu neproi. CHaOAeBEHOCT MPHPOAHHX TPAaBH-aKa BOJOM M IIPOLEHA
CTama BIAXHOCTH 3eMJbMINTA oipeheHa je HMHAEKCHMa HOpMAajHM30BaHE pa3lIMKe WHJEKCa BeEreraluje
(NDVI), xao najuemhe xopumheHHM HHIEKCOM CTama Bererandje W Ae(UHUIIE ce Kao OJHOC pa3iHKa
n3Mel)y mojeIMHuX BpeTHOCTH pedieKTyjyhnx TalacHUX AyKHHA — Of0Hjamba OJIHCKO IPBEHOT U IPBEHOT
CIIEKTpa 3payca U BUXOBE CyMe, 3aTHM HHIeKC MSAVI2, Koju ce YIIaBHOM KOPHUCTH Y aHAJIU3U PacTa
Ousbaka, IpPH MPOLEHH NPHHOCA TpaBmaka, npahemy cyme u epo3dje Ti1a, JOK je ONTUMU30BaHU
BeretanmoHn uHAekc npwiaroher 1oy (OSAVI) ocembuBuju Ha Bereranujy. AHaiInM3a CHHMaka 3a
KpEeHpaH! MOJIMIOH UCTPAKUBAHOT MOAPYYja M CTaTHCTHYKa aHanmn3a ypaheHa je momohy QGIS anara.
PE3YJITATH u 3AK/bYYLU: Pe3ynratu uctpakuBama I0Ka3yjy Aa ce 0 I0YeTKa BEreTaTUBHOT pacTa
BJIXKHOCT 3eMJBHIITA KpeTaia ox 39% mo 57% mito ykasyje na je TpaBmak 0Mo 100p0o cHaOaeBeH BOIOM.
IMoTtpomrma Boge Omia je Mama OJ MPUIMBA BOJE JOCIENE yCIex MOTIOBPIIMHCKOT JOTHIAja Ca BHIINX
nenoBa TepeHa. Bpennoctn naaekca NDVI Bapupane cy ox 0,16 no 0,47 nok cy ce BpenHoctr 3a MSAVI2
u OSAVI unnekc kperane ox 0,59-0,73 omnocuo 0,24-0,63. Hmxke BpeAHOCTH WHIEKCA Ha IOYETKY
nocmaTpanor nepuoza (<0,16, <0,32, <0,30 3a NDVI, MSAVI2 OSAVI, penom) yka3syjy Ha HemoCTaTaKk
3eneHe Owomace. KperameMm pacta mpupOJHOT TpaBI-aka, pacTy W BPENHOCTH CBHX HHaekca. Ilotom,
JOOHjeHH pe3yJITaTH IT0Ka3yjy Kako Ce BereTal[MOH! HHICKCH MEHbajy ca IIPOMEHOM BIIAXKHOCTHU 3eMJBUINLTA,
OJTHOCHO KaKo ce yciie/] moBehama BIa)KHOCTH 3eMJBHIITA 300T 1afaBuHa noBehaBajy U BpeIHOCTH MHAEKCA
U CYIIPOTHO, LITO HAC JIOBOJM 0 3aKJbydKa Jia KopumhemeM HHIeKca JOOUjeHUX U3 CaTeIMTCKUX CHEMAaKa
YCHEIIHO MOKEMO MPOUECHUTH pas3jiMinTa BEr€TallioHa CTama, JETCKTOBATU BJIary y 3€MJbUIITY U MPOLCHY
6uomace.

KJbYYHE PEUYMN: tpaBmaly; BIaXKHOCT 3€MJBHILTA; CATEIIMTCKU CHUMIIM, BEreTalluOHU UHJIEKCU
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ESTIMATION OF WATER SUPPLY OF NATURAL GRASSIland USING A
TIME SERIES OF SATELLITE IMAGES

Nevena Stevanovi¢!, Aleksa Lipovac!, Vladimir Zorni¢?, Ljubomir Zivoti¢!, Nevenka
Djurovi¢', RuzZica Stri¢evi¢!*

"University of Belgrade, Faculty of Agriculture, Soil and Water Management, Zemun, Serbia
Institute for forage crops Krusevac, 37251 Globoder Krusevac, Serbia

*corresponding author: sruzica@agrif.bg.ac.rs

INTRODUCTION and OBJECTIVES: Remote sensing is the process of detecting and monitoring the
physical characteristics of an area by measuring its reflected and emitted radiation at a distance, and in a
narrower sense includes the analysis and interpretation of various images of parts of the Earth's surface. The
application of satellite images with modern technology and software is possible in all phases of research of
various natural phenomena, and their analysis are carried out by computer-aided and visual procedures. The
aim of this research is to present the basic aspects of remote sensing and modern technologies in assessing
the water supply of natural grasslands, as well as the presentation of possibility for faster data collection
while reducing costs, and easier understanding of the whole research area.

MATERIAL and METHOD: The trial was set on March 22"¢ of 2022 on a natural grassland in the village
of Mitrovo polje on the mountain Go¢ (43° 30’ 22' N latitude, 20° 52’ 26’ E longitude, 700 m a.s.l.) in the
Aleksandrovac municipality. Disturbed and undisturbed soil samples were collected to determine soil
texture, soil water retention characteristics and soil chemical properties. Continuous measurement of soil
moisture was performed with TDR probes in three replicates and sensors for monitoring soil temperature
were installed. The satellite images (SENTINEL 2) with a resolution 10 m, in a time interval of about a
week, created in relatively clear weather (cloudiness <30%), starting from March 22 to May 21 were used,
while soil moisture data were collected on a daily basis. Data on precipitation and air temperature for the
observed period were taken from the Agrosens portal. The supply of natural grassland with water and
assessment of soil moisture are determined by the index of normalized difference vegetation index (NDVI),
as the most applicable vegetation index. NDVI is defined as the ratio of differences between individual
values of reflective wavelengths of near red and red radiation spectrum and their sum. Furthermore, for the
analysis are also used MSAVI2 index, which is mainly used to analyse plant growth, estimate grass yield,
monitor drought and soil erosion, and the optimized soil-adapted vegetation index (OSAVI), which is more
sensitive to vegetation. The analysis of remotely sensed images of the investigated area and statistical
analysis were conducted using QGIS tools.

RESULTS and CONCLUSIONS: The results of the research show that from the beginning of grassland
growth, the soil moisture ranged from 39% to 57%, which indicates that the lawn was well supplied with
water. Water consumption was low at initial stage of grass growth. Soil water content at that period was
high due to subsurface inflow coming from the higher parts of the terrain. The values of the NDVI index
varied from 0.16 to 0.47, while the values for the MSAVI2 and OSAVI index ranged from 0.59-0.73 and
0.24-0.63, respectively. Lower index values at the beginning of the observed period (<0.16, <0.32, <0.30 for
NDVI, MSAVI2 OSAVI, respectively) indicate a lack of green biomass. As the growth of natural grass
increased, so do the values of all indices. Nevertheless, the obtained results show the changes of vegetation
indices with the change of soil moisture, i.e. the values of the index increase due to the increase of soil
moisture after precipitation and vice versa, which leads us to the conclusion that the application of remote
sensing indices can be successfull for the estimate of different vegetation conditions, detection ofsoil
moisture and biomass assessment.

KEYWORDS: natural grassland; soil moisture; satellite images, vegetation indices
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SOIL SPATIAL VARIABILITY ASSESSMENT IN THE FRAMEWORK OF
PRECISION VITICULTURE

Simona Vingiani**, Annina Caputo?®, Antonio Di Matteo®, Angelita Gambuti®, Pasquale
Ruocco?, Carlo Perreca?

#University of Naples Federico II, Department of Agricultural Sciences, Portici (NA), Italy

Among the purposes of the international scientific research in the wine sector, the qualitative improvement
of wine represents a target of strategic importance. Wine grapes are among the most widespread fruit crops
in the world, with over 7 million hectares of land cultivated per year (only in Europe they are over 3.6
million ha), a world production of over 79 million tons and a yield of over 100 thousand hg/ha (FAOSTAT,
2018). As demonstrated in many experimental works, environmental conditions, including soil, can affect
fruit yield, berry composition, biotic and abiotic stress response, and then grape and wine quality, typicity
and production. In this framework, the viti-vinicultural “Terroir” concept has been defined by the OIV
(International Organization of Vine and Wine) referring to an area in which collective knowledge of the
interactions between the identifiable physical and biological environment and applied viti-vinicultural
practices develops, providing distinctive characteristics for the products originating from this area.
Following the formulation of the Terroir concept, the viti-vinicultural zoning aims at the detailed knowledge
of the interactions between the vine and the environment at different geographic scales, according to the
desired production results. Modern company-wide zoning studies are aimed at precision viticulture, for a
detailed company viticulture management, carried out vineyard by vineyard, in the perspective of focusing
on the knowledge of the functional characteristics of soil in interaction with grape characteristics, according
to the desired production result.

In this context, an overview is presented on the preliminary results of ongoing research works carried out in
selected vineyards of southern Italy, were DOCG wines (Denomination of Controlled and Guaranteed
Origin) are produced. In the studied sites, a combination of indirect soil investigations by proximal soil
sensors (PSS), based on geophysical (EMI - electromagnetic induction) and spectrometric (y-rays and X-ray
fluorescence) techniques, with pedological surveys, was applied in the field. Assessment of the relationship
between spatial variability of soil properties and enological/chemical characteristics of grapes was the
objective. Spatial variability maps of the parameters acquired by the PSS were obtained using the IDW
implemented in QGis or the kriging implemented in ArcGis. Homogeneous zones (HZs) identified by the
PSS were then characterized by the analyses of soil profiles, and grapes were collected at harvesting in each
identified homogeneous area (HZs). In the case study of the Aglianico grapes from the Irpinia land
(Avellino province), the ANOVA Multivariate test showed significant differences among the HZs in terms
of soil chemical and physical properties (particle size distribution, pH, organic matter, CEC, available P,
etc.), as well as in terms of bioavailability of elements (such as Ca, K, Mg, Na, B, Cu and Mn), enological
characteristics of grapes (total acidity and pH, color index, total anthocyanins, etc.) and grapes elemental
composition (content of B, Ca, Cu, Mg, Mn, Na, Li, Sr).

KEYWORDS: proximal soil sensors, soil spatial variability, grape composition, viticultural zonining
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dFaculty of Philosophy, 81400, Niksic, Department of Geography, Montenegro
*Corresponding author: mmarkoski@fznh.ukim.edu.mk

INTRODUCTION and OBJECTIVES: Precision agriculture is a modern concept of agricultural
management that uses digital techniques to monitor and optimize the process of agricultural production. The
agroecological approach focuses on the interactions between plants, animals, soil organisms, humans, and
the environment. It aims to optimize the use of natural resources, improve biological processes in soil and
improve cycles of biomass, nutrients, carbon and water. The paper discusses the benefit of applying
precision agriculture practices and GIS in soil nutrient management for agricultural crop production. As a
case study the soil variability of Macedonia’s agricultural producer Z.Z. Agrostart Rzanovce-Kumanovo is
taken as an example. The company is mapping out the soil variability of its land by way GIS technologies.
Soil nutrient information from the fields’ shows the existence of significant nutrient variability within the
production units (parcel of land).

MATERIAL and METHOD: For the purpose of evaluating soil variability and gagging the potential of
applying site specific management we examine data taken from a soil survey analysed for: pH in H,O (ISO
10390:2005); EC (ISO 11265:2004); humus in % (Tjurin method, modified by Simakov (Orlov, 1981);
content of carbonates CaCO; (ISO 10639); total nitrogen (N%) (ISO 11261:2004); available P,Os and K,O
mg/100g (AL method by Egner, Riehm, Domingo, validated on Faculty of agricultural sciences and food-
Skopje) leading to determination of the production capabilities of the soils as final output. All the samples
were taken at the same depth of 30 cm using a tractor mounted mechanical probe and the same were
geographically referenced using a handheld GPS toolsand the company’s own GPS fleet management that
was adapted for agriculture applications.

RESULTS and CONCLUSIONS: Results from the study show that use of GIS technologies can simplify
and assist in dealing with soil variability. While it may not necessarily have a great impact on absolute
amounts of inputs such as fertilizer applied it has the potential to increase the efficiency and effectiveness of
the same and potentially increase yields and reduce adverse impacts on soils. The conclusion will present
plans and forecasts for the future and will evaluate the success of this method of agricultural production
based on the analysis of the presented data. Also, suggestions will be made for the implementation of new
technologies that can further improve current production. Conclusions from the analysis point that the use of
advanced GIS soil sampling and soil nutrient management, will lead the company to increased yields,
reduced fertilizer costs and better management of the environmental impact of intensive agriculture
practices.

KEYWORDS: GIS technologies; precision agriculture; soil sampling; soil nutrient.

41



SoﬂAgroIT 2077

DETERMINATION OF CROP WATER REQUIREMENT FOR DIFFERENT
VARIETIES OF VINE ORCHARDS IN POVARDARIE REGION IN NORTH
MACEDONIA USING FAO CROPWAT 8.0 MODEL
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INTRODUCTION and OBJECTIVES: The recent intensification of climate change inevitably lead to
depletion of water resources. In most parts of the world, droughts have a major impact on the amount of
water used for irrigation and thus directly on agricultural production. In North Macedonia the Povardarie
region falls under the “vulnerable/strongly vulnerable to drought” regions. Hence, the need for rational and
sustainable use of irrigation water by proper irrigation scheduling is one of the priorities for this region as
well.

MATERIAL and METHOD: A study was carried out to determine the crop water requirement (CWR) for
two different varieties of vine orchards (V1-Temjanika and V2-Traminec) in the Povardarie region in North
Macedonia. Also the objective of this study was to determine and irrigation scheduling (IRS) by using
CROPWAT FAO Penman-Monteith method. The reference Evapotranspiration (ETo) is determined using a
climate data for a period of 30 years (1971 to 2000).

RESULTS and CONCLUSIONS: The average value of reference Evapotranspiration (ETo) is 2.83
mm/day, the lowest is in January 0.59 mm/day and the highest is in July 5.87 mm/day. According to the
obtained CROPWAT Model results, the crop water requirement for the V1-Temjanika vine orchards variety
was estimated t0324.2 mm, while for the V2-Traminec vine orchard variety was estimated to 299.2 mm.
The proposed values can be used for effective water resource management through optimal irrigation
planning and applying modern irrigation techniques.

KEYWORDS: FAO CROPWAT, Crop water requirement, Irrigation Scheduling, Evapotranspiration.
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INTRODUCTION and OBJECTIVES: National Park Pelister is located in the southwestern part of the
Republic of North Macedonia, between the Prespa and the Pelagonija Valley, on an area of 17,150 ha.
Geographically, the territory of the Park extends between coordinates: 41°4'15.96 "and 40°52'27.85" north
latitude and 21°3'15.29"and 21°16'9.41" east longitude. Within the project Sustainable Management of Plant
Natural Resources in National Park Pelister and Prespa Region, physical and chemical properties were
analyzed of several representative soil profiles excavated at plants distribution area and maps were
developed showing the distribution of wild fruit plant species on different soil types.

MATERIAL and METHOD: The field researches of the soils are made according to the methodology for
field researches in our country (Mitrikeski and Mitkova, 2013). The soil types were determined by
comprehensive approach including numerous data from previous researches, management plans and the
Macedonian Soil Information System (MASIS) and field verification by digging shallow soil dig outs and
taking soil samples. The physical and chemical characteristics of the soil samples were determined through
standard laboratory analyses in Laboratory for soil and fertilizers analysis, L-04, according internationally
recognized and approved work methods, in accordance with the standards MKS EN ISO/IEC 17025:2006.
The mechanical content (texture) of the soils are made according International A-method (Belic M. et al.
2014), by dispersing the soil using a 1 M solution of NasP,07 x 10 H,O (Thurn, et al.1955); The fractioning
of mechanical elements are made according (IUSS - The International Union of Soil Sciences), while
classification of soils in textured classes are made according the American Triangle, described by,
(Mitrikeski and Mitkova, 2013). pH in H,O and KCI (ISO 10390:2005); Content of humus in % (Tjurin
method, modified by Simakov (Orlov, 1981); Content of carbonates CaCO; (Volumetric ISO 10639); Total
nitrogen (N%) (modified Kjedahl method, ISO 11261:2004) and available P,Os and K,O mg/100g (AL
method by Egner, Riehm, Domingo, validated on Faculty of Agricultural Sciences and Food-Skopje).
Mapping of targeted plant species (Vaccinium myrtillus, Rubus idaeus, Prunus spinosa, Fragaria vesca,
Rosa canina) was done by collected data taken as georeferenced point using GNSS (GPS) by software
Memento and Oruxmap. Development of digital map with the spatial distribution of the targeted plant
species was completed in GIS environment in open source software QGIS and information of Soil map
1:50.000 (http://www.maksoil.ukim.mk/masis/).

RESULTS and CONCLUSIONS: During the field research, data on soil forming factors were collected
(relief, substrate, vegetation, climate, hydrology). The results of soil physical and chemical properties
enable the study of substrate impact on the targeted plants. According to WRB classification several soil
types were determinated under wild fruit plant species. Rosehip (Rosa canina L.) and (Prunus spinosa L.)
were distributed under soil type Regosol. Under soil type Humic Eutric and Umbric Regosol several plant
species were distributed: rosehip (Rosa canina L.), strawberry (Fragaria vesca L.), blueberry (Vaccinium
myrtillus L.) and raspberry (Rubus idaeus L.). Beneath soil type Cambisol the following wild fruits are
distributed: rosehip (Rosa canina L.) and strawberry (Fragaria vesca L.). Also the influence of the
anthropogenic factor was emphasized for the reduction of biodiversity and changes in habitats, as well as in
the management and protection of soil resources.

KEYWORDS: digital maps, soil types, National Park Pelister, wild fruit plant species
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BASINS" TO THE "GLOBAL INTERO"
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INTRODUCTION and OBJECTIVES: Soil erosion is a movement and transport of the topsoil by
different agents causing its deterioration in the long term and is a global environmental problem influenced
by both natural and anthropogenic factors. Modelling of this process may provide a quantitative and
consistent approach to estimating soil erosion (intensity) and sediment yield under a wide range of
conditions, and is needed to guide the comprehensive control of soil erosion. Models may estimate soil loss
and runoff rates that may quantify the intensity of this process and that is important to plan land-use
strategies, provide relative soil loss indices and guide policies and strategies in relation to the conservation
measures and practices. The impact of the erosion is evident on the soil ecosystem services, with serious
economic, social, and political implications. The objectives of this research are to present some of our
model concepts we developed with the idea to contribute to the development of the modelling of those
processes in our region and wider (Australia, Brazil, Iran, Italy, Morocco, Nepal, Romania) in analysing and
forecasting of erosion processes and catchment sediment yield under past and present land use and future
climate scenarios.

MATERIAL and METHOD: Direct measurement of soil erosion in watersheds and water-sediment
sampling is very time consuming and costly. Therefore, the use of soil erosion and sediment yield models at
watershed scale is globally raising the interest of experts. The quantitative understanding of the hydrological
process at the watershed scale also needs the modelling of microscale processes, such as infiltration,
permeability and even water and particles transport processes in porous soils. Many models, such as the
Water Erosion Prediction Project (WEEP), Chemicals, Runoff, and Erosion from Agricultural Management
Systems (CREAMS), European Soil Erosion Model (EuroSEM), and Soil and Water Assessment Tool
(SWAT), have been developed with varying degrees of complexity in order to fulfil the growing request for
a reliable and easy to manage tool to predict erosion and sediment yield. The main problem of the process-
based models is a large number of input parameters and the lack of data to validate the model predictions.
Therefore, empirical models for soil erosion assessment play an important role in soil conservation
planning. Predicting sediment yield at the catchment scale is one of the main challenges in geomorphologic
research. The research of the calculation of soil erosion intensity and torrents in Yugoslavia was initiated by
a team of researchers from the Jaroslav Cerni Institute for the Development of Water Resources in 1947.
The first method that was developed in Yugoslavia, according to our knowledge, was the Method for the
Quantitative Classification of Erosion - MQCE (1954). The erosion intensity from the basin was calculated
by computing the amount of sediment that reaches the downstream part at the lowest point of the basin (H
min). The Erosion Potential Method — EPM was developed for the investigation of the erosion process,
mapping, sediment calculating and torrent classification in 1968. The objective of this review is to present
the evolution of the idea from the Surface and Distance Measuring (Spalevic, V., 1999) and River Basins
(Spalevic, V., 1999) programs, The IntErO model (Spalevic, V., 2011), WIntErO (Spalevic, V., Sosic and
Zaric, 2022) and the "Global IntErO" (Spalevic, V., Filipovic, M., Filipovic, L., 202x), all in its algorithm
background based to the previous experiences of the school of the EPM Method (Gavrilovic, 1972).
RESULTS and CONCLUSIONS: We evaluate the strengths & weaknesses, opportunities & threats of the
model concept recognising the differences in approach of the model/s. The challenges for interpretation of
models results are discussed and suggestions are made for the next steps in model/s development.

KEYWORDS: information technology; soil erosion, river basins; surface and distance; IntErO
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YBO/J u HUJBEBHU: Enementu y Tparosuma (TEs) ynase y mpanan ucxpane kpo3 oboraheHo 3eMJbUIITE
pacmajgameM TEOJOIIKMX MaTepHjala WIH Kpo3 KOHTAMHHAIM]y Y3POKOBaHY HHIYCTPH]jCKUM
aKTHBHOCTHMa, caoOpahiajeM, [ENOHOBamEM OTMaga M YIOTPEOOM KOMIOCTa HJIH JPYTOT OTHAIHOT
Matepujana kao hyopusa. Takobhe, hyOpuBa, moceOHO cupoBH (ocdarH, HEKH MECTHIUANM M BOIA 3a
HaBO/[IhaBae Takohe Mory OMTH U3BOp eceHIMjaHuX ¥ TokcnyHux TEs. EnemenTH y Tparopuma yrudy Ha
OusbKe, KUBOTHIC M JbyJe Ha NBOCTpykH HaumH. Hemocrarak ecennmjannux TEs He camo ma cmamyje
MIPOAYKTUBHOCT yceBa, Beh Hucke koHueHtpauuje TES y CTOYHOj XpaHM M XpaHH 3a YOBEKa HEraTHBHO
yTHYy Ha 371paBJbe XXKUBOTHH-Aa M Jbymu. C Ipyre crpaHe, akyMmynanuja TokcuuHux TEs y 3emibHIuTy 1
OnsbkamMa MOXKE Y3pOKOBAaTH CMameHe MPUHOCA rajeHnX Omsbaka, kao W merabonuuke nopemehaje xon
JKMBOTHIbA ¥ JbyIH. MHOIH IpoLecu Cy ykJbydeHH y Tpancdopmanujy TEs y semspuuity, konTponuuryhu
BHUXOBY OMOPACIIONIOKHBOCT ¥ MOOWIIHOCT, IITO JAOBOAU 10 Tora ja yKynHH TES y 3eMJBUINTY Y MHOTUM
clIydajeBHMa He MPEACTaBIbajy KoHleHTpanuje TEs koje Ouspke Mory z1a ycBoje.

MATEPUJAJI u METO/: Osaj npernex pasmarpa TEs, muxoBe H3BOpe, OHOpPACIIONONKHBOCT H
METOJIOJIOTHje KOje ce KOPUCTE 3a BIXO0BO npahieme y 3emsbuinty. Takole je pokycupan Ha TEs y Onspkama
3a CTOYHY XpaHy M XpaHy 3a 4OBeKa y MOIVIeqy 3aKOHCKHX IPOMHCa M JHEBHHX motpeba. Takohe cy
n3padyHaty npoceunu uunytu TEs y mossonpuspento semssnmire y Cpouju, nzHomemse u ounanc. [Topen
TOra, IpUKa3aHa je CTyJuja Cilydaja y Be3H ca HeJOCTATKOM CeJIeHa y 3eMJbUINTY (Se) Koju yTHde Ha JIaHal|
HCXpaHe.

PE3VJITATHU u 3AKJ/bYUIM: [ocrynuu nomauu u3 Cpbuje mokasyjy ga HHje OHIO [OBOJBHO
CHUCTEMATCKUX HCTpaXHMBakba U npal’lefba KOMIUIETHOI' JIaHIIa UCXPaHE SGMJ'I)I/ILI_ITG—6PIJ'I)K3.—)KHBOTI/IH)a, aJilk
yKa3yjy Ha TO Ja YOIIITe 3eMJBHIITA, CTOYHAa XpaHa W XpaHa He NoKasyjy 3HauajHuje 3araheme TEs.
Wzysenn cy BHCOKO HMHAYCTPHjCKa MOAPYYja M MOApYdYja y ONM3MHU PyIHHKA T Cy KOHIIEHTpaluje
3aral)yjyhux Marepuja HOBHIICHE M CTOYHA XpaHa Koja ce MPOHM3BOAU y OBOj 00JAcTH 3aXTeBa MaXKJBHBO
npaheme. Kao nmocienuia HUCKOr HUBOA Se y 3eMJBHIITY, CTOYHA XpaHa M XpaHa 3a Jbyze He obe30elyje
noBoJbHO Se. brogoprudukamnyja dubaka Se Moxe Outh 1odap mpucTyn 3a moBehame KOHIEHTpamje Se y
CTOYHO] XpaHH M XpaHH 3a Jbyae. CrnpoBoleme CcBeoOyxXBaTHHX CTyAWja M HEMPEKUAHO mpaheme
3eMJBHILTA, CTOYHE XPaHe U HPeXpaMOCHUX MPOU3BO/IA j& HEONMXOAHO KaKo OH ce 3alITUTHO JIaHal HCXPaHe
o1 toxcnyHuxX TEs 1 mo6osblao KBaIMTET XpaHe CHAOIeBameM HE CaMO CCCHIMjaJIHHM CIEMEHTHMA 3a
pact Omsypaka Beh M HeeCEHIMjaJHUM eJIeMEHTHMa 3a OMJbKE, alli HEOIIXOIHUM 3a KHBOTHISE U JBbY/IE.
Hcrtpaxupamwa cy Takohe morpebHa na OM ce yTBPIHO YTHIA] arpOTEXHHYKUX Mepa yIpaBjbarba Ha
cHabneBawe Onsbaka TEs u 3a 60sbe BUX0BO Kopulheme.

K/bYUHE PEUYMU: MukpoelieMeHTH; TeIIKH METalli; OHOPaCcON0KUBOCT; OrnodopTrdUKaImja
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ESENTIAL AND TOXIC TRACE ELEMENTS IN SOIL AND THEIR EFFECT
ON FOOD CHAIN

Maja Manojlovi¢**

2University of Novi Sad, Faculty of Agriculture, Department of Field and Vegetable Crops, Novi Sad, Serbia
*Corresponding author: maja.manojlovic@polj.uns.ac.rs

INTRODUCTION and OBJECTIVES: Trace elements (TEs) enter the food chain through soil enriched
by weathering the geological materials or through contamination caused by industrial activities, traffic,
waste deposition, and use of compost or other waste material as fertilizers. Also, fertilizers, particularly raw
phosphate and some pesticides and irrigation water can also be source of essential and toxic TEs. Trace
elements affect plant, animal and humans in a twofold manner. Deficiency of essential TEs not only reduces
crop productivity, but low TEs concentrations in plant feed and food adversely affect animal and human
health. On the other hand, the accumulation of toxic TEs in soil and plants can cause the yield reduction of
growing plants as well as metabolic disorders in animal and humans. Many processes are involved in the
transformation of TEs in soils, controlling their bioavailability and mobility, leading that total TEs in soil in
many cases do not present TEs concentrations that can be uptaken by plants.

MATERIAL and METHOD: This review discusses the TEs, their sources, bioavailability, and the
methodologies used for their monitoring in soil in Serbia. It is also focused on TEs in plants for animal feed
and food with respect to regulations and daily requirements. The average inputs of TEs to agricultural land
in Serbia, output and balance is also calculated. In addition, case study related to soil selenium (Se)
deficiency affecting food chain is presented.

RESULTS and CONCLUSIONS: The available data from Serbia shows that there has not been enough
systematic research and monitoring of the complete food chain soil-plant-animal, but indicated that in
general soils, animal feed and foodstuff do not show significant pollution with TEs. Exceptions are the
highly industrial areas and areas close to mines where concentrations of the pollutants are elevated and
animal feed produced in this area need careful monitoring. As a consequence of low level of Se in soil,
animal feed and foodstuff do not supply enough Se. Agronomic plant Se biofortification can be good
approach for the increase in Se concentrations in feed and food. Conducting comprehensive studies and
constant monitoring of soil, animal feed and foodstuff are necessary in order to protect food chain from the
toxic TEs and to enhance the food quality by supply not only essential elements to plants growth but also of
non-essential elements to plants but essential for animals and humans. Research is also needed to assess the
influence of agronomic management on TEs supply to plants and for better utilization of TEs.

KEYWORDS: microelements, heavy metals, bioavailability, biofortification
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ATI'POI'EHHA PA3BOJ XYMYCHOI IOJ30JIA: U3BOA/BUBOCT
IIOHOBHOI IOHOBHOTI' YK/bYUUBAIBA Y OBPAlY YT'APA HACTAJIA
HA TPAKACTUM I'VNIMHUMA

Awnnpej Jlutsunosuua'?, Anuron Jlappuiues?, Bnagumup Bype'?, Tapa I'pyjuh?, Enmupa
CasbHukoB*"

"MucruryT 32 arpodusnuka uctpaxusama, ['paxmanckaja 14, 195220 Cauxr IletepOypr, Pycuja,

2Cr. TleTepOypreky ApsKaBHU arpapHu YHHBEp3HTET, [leTepOyprekoe mocce 2, 196601 Cankr [etep6ypr, Pycuja
3Cr. MetepcOypiuku JpxaBHn YHuUBepcUTeT, YHUBEpcuTeTckaja 7/9, 199034 Canxr [etepOypr, Pycuja
*Uuctutyt 3a 3emmuinte, Teomopa dpajzepa 7, 11000 Beorpan, Cpbuja,

AyTop 3a koHTakT: E. CasbHHKOB, s0ils.saljnikov@gmail.com

YBOJ u HUJBEBU: XuapoTepManHi peXUM XyMYCHOT IOJ30J1a TJIMHOBUTHX 3€MJBHINTA (POPMUPAHUX
Ha TPaKacTHM IJIMHAMa KapaKTepHIle CEe30HCKO MoIuiaBe M mparehu pas3Boj mporeca rmHe. TokoM
kopumthema y IOJONPUBPEAHO] TPOM3BO/EGU, HErOBE BOAHO-QH3MYKE M XEMHjCKEe OCOOHHE ce
mo00JbIIABajy YITIABHOM 3aXBajbyjyhul ApeHakHOM cucTeMy U onarosapajyhem hyOpemy u kpeuewy. Amm y
HCTO BpeMe Moxke JohH /0 YHHIUTEeHha KOJOMAHOT KOMIUIEKCa W HEroBor IyOuTKa u3 o0paauBor
xopu3oHTa. OnBoamaBambe BHIIKA Biare JIOBOAM 10 cia0ibema Ipoleca penykuuje TIBoxkbha. Y
Jlewunrpazackoj obnacti, Ha ceBepos3amaay Pycuje, CIpoBeNeHO je MpoydaBame TpaHChopMaluje
XYMYCHOT II0/130J1a TJIMHOBHUTOT 3€MJBUINTA y AYTOTPajHOj MOJBONPUBpENHOj ymoTpebu (> 200 roauHa).
[IpoydaBana je mopdosomka CTPYKTypa, TpaHYIOMETpHjCKa CTPYKTypa, Caap’kaj M OXHOC TBOXha H
oKcHIHMX obyimka rBokha y mpodumity aeBHYAaHCKOT (ayTOXTOHE IymMe) M OOpajvBOr JAPEHHPaHOT
3emspuiiTa. [lopen Tora, mpaheHe cy mpomeHe y opraHoreHoM Hpouily TOKOM IyroTpajHe arporeHese (>
200 ronuHa) ca LIEBHUM JIPEHAXHUM CHCTEMOM.

MATEPUJAJI n METOJ/: 3anpemuHcka rycTuHa je onpehmBana MmeromoM mummHzaapa Komerkor.
I'panynomerpujcku cactaB je onpeheH BiIaXHOM AWCIEp3WjoM MeToaoM mumnere. M3omamuja ¢uHHX
¢bpakimja je onpehena Ha cnenehu vauna: Gpaknuja <0,001 MM je mojesbeHa Ha TIEPKOJIOUIHY U KOJOUIHY
(<0,0001 mm) a3y xopumhemem C-100 nportoune nenrpudpyre nHa 20 xmipama oOpraja y MHUHYTH.
Cycniensuja je xoarynupana pactsopoMm HCL. Campixaj xymyca y 3eMJBHINTY OApel)eH je METO0M BIIAKHOT
caropeBama.

PE3YJITATHU n 3AK/bYULIM: VY 71eBHYaHCKOM 3E€MJBHINTY TOKOM H-ETOBE MENOTeHe3e T'yOMTaK
dpaxrumja <0,01 MM U3 enyBHjalTHOTr cj1oja U3HOCHO je 877,4 kr M2, a rydurak <0,0001 MM 287,5 kr M2, y
nopehemy ca MAaTHYHUM MaTepHjajioM KOju HHje 3axBahieHa mpouecuMa mexorenese. Mehyrum, ayrorpajHa
arporeresa (>200 roauHa) noBena je 1o moBehaHuX eTyBHjaJHUX TyOHWTaka (MHUX YECTHLA 3€MJbHIITA.
I'yourak dpaxunje <0,01 MM n3 oOpaauBux Xopu3oHaTa u3HocHo je 1244.8, a < 0,0001 mm nzHocHo je 570
kr M2, pecrniektuBHO. To je 6uio 300r BHINECTpYKE TFOAMILIE 00paje 3eMJbMINTa Koja je nosehana
TIOPO3HOCT 3eMJBUINTA U THME MHTEH3UBHpAJIa MPOLEC Jy>Keba, ITO je I0BeNo A0 noBehaHor ucnmpama U
eIyBHjaHUX I'yOuTaKa. YKynaH ryOuTak KOJoHaa U3 Henor nmpoduia IeBUYaHCKOT 3eMJBUIITA H3HOCHO je
262,1 kr M2, a U3 06PAMBOT €JI0ja APEHUpaHOr 3eMibHIITa - 290,1 kr M2 XyMycHO o6orahuBame KojIou1a
OpaHOI' XOpW30HTa OpaHMIA OMJIO je IBa IyTa HIKE OF OHOI HOBPIIMHCKOT XOPW30HTA JEBHYAHCKOT
3eMJpHIITa. PenatuBHu yaeo yderrha kojonaa y GUKCAIMji XyMyca 3eMJBUIITEM OHO je UCTH. Y3rajameM
OBOI' 3eMJBbHINTAa NOOOJBIIAHA Cy (HU3MYKa CBOjcTBa, moBehaH caapikaj XymMyca M CMameHa KHCENOCT
semsbuITa. MelhyTum, yop3aHo je yxeme QUHHX 3eM/baHUX Matepujaia. HakoH moBiayema U3 patapcke
MIPOM3BOAE, MO3UTHBHE MPOMEHE Cy Ce IMOCTeNeHOo ryomne. Ys3umajyhu y o03up BHUCOKE TPOIIKOBE
peKyITHBaLMje HEKaJalller 3eMJBMINTa M BHCOKE TPOIIKOBE IOHOBHOI IOCTaBJbalha M OJpKaBarba
ONTHMAJHOT XHAPOJIOIIKOT peXnMa (IpeHaKHEe MpeXe) 3aK/bYYHIM CMO Ja je MOHOBJGEHO Opame U
YKJbY4YHBamke O00paJUBOr XyMYyCHO-NOA30JACTOr TJIMHOBUTOI 3EMJBHMINTA y 00pagy je eKOHOMCKH
HEOIPAaB/IaHo.

K/bYUHE PEYMU: xymycHH TO/A30J1 TIIMHOBUTO 3EMJBMIITE, arporeHa €Boiynuja; GuHO Iucrep3oBaHa
(paxuuja; OpraHOreHo-MUHEPATHH TIPOQUIT; KOJIOUIU
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AGROGENIC EVOLUTION OF SODDY-PODZOLIC SOIL: FEASIBILITY OF
REPEATED RE-INVOLVEMENT IN CULTIVATION OF THE FALLOW
LANDS FORMED ON BAND CLAYS
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! Agrophysical Research Institute, Grazhdanskya 14, 195220 St. Petersburg, Russia, alitvinovich@yandex.ru

2St. Petersburg State Agrarian University, Peterburgskoye 2, 196601 St. Petersburg, Russia av.lavrishchev@yandex.ru

3St. Petersburg State University, Universitetskaya 7/9, 199034 St. Petersburg, Russia

“Institute of Soil Science, Teodora Drajzera 7, 11000 Belgrade, Serbia, soils.grujic@gmail.com; soils.saljnikov@gmail.com

*Corresponding author: E. Saljnikov, soils.saljnikov@gmail.com

INTRODUCTION and OBJECTIVES: The hydrothermal regime of sod-podzolic gleyy clay soils
formed on band clays is characterized by seasonal waterlogging and associated development of the gley
process. During the cultivation its water-physical and chemical properties are improved mainly due to a
drainage system and appropriate fertilization and liming. But at the same time, destruction of the colloidal
complex and its loss from the arable horizon can occur. Draining excess moisture lead to the processes of
iron reduction are attenuated. The study of the transformation of the soddy-podzolic gleyic clay soil in a
long-term agricultural use (> 200 years) was carried out in Leningrad region, northwest Russia. The
morphological structure, particle size distribution, content and ratio of ferrous and oxide forms of iron in the
profile of virgin (indigenous forest) and arable drained soil were studied. In addition, changes in the
organogenic-profile were traced in the course of long-term agrogenesis (> 200 years) with a pipe drainage
system.

MATERIAL and METHOD: The method of cutting cylinders was used to determine the bulk density. The
granulometric composition was determined following wet dispersion with the pipette method. The isolation
of fine fractions was determined as follows: the fraction <0.001 mm was divided into precolloidal and
colloidal (<0.0001 mm) phases using a C-100 flow-through centrifuge at 20 thousand rpm. The suspension
was coagulated with an HCI solution. The content of soil humus was determined using the wet combustion
method.

RESULTS and CONCLUSIONS: In virgin forest soil, during its pedogenesis the loss of fractions <0.01
mm from the eluvial layer was 877.4 kg m?, and the loss of <0.0001mm was 287.5 kg m™, as compared
with parent material not affected by the processes of pedogenesis. However, long-term agrogenesis (>200
years) led to increased eluvial losses of fine earth particles. The loss of fraction <0.01 mm from the arable
horizons was 1244.8, and < 0.0001 mm was 570 kg m?, respectively. This was due to multiple yearly tillage
that increased the porosity of the soil and thus intensified lessivage, which led to increased leaching and
eluvial losses. The total loss of colloids from the entire profile of virgin soil was 262.1 kg m™, and from the
arable layer of drained soil - 290.1 kg m?. The humus enrichment of the colloids of the plough horizon of
the arable soil was two times lower than that of the surface horizon of the virgin soil. The relative share of
the participation of colloids in the fixation of humus by the soil was the same. Cultivation of this soil
improved its physical properties, increased content of humus and decreased soil acidity. However, leaching
of fine earth materials was accelerated. After withdrawn from crop production, the positive changes were
gradually lost. Taking into account the high costs of re-cultivation of the former land and a high costs of re-
installation and maintenance of an optimal hydrological regime (drainage network) we concluded that
repeated ploughing and involvement of arable soddy-podzolic gleyic clay soil into cultivation is
economically unreasonable.

KEYWORDS: soddy-podzolic clay soil; agrogenic evolution; fine-dispersed fraction; organogenic-mineral
profile; colloids

49



Soimgroﬂ— ZUzZ7

3ATABEBE 3EM/BUIIITA MUKPOIIVIACTUKOM Y
HoaAPY4JY 3ACABULE
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2Vuusepsuter y beorpany, Xemujcku dakynrer, Ctyaentcku Tpr 12 - 16, 11158, Beorpaa, Cpouja

*ayTop 3a KOHTaKT: l.mikavica@jitnms.ac.rs

YBOJA u IIM/BEBM: VYcien BHCOKMX HHBOA NPOU3BOAKE M YNOTpeOe IUIACTUKE Y3POKOBAHHMX
UHJYCTPH]CKUM pa3BoOjeM, KOIHEHa OKOJIMHA CaIp)KU alapMaHTHE KOJWUYHHE OJ0AueHUX OTHAaIHHX
IUIACTUYHUX MaTepHjasia. JeaHOM Kaja JO0CIejy y IPHPOLY, OHH MOIJIEXKY AerpaJalliOHUM IpOIecHMa,
pasnaxyhu ce Ha MUKpPOCKOIICKe (parMenTe, mozHaruje kao mukporiactuke (MIT). MIT ce nedunnmry
Ka0 IIaCTUYHM OCTalll Maje BelnduHe (< 5 mm) KOjH NMOTHYy M3 Pa3IHYUTHX H3BOpA Kao IITO CY
NIPOM3BOAM 3a JIMYHY HEry, xabame TIyMa, pa3iInduTe IOJHONPHUBPEJHE AKTHBHOCTH, TallOXEHe
aTMOC(epCKUX YeCcTHNa, KIM3UINTA HUTA. 3eMJBHINHA CTAaHUINTA IOCICAWIHO IIOCTajy jeOHO Of
JOMHHAHTHUX OaceHa 3a aenoHoBame MIIL. Tokcnunu edextu npucyctsa MII y :KHBOTHO] CpequHu Cy
opojuu. IlltaBuiie, 3axBabyjyhu jakoM KamanuTery aacoprmuje, MII 6u Morie KOersucTUpaTH ca
JIpYruM 3arajpBauMMa Kao IITO Cy TEMIKM METald M OpPraHCKe 4YecTHIle, LITO MpeJcTaB/ba HOBHU
exosotiku pusuk. [IpucyctBo MII je OTKpHBEHO y €KOCHCTeMHMa y KOjHMa TOTOBO Ja HeMa JbY/CKe
aKTHBHOCTH - JMBJBMM oOnactuma CeBepHe AMepHKe, IUIAHUHCKMM InymMama [lupuHeja, ma 4ak ¥ Ha
Bpxy Monut Epepecra. OBaj paj je uMao 3a LJb Jia MCTPAXH CaipyKaj MUKPOIUIACTHKE Y 3eMIBUILTY KOje
OKpyxkyje CrneumjanHu pesepBaT NpHpoAe 3acaBuua, yKasyjyhm Ha 3Ha4aj OBOT CBENIPUCYTHOT
3arahiBava Koju HETaTUBHO yTHYE Ha KBAJIUTET 3EMJBUINTA, )KMBHU CBET U JIAHAIl HCXPaHE.
MATEPHUJAJL u METO/: Y3opuu 3eMibHIITa CY IPUKYIUbanu momohy nonare ox Hephajyher uennka
U TeKCTWIHUX Bpeha, Ha TpaBHaTOj MOBpIIMHMK y Oiu3uHu CrienujanHor pesepBara Npupoje 3acaBuLa,
Ha ayounu ox 0-20 cm. Y3opuu Cy CyLIeHH Ha Ba3AyXy JABE HEAEbE U MPOCEjaHK KPO3 CHTO OJ 2 mm.
Haxon npocejaBama, y3opuu cy cymend Ha 60°C y nehu 10 KOHCTaHTHE TeXHHE, a 3aTUM Cy MepeHa
TpH peIninKara oJ yKynHo 15 g y3opka 3a ananu3y. Ha nouerky je semspumrre tperupano ca 60 ml 30%
H,0, xako 6m ce pazopmia opraHcka Marepmja 3emipminTa. Kako 6u ce mocturia 0ojba eKCTpAKIHja
MII, cycnensuja je mOABPrHYTa yITPa3BY4HOM TPETMaHy y Tpajawby of 10 munyta, nmajyhn y Buny na
MIT MMajy TeHJCHUHMjy Aa Oyly WHKOPIIOpHpaHe y arperate 3emibHmuTa. Hakom Tora, nurectuja je
HacrassbeHa Ha 60°C Tokom 24h. Mzonaumja MII usspiuena je MeTonoM pasasajama 10 ryctuau. Cyeu
OCTATaK 3€MJBHILTA KOjU j€ 0CTa0 HaKOH Aurectuje npexpuset je sacuhennm pactsopom NaCl. I'ycruna
pactBopa NaCl 6una je 1,2 g cm™. Cycnensuja je cTaBbeHa y y/ITpa3By4dHO KyNaTHJIO Ha 15 MUHyTa n
ocTaBJbeHa Ipeko Hohm Kako 61 ce uecTHIE MOIE penucTpuOyHpaTH 1o rycTHHU. [opmu cioj
cynepHaranrta je ¢uitpupan kpo3 Whatman crakienu ¢unrep (BenuuuHa mopa 1,6 uMm, mpeyHuk 25
mm). MII cy nocmarpane u npedpojane nmomohy nosapusanonor mukpockona (Carl Zeiss Jena Pol-U).
PE3YJITATH un 3AK/bYUYIIU: V ckiagy ¢ pesynraTuma, y30pLU 3eMibHINTa cy caipxand 300
YecTUIa Mo kg 3eMJBHINTA, OJHOCHO Y M3MEPeHUX 5 g 3eMJBHINTA Y MPOCEKY CMO HAILTH 4 dYecTHIIe.
[peosnalyjyhu o6mmm MII 6uu ¢y ¢parMenTy, IoK je BenuuuHa 6mna y pacnony ox 50-500 um. boja
yecTuna je Ownma Oema/mpoBuiHa. [IpeTmocTaBibeHM NOMHWHAHTHH n3Bopu ocTtataka MII Ha oBOM
noapy4jy, Koje ce cmMarpa He3aral)eHHM, Moriu Ou OMTH POU3BOIM 332 CBAKOIHEBHY yIOTpeOy, Kao IITO
cy ambanaxka 3a XpaHy U nuhe, KO3METHYKM IPOM3BOAM, TEKCTWI, Tyme HTA. IlpeTmocraBiba ce na
MHJlyCTpHja 1 MOJBOIPUBPE/A HE JONPHHOCE Y 3HAYajHOj MepH AokasaHoM npucyctsy MIL. Merona koja
KOPHCTH 3aCI/IheHI/I pactBop NaCl naje nadopmanuje camMo 0 YecTHIIaMa IOJIMMepa ca I'yCTHHOM MamboM
on 1,2 g cm™. Crora ce ouekyje 1a he excTpaxoBaHe decTULE OMTH OCTaLM MOIMMepa kao mTo cy LDPE
u HDPE (HOJ‘[I/IGTI/IJ‘IGH HHCKE U BHCOKe ryctuHe), PP (momumpomnunen), ABS (akprioHuTprin OyraaueH
crupen), PC (momukap6onat), HIPS (momucTtupen Bucokor yrunaja), wii PA (monuamun). Jacan yBun y
yrunaj MII Ha exocucteM Tek Tpeba na ce ucnuta. byayha uctpaxusama 6uhe ycmepena Ha yrunaj MIT
Ha Ba)kHa (DU3MUKO-XEMH]jCKA CBOjCTBA 3€MJBHMINTA U YKHBH CBET, ofpehrBame THIa U KapaKTepu3aiuja
MII m meHOr TJaBHOT W3BOpa NOPEKIa Ha MPOy4aBaHOM NOAPY4Yjy, Kako Om ce y OymyhHocTH
MIpUMEHNIIE OATOBapajyhe Mepe 3a cMameme 3aral)erma MmIacTHKOM.

K/bYUYHE PEYM: MuKpoOIIIacTHKa; YECTUIIE; 3eMJBUILTE; TUTeCTHja; eKCTPAKIHja
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SOIL MICROPLASTIC POLLUTION IN ZASAVICA REGION
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“Institute for Technology of Nuclear and other Minerals Raw materials, Boulevard Franchet d'Esperey 86, Belgrade,
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"University of Belgrade, Faculty of Chemistry, Studentski trg 12 - 16, P. O. Box 51, 11158, Belgrade, Serbia
*Corresponding author: i.mikavica@itnms.ac.rs

INTRODUCTION and OBJECTIVES: Due to the high levels of manufacturing and usage of plastic
caused by industrial development, terrestrial environments contain alarming amounts of discharged
plastic waste materials. Once released into nature, they undergo degradation processes breaking down
into microscopic fragments, known as microplastics (MPs). MPs are defined as small-sized plastic debris
(< 5 mm) originating from diverse sources such as personal care products, tire abrasion, different
agricultural activities, atmospheric-particle deposition, surface runoffs, etc. Soil habitats are
consequently becoming one of the dominant pools for MP deposition. The toxic effects of MP presence
in the environment are numerous. Furthermore, owing to the strong adsorption capacity, MPs could
coexist with other pollutants such as heavy metals and organic particles, posing an emerging ecological
risk. The presence of MP has been detected in ecosystems with almost no human activity - wild North
American areas, Pyrenees mountain forests, and even Mount Everest top. This work aimed to investigate
microplastic content in soils surrounding Special Nature Reserve Zasavica, pointing out the importance
of this ubiquitous pollutant negatively affecting soil quality, biota, and food web.

MATERIALS and METHODS: Soil samples were collected using stainless steel shovel and textile
bags, in a grassland area near Special Nature Reserve Zasavica, at depths of 0-20 cm. Samples were air-
dried for two weeks and sieved through a 2 mm sieve. After sieving, samples were dried at 60°C in an
oven to constant weight, and then three replicates of 15 g of sample in total were measured for the
analysis. At first, the soil was treated with 60 ml of 30% H,O, to digest soil organic matter. In order to
obtain better extraction of MPs, the suspension was subjected to ultrasonic treatment for 10 min, as MPs
tend to be incorporated in soil aggregates. Afterward, the digestion was continued at 60°C for 24h. MP
isolation from complex soil samples was performed using the density separation method. Dry soil
residue left after digestion was covered with saturated NaCl solution. The density of the NaCl solution
was 1.2 g cm™. The suspension was placed in the ultrasonic bath for 15 min and left overnight so the
particles could redistribute by density. The upper layer of the supernatant was filtered through a
Whatman glass filter (pore size 1.6 um, diameter 25 mm). MPs were observed and counted with the
polarizing microscope (Carl Zeiss Jena Pol-U).

RESULTS and CONCLUSIONS: According to the results, soil samples contained 800 items per kg of
the soil, i.e., in measured 5 g of the soil, we found 4 particles on average. Prevailing MPs shapes were
fragments, while the size was in a range of 50-500 um. The color of the particles was white/transparent.
Suspected dominant sources of the plastic residues in this area, considered to be unpolluted, could be the
products of everyday use, such as food and drink packaging, cosmetic items, textiles, tires, etc. It is
assumed that industry and agricultural operations do not contribute to a significant extent to the
demonstrated presence of MPs. The method employing saturated NaCl solution provides information
only about the pieces of plastic polymers with a density lower than 1.2 g cm™. Therefore, extracted
particles are anticipated to be debris of polymers such as LDPE and HDPE (low- and high-density
polyethylene), PP (polypropylene), ABS (acrylonitrile butadiene styrene), PC (polycarbonate), HIPS
(high impact polystyrene), or PA (polyamide). Clear insight into the impact of microplastic on the
ecosystem is yet to be inspected. Future research will be oriented toward MPs influence on important
physicochemical soil properties and biota, MP type determination, and characterization, and its main
source of origin in the studied area, so that appropriate measures could be applied for plastic pollution
reduction in the future.

KEYWORDS: microplastic; particles; soil; digestion; extractio
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YTULHAJ TAJEBBA O3UMUX MEBYYCEBA HA 3AITIPEMUHCKY MACY
YEPHO3EMA

Bojan Bojuos*!, Cphan Illepememmh’, Bpanko hynuna', Bophe Kpcruh!, Ceernana Byjuh',
Munopan JKusanos?, Jlparan Pagosanosuh'

"Vuupepsuter y Hopom Cany, ITossonpuspeuu hakyntet, JlenapTMan 3a patapcTso u nosprapctso, Hosu Can, Cpbuja
2HMHCTUTYT 3a paTapcTBO M MOBPTapcTBO, JlaGopaTopuja 3a 3emsbHIITE U arpoekonorujy, Hosu Can, Cpbuja

*ayTop 3a KOHTaKT: bojan.vojnov(@polj.uns.ac.rs

YBOJA u LHU/BEBU: Anammza u npaheme kBanurera (H3MYKHX CBOjCTaBa 3eMJbMINTa oMoryhaBa
kopumheme 3eMJBHIITA Ha OJP>KUB HAYMH. 3alpeMUHCKA Maca 3eMJBHIITA je CKJIOHA IIPOMEeHaMa, IToceOHO
y 00paguBOM CII0jy, Ti¢ HAYMHH Kopuihema U KIMMAaTCKU (haKTOPU TOKOM BETETAIIHOHOT IepHojia YTHIY
Ha cJIerame 3eMJBHINTA U MEhajy HEeroBy BpeJHOCT. 300T Tora je HEOIXOIHO JeTaJbHIje Pa3MOTPUTH HeKe
(axTope KOju J0BOJE 10 BapHjaiuje oBe Hu3nuke ocoOruHe. 300T HEMOBOJBHUX HH(MOPMAIIH]ja MOCTCABUX
TOJIMHA CBE j& BUILE HCTPAXKUBama O YTUIAjy 03uMuX Mel)yyceBa Ha (u3ndka cBojcTBa 3eMIBHIITA.
MATEPHUJAJL u METO/: Llns pana je Ouo a ce yTBpIy YTUIAj pa3IMIUTHX BpCcTa 03UMHX MelhyyceBa
Ha 3alMpeMHHCKY Macy 3eMJbHIITa y mopehemy ca 3ampeMHHCKOM MacoM 3eMJBMINTA IIpe orjiexa —
NPETXOAHHU yceB (yrepka). McTpaxkupame je 00aB/beHO Ha oriaeqHoM mojby Pumcku [llanuesu MHCTHTYTA
3a patapcTBo U nospTapcTBo y HoBom Cany. Tunm 3emspbmiuta je Ouo uepHosem. O3mmu MehyyceB ce
€acTojao Ox 3APYKEHHX YyceBa: O3UMHU rpamak (Pisum sativum ssp. Arvemse L.) + TtpuTukane
((xTriticosecale Wittm. ex A. Camus), 4ucT Mel)yyeB 03uMu rpamak 1 KoHTposa (6e3 o3umux mehyycesa).
KontponHo Mepeme je 00aBibeHO y jeceH 2016. TOKOM eKCIIEpUMEHTAIHOT IIOCTaB/bamba OIJIeAa, a KOHAYHO
y3opkoBame je ypaheno 2020. rogmHe. 3eMIBHIITE je y30pKOBAaHO Ha CBAaKOM TpeTMaHy KopHurhemeMm
BOIYMETPHjCKOT IIpcTeHa, nunuuapa no Komemkxom (100 cm®) 0-20 cm u 20-40 cm cloja 3a IpoleHy
3alpeMUHCKE Mace 3eMJbMINTA. Y30pLU JOHETH ca Mapluene cymeHu cy y cymHuud Ha 105 °C no
KOHCTaHTHE Mace.

PE3VYJITATH n 3AK/bYUYIM: [lopehemem mpocedHHX BPEAHOCTH IO TyOMHH M 0Ja0HPOM O3MMHUX
MmelyyeBa, yTBpheHO je Ja MOCTOje CTaTUCTHYKM 3Ha4ajHe pasiike m3Mely ropmHa y3opkoBama (jeceH
2016. u 2020.). Hajamxa BpeaHOCT 3ampeMHHCKe Mace Ha qyounu ox 0-20 cm yTBpheHa je Ha BapHjaHTH ca
o3umuM rpauikom u tputukaneom (1,31 g cm™), a najseha Bpeanoct na kourposnoj sapujanty (1,45 g cm
3). V nopehemy ca NpoceyHHM BpPEIHOCTMMA 3alpEMUHCKE Mace 3eMJbMIITA TIpe rajema Melyycesa,
yTBplheHa je cTaTUCTHYKM 3HadajHa pas3inka u3Mel)y BpeaHocTH 3anpeMuHcke Mace 3emsbumTa (0-20 cm) y
2016. rogunu (1,54 cm®) y onnocy Ha 2020. roauny (mpocek 1,42 cm®) npu yeMy je JOLLIO 0 CMamemha
3allpeMHUHCKE Mace 3eMJBHINTA HAKOH MeT roauHa. [lobujeHn pe3yiraT ykasyjy JAa je yBohemeM 03UMHX
MmelyyceBa y CTpyKTypy ceTBe U moBehame cajpikaja yHeTe OpraHCKe MaTepHje y 3eMIJBHINTE YCIOBHIIO
cMameHy 301jeHOCT 3eMJBHIITA, IIOCEOHO MOBPIIMHCKOT 00panBor ciioja Ha xyomau ox 0-20 cm.

K/bYUHE PEYM: mehyyeBu, 3eMbuInTe, 3aNIPEMUHCKA Maca, CabijeHOCT
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THE INFLUENCE OF WINTER COVER CROPS ON BULK DENSITY OF
CHERNOZEM SOIL

Bojan Vojnov**, Srdjan Seremeéié 2 Branko Cupina?, Djordje Krsti¢ ?, Svetlana Vuji¢ 2,
Milorad Zivanov ®, Dragan Radovanovi¢?

*University of Novi Sad, Faculty of Agriculture, Department of Field and Vegetable Crops, Sq Dositeja Obradovic¢a 8, Novi
Sad, Serbia

“Institute of Field and Vegetable Crops, Maksima Gorkog 30, Novi Sad, Serbia

*Corresponding author: bojan.vojnov@polj.uns.ac.rs

INTRODUCTION and OBJECTIVES: Analysis and monitoring of the quality of physical properties of
soil enables the use of soil in a sustainable way. Bulk density of the soil is prone to changes, especially in
the arable layer, where management practices and climatic factors during the vegetation period affect the
subsidence of the soil and change its value. Therefore it is necessary to consider in more detail some factors
that lead to variation of this physical property. In recent years, there has been increasing research into the
impact of winter CC on the physical soil properties.

MATERIAL and METHOD: The aim of the study was to determine the influence of different species of
winter cover crops (CC) on the bulk density of soil, compared to the bulk density of soil before experiment
— previous crop (alfalfa). The research was carried out at the Rimski San¢evi experimental station of the
Institute of Field and Vegetable crops. Type of soil was Chernozem. The winter CC consisted of the
combined intercrops: winter pea (Pisum sativum ssp. Arvense L.) + triticale ((xTriticosecale Wittm. ex A.
Camus) (WPT) and single-species CC winter pea (WP) and control (C) (without CC). Control measurement
was done in autumn 2016 during experimental set up, and finial sampling has been done in 2020. Soil
samples were collected in each treatment for all replications using the volumetric ring Kopecky (100 cm®) in
the 0-20 cm and 20-40 cm layers to evaluate soil bulk density. The sample brought from the plots was dried
in an oven at 105 °C to constant weight.

RESULTS and CONCLUSIONS: By comparing average values by depth and selection of winter CC,
there are statistically significant differences between sampling years (autumn 2016 and 2020). The lowest
value of the bulk density at a depth of 0-20 cm was determined on the variant WPT (1.31 g cm™), and the
highest value on the control plot (1.45 g cm™). Compared to the average values of the bulk density of soil
before CC growing, a statistically significant difference was found between the values of bulk density of
soil (0-20 ¢cm) in 2016 (1.54 cm®) compared to 2020 (average 1.42 cm?®) and there was a decrease in the soil
bulk density after five years. Obtained results indicate that the introduction of winter CC into the cropping
structure and the increase in the content of incorporated organic matter, caused a reduced soil compaction,
especially of the surface arable layer at a depth of 0-20 cm.

KEYWORDS: cover crops, soil, bulk density, compaction
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CAIPXKAJ XYMYCA Y CTPYKTYPHUM ATPETATUMA ®JYBUCOJIA
N XYMO®JIYBUCOJIA

Hparan Pagosanosuh*!, Bnagumup hupuh!, bopusoj [lejuh!, Kcennja Maukuh', JIparana
Mapunxosuh', Bojan Bojaos!

'Vuusepsuter y Hopom Cany, Iossonpuspenu dakynret, JlenaptMan 3a patapcTBo u nosprapctso, Hosu Can, Cpouja

*ayTop 3a KOHTaKT: dragan.radovanovic@polj.uns.ac.rs

YBOJA u IM/BEBU: CrpykTypa 3eMJbHIITa TMPEACTaB/ba jeOHY OJX HETOBHUX HajBAXHHUJUX
KapakTepucTHKa. VMa BeIMKM yTHIAj Ha BOJHU, Ba3IyIIHH, TOIUIOTHU PEXUM, Ha XEMHUjCKe M OHOIOIIKEe
0coOMHE 3eMJBHINTA, Ha TIOPACT KOPEHA M MOTOJHOCT 3eMJBHIITA 32 00pagy. XyMycHe MaTepuje yIudy Ha
TOK MHOTHX XEMHjCKHX, (PU3HYKHUX M OMOJOMIKKX Iporeca. Y OBaj CTyAWjH MoceOHa maxkma mocBehena je
XYMYCY Y 3€MJbUIIHUM arperatumMa.

MATEPUJAJI u METO/: llus ucTpakuBama je Aa Ce YTBPAU 1A JIM PA3UYUTH TUIIOBH 3EMJBHUINTA
yTHYy Ha HeroBe OCOOMHE, NPBEHCTBEHO Yy IMOIJeRy cajapikaja XyMmMyca y CTPYKTYpHHM arperaruma
3emspHIITa. VcTpakuBama Cy BplleHa Ha TepuTopuju 3amaaHe CpOuje, OTBOPEHH MEAOIOLIKH MPoduin
Hamase ce y cimBoBuMa peka Jlpuue, TamuaBe u KomyGape. 3a morpebe McTpakuBama OTBOPEHO je 6
nenonomkux npoduia, 3 cy gaysucona u 3 xymodayBrcona. Y30pi ¢y y3eTu ca ayouse oa 0-30 cm.
PE3YJITATH n 3AK/bYUILIM: [lopehemem caapkaja CTpYKTYpHHX arperara KoJx HCIUTHBAHUX THUIIOBA
3eMJBHLITA YTBPHEHO je a Kox THia XyMoQuIyBHCOJT MMa 3HauyajHO BuIe arperata Benmyuse ox 8000 mo
2000 um, DOK 3HaYajHO Mame MMa arperata Mamux of 53um. Cpeamu Macenu aujamerap (MWD) kox
xyMoguryBrcona je 3HauajHo Behu (1,42mm) nok je kox ¢uryBucona (0,81mm), mTo ykasyje Ha 3HaYajHO
Behy oTHmOpHOCT CTpyKTypHHX arperata xymoduryBucona. Caznpiaj XyMmyca y CBHM arperaTHHM
¢dpakaujama xymoguryBrcosa je Behn, 3HauajHO BuIIe Xxymyca uMa koJ ¢ppakuarja 8000-2000um u < 53 pum.
Pesynrati mcTpaxkMBama ykasdyjy JAa caapkaj XyMmMyca yTHYe Ha CTaONMHOCT CTPYKTYpHHX arperara
3eMJBHIITA.

K/bYUHE PEYU: xymodayBuco:m, GayBHUCOI, CTPYKTYpa, XyMyc
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HUMUS CONTENT IN STRUCTURAL AGGREGATES OF FLUVISOL
AND HUMOFLUVISOL

Iparan Panosanosuh*!, Bnagumup hupuh!, bopusoj [Nejuh!, Kcennja Maukuh', JIparana
Mapurxkosuh', Bojan BojHos!

!University of Novi Sad, Faculty of Agriculture, Department of Field and Vegetable Crops, Novi Sad, Serbia
* Corresponding author: dragan.radovanovic@polj.uns.ac.rs

INTRODUCTION and OBJECTIVES: Soil structure is one of its most important characteristics. It has a
great influence on the water, air, and heat regime, on the chemical and biological soil properties, the growth
of roots and the suitability of the soil for cultivation. Humus matter affects the course of many chemicals,
and physical and biological processes. In this study, special attention was paid to humus in soil aggregates.
MATERIAL and METHOD: The aim of the research was to determine whether different soil types affect
its characteristics, primarily in terms of humus content in structural aggregates. The research was carried out
on the territory of western Serbia, and pedological profiles were open in the basins of the rivers Drina,
Tamnava and Kolubara. For the needs of the research, 6 pedological profiles were opened, 3 are fluvisol and
3 are humofluvisol. Samples were taken from a depth of 0-30 cm.

RESULTS and CONCLUSIONS: By comparing the content of structural aggregates in the examined soil
types, it was determined that in the humofluvisol type there are significantly more aggregates with a size of
8000 to 2000 um, while there are significantly fewer aggregates smaller than 53 pm. The mean mass
diameter (MWD) of humofluvisol is significantly higher (1.42 mm) while that of fluvisol (0.81 mm), which
indicates a significantly higher resistance of the structural aggregates of humofluvisol. The humus content
in all aggregate fractions of humofluvisol is higher, there is significantly more humus in the fractions 8000-
2000pm and <53 um. The results of the research indicate that the humus content affects the stability of soil
structural aggregates.

KEYWORDS: humofluvisol, fluvisol, soil structure, humus
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YTUIAJ IPUMEHE JJUTECTATA U CTAJIbAKA HA CAZIPKAJ
INPUCTYHAYHUX EJIEMEHATA Y 3EMJbULITY U ITIPUHOC KEJIEPABE

Jparan Kosauesuh'*, Maja Manojnosuh!, Panko Ya6unoscku', Knapa Ilerkosuh!, Mupna
[ltp6an’', Mupjana Bujyk!

'Vuusepsuter y Hopom Cany, [lossonpuspenu dakynret, JlenapTMan 3a patapcTBo u nosprapctso, Hosu Can, Cpbuja

*ayTop 3a KOHTAaKT: dragan.kovacevic@polj.uns.ac.rs

YBOJ u IUJbEBMU: [lurectaT npencraBiba OCTaTaK Ipoleca aHaepoOHe IUTeCTHje, OJHOCHO HACTaje Kao
Kpajiby MPOIYKT O] aHaepOOHOT TpeTMaHa OPraHCKHX Marepujaiia KOjUu Ce€ OJBHjajy y IOCTPOjeHIMa 3a
nmpom3BoAKYy Ouoraca. Jlurecrtar ce Moxke KOPHCTHTH Kao hyOpuBo omoryhaBajyhu kpyxkeme OWIBHHX
xpanuBa. [losbonpuBpeIHa MPOM3BOAKHA HA CBETCKOM HHMBOY a y PemyOmuiu CpOuju TpEeHYTHO je 10cTa
yrpokeHa ycjel BUCOKHX IieHa MHuHepanHux hyOpusa. M3ocraBibame ynotpede MuHepanHux hyOpusa Ha
TIOJBITONIPUBPETHAM 3eMJBHIITHMA MOXKE JOBECTH J0 HETOBOT OCHPOMAIIEHa y HEOIIXOJHUM €JIeMEHTHMa
3a HOpMaJlaH pacT M pa3Boj Ousbaka. Y THIA) MPUMEHE JUrecTaTa Ha MPUCTYMAaYHOCT XPaHJbHBUX €JeMeHaTa
y 3eMJBHIITY jOLI yBEK HHje JOBOJBHO HCTpaXKeH. Y CKJIaJy ca HaBeJCHHM YHIbCHHIIAMa, LMJb OBOT
UCTpaKMBamba je OO Ja ce WCIUTa yTHI@] NMPHUMEHE IUrecraTa M CTajibaka YIopeau ca YTHUIlajeM
MHUHEpaJIHUX hyOpuBa Ha canpikaj IPHCTYHayHHUX eIeMeHaTa y 3eMJBHIITY U IPHHOC Kenepade.
MATEPUJAJ u METO/: Excnepument je cuposeaeH 2019. u 2020. roguHe Ha TPH JIOKAJIUTETa, HA
mapienaMa Koje ce KOpUCTe 3a Mpou3BOoAmY noBpha, y oxomuHu Hosor Cama, Cpbuja (®dyror jecen:
45°15'59.4"H, 19°41'09.3"E; HemanoBmm mpoiehe: 45° 19'03.8"H, 19°51'44.6"E; HemanoBuu jeceH:
45°19'05.5"H, 19°51'39.8"E). ExcriepuMeHT je TOCTaBJbEH Kao paHIOMH3HpaH OJIOK CHCTEM ca TpH
MOHABJbAKA, TJIE je MojeAnHauHa mapuena omna 1,75 m ayxude u 1,20 m mupuHe, JOK je pa3Mak usmehy
naprena 6uo 0,5 m. Ornen je caapskao ocam Tpetmana: Kontpona — 6e3 hyOpemwa (@); UBpcTu qurecrar —
100 kg N ha™ (4/11); Uspcru murectar — 200 kg N ha™* (UJ2); Teunn murectar — 100 kg N ha™ (T/I1);
Teunu murectat — 200 kg N ha™! (T/[2); Crajmak — 100 kg N ha™* (C1); Crajmwax — 200 kg N ha™ (C2);
Munepanna hyopusa (NPK). Oprancka hyOpusa cy npuMemeHa y KOJTHIHHU KOjOM C€ YHOCH Y 3€MJBUILTE
100 kg N ha™! u 200 kg N ha™! (y 3aBHCHOCTH OZ TPETMaHa), 10K Cy MUHepaiHa [yOpuBa npumMemeHa y
xommuuay ox 100 kg N ha™, 80 kg P,Os ha™ u 100 kg K,O ha™, xao amouujym mutpar, cyneppocdar u
KaIujyM XJIOPHA, PECIeKTUBHO. 3a WCIHTHBAme yTHIAja hyOpmBa Ha campikaj JIAKONPUCTYIAYHUX
enemenara (AL-P,Os, AL-K,O, DTPA-Fe, Mn, Cu, Zn) y 3eMJbUINTY TOKOM EKCIIEPHMEHTa, Y30pIH
3eMJBHIITA Cy y3UMaHH JiBa IyTa, 10 1ana HakoH nprMeHe yOpuBa u HakoH OepOe Onsbaka.

PE3YJITATHU u BAK/bYUILIU: VY npoceky, 10 naHa HakoH npuMeHe jyOpuBa, TpeTMaHU HUCY 3HAYAjaHO
yTHLAIHK Ha cajpkaj npuctynadHor AL-P,Os, K,O, Mn, Cu, Zn y 3emssnmry, 1ok ce caapxaj DTPA-Fe
3HAYajHO CMaKUO NMPUMEHOM CBHX TpeTMaHa (OCHM TpeTMaHa ca MHUHepaiHuM hyOpuBuma). TpermaHu
Takolje HUCy yTHIaIM Ha cajxpikaj npuctynaynux obmmka AL-P,Os, K,O, Fe, Cu u Zn y 3eMJbUIITY HAKOH
Oepbe, mehytum, cagpxaj DTPA-Mn y 3emspuiITy ce 3Ha4dajHO nmoBehao Ha CBUM TpeTMaHa y mopeljemy ca
koHTposioM. Takohe, npumena Teunor aurectara (T/[2) je 3Hauajuo nosehana cagpxaj Mn y nmopehemy ca
yBpctuM aurectatoM (U1, YA2). Tpermanu Ha KojuMa Cy IPUMEHCHU YBPCTH U TeuHH aurectatd (411,
Y2, TA1, TA2) xao u muHepanHa hyOpuBa, noBenmu cy 10 3HadajHOr moBehama mpuHOCa 3a/1e0Jpanor
crabmna u nucra kenepale, y OIHOCY Ha KOHTPOJIy M TpeTMmaHe ca ctajiakoM (C1, C2). Hajsehn mpunoc
3anebspasor crabna keiepade m3MepeH je Ha Y/I2 TperMaHy, IOK je HajBehn mpuHOC JMCTOBa Kelepade
m3mepeH Ha TJ2 Ttpermany. Pesyntatm wHcTpaxkuBama Cy MOKa3ald Ia y IPOH3BOIIBHU Kemlepade,
kopumhemhe YBPCTUX U TEUHHX AUTecTaTa MOXe y MOTITYHOCTH Jja 3aMeHH yroTpedy MuHepanHux hyOpusa,
y3 MOCTH3amke BUCOKMX M CTaOMIHUX mpuHOca. Takobe, oprancka hyOpuBa y HameM HCTpakKHBamy HUCY
HETaTHBHO JeJIOBaJla Ha CaJp)kaj NMPUCTYIAYHUX eleMeHaTa y 3EeMJBHITY, IITa BHIIE, ITO3UTHBHO CY
yTHIIaJIa Ha caapikaj Mn.

K/bYUYHE PEYM: oprancka ljyOpusa; anaepoOHa nturectuja; reoxle; Manran
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EFFECT OF DIGESTATE AND MANURE APPLICATION ON THE
CONTENT OF AVAILABLE ELEMENTS IN THE SOIL AND KOHLRABI
YIELD

Dragan Kovacevié**, Maja Manojlovi¢?, Ranko Cabilovski?, Klara Petkovi¢, Mirna Strbac?,
Mirjana Vijuk®

*University of Novi Sad, Faculty of Agriculture, Department of field and vegetable crops, Novi Sad, Serbia
*Corresponding author: dragan.kovacevic@polj.uns.ac.rs

INTRODUCTION and OBJECTIVES: Digestate represents the residues of the anaerobic digestion
process, i.e. it is formed as a final product of the anaerobic treatment of organic materials that take place in
biogas plants. Digestate can be used as a fertilizer, enabling the circulation of plant nutrients. Agricultural
production at the world level and in the Republic of Serbia is currently quite endangered, due to the high
prices of mineral fertilizers. Omitting the use of mineral fertilizers on agricultural soils can lead to the
impoverishment of the soils in the elements that are necessary for the normal growth and development of
plants. The impact of digestate application on soil nutrient availability has not yet been enough investigated.
In accordance with the stated facts, the aim of this research was to examine the effect of digestate and
manure application and compare with the effect of mineral fertilizers on the content of available elements in
the soil and the kohlrabi yield.

MATERIAL and METHOD: The experiment was conducted in 2019 and 2020 on three experimental sites
on the fields used for vegetable production in the vicinity of Novi Sad, Serbia (Futog: 45°15'59.4"N,
19°41'09.3"E; Nemanovci: 45°19'03.8"N, 19°51'44.6"E; 45°19'05.5"N, 19°51'39.8"E). The experiment was
set up with three replications, as a block design (randomized), with an individual plot of 1.75 m long and
1.20 m wide, and the space between the plots was 0.5 m. The experiment included eight fertilization
treatments: Control — without fertilization (&); Solid digestate — 100 kg N ha™ (SD1); Solid digestate — 200
kg N ha! (SD2); Liquid digestate — 100 kg N ha! (LD1); Liquid digestate — 200 kg N ha™! (LD2); Manure —
100 kg N ha! (M1); Manure — 200 kg N ha! (M2); Standard fertilization with mineral fertilizers (NPK).
Organic fertilizers were applied in the amount which brings 100 kg N ha™! and 200 kg N ha™! to the soil
(depending on the treatments), while mineral fertilizers were applied in the amount of 100 kg N ha™!, 80 kg
P,0s and 100 kg K,O, as ammonium nitrate, superphosphate and potassium chloride, respectively. To
examine the effect of fertilizers on the content of available elements (AL-P,Os, AL-K,0, DTPA-Fe, Mn,
Cu, Zn) in the soil, samples were taken twice, after fertilizer application (ten days) and after harvest.
RESULTS and CONCLUSIONS: On the average, treatments did not significantly affect the content of
available AL-P,0s, K,O, Mn, Cu, Zn in the soil, while the content of DTPA-Fe reduced with all treatments
(except treatments with mineral fertilizers) after fertilizer application (ten days). The treatments also did not
affect the content of available forms of AL-P,Os, K,O, Fe, Cu and Zn in the soil after plant harvest,
however, the content of DTPA-Mn in the soil increased significantly with all treatments, compared to the
control. Also, the use of liquid digestate (LD2) significantly increased the Mn content compared to solid
digestate (SD1, SD2). Treatments with solid and liquid digestate application (SD1, SD2, LD1, LD2) as well
as mineral fertilizers, led to a significant increase in the yield of kohlrabi bulbs and leaves, compared to
control and treatments with manure (M1, M2). The highest yield of kohlrabi bulbs was measured on SD2
treatment, while the highest yield of leaves was measured on LD2 treatment. The results of the research
have shown that in the production of kohlrabi, the use of solid and liquid digestate can completely replace
the use of mineral fertilizers, while achieving high and stable yields. Also, organic fertilizers in our study
did not negatively affect the content of available elements in the soil; moreover, they positively affected the
content of Mn.

KEYWORDS: organic fertilizers; anaerobic digestion; iron; manganese
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'Vuugepsuter y Kparyjesuty, [Ipupoano-marematnuku pakyiret, UHCTHTYT 32 Guonorujy u ekosnorujy, Kparyjesar,
Cpbuja

2 MHCTHUTYT 3a paTapcTBO U noBpTapcTBo, Hosu Can, Cpouja;

3Vuusepsurer y Kparyjesity, MHcTUTYT 3a uHpOpManuone TexHosoruje Kparyjesan, Jlemaprman 3a Hayke, Kparyjesar,
Cpbuja

*ayTtop 3a koHTaKT: filip.popovic@pmf.kg.ac.rs

YBO/J u HUJbEBU: OyHKIINOHKUCAKE TEPECTPUYHUX EKOCHCTEMA Y BEIUKO] MEPU 3aBUCH OJI MTOJ3EMHOT
OouomuBep3uTeTa. MelhyTHM, Ba)KHOCT MOA3EMHOT OHOIMBEP3UTETAa YECTO je UTHOPHCAHA WIN TOTLEHEHA.
[Ipema ¢yHKIMjH KOjy 00aBJbajy, 3EMJBHIIHH OPTaHU3MH CYy MOJCJHEHH Yy TPH BEIHKE (YHKIIMOHAIHE
TpyIe: XEMHjCKH HHKEHEePH, ONOIOMIKA PEryIaTopy M €KOJIOIIKY HIKemepH. KuiHe riucte ce cmarpajy
Haj3HauYajHUjHM EKOJOIIKNM HHXXEHmhepHMa, IIpe cBera 300r ¢opMmupama IIORHOT 3eMipumTa. [Ipermern
JHUTEepaType yKasyje Ha yKyNaH maj 3eMJbHIIHE (hayHe y HOJbONPUBPETHMM eKocucTemMuMa y Emporm,
yKJbydyjyhu m kumHe rimcre. 300T TeCHe Be3e KUIIHMX IJIMCTA M IIOJUIOTe, MOJEpHA IOJHONPHUBPEIHA
mpakca Moxxe Ja Monudukyje pusmuke M XeMHjCKe OCOOMHE 3eMJBHINTA TaKO Ja H3a30BE NPOMEHE Y
TYCTHHH U CacTaBy 3ajeIHHMIIa IIICTA. 3aTo je IUJb OBOT paja Owia mpoleHa yTunajy mecrununa Kapambe
(pynruuna: merkonaszon) u I{unkopna (MHCEKTHIMIA: LUUIIEPMETPHH) U HBHXOBE MEIIABHHE Ha MPUPOJHY
HOIYJIaIH]y TINCTa Ha MOJbONPUBPETHAM HOJBUMA.

MATEPUJAJI u METOJ: Tepencku ornex je uzBeneH Ha nokanutety Pumcku LllanueBu (HoBu Cap,
Cpbuja). Excnepument je tpajao ox 2016. mo 2018. romune. Kumae ramcTte cy y3opKoBaHe JABa IIyTa
TOAMIIE, TOKOM TIposeha U jeceHu.

PE3YJITATHU u 3AK/bYULMU: Cee onpacne mmcte u3 nopoaune Lumbricidae cy nmpumanane detupu
pa3IuuUTHM BpCTaMa, a onanajyhu pen HajoOMHHAHTHHUjHX BpcTa m3riiena oBako: Allolobophora chlorotica
(Savigny, 1826) > Aporrectodea caliginosa (Savigny, 1826) > Aporrectodea rosea (Savigny, 1826) >
Eisenia lucens (Waga, 1857), 0e3 npomMeHa y BHXOBO]j JOMUHAIUJH TOKOM TpeTMaHa. [IpeMa eKoJomkum
obynuMa, cBe BpcTe cy Omie eHnorendne, ocuM E. [ucens xoja je 6mna enurendana. Eisenia lucens je Guna
IpucyTHa caMo TokoM mpoieha 2016. roxmHe y KOHTPONHOM IIOJbY M Yy TOJBY KOj€ je TpEeTHpaHo
¢yurununom. CrapocHa CTpYKTypa Iomynanuje riicta je Bapupana. TokoMm mponehHHX ce3oHa je GOm0
BUIIIE aIyJITHUX jeJUHKH y OJHOCY Ha jyBeHunHe. Hajseha rycTuHa rimcra Ouina je y KOHTPOJIH, a HajMama
Ha T0JbY KOj€ je TPETHPAaHO MEIIaBMHOM IecThnuaa. Ha ucnuTHBaHMM moJbMMa, MOMyJalje TIIHCTa Cy
Ouie cupoMallHe W HeacoUWjaTUBHE. Y 3ajeHUIIaMa KHITHUX TIIHCTa y 00paIMBUM 3eMJBHINTHMA YECTO
JOMUHMPAjy €HJIOreHMyHe BpCTE, IITO Cy HAIIM Pe3yNTaTH U Moka3anu. Emurendne BpcTe Mory OHTH y
MameM Opojy HpHcyTHe 300r MpUMEHe XeMHjCKHX Cpe[CTaBa, ajld M Ipoleca opama, KOje MEXaHHYKH
JUPEKTHO yTHUE Ha JKHBOTHI-e. OBAaKBa HCTPaXHBama MPYyXKajy yBUA y CTPYKTYPY 3ajeIHHUNA JTyMOpunnaa
y aHTPOIIOTEHHM eKOcHCTeMHMa. Pe3ynTaTu cy mokasaid Ja Cy MeIIaBHHE MEeCTHIMAa nManu Behu yTumaj
Ha CTPYKTYpy HOMyNAIHje INIMCTAa y OZHOCY Ha MECTUIHMIE KOjU MMajy jeqHY KOMIIOHEHTY Kao aKTHBHY
cyrcraHmy. [lomTo je 3eMibuINTE TMHAMUYAH SHTHUTET, TEPECTPHYHN OPTaHU3MH IIpYXKajy HajOoJbH oxpas
IIPaBOT CTama €KOCHCTEMa U NPOMeHa y mHuMa. Takohe, oBH pe3ydraTé ykasyjy Ha MoryhHocT ymorpebe
TyMOpHIIA 3a IPOLEHY CTama XKUBOTHE CPEIIHE.

K/bYYHE PEUM: Kunise rivcre; uBep3nTeT; QYHTUINA; HHCEKTHIHT;, OJbONPUBPETHO MOJbE
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EFFECTS OF SINGLE AND MIXTURE PESTICIDES ON EARTHWORMS
(OLIGOCHAETA: LUMBRICIDAE): RESULTS FROM FIELD
MONITORING

Filip Popovi¢'*, Tanja Traki¢!, Mirjana Stojanovié¢!, Zeljko Milovac?, Gorica Cvijanovié?,
Jovana Sekuli¢?

!University of Kragujevac, Faculty of Science, Institute of Biology and Ecology, Kragujevac, Serbia

“Institute of Field and Vegetable Crops, Novi Sad, Serbia

3University of Kragujevac, Institute for Information Technologies Kragujevac, Department of Sciences, Kragujevac, Serbia
*Corresponding author: filip.popovic@pmf.kg.ac.rs

INTRODUCTION and OBJECTIVES: The functioning of terrestrial ecosystems largely depends on
underground biodiversity. However, the importance of soil fauna is often ignored or underestimated.
According to the function they perform, soil organisms are divided into three major functional groups:
chemical engineers, biological regulators and ecosystem engineers. Earthworms are considered to be the
most important ecosystem engineers, primarily due to the formation of fertile soil. A review of the literature
indicates an overall decline in soil fauna in agricultural ecosystems in Europe, including earthworms. Due to
the close connection between earthworms and the substrate, modern agricultural practice can modify the
physical and chemical properties of the soil so as to cause changes in the density and composition of
earthworm communities. Therefore, the aim of this study was to evaluate the impact of the pesticides
Caramba (fungicide: metconazole) and Cipcord (insecticide: cypermethrin) and their mixtures on the natural
population of earthworms in agricultural fields.

MATERIAL and METHOD: The field trial was performed at Rimski San&evi site (Novi Sad, Serbia). The
experiment lasted from 2016 to 2018. Earthworms were sampled twice a year, during spring and autumn.
RESULTS and CONCLUSIONS: All adult earthworms of the family Lumbricidae belonged to four
different species, and the decreasing order of the most dominant species looks like this: Allolobophora
chlorotica (Savigny, 1826) > Aporrectodea caliginosa (Savigny, 1826) > Aporrectodea rosea (Savigny,
1826) > Eisenia lucens (Waga, 1857), without changes in their dominance during treatment. According to
ecological forms, all species were endogeic, except E. lucens which was epigeic. Eisenia lucens appeared
only during the spring of 2016 in the control field and in the field treated with fungicide. The age structure
of the earthworm population varied. During the spring seasons, there were more adults than juveniles. The
highest density of earthworms was in the control and the lowest in the field that was treated with a mixture
of pesticides. In the examined fields, earthworm populations were poor and non-associative. Endogeic
species often dominate in earthworm communities in arable land, as our results have shown. Epigeic species
may be present in smaller numbers due to the application of chemicals, but also the process of plowing,
which mechanically directly affects the animals. Such research provides insight into the structure of
lumbricide communities in anthropogenic ecosystems. The results showed that mixtures of pesticides had a
greater impact on the structure of the earthworm population compared to pesticides that have one
component as an active substance. Because soil is a dynamic entity, terrestrial organisms provide the best
reflection of the true state of ecosystems and changes in them. Also, these results indicate the possibility of
using Lumbricidae to assess the state of the environment.

KEYWORDS: Earthworms; diversity; fungicide; insecticide; agricultural field
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INVIAHUPAIE U MOHUTOPUHI' AKTUBHOCTH 3HAYAJHUX 3A
YIIPAB/BABGE 3EMJ/BUILITEM
Y 30HU E®T PYJHUK U TEPMOEJIEKTPAHA CTAHAPU

Henan Manmh!*, Muxajno Mapkosuh?, Musagun Tp6uh!

'E®T - Pyjnuk u tepmoesiektpana Cranapu, Ctanapu, Pemy6iika Cpricka - BocHa 1 Xeplieropuna
TMomonpuspeauu paxynteT Yuusepsutera y bamanyim, bama Jlyka, Peny6nuka Cpricka, BocHa u Xepliierosuna

**ayTop 3a KoHTakT: Nenad.Malic@eft-stanari.net

ExcrutoaTanyja MHUHEpalHHX 3ajefHO Ca CHEePreTHMKOM M HHAYCTPHjOM 3ay3uMa HpPHUMapHO MjecTo y
HOpPUBPEIHUM TpaHama. [Ipolecu TpajHOT M IPUBPEMEHOr T'yOHWTKa 3eMJIjHINTAa aHTPONOTeHUM YTHIjeM
MIPUCYTHU Cy PEIOBHO Kao MpaTHOIM ekciutoaranuje. Y komnanuju EDT — Pymauk m TepMmoenekTpaHa
CraHapyl YCBOjEH je TOK aKTHBHOCTH YNpPaBJbaka M 3allTUTOM 3€MJBHIITA Y OKBUPY CTaHIap/a O 3allTHTH
KHUBOTHE CpefnHe M Baxkehe 3akoHcke perynaruse. [IpmimkoM cBeykymHOr mHpoBolhema pymapCKuX U
JPYTHX aKTUBHOCTH y OKBHPY MOBPIIMHCKOT Koma PamkoBaiy 1 pajna tepmoenekrpane CtaHapu jaBibajy ce
HETaTHBHU YTUIAjU, # TOTCHIMjaJHA AErpajandja U KOHTaMHHAIMja 3eMJbHINTA. [IpojekTHa pjeriema
peKynTHBalMje, U3BEICHU PAJOBH, U IPEUIOKEHE Mjepe PeKyJITUBaIMje Cy yCKialjeHH ca pe3yinraTuMa
BHUILETOUIIBLET HUCTPAXKHBamka Ha Oa0Mpy ONTHUMAaJHE METOAE PEeKyJITHBALMje TEXHOTCHHX 3eMJBHILTA.
[Ipu kopumhemy onacHUX MaTepHja y MUKIYCY IIPOU3BOAIE JOJA3U U JIO MPOIYKIHje ONAcHOT OTHaja a
KOjU MOXe JIONM y KOHTaKT ca 3eMJBHILTEM, TC UIMATH HEraTHBAH YTUIIA].
Tok akTHBHOCTH yIpaBJbarba 3eMJbHINTEM AeduHuIIe ce caenehum perocibenom:

IUIAHMPake aKTHBHOCTH 3HAYajHUX 32 YIPABJbathe 3eMIBUILTEM,

peanu3aiyja MiaHHpaHUX aKTHBHOCTH YIPaBJbatha 3eMIBUILTEM,

PEKyNTHBALM]ja 3eMJBHUIIITA,

MOHHUTOPHHT CTambha U KBATUTETA 3eMJBHILTA.

MOHHUTOPHHT 3¢MJBUILTA IPOBOJIH CE:

PEIOBHUM KOPHIITheHmeM IIPUPOIHOT ¥ TEXHOTCHOT 3eMJBHIITA,
KOHTPOJIOM PEKYJITHBHCAHNX MOBPIIMHAHA,
71a00paTOPHjCKOM aHAITM30M (DM3UUKUX U XEMH]jCKHX KapaKTEepHCTHKA 3eMJBUIITA, U
71a00paTOPHjCKOM aHAIM30M OMJbaKa Ha PEKYITHBHCAHUM ITOBPIIHHAMA.

AN NN

K/bYUHE PEYM: TexHOTeHO 3eMJBHIITE, ONACHE MaTepHje, PEKyATHBaIHja, Ja0OpaTOpUjcKa aHaJIH3a,
KOHTpOJIa
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LAND MANAGEMENT ACTIVITIES WITHIN INDUSTRIAL ZONE
EFT RUDNIK I TERMOELEKTRANA STANARI — PLANNING AND
MONITORING

Nenad Malic!*, Mihajlo Markovi¢?, Miladin Trbié!

'EFT - Mine and TPP Stanari, Stanari, Republic of Srpska - Bosnia and Herzegovina
2University of Banja Luka, Faculty of Agruculture, Banja Luka, Republic of Srpska, B&H
**Corresponding author: Nenad.Malic@eft-stanari.net

The exploitation of mineral resources shares primary place in economic branches together with energy and
industry. The process of permanent and temporary loss of land caused by anthropogenic impacts regularly
follows the exploitation. EFT Mine and Termal Power Plant Stanari has approved the activities on land
management and protection within the applied standards for environmental protection and effective
legislation. The adverse impacts and potential degradation and contamination of soils appear in the course
of mining and other activities performed at the open cast Raskovac and TPP Stanari work. The land
reclamation project, performed works and suggested reclamation measures are adjusted to the results of
multiannual research carried out to establish optimal reclamation method for technogenic soils. Application
of hazardous substances in exploitation process often results in production of hazardous waste that may
cause adverse effects once it reaches the soil.
Land management activities are defined by the following phases:

planning the activities playing significant role in land management process,

implementation of planned activities in land management,

land reclamation,

land condition and quality monitoring.
Land monitoring process is carried out through the following phase:
regular utilization of natural and technogenic land,
control of reclaimed land surfaces,
lab analysis of physical and chemical properties of soils, and
lab analysis of plants at reclaimed land surface.

AN NN

KEYWORDS: technogenic soil, hazardous substances, reclamation, lab analysis, control
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NHAYCTPUJCKU I'PAACKHA YI'APU U IbUXOB YTUIIAJ HA 3AT'ABEILE
SEMJ/BUIITA TEIHKUM METAJIUMA - CTYJANJA CIIYUYAJA
HHAYCTPUJE MOTOPA PAKOBHULIA

Haranuja [anmocku', Hanexna Crojanosuh', Munan Kuexesuh?, Hepenka [Naneunh!,

Mupjana Temuh'*, Anexcannap JIucuna'

'Vuusepsurer y Beorpany — [llymapcku dakynret, Ojicek 3a Mej3akHy apXMTEKTYpy H XOPTHKYATYpy, beorpan, Cpouja
2Vuusepsurer y beorpany — Illymapcku dakynrer, Ojcex 3a mrymapctso, beorpas, Cpouja
*ayTop 3a KOHTAaKT: mirjana.mesicek@sfb.bg.ac.rs

YBO/ u HUJBEBM: Ilpecrtankom pana u 3atBapameMm MHayctpuje motopa PakoBuma (MMP), xao u
MHOTHX JPYrMX MHIYCTPHjCKMXI KOMIUIEKCA Ha MOApYyd4jy omutuHe PakoBuue y beorpamy nomuio je mo
(dopmMupama HOBHUX EKOJIOIIKM M COLHjalHO CHPOMAIIHMX MPOCTOpA Ipaja - MHAYCTPH]CKUX TPaICKUX
yrapa. OBH TPOCTOPH TPEACTaBJbajy TIPaJCKE MPOCTOpE KOjU Cy TMPETXONHO KopumiheHH 3a moTpebe
HHJI[yCTPUjCKE IPOU3BOAIEC M KOje jé HEONXOJHO PEBHTAIH30BATH HPBEHCTBEHO 300T EKOJOMIKHX M
COIMjAJTHUX pa3Jiora, i M caMor Jajker ypOaHOT pasBoja. Ekornomka u comujamHa peBHUTaNM3aIMja
HHJ[yCTPUjCKHX TPaJCKUX yrapa je jefaH o] HEOIXOIHUX Iporeca, ¢ 003MpOM aa MOry OWUTH H3BOpH
pa3IMUMTHX BpCTa 3araliema rpajcke CPeMHE U W3BOPH MHOTHX COLMjAJIHUX HpoOieMa y JIOKAlHOj
3ajenHuiy. MoryhHocTn BUXOBE peBHTANIM3AlMje 3aBHCE IIPe CBera O BPCTE M CTeneHa 3aralema
(KOHTaMHHAIKje) caMOT UHIYCTPHjCKOT MOApYyYaja yciiel IIPeTXoaHe yrnorpede, kao u npensulene Oynyhe
HaMeHe OBHMX NpOCTopa. IIpHUCYCTBO TEIIKMX METJIA CMaTpa Ce jeHMM OJi Haj3HAYajHUjUX M Hajdyerrhux
BHUJIOBA 3araljera 3eMJBHIITA HA IPOCTOPHMA MHIYCTPHjCKUX TpaAcKux yrapa. OBaj paa mpeacraba Mpukas
HCTpaKMBabha KAapaKTepPUCTHKAa M CTENeHa 3aral)eHOCTH 3eMJBHMINTA TEUIKMM MeTajuMa Ha MOApYYjy
HMHIYCTPHjCKOT KOMIUIEKca Hekamamme Manyctpuje Motopa Pakosumia (MMP), Hajseher u Haj3HauajHUjer
HHJTyCTPHUjCKOT KOMIUIEKCA Ha OBOM IIPOCTOPY.

MATEPHJAJ u METO/: Hekanammu rurant UMP 3ay3uma mpoctop on 188 885 m?, xoju je maHac
HAITyIITeH M KOjU ca €KOJIONIKOT CTAHOBHINTA MPE/CTABJba TUINYA WHCYCTPHjCKH TPAJCKU yrap. Y IHIbY
noOujama MoJla3He OCHOBE 33 MOTpebe €KOJIOIIKE PEBUTAIN3AIMjE HAIyIITeHOT MPOCTOpa WHIYCTPH]CKOT
kommuiekca MIMP-a, Ha TepeHy wW3BpHIeHa Cy IEIONONIKA HCTPaKMBama (QU3MUKHX U XEMH]jCKUX
KapaKTepPUCTHKa 3eMJBUINTA, KAa0 M KOHIEHTpAlWje TEIIKMX MeTaja y 3eMJBHINTY. Y30pIH 3eMIJBUINTA
Y30pKOBaHM Cy y HapyImIEHOM CTamy M3 IOBPIIMHCKOT cioja 3emipmmra of 0-10 cm, mpu demy je
Y30pKOBAHO YKYITHO TPH y30pKa.

PE3VJITATHU n 3AK/bYUILIU: Pesynraté nokasyjy Aa je 3eMJBUIITE MHIYCTPHUJCKOT TPaAJCKOr yrapa
NMP-a, cpemse 6orato 710 60rato XyMycoM, HEyTpajHe u C1abo alkaiHe pekamuje, 106po 06e36ehero N u
npuctynauauM obirkom K u cnabo o6ezdeleno npucrynaunum obnukom P. TIpema TekcTypHOM cactaBy
kpehe ce y pacmoHy on meckymie A0 Jiake TamHymie. 3emipynte Ha monpydjy MMP-a onrepeheno je
TEIIKAM MeTainMa. YTBpheHo je nma cy xonuerpanuje Pb, Zn, Ni u Cr Behe o1 MakcuMmanHO 103BOJbEHE
KOHILIEHTpalyje, IoK je koueHTpauuja Cd mcmon n03BOJbEHHX BpelHOCTH. Pesymratu paga nmajy momasHy
OCHOBY 3a IoTpede H3pajie eKOJIOMIKE PEBUTAN3AIN]e OBOT HHIYCTPHjCKOT I'paJICKOT yrapa u yHanpehema
CTama KUBOTHE cpeluHe Ha moapydjy ommriHe PaxoBuma (Beorpanm). Takobe, pesyrmatu oBor panma
MIPE/ICTaBIbajy M JONPHHOC WCTPaKWBamy CTeleHa 3araljeHoctn ypOaHmx 3emipminTa berpama temxum
MertanuMma. Exoronika u conujanna peBHTaIM3alMja MHAYCTPHjCKUX TPaJCKUX yrapa je ca jeaHe CTpaHe n
HEOITXOJaH IPOoIEeC jep OHHM YecTO MOTYy OWTH HM3BOPH pa3iIMYMTHX BpcTa 3araljema Tpajicke cpernuHe U
M3BOPU MHOTHX COILMjATHUX MPOOJIEMa Y JIOKATHOj 3a)CTHALIH.

K/bYUYHE PEYM: naAycTpujcku TPajcKH yrapy; Aerpajaluja 3eMJBHINTA; TENIKM MeTand; ypbOaHa
3eMJBHIITA.
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INDUSTRIAL URBAN BROWNFIELD’S AND THEIR IMPACT ON THE
HEAVY METALS SOIL POLLUTION - CASE STUDY OF MOTOR ENGINES
INDUSTRY RAKOVICA, BELGRADE

Natalija Pandoski?, Nadezda Stojanovié?, Milan KneZevi¢®, Nevenka Gale¢i¢?, Mirjana Tesi¢?",

Aleksandar Lisica?

 University of Belgrade, Faculty of Forestry, Department of Landscape architecture and horticulture, Belgrade, Serbia
® University of Belgrade, Faculty of Forestry, Department of Forestry, Belgrade, Serbia
*Corresponding author: mirjana.mesicek@sfb.bg.ac.rs

INTRODUCTION and OBJECTIVES: With the cessation of operations and the closure of the Motor
Engines Industry Rakovica (MEIR — Industrija Motora Rakovica), as well as many others industrial
complex in the municipality of Rakovica in Belgrade, new ecologically and socially poor areas of the city
were formed - industrial urban brownfield’s. These spaces represent urban spaces that were previously used
for the industrial production and which need to be revitalized primarily for environmental and social
reasons, but also for further urban development. Ecological and social revitalization of industrial urban
brownfield’s is one of the necessary processes, since they can be sources of various pollution types of the
urban environment and the sources of many social problems in the local community. The possibilities of
their revitalization depend primarily on the type and degree of pollutions (contamination) in the industrial
area due to previous use, as well as the projected future purpose of these areas. The presence of heavy
metals is considered to be one of the most significant and most common types of soil pollution in these
areas. This paper presents an overview of the physical and chemical characteristics and degree of heavy
metal pollution in the area of the industrial complex of the former MEIR, the largest and most important
industrial complex in this area.

MATERIAL and METHOD: The former giant EMIR occupies an area of 188,885 m?, which is now
abandoned, and from an ecological point of view, is a typical industrial urban brownfield’s. In order to
obtain a starting point for the purpose of ecological revitalization of the abandoned space of the industrial
complex of EMIR, in the field was performed the pedological research of physical and chemical
characteristics of the soils, as well as the concentrations of heavy metals. Tree soil samples were sampled in
a disturbed condition from the surface layer of soil from 0-10 cm.

RESULTS and CONCLUSIONS: The results show that the soils of industrial urban brownfield’s
EMIR are medium to rich with humus, neutral and slightly alkaline reactions, well provided with N and
accessible form of K and poorly provided with accessible form of P. According to the textural composition,
these soils range from sand to light clay. The soils in the EMIR area are loaded with heavy metals. It was
determined that the concentrations of Pb, Zn, Ni and Cr are higher than the maximum limit values (MLV),
while the concentrations of Cd was below MLV. The results of these paper provide a starting point for the
purpose of the ecological revitalization of this industrial urban brownfield’s and the improvement of the
state of the environment in the municipality of Rakovica (Belgrade). Also, the results of this paper represent
a contribution to the research of the degree of heavy metals pollution of urban soils of Belgrade. Ecological
and social revitalization of industrial urban brownfield’s are, on the one hand, a necessary process because
they can often be sources of various types of urban pollution and sources of many social problems in the
local community.

KEYWORDS: industrial brownfield’s, soil degradation, heavy metals, urban soils
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N3A30BU KIACUPUKALIUJE KOJTYBUJAJTHUX KPEYIBAUYKUX
3EMJBUIITA BEJIMKOI I1IOJBA — ITIOJJHOKJE IINTAHUHE BYKAH

Jby6omup XKusotuh'*, Becua Mpsuh?, bomko 'ajuh!, Jlasap Kanyheposuh!

'Vuusepsurer y Beorpany, [ossonpuspennu dakynteT, MHCTUTYT 3a 3eMIbUINTE U MeJHopanyje, beorpan, Cpbuja
2MucTuTyT 3a 3eMibuIITe, Beorpaa, Cpouja

*ayTop 3a KOHTaKT: ljubaz@agrif.bg.ac.rs

YBOJ u HIUJBEBHU: V oxBupy Knacudukanuje 3eMBHINTa Y TEHETCKUM KIACH(UKAIMOHUM CHCTEMIMA
ce HeKajla jaBihajy MUJIeME KOME THIy 3eMJBHINTA MPHUIIaIajy HEKe 3eMJBHUINHE jSAMHUIIC, jep HE TOCTOje
JMPEKTHO yTBPCHU KBAHTUTATHBHHU ITOKA3aTeJbH KOjU pa3rpaHIyaBajy MojeuHe 3eMJbUIIHE jeJUHULIE W
MojeIMHe TMEIOTCHETCKE Mpoliece, W YTBphyjy Xujepapxujy Mely mrmMa 3a motpebe kmacudukaimje. Y
OKBHpY INHpE CTyAWje, y MOAHOXjy KPedmadyKor MacuBa IIaHWHe BykaH, Ha morecy Bemmko mosse,
oTBOpeHO je 42 3emspminHa npo¢una. KapOoHaTHa ckeneTHa 3eMJBMINTA Ha jeIpUM Kpedmanuma ca
H3paKEHUM XyMYCHO-aKyMyJTaTHBHHM XOPH30HTOM Cy HIeHTH(HKOBaHAa Ha oko 40% momapydja, OJHOCHO
Ha 15 oTBOpeHHX mpoduia.

MATEPUJAJI u METO/I: HcrpaxuBama cy oOyxBaTaja OTBapame Mpodmia 3emybumTa 10 90 1M
nyOuHE, OMHOCHO 10 TyOHHE MaTHYHE CTEHE, IeTajbaH ONIC 3eMJBHINTA HAa TEPEHY, Ka0 U y3UMambe y30paKa
3eMJBHIITA y HAapyIIEHOM M HEHapyIIEHOM CTamy 3a JIabopaTopHCcjke aHaluu3e, Kao M KiIacudukamujy
3emspHIITa IpeMa nomahem u Mehynapogaom cuctemy (WRB) xinacudukanmje.

PE3YJITATHU u 3AK/bYULIM: 3emspumra cy KiIacH(UKOBaHA Kao KONYBHjaHH KaJIKOMEIaHOCOJH.
KomnyBHjaJiHH KaJIKOMEIaHOCOH CY HACHTH(HUKOBAHH HAa HAJIMOPCKOj BUCHHU oXf cBera 185-210 m, mTo je
HeyoOHUajeHo 3a OBaj TUII 3eMJbUINTA. M3 HCTOr pasnora M meroBe ocraie (GU3MIKO-XeMHjcKe O0coOuHe
OJICTYIajy O JO caja OIMCAaHMX KOJNYBHjaJHUX KaJKOMelaHocosa. TepeH IoJ KaJKOMEJIaHOCOIUMa ce
KOPHCTH Kao eKCTEH3MBHU MAIlkbaK, JOMHHAHTaH Haruo tepeHa je 2—5%, a CKeJIeTHOCT MOBPIIMHE H3HOCH
10-80% y 3aBucuoctr ox mpoduna. I'paha Behmue mcnuruBannx npoduia je A — R. Boja xymycHo-
aKyMyJIaTUBHOI' XOPH30HTa je BeoMa TaMHa OpaoH M BeoMa TaMHa OpaoH CHBa, HELITO CBETJIHja O]
TUMMWYHUX NpHUNA. KonmyBHjaiHU KalKOMENaHOCONH ce OMIHNKYjy ayomaom 40—70 cm, a cagpxkaj ckenera
ce noBehasa ca nyouHom. Benmunna ckenera je 2—200 mm, a o0nuK je HempaBmiaH — yriaacT. CTpyKTypa
3eMJBHIITA j€é YMEPEHO H3pakeHa, JOMUHAHTHA BeJIMYHMHA 3pHACTUX arperara je 1-5 mm. Beoma BHcok
caJipkaj KanmujyMm-kapooHara y cyncrpary, 90-99% y 12 npodmuia ykasyje Ha jenpe kpeumake. Ckerner je
o TyOWHH 3eMJBHIIHOT MPOoQHiIa U KapOoHATaH 1 OeckapOOHATaH, IITO YKa3yje Ha KONyBHjaIHE MpoIece y
MPONUTOCTH. VHTEH3MBHO XEMHJCKO paclafamke OBOI CKejleTa je JOBeJo0 4Yak M J0 TojaBe
TNICeyAOMUIIENIapHOT ITOTHOBPIINHCKOT XOPH30HTA KOjH Ce Halla3W W3HAJ MaTHYHE CTEHE Y JBa Npodmuia,
Kao ¥ JI0 II0jaBe KapOOHATHOCTH 3eMJBHIIIHE Mace y XOPU30HTHMA, IIITO HUje THIIMIHO 33 KAJIKOMEIAaHOCOJIE.
3emsbuINTa HACY KIacH()UKOBaHA Kao PeHA3MHE, jep noctojeha HalroHaHa Kiacu(uKanyja He Ipeno3Haje
PeHI3MHE Ha jeapuM KpedmaimMa, Beh camMo Ha MeKHM KpeumalMa. Takolje, 3eMJbHINTA HHCY
Ki1acu(pUKOBaHa HU Kao KapOOHAaTHH KOJYBHjyMH jep HHCY HacTajla TalOXeHmheM IoJyKaTa pacrajama
MEKHX KapOOHATHHX CTeHa. 3eMJbHINTa Cy OaKje IpeMa HAIMOHAIHO] KIacH(pHKALMjH KOJYBHjIHU
KaJIKOMEIAHOCOJIH, OPTaHO-MHHEPATHU, M y OAHOCY Ha THIIMYHE KaJIKOMEIAHOCONE OJJIHKYjy ce Behom
OyOHHOM conyMa, MpHCYTHOIIhy Kaiuuujym-kapOoHata y 3eMJBHINHO] MacH, cKejeTHouly, KPyHHHjHM
CTPYKTYpHUM arperatuMa, M J0CTa HIKUM cafpkajeM xyMmyca. Behuna ncrmtuBanmx npoduma npumnana
Leptic Rendzic Phaeozems (Colluvic) mpema WRB cuctemy xnacudukanmje.

K/bYUYHE PEYM: xoyBHjaHU NIPOLEC; jeIpH KPeumbally; KiIacu(uKaIyja 3eMJbUIITA; KaJKOMEIaHOCOI

34XBAJIHHUI]A: Yroop m3mehy MuHncTapcTBa IpocBeTe, HayKe M TEXHOJIOIIKOr pa3Boja PemyOimke
Cp6wuje u [Tossonpuspeanor dakynreta Yausepsutera y beorpany (451-03-68/2022-14/200116).
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CHALLENGES IN THE CLASSIFICATION OF COLLUVIAL SOILS
FORMED ON LIMESTONES IN THE AREA OF GREAT FIELD - FOOT
SLOPES OF MOUNTAIN VUKAN

Ljubomir Zivoti¢®*, Vesna Mrvi¢®, Bosko Gaji¢?, Lazar Kaluderovié?®
“University of Belgrade, Faculty of Agriculture, Institute of Soil Management, Belgrade, Serbia

“Institute of Soil Science, Belgrade, Serbia
*Corresponding author: ljubomirzivotic@yahoo.com

INTRODUCTION and OBJECTIVES: In soil genetic classification systems dilemmas might sometimes
arise as to which soil type some soil unit belong because there are no distinct quantitative indicators used to
differentiate between soil types or soil processes, and there are no established hierarchy criteria between
them for classification purposes. As part of a broader study, 42 soil profiles were excavated in the foot and
toe slopes of the limestone massif of Mountain Vukan, in the area of toponym Great Field. Calcareous soil
rich in gravel formed on hard limestones with a well-developed humus—accumulative horizon was identified
in 15 soil profiles, which encounters for around 40% of the area.

MATERIAL and METHOD: The research included the excavation of soil profiles to a depth of 90 cm, or
to the depth of consolidated rock, a detailed soil description, the collection of disturbed and undisturbed soil
samples for laboratory analysis, as well as soil classification according to national and international (WRB)
classification system.

RESULTS and CONCLUSIONS: The soils are classified as Colluvial Calcomelanosols. Colluvial
Calcomelanosols have been identified at an elevation range from 185-210 m a.s.l, which is unusual for this
type of soil. For the same reason, physico-chemical properties of these soils deviate from the typical
Colluvial Calcomelanosols described in the past. The land is used as an extensive pasture, the dominant
slope gradient is from 2—5%, and the coarse surface fragments range between 10-80% depending on the soil
profile. The soil horizon sequence of the most of the examined profiles is A — R. The colour of the humus-
accumulative horizon is very dark brown and very dark brown grey, which is slightly lighter than in typical
Calcomelanosols. Colluvial Calcomelanosols have a thickness from 40-70 cm, and the content of gravel
increases with depth. The size of the gravel is between 2—-200 mm, and the shape is irregular — angular. The
grade of soil structure development is moderate with granular aggregates of dominant size of 1-5 mm. Very
high content of calcium carbonate in the parent material, 90-99% in 12 profiles, indicates the presence of
hard limestones. The gravel in soil profiles is both calcareous and non-calcareous, which indicates colluvial
processes in the past. Intense chemical decomposition of this gravel even led to the formation of a
subsurface horizon with pseudomycelia above the parent material in two soil profiles, as well as to the
appearance of calcareous earthy material in the horizons, which is not specific for Calcomelanosols. Soils
are not classified as Rendzinas because the existing national classification does not recognize Rendzinas on
hard limestones, but only on soft limestones. Also, soils are not classified as Calcareous Colluvial Soils
because they were not formed by the deposition of soft calcareous gravel. Hence, according to the National
classification, these soils are classified as Colluvial Calcomelanosols, organo-mineral. Compared with
typical Calcomelanosols, these soils are characterized by greater thickness, presence of calcium carbonate in
the soil matrix, presence of gravel, larger structural aggregates, and much lower humus content. Most of the
examined profiles belong to Leptic Rendzic Phaeozems (Colluvic) according to the WRB classification
system.

KEYWORDS: Colluvial process; Hard limestones; Soil classification; Calcomelanosols.
ACKNOWLEDGEMENT: Contract between Ministry of Education, Science and Technological

Development of the Republic of Serbia and Faculty of Agriculture, University of Belgrade (451-03-
68/2022-14/200116).
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I''IOBAJIHA ITIPOLOEHA YTUIIAJA KOPUIIIREWBA 3EMJBUIITA HA
CBOJCTBA 3EMJBUIITA Y OIIIITUHU BEOYUH, CPBUJA

Jopnana Hunkos**, Jopunia Bacun?, Cranko Munmuh?, Caexana Jakmuh?,
Munopan XKusanos?, Jlymana bawan?®, bussana Pagopuh?

2 IHCTUTYT 3a paTapcTBO M MOBPTAPCTBO, VIHCTUTYT O/ HAal[MOHAIHOT 3Hauaja 3a Penyonuky Cp6ujy, Jlabopartopuja 3a
3emupHLITe M arpoexosorujy, Hosu Can, P. Cpouja

*ayTop 3a KOHTaKT: jordana.ninkov@ifvens.ns.ac.rs

YBOJ n HWJBEBU: YTunaj xopumhema 3eM/bHIITa HA CBOjCTBA 3€MJBUILTA je 10OPO JOKYMEHTOBAH U
MIPOLCHEH Kao JOMHHAHTHU aHTPOIIOTEHHM HPUTHCAK KOjU M3a3uMBa Jerpajanyjy 3emsbuinta. IIpuponaH
CKJION 3eMJBHINTA je y JaHAIlkbe BpeMe, O4yBaH HAa BEeOMa MajHMM IIOBpIIMHaMa, Hajuemhe y CKIOIy
samtrheHnx npupogHux nobdapa. Llusb oBor paja je 1a ce mpyxu reHepaiHa W Op3a HpoleHa yTuliaja
HauMHa Kopumhema 3eMJBHINTA HA 3eMJBUINHE KapaKTepUCTHKe Ha npumepy Ommrune beounn. VY pany je
nopeljeHO 3EMJBHMIITE ONLITHUHE IIOA IOJEOIPHUBPECIHOM 61/IJ']>HOM IPOU3BOAKLOM U IHIYMCKO 3€MJBMIITE
HanuoHanHor mapka (HIT).

MATEPUJAJI u METO/: Cesepuu neo HII ®pymka ropa 3ay3uMa NpeKO MOJOBHHE MOBPIIMHE
ommutuHe beounH. OmnmrTHHa ce pacnpocTupe Ha 5 reoMopQONOIIKUX LEeNUHA, CTOra je OBAE H3paKeH
nepoausep3uTer. Ca mpeaAMeTHe TepUTOpHje MPUKYIUbEHO je YKymHO 10 y3opaka 3emsbuiuTa (ca xyoune 0-
30 c¢cm) roe 4 y3opka mpunanajy nrymckom semspuinty HII, a 6 y3opaka MObOMPUBPEIHOM 3EMIBHIIITY.
Pacriopen y3opaxka je HampaBJbeH Kao Mpeska y cucreMy 4x4 km, rie neHTap cBakor KBaJpaHTa MpecTaBiba
JIOKAIMjy y30pKa, Kao riobanHa mporeHa. Y y3opuuMa cy ypaheHa 1abopaTopHjcKe aHaiu3e Ha OCHOBHE
XEMHjCKe MapaMeTpe, MEXaHWYKH cacTaB M Cajpikaj moTeHuujaaHo tokcudHux enemeHara (IITE). Cse
aHanu3e ypaljene cy y Jlaboparopuju 3a 3eMJBHIITE U arpOCKOJIOTH]Y KOja je aKpeJUTOBaHA MO CTaHIapILy
ISO/IEC 17025:2017, npiMeHOM BaIHIOBaHUX METOJA.

PE3YJITATHU n 3AK/bYUIIU: Haunn kopumhierma 3eMJbHIITA Ce 0J]pa3uo Ha 3eMJbUIIHY pH peakiyjy.
VY mrymckom 3emsbninty pH peakuuja Bapupa y oncery oz 3,42 o 5,50, 10K y HOJBOIPUBPEIHOM Y OIICETY
6,42 no 7,45. Iocneaudno, caapskaj kapOoHaTa je y LIYMCKOM 3eMJpHMINTY MamH of 0,5%, mok je y
MOJBONPUBPEHOM Ha jeIHO] JIOKAalMju JMBajge canpxkaj Mamu ox 0,5 %, a Ha ocrtamuMm 0OpaguBUM
noBpIMHama y orcery 4,3 no gak 33,9%. Illymcko 3emsbHIITe je 3Ha9ajHO OOraTHje OpraHCKOM MaTepHjoM
(mmpocex 4.28%) y oanocy Ha mossonpuspenno 3emspnmre (1,86%). Canpkaj npuctynagnor gocdopa je
TeHEepaIHO MaJli y HIYMCKOM 3€MJBHINTY (M3y3€B jefHE JIOKaNHje), AOK je Y MOJbONPUBPETHOM 3EMIBUIITY
HEjeHaK, Y paclioHy O HHCKOI 10 BHCOKOI calpxaja, IITO yKa3dyje Ha aHTPOIOTeHH yTHHaj hyOpema.
Cazpikaj IPUCTYNAYHOT KalWjyma je TeHEepaJHO yjeIHadeH M Ha CPeIbeM JI0 BHCOKOM HHMBOY y 00a
rocMaTpaHa ciydaja. [IpeMa MexaHHYKOM cacTaBy 3€MJBHIITA, ITYMCKO 3€MJBHINTE TEHEPATHO MMa Mami
canmpxaj riHe, a Behu canpxaj mecka. [Ipema campxajy I[ITE, As, Cd, Co m Mo cy reHepaiHO jeqHAKO
3acTylubeHH y oba ciydaja kopumhema 3emspmmrta. Cangpxaj Cu je BHIIM Ha JBE JIOKaludje
MOJHOTPHBPEAHOT 3EMJBUINTA Y OJHOCY Ha CBE OCTalle y30pKe, IITO yKa3yje Ha Moryhy mocnenuiy nmpruMene
¢yurunuaa Ha 6a3u Cu. I'enepanno, Pb, Zn u Hg vma Buie y HIyMCKOM 3€MJBHILTY, IITO MOXE OHTH
TIoCJIe/IUIa TIPUCYTHE KUcene peakiuje. KoHIeHTparyje cBUX NpeTXoaHo HabpojaHnuX elleMeHaTa Cy HCION
MakcuMaiHo no3BosbeHnx (MJIK) y nenom ucrpaxuBamy. Konnenrpamuja Cr u Ni je reHepanHo BUCOKa U
y HOjeqUHUM ciydajeBuMa mnpeBasmnasu MJIK y oba Haumna kopumhema 3eMJBHINTA, IITO yKasyje Ha
TEOXEMHMjCKO TOPEKIO OBUX €IeMEHaTa, y CKJIaLy ca MPeTXOJHMM HcTpaxkuBamuMa. Ha ocHOBy riobanme
npolieHe, HayWH Kopuiihema 3eMJBHINTA je JOMHHAHTHO yTHIA0 Ha pH peakiujy (3aKuilesbaBambe
IIYMCKOT 3€MJBHINTA) U Ha CajJprkaj OpraHCcKe MaTepuje (Jerpajaruja MoJbOIPHBPENHOT 3eMJBUINTA). Y
MUY OXAPXKHBOT Kopumrhema, BeOMa je Ba)KHO IO3HABAaTH IPHPOIHE KapaKTEPHUCTHKE 3eMJBHINTA U
HpPHUCYTHE AYroTpajHe Mpolece Ha OCHOBY KOjUX O ce Jajie ONTHMajHe Mepe MHTepBeHuuje. I mobanHa
MpoIleHa 3eMJBHIITA ypalheHa 1o OnrcaHoM Op30M MOJeNy, MOXKe JONPUHETH WACHTU(HUKAIN]U IPUPOIHOT
HOTEHIM]jajIa 3eMJBUILTA U IPOTEKIINX JerpabHIHIX Hpolieca.

K/bYUYHE PEYM: 3emspniTe; HAUMH KopHIIhema 3eMJBUINTA; AeTpajanija 3eMibrTa; beounn
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GLOBAL ASSESSMENT OF LAND USE INFLUENCE ON SOIL
PROPERTIES OF BEOCIN MUNICIPALITY, SERBIA

Jordana Ninkov®*, Jovica Vasin®, Stanko Mili¢?, Snezana Jaksi¢?, Milorad Zivanov?,
Dusana Banjac?, Biljana Radovi¢?

* The Institute of Field and Vegetable Crops, The National Institute of the Republic of Serbia, Laboratory for Soil and
Agroecology, Novi Sad, R. Serbia
*Corresponding author: jordana.ninkov@jifvens.ns.ac.rs

INTRODUCTION and OBJECTIVES: The impact of land use on soil properties is well documented and
marked as the dominant anthropogenic pressure resulting in soil degradation. Nowadays, the natural
composition of the land is preserved on very small areas, most often as part of protected natural assets. The
aim of this paper is to provide a global and fast assessment of the impact of land use on land characteristics
on the example of the Municipality of Beocin. The paper compares the land of the municipality under
agricultural crop production and the forest land of the National Park (NP).

MATERIAL and METHOD: The north part of NP Fruska Gora occupies over half of the territory of the
municipality of Beocin. Municipality spreads over 5 geomorphological units and thus a pronounced
pedodiversity. A total of 10 soil samples were collected from the subject area (from a depth of 0-30 cm),
where 4 samples belong to the forest land of the National Park, and 6 samples to agricultural land. The
arrangement of the samples is made as a grid in a 4 x 4 km system, where the center of each quadrant
represents the location of the one sample, as global assessment. Laboratory analyzes on basic chemical
parameters, mechanical composition and content of potentially toxic elements (PTEs) were performed in the
collected samples. All analyzes were performed at the Laboratory for Soil and Agroecology which is
accredited according to the standard ISO/IEC 17025: 2017, using validated methods.

RESULTS and CONCLUSIONS: The way of land use affected the soil pH reaction. In forest soil pH
reaction varies in the range of 3.42 to 5.50, while in agricultural land in the range of 6.42 to 7.45.
Consequently, the content of free carbonates in forest land is less than 0.5%, while in agricultural land at
one location of the meadow the content is less than 0.5%, and in other arable land in the range of 4.3 to as
much as 33.9%. Forest land is significantly richer in organic matter (average 4.28%) compared to
agricultural land (1.86%). The content of available phosphorus is generally low in forest land (except for
one location), while in agricultural land it is uneven, ranging from low to high content, which indicates the
anthropogenic impact of fertilization. The content of available potassium is generally uniform and at a
medium to high level in both observed cases of land use. According to the mechanical composition of the
soil, forest land generally has a lower clay content, and a higher sand content compared to agricultural land.
According to the content of PTE, As, Cd, Co and Mo are generally equally represented in both land use
cases. The content of Cu is higher in two locations of agricultural land in relation to all other sample, which
indicates the possible consequence of the application of Cu-based fungicides. In general, Pb, Zn and Hg are
more abundant in forest soil, which may be due to the present acid pH reaction. Concentrations of all
previously listed elements are below the maximum allowed (MAC) in the entire study. The concentration of
Cr and Ni is generally high and in some cases exceeds the MAC in both land uses, which indicates the
geochemical origin of these elements, in accordance with previous research. Based on the global
assessment, the way of land use has predominantly influenced to the pH reaction of soil (acidification of
forest soil) and the content of organic matter (degradation of agricultural land). In order to sustainably land
management, it is very important to know the natural characteristics of the land and the long-term processes
present on the basis of which optimal intervention measures would be given. A global soil assessment done
according to the described rapid model can contribute to the identification of the natural potential of the soil
and past degradation processes.

KEYWORDS: soil; land use; soil degradation; Beo¢in
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EKOJIOIIKA OIIEHA EMUCHUJE TACOBA CTAKJIEHE BAIITE U3
SEMJ/BUIITA ®@YTOIHKOT TAPKA Y HOBOM CAlY

3opan Namuh*, Muban Camapuuh, Benucas Kapaxianh

Vuusepsurer y HoBom Cany, IHCTUTYT 32 HU3M]CKO LIyMapCTBO M )KUBOTHY CPEAMHY
*ayTop 3a KOHTaKT: galicz@uns.ac.rs

YBOJ u IIMJBEBMU: emiucuja yribeH AWOKCHAA M3 3€MJBHIITA je BaKHA KOMIIOHEHTA €MHCHjE racoBa
crakieHe Oamre, a Takohe mpencTaBjba M jegaH oJ HAjOMTHHjUXYMHWIALA pecrupanyje y Behunu
ekocucTeMa. LIusb MCTpaxuBama je 100ujame mojaTaka 0 eMHUCHjH racoBa CTaKJIeHe OaliTe U3 3eMJBUIITA Y
®yromkom napky y HoBom Cany, kako CO, Tako 1 ApyTuX racoBa cTakjieHe oamTe npepadyHatux Ha CO,
exkBuBasicHT (CO, ¢). OOjexkaT HCTpaKuBama je JonupaHn y @DyTOmIKOM MapKy, W MpeACTaBba TPH
eKCIIepUMeHTaIHe JToKarje. Tur 3emspuInTa je (IIyBHCON, ITOATUI KapOOHATHH.

MATEPUJAJI u METO/I: Merton y3opkoBama racoBa CTakJieHe OallTe je 3aCHOBaH Ha Kopuihewmy
pecnuparoHux komopa. OCHOBE KOMOpa Cy yTHCHYTE y 3eMJBHMLITE JIO0 AyOWHE OA 5 ¢m M OCTaBJbEHE
HezleJby JlaHa y [MJbY pasjaramba U paclajiara IIPeceueHor KOPeHoBor cucteMa Ombaka. IIpe y30TkoBama
ce cama KOMopa IMOCTaBjba Ha OCHOBY M YYBPCTH C€ JI0 MOCTH3amka XEPMETHYHOCTH, JIOK C€ YHYTPallbH
Ba3QyX XOMOTCHHU3yje MellaueM M Y30pKyje TpU IyTa y TOKY jeJHOT Yaca. Y30pKOBame Ba3ayxa je JIeo
IYTOTOIMIIHjEr eKCIEePUMEHTa O HCIHTUBAakY EMHCH]e IacoBa CTakjeHe OamTe. Y30pKOBamke EMUCH]E ce
BPILIJIO HAa CBAKO] EKCHEPHMEHTAIIHO] JIOKAIMjH jeJHOM y JAECET aHa y IETOCTPYKOM MOHABJbAbY.
PE3YJITATHU u 3AK/bYUILIM: V nepuony HCTpakuBama YTBpl)eHe Cy pas3ifKe y eMICH)H, KOje ce MOTy
o0jacHUTH ca TpHM IWIaBHa (JakTopa: CcacTaBOM 3EMJBHIITA, TEMIIEPATYPHOM pasiukoM u3Mely naHa
y30pKOBamha U CaipXKajeM BJlare y 3eMJBUILTY.

Ca nosehanom ydectanomhy eKCTpEMHHX KIMMATCKHUX YCJIOBa, Kao MOCICAUIIOM III00aTHUX KIMMATCKHX
IIPOMEHa, 110jaBOM BUIIMX 3MMCKHX TEMIIepaTypa, MOIJIM CMO O4YeKHBaTH demhy, a camMuMm TuM U Behy
€MHUCH]jy racoBa cTakjeHe Oamre u3 3emsbuinta y @yromkom napky y Hosom Cany.

K/bYUHE PEUYM: emucuja racosa crakiene 6amire; mapk; Hosu Can

34AXBAJIHULIA:
Ogaj pan je punancupan ox ctpane ['paga Hosor Cana, Ipojekar 6p. VI-501-2/2021-198-18.
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ENVIRONMENTAL ASSESSMENT OF GREENHOUSE GASES EMISSION
FROM SOIL IN FUTOSKI PARK IN NOVI SAD

Zoran Gali¢*, Miljan Samardzi¢, Velisav Karaklic,

University of Novi Sad - Institute for Lowland Forestry and Environment
*Corresponding author: galicz@uns.ac.rs

INTRODUCTION and OBJECTIVES: Carbon dioxide emission from the soil is the major component of
greenhouse gas emission as well as the main respiratory flux from most ecosystems. The objective of this
study was obtaining of data on greenhouse gas emission, CO, and other greenhouse gases recalculated on
CO; equivalent (CO, e) from the soil in Futoski park in Novi Sad. The study site is located in the ,,Futoski
park®, and it represents three research plots. The soil type was fluvisol, subtype calcareous.

MATERIAL and METHOD: The method of greenhouse gases sampling is based on based on soil
respiratory chambers. Bases of chambers were placed into the soil to the depth of 5 cm, and left for a week
to let small roots to decay. Before sampling, the chamber was placed on the top of the base, in airtight
condition, inside air was homogenised and sampled three times during one hour. Sampling of air from
chambers was performed as a part of long time experiment on greenhouse gas emission. Sampling of
emission was performed at each research plot once in every ten days, with fifth fold repeatability.
RESULTS and CONCLUSIONS: Differences in emission were observed during research period, which
can be explained by three main factors: soil composition, temperature difference between days of sampling
and soil moisture content.

With an increased frequency of extreme climate conditions, as a consequence of global climate changes,
occurrence of the higher winter temperatures we could expected more frequent and consequently higher
emission of greenhouse gases from the soil from soil in Futoski park in Novi Sad.

KEYWORDS: greenhouse gases emission; park; Novi Sad
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OIEHA MTPOMU3BO/JHOI' MOTEHIHUJAJIA BEMJ/BUILITA Y HEKUM TUITIOBUMA
IIYMA BYKBE HA BEJbAHUIIN
Omusepa Komarun'*, 3sonnMup bakosuh?, Mapujana Hosakosuh-Bykosuh'

'Vuusepsuter y Beorpany, Illymapcku ®akynrer, [llymapctso, Beorpan, Cpouja
2JI1*“Cp6ujamyme®, Beorpan, Cpouja
*ayTop 3a KOHTaKT: olivera.kosanin@sfb.bg.ac.rs

YBOJ n HIUJBEBMU: Onena IIogHOCTH ¥ NPOXYKTUBHOCTH IIYMCKUX 3€MJBUINTA TIPEACTABIbA jeIaH OJf
HAj3HAYAjHUJUX 33/1aTaka IIymMapcke cTpyke. [LMOgHOCT je CHOCOOHOCT 3eMJBHINTA Je(HHUCAHA CYMOM
HETOBUX CBOjCTaBa, OMHOCHO IIOAHOCT j€ MOTEHIIMjall 3eMJBHINTA YHja ce peann3alyja Halna3u y TUPEKTHO]
3aBHUCHOCTH OJ1 KapaKTepHCTHKa KIMMe, OMOEKOJIOIIKIX CBOjCTaBa BpcTa Apseha koje m3rpalyjy mymcky
3ajelHMIy U yTHIaja YoBeka. HemocpeqHo mMepeme eneMeHara IUIOJHOCTH 3eMJBHILTA jé BEOMa OTEXKAaHO.
VY3pok 3a 0BO je KOMIUIEKCHOCT yTHIIaja Pa3IMYUTHX CBOjCTABA 3eMJBHINTA HA IUIOJHOCT. Y IOCAIAIIBIM
MEOJIOLIKUM MPOYyYaBambuMa 33 OLEHY IUIOJHOCTH M MPOAYKTUBHOCTH Hajuemhe je kopumheHa BeanunHa
npuHoca Owpaka. MeljyTum, mpuHOC He NpeAcTaB/ba pe3ydaTaT camo IUIOMHOCTH 3eMbuinTa, Beh u
IPOJYKTUBHOCTU CTAaHMIITA Kao uenuHe. [Ipu pasmaTpamy OBUX NUTama Tpeba UMaTH Y BUAY Ja ce He
MOXKE YTBPAWTH BEIWYHMHA YJENa 3eMJbUINTa Yy YKYIHO] NMPOHM3BOAKHU JAPBHE Mace, jep je Hemoryhe
OJIBOJUTH YTHUIIA] 3eMJBHILTA OJ] OCTAJIMX CTAaHUIIHUX (hakTopa. Mmak, moryhe je yTBpIUTH y KOJIUKO] MEpH
ce /Ba THUIa 3€MJBbMINTA PA3NUKYjy IO CBOjOj MPOLYKTUBHOCTH 3a HCTY BPCTy ApBeha, a MCTO Tako U
pa3nuKe y NpOAyKTHBHOCTH ABE WM BHUIIE BpcTa Apseha Ha uctom 3emsbniTy. Lluis pana je na ce yrBpan
y KOJHMKOj MEpPH C€ Pas3lUKyjy IO CBOjOj MPOAYKTUBHOCTH PA3IMYUTH THIIOBH 3€MJBHINTA (IUCTPUIHH
KaMOuco, cMele 3eMIbUIITe Ha KpedmaKy M IPHHUIA HA KPeUmhaKy) y 3ajeIHUIHN IUIaHHHCKE ITyMe OyKBe
(Asperulo odoratae-Fagetum moesiace B. Jovanovi¢ 1973.), na monpy4jy bespanmme, takohe u ma ce
YTBPAX Be3a M3Mel)y INIOAHOCTH Pa3iIMYUTUX THIIOBA 3€MJBHINTA U CPEAI-e BUCHHE JOMHHAHTHUX cTabana
oyxse (Hg).

MATEPUJAJI u METO/I: OcHoBy 3a uspaigy paja YMHE pe3ylTaTH MEIOJIOUIKHX HCTPaKUBama U
Mepema TAKCAMOHUX eNeMeHara, Koja cy obaBjbeHa Ha noxapydjy besbanuie 3a morpebe nedunncama
ypebajHuX Mepa 3a ocTBapHBame IMJbEBA ra3ioBama IIymMama y caBpeMeHuM ycioBuma (Bakosuh, 2018).
Y1BphuBame yTHIaja INIOAHOCTH 3eMJBUINTA HA IPOAYKTUBHOCT 3ajeAHuUIIa OykBe Ha besbaHuIu cacToju ce
O]l TP CETMEHTA: OyeHa Ha OCHO8Y cojcmasa 3emmuwma (Mopdoromke, GU3IKe U XeMHjcKe 0coOnHe
3eMJBHUILTA), OYeHA Ha OCHOBY CPeOIUX BUCUHA doMuHanmHuux cmabana Oykee (Hg) v ymephusarve ymuyaja
ceojcmasa 3emmuwma Ha npooykyujy. Tepercka n mabopaTopujcka MpoydaBama TeKCTYpe U OCHOBHOT ceTa
XEMHjCKHX 0COOMHA 3eMJBHUINTA, CIIPOBEACHA Cy IIPeMa CTaHAAPAHUM IEJOJIOIKUM METoJaMa 0Z00peHuM
ox crpane CpIcKor ApYIITBA 3a IpoydaBame 3eMbUIITa. Ol CTATUCTHYKKX aHANU3a, y pafy je KopuirheHa
aHaNM3a BapHjaHCE W PErpecHoHa, OJHOCHO KOpelnarioHa aHamu3a. Jla OMcMO YTBpAWIM [a U HMOCTOjU
pasmuka m3Mmely CpeqmUX BHCHHA JOMHHAHTHHX cTafajia, Ha pPa3IMUUTUM THIOBHMa 3EMJBHINTA,
xopumheHa je aHanm3a Bapujance u LSD-tecT, Ha HUBOY 3HadajHOCTH o7 95%. 3a yTBphuBame yTHiaja
CBOjCTaBa 3eMJBHINTA HA MPOJYKLHUjY y HABEICHUM EKOJIOIIKUM jeMHUI[aMa KOpHIIheHa je perpeciona u
KOpeJalioHa aHaian3a. 3a nopeheme KopumheHy ¢y aHAIUTHYKH OAAIH CBOjCTBA 3eMJBHINTA, M TO Y BHIY
MIOHJIEpHCaHe apUTMETHYKE CpeAnHEe 3a Iieo NpoGmiI, NMpH 4YeMy je Kao moHpaep kopmmheHa MmohHOCT
xopu3oHTa. Kao MpoxyKIMoOHH MoKa3aTesb MPOU3BOAHOI MOTEHIMjala 3eMJbHIITa KopHuitheHe Cy cpelmbe
BHUCHHE JIOMHHAHTHHUX CTabana OykBe. 3a OlLleHY jaunHe Kopenanuje kopuinhena je Reomer-Orphal-osa
pacnoziena.

PE3YJITATHU u 3AK/bYYILIM: Ha ocHOBY pe3ynaTaTa NMpOy4aBama MOXKE CE 3aKJbYYHTH JAa IMOCTOje
n3paXxKeHe pasiMKe y 0coOMHaMa M IPOM3BOAHOM MOTEHIHjally U3Mely pasIMduTUX THIIOBA 3€MJbUIITA Ha
nozpy4jy bespanuie, kao u pasnuke y cpeambUM BUCHHAMA JOMHHAHTHUX crabana. Ha oCHOBY M3BpIIEHHX
Ipoy4aBama M CIIPOBEACHE CTATHCTHYKE aHAlM3e, Ha MoApyd4jy berpanmie, m3aBojeHa Cy TpU €KOJIOIIKO-
MIPON3BOJIHA THIIA ITyMa OyKBe.

K/bYUHE PEYM: 3emspuiuTa; MPOM3BOAHU MOTEHIMjal, CpeAl€ BUCHHE IOMHHAHTHUX cTabaia;
Bepannma
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ASSESSMENT OF PRODUCTION POTENTIAL OF SOIL IN SOME TYPES
OF BEECH FORESTS ON BELJANICA

Olivera Kosanin'*, Zvonimir Bakovié¢?, Marijana Novakovié¢-Vukovi¢!

*University of Belgrade, Faculty of forestry, Forestry, Belgrade, Serbia
"SE “Srbijasume”, Forest Growing Department, Belgrade, Serbia

*Corresponding author: olivera.kosanin@sfb.bg.ac.rs

INTRODUCTION and OBJECTIVES: Assessment of fertility and productivity of forest lands is one of
the most important tasks of the forestry profession. Fertility is the ability of land defined by the sum of its
properties, ie fertility is the potential of land whose realization is directly dependent on climate
characteristics, bioecological properties of tree species that build a forest community and human influence.
Direct measurement of soil fertility elements is very difficult. The reason for this is the complexity of the
influence of different soil properties on fertility. In previous pedological studies, the size of plant yield was
most often used to assess fertility and productivity. However, yield is not only the result of soil fertility, but
also the productivity of the habitat as a whole. When considering these issues, it should be borne in mind
that the size of the share of land in the total production of wood mass cannot be determined, because it is
impossible to separate the influence of land from other habitat factors. However, it is possible to determine
the extent to which two types of land differ in their productivity for the same tree species, as well as
differences in the productivity of two or more tree species on the same land. The aim of this study is to
determine the extent to which different soil types differ in their productivity (district cambisol, brown soil
on limestone and black soil on limestone) in the community of mountain beech forest (Asperulo odoratae-
Fagetum moesiace B. Jovanovi¢ 1973), in the area Beljanice, also to determine the connection between the
fertility of different soil types and the average height of the dominant beech trees (Hg).

MATERIAL and METHOD: The basis for the paper is the results of pedological research and
measurements of taxation elements, which were performed in the area of Beljanica for the purpose of
defining structural measures to achieve the goals of forest management in modern conditions (Bakovi¢,
2018). Determining the impact of soil fertility on the productivity of beech communities in Beljanica
consists of three segments: assessment based on soil properties (morphological, physical and chemical
properties of soil), assessment based on average heights of dominant beech trees (Hg) and determining the
impact of soil properties on production. Field and laboratory studies of soil texture and basic set of chemical
properties were conducted according to standard pedological methods approved by the Serbian Society for
Soil Studies. From statistical analyzes, the analysis of variance and regression, ie correlation analysis was
used in the paper. To determine whether there is a difference between the mean heights of the dominant
trees, on different soil types, variance analysis and LSD-test were used, at a significance level of 95%.
Regression and correlation analysis was used to determine the impact of soil properties on production in the
mentioned ecological units. Analytical data of soil properties were used for comparison, in the form of
weighted arithmetic mean for the whole profile, where the horizon power was used as a weight. The average
heights of the dominant beech trees were used as a production indicator of the production potential of the
land. The Reomer-Orphal distribution was used to estimate the strength of the correlation.

RESULTS and CONCLUSIONS: Based on the results of the study, it can be concluded that there are
significant differences in the characteristics and production potential between different types of land in the
area of Beljanica, as well as differences in the mean heights of the dominant trees. Based on the performed
studies and the conducted statistical analysis, in the area of Beljanica, three ecological-production types of
beech forests were singled out.

KEYWORDS: soil, production potential; medium heights of dominant trees; Beljanica
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MUKPOBHUOJIOIIKA CBOJCTBA 3EMJBULLITA BUHOTI'PAJAPCKOT
PEJOHA BPAIBE
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*MucTuTyT 3a MHGOpMALMOHE TexHONMorHje, YHuBepsuteT Kparyjesan, Kparyjesau, Cpouja
*ayTop 3a KOHTaKT: jelena.marinkovic@nsseme.com

YBOJ u IUJBEBMU: CaBpemeHna MoJbONPHUBPEAHA NIPOU3BOAKA IOpa3yMeBa HEpalMOHAIHY yHOTpeOy
BEJIMKUX KOJIMYMHA IECTHIH/A, IITO HapyIlaBa KBAJINTET M IUIOJHOCT ITOJHONPHBPEIHUX 3EMIBHIITA.
Brcoke KOHIICHTpaIHje TeIIKUX MeTala y 3eMJBHINTY IIPEICTaBIbajy BEIUKH PU3HK II0 arpOSKOCUCTEME U
JKMBU CBeT, a Hajuemhu y3pok 3araljema je aHTpONOreHH YTHIAj M HeaJeKBaTHA IPHMEHa XEMH]jCKHX
cpencraBa. Yclien IyroTpajHe M WHTCH3WBHE NpuMeHe (QyHruimga Ha 0a3u Oakpa, 3eMJBHINTA MO
BHUHOTpaIuMa MoceOHO Cy yrpokeHa on 3arahema oBHUM MeTajoM. [IpumeHa ¢yHrunmaa Ha 6a3u Gakpa,
YeCTO je MOBe3aHa ca CMarmbeHOM aKTUBHOLINY MHUKpPOOpraHM3aMa M MpOMEHaMa y CTPYKTYPH MHUKPOOHHX
3ajenHuIa. Y UMby IJOOAllHE INPOLEHE CTamba 3€MJBMINTA I10J BHHOTPAJUMa MCIHUTaHE Cy (U3HUKE,
XEMH]jCKe U MUKPOOHOJIONIKE 0COOMHE 3eMJBHINTA M y BUHOTPAaJapCKOM pejoHy Bpame.

MATEPUJAJI u METO/: 3emspuiure ca mpou3BOAHUX Mapiena (21) y3opkoBaHo je Ha 1younu ox 0-30
cm. MuKpoOHOJIOIIKa UCTpaXBamba 00yXBaTHIa ¢y oxpehuBame OPOjHOCTH MOjEANHUX CHCTEMATCKUX U
(U3HONIOMIKNX Tpyna MHKpoopraHmzama (yKymaH Opoj MHKpoopraHm3aMa, OpOjHOCT aMOHHU(HKATOpa,
c1000JHHUX a30TO(HKCATOPa: OMUTOHUTPOGHIa U Azotobacter sp., aKTHHOMUIIETA U TJbUBA) U OlpehuBame
aKTUBHOCTH €H3MMa JeXWJAporeHase. BpojHOCT HCHHUTHBAaHMX TIpylla MHKpOOpraHmsama oppeleHa je
METOJIOM arapHHUX IUIO4Ya, 3aC€jaBambeM CYCIICH3Hje 3eMJbHINTA oAroBapajyher paspehema Ha celeKTUBHE
XpambuBe mnomore. Ilepuon WHKyOaluje 3aBUCHO je O HCIUTHUBAHE TIpyle MHKpPOOpraHHM3ama, Ha
temnepaTypu o 28° C. Mukpobuosolike aHaiise paljeHe cy y TpH MOHaBJbama, a Op0j MUKpOOpraHuzama
npepauyHar je Ha 1,0 rpaM ancoiyTHO CyBOT 3eMJbHIINTA. AKTHBHOCT €H3UMa JIeXuaporenase oapehena je
criektpodoromerpujcku (SPRS EN/ISO 23753-1: 2013).

PE3YJITATHU u 3AK/bYYLU: BpojHOCT MUKpOOpraHU3aMa M JAEXHUAPOreHa3Ha aKTUBHOCT y y30pLHMa
ca KOHTPOJIHMX HapIena ykasyjy Z1a HauuH HCKopuinhema mHapuene HUje YTHLIA0o Ha MHUKPOOHONOIIKE
napaMerpe 3eMJbHIITa. Pa3HOBPCHOCT, OPOJHOCT M aKTHBHOCT MHUKPOOpPTraHU3aMa 3aBUCHIN CY TPBEHCTBEHO
on pH peakmmje n QusHUKO-XeMHjCKHX OCOOMHA 3eMibMINTa. Peakija 3eMJBHINTA y HWCIHTHBAHHM
y30pIKMa Kpertana ce o HeyTpaiHe (4,5 ha), mpeko ciabo kucene (8,8 ha) mo kucene (41,7 ha). Bpere pona
Azotobacter M aKTHHOMHIIETE OCETJbUBE CY Ha KHCEIy peakiujy, T€ je Y 3eMJbHIITHMA IJIe je 3a0erenena
pH peaxnmja wcnox 5,5 mHXOBa 3aCTyIUbEHOCT BeoMa ciiaba. YKymaH Opoj MHKpoopraHusama, Opoj
aMoHH(UKaTopa 1 onuroHuTpoduia 6uo je Hajeehu y semspnmruma Heyrpanne pH peaxnuje, a 6pojHocT
ce cMamuBana ca nosehameM kucenoctd. [10BOJEHHjU €KOJIOMIKK YCIOBH Y 3€MJBHINTHMA HEYTpalHEe H
ciabo kucene pH peakiyje yTHIAIH Cy Ha BUIY aKTUBHOCT Jexuzaporenase (y npoceky 482 u 353 ug TPF
g, a ynopeno ca cMamemem pH BpeaHOCTH CMamMBana ce U Aexuaporenasna aktusHocT (148 ug TPF g
1). Buille o1 NOJIOBUHE UCIUTUBAHKX MOBpuIKHA (28,6 ha) kapakTepuiie caapskaj xymyca ucnon 2%. Behu
yKynmaH Opoj MHKpOOpTaHM3aMa, a30TO0aKTepa, OJNMTOHHUTPO(MIA M AaKTHHOMHIETA 3a0eleXeHH Cy Y
3eMJBHINTHUMA TAE je cajipxaj xymyca Omo m3Haxm 2%, HOK ce OpOjHOCT TJbHMBAa M aMOHHM(HKATOpa HHje
3HayajHMje Memana. Buina IpocedHa akTMBHOCT aexuaporeHase (279 ug TPF g') 3abenexena je Ha
IapuenaMa ca caapkajeM Xxymyca u3Haj 2%, y mopelemy ca maprenama Iae je Taj IpoIeHaT Ouo HIKH
(168 pg TPF g'). Hmwxka mexuaporeHasHa akTUBHOCT KOja je y KOpeJalMju ca CMameHOM OpojHouhy
MHKpOOpPTaHH3aMa yKa3yje Ha HEONIXOJHOCT IPUMEHE aJIeKBATHUX arpOTEXHIMYKHX Mepa M YHOIICHE CBEXe
oprancke Matepuje koja he omoryhutm cTBapame HOBHX KOJMYMHA XyMyca W WHTCH3UBHHjY
MHKPOOHOJIONIKY aKTUBHOCT.

K/bYUHE PEYM: akTHBHOCT IeXUIPOreHase; OpOjHOCT MUKPOOPraHU3aMa; 3eMJBHUIITE BHHOTPaa
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INTRODUCTION and OBJECTIVES: Modern agricultural production implies irrational use of large
amounts of pesticides, which impairs the quality and fertility of agricultural soil. High concentrations of
heavy metals in the soil pose a great risk to agroecosystems and wildlife, and the most common cause of
pollution is anthropogenic impact and inadequate use of chemicals. Due to long-term and intensive
application of copper-based fungicides, soils under vineyards is particularly vulnerable to pollution by this
metal. The use of copper-based fungicides is often associated with reduced activity of microorganisms and
changes in the structure of microbial communities. In order to globally assess the condition of the soil under
vineyards physical, chemical and microbiological properties of the soil in the wine-growing region of
Vranje were examined.

MATERIAL and METHOD: The soil from the production plots (21) was sampled at a depth of 0-30 cm.
Microbiological research included determination of the number of different systematic and physiological
groups of microorganisms (total number of microorganisms, number of ammonifiers, free nitrogen fixers:
oligonitrophils and Azotobacter sp., actinomycetes and fungi) and dehydrogenase enzyme activity. The
abundance of examined groups of microorganisms was determined by the method of agar plates, by
spreading the soil suspension of appropriate dilution on selective nutrient media. The incubation period
depended on the examined group of microorganisms, at a temperature of 28° C. Microbiological analyzes
were performed in three replicates, and the number of microorganisms was expressed per 1.0 gram of
absolutely dry soil. Dehydrogenase enzyme activity was determined spectrophotometrically (SPRS EN/ISO
23753-1:2013).

RESULTS and CONCLUSIONS: The abundance of microorganisms and dehydrogenase activity in the
control plots indicate that the method of plot utilization did not affect the microbiological parameters of the
soil. The diversity, abundance and activity of microorganisms depended primarily on the pH reaction and
physical and chemical properties of the soil. The reaction of the soil in the examined samples ranged from
neutral (4.5 ha), slightly acidic (8.8 ha) to acidic (41.7 ha). Species of the genus Azotobacter and
actinomycetes are sensitive to the acid reaction, and in soils where the pH reaction was below 5.5, their
presence was very low. The total number of microorganisms, the number of ammonifiers and
oligonitrophils was the highest in soils of neutral pH reaction, and the number decreased with increasing
acidity. Favourable ecological conditions in soils of neutral and slightly acidic pH reaction influenced
higher dehydrogenase activity (in average 482 and 353 pg TPF g'), and dehydrogenase activity decreased
with decreasing pH (148 ug TPF g!). More than half of the examined plots (28.6 ha) are characterized by
humus content below 2%. Higher total number of microorganisms, azotobacter, oligonitrophils and
actinomycetes were recorded in soils where the humus content was above 2%, while the number of fungi
and ammonifiers did not change significantly. Higher dehydrogenase activity (in average 279 pg TPF g™
was observed on plots with humus content above 2%, compared to plots where this percentage was lower
(168 ng TPF g'). Lower dehydrogenase activity, which is correlated with a reduced number of
microorganisms, indicates the need for adequate agronomic measures and the introduction of fresh organic
matter that will enable the formation of new amounts of humus and more intensive microbiological activity.

KEYWORDS: dehydrogenase activity; abundance of microorganisms; vineyard soil
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MHNPOMEHE VY JJAKOJ ®PAKIINJN OPTAHCKE MATEPUJE KAMBUCOJIA
Y 3ABUCHOCTHU O BYBPEIbA MUHEPAJIHUM BYBPUBUMA
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*ayTop 3a KOHTaKT: soils.kokovic@gmail.com

YBOJ u INJBEBMU: ,Jlaka ¢paxmmja“ oprancke marepuje (LFOM) mpencraBiba OpraHcke OCTaTKe ca
[PENO3HAT/FHBOM NEeNMjCKOM CTPYKTYpOM, M OHa IMONyEhaBa CpEIbH I10J0%kKaj H3Mel)y cBexer He-
pasrpaleHor GuspHOr MaTepHjajia M BHILE pacnanaHyte ¢pakuuje xymyca. ,Jlaka ¢pakuuja“ Moxe OUTH
MOPEKIIOM M3 Pa3HYUTHX HU3BOpA, alv OOMYHO JOMHHHPAjy OcTaly U3 OHJbHUX ocTataka. OBa (pakiiija
3eMJBHIITA OPTaHCKOI YIJbEHWKA, CIY)KH Kao HM3BOP €HEprHje M XpaHJBMBHX MarTepHja 3a 3eMJbHIIHE
OpraHu3Me, U Kao W3BOp XpaHJbUBHX Marepuja 3a Omwnbke. L{wb oBora pajga je na ce HMpUKaXe KaKo
IYTOroJMIIkha UCKJbYYHBA NMPHUMEHA PA3IMYUTHX KOJIMYMHA MUHepanHuX hyOpuBa yTHye Ha IUHAMUKY
cajipkaja jtake (ppakiiuje OpraHcKor yribeHHKa.

MATEPHMJAJI u METO/: 3a npoy4aBame yTullaja MHHEpAIHUX yOpuBa, Ha MPOMEHE caapiKaja JiaKe
(bpakipje opraHcke MaTepyje 3eMJbHINTA aHAJIU3UPAHH CY Y30pLH 3EMJBHILITA U3 OPAaHUYHOT XOPU30HTA Ca
cinenehux TpeTMaHa BHIIETONUMINEEr orjena Ha kambucomy: 1. Kontpoma (6e3 hyOpema); 2. N1P2K2
(60/90/80 kg ha™); 3. N2P2K2 (90/90/80 kg ha™'); 4. N3P2K2 (120/90/80 kg ha™'); 5. N4P2K2 (150/90/80
kg ha), a 1Ba y30pka cy y3eTa ca HCTOT THIa IIPHPOJHOr (IEBMYAHCKOT) 3eMJBUIITA KOj€ Ca Haasd y
ONM3KMHM OrNie[ia W Koje Huje OWIO y MOJbONpPUBPEIHOM KopHmhewmy H TO: 6. y30paK IO HPUPOIHOM
(caMOHHMKJIOM) TPaBHOM BEreTalMjoM, 7. y30pak IOJ LIYMCKOM BEreTalijoM. Y30pLHU Cy Y3eTH y IBa
nepuoja: nodyerkoM cenrem6opa 2013. roguHe mocie jxeTBe MiIeHuIe 1 y npoiehe nouerkom anpuia 2014.
TOJIMHE, TIpe IPEICETBEHE MIPUIIPEMe 3eMJBHINTA 32 CETBY KyKypy3a.

LFOM 3emsbuiiTa je U3/1BOjeHa IOMONy METO/ie ICH3UTOMETpPH]je , KOja Ce MPUMEbYje 3a H30JI0BABE ,,JIaKe
¢pakuuje”, a oHa je neduHKMCaHa Kao ppakiyja ca rycTuHoM o 2,0 g cm™ unu mame. Komnosuthu y3opak
LF je ¢huno camesben u ananmm3upan Ha CNS ananuzatopy 3a ykymau caapxaj N u C.

PE3YJITATHU u 3AK/bYUYILIM: YV o6a nepuoaa kox hyOpeHux BapujaHTH HajBehe KOTMUYMHE YTIbeHUKA U
asota ,J1ake ¢pakuuje” cy HaheHe y N4 BapujaHTH oriema, AOK Cy HajMame KonmuuHe Hahene y N1
BapujanTu. Ca nmoBehameM KOJIMYHMHE I0JaTOr a30Ta y hyOpeHuMm BapujaHTama, y o0a mepuoja y3uMarmba
y30paka cHTHU(UKaHTHO pacte kommuuHa yriberunka (LFC) u azora (LFN) y makoj ¢pakuuju. HMako cy
BpenHoOCcTH 3a o0a mapamerpa y N4 Bapujantu Behe Hero kox N3, pasnuke Koje ce jaBipajy HHCY
curHudukanTHO 3HadajHe. Illto ce Tmue omHoca m3melhy BpemHoctd 3a LFC m 3a LFN u muxoBux
mporopuje 'y ykymHoMm caapxajy 30M cBe BpemHocTH Cy Behe Kkoi y3opaka y3eTHX Yy jeceH.
VYcraHOBIBEHO je a IpuMeHa pacTyhux J03a MHHEpPaJIHOT a30Ta Ha KaMOHCOITy, IOpe]| Tora IITO yTyde Ha
cMamembe Ipolieca onajgama ykymHux kommanaa C u N, yrnde u Ha noehame caapkaja LFC u LFN, xao u
Ha moBchame HBUXOBOT cajpkaja y ykynmHoj OM3, v y TUPEKTHO] je KOpeNnalMjd ca MPUHOCOM KYJITypa.
CBHU TMOKa3aTesbH ,Jj1ake (pakije” cy KOoJI y30paka MpUpPOIHE JMBAJAC U IIyME U3pa3uTO BehH HEro Kox
3eMJpHIITA W3 orjena y3opaka. C TuMm na ce 3actymbeHocT C u N jake ¢paknuje y yknaoj OM3 u y
YKYIHOM a30Ty HHj€ U3Pa3uTO IPOMEHHIIA.

K/bYUYHE PEYMU: naka ¢ppaxmmja opraHcke Marepuje; MuHepanHa hyOpuBa; eyTpuaHN KaMOHCOI

74



SoﬂAgroIT 2077
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2Novi Sad, Faculty of Agriculture, Novi Sad, Serbia

*contact author: soils.kokovic@gmail.com

INTRODUCTION and OBJECTIVES: The "light fraction" of organic matter (LFOM) is organic residues
with a recognizable cellular structure, and it fills the middle position between fresh non-degraded plant
material and the more decomposed humus fraction. The "light fraction" can come from a variety of sources,
but is usually dominated by plant residues. This fraction of organic carbon soil serves as a source of energy
and nutrients for soil organisms, and as a source of nutrients for plants. The aim of this paper is to show
how long-term exclusive application of different amounts of mineral fertilizers affects the dynamics of the
content of light fraction of organic carbon.

MATERIAL and METHOD: To study the influence of mineral fertilizers on the changes in the content of
light fraction of organic matter of the soil, soil samples from the arable horizon from the following
treatments of perennial experiment on cambisol were analyzed: 1. Control (without fertilization); 2.
N1P2K2 (60/90/80 kg ha-1); 3. N2P2K2 (90/90/80 kg ha-1); 4. N3P2K2 (120/90/80 kg ha-1); 5. N4P2K2
(150/90/80 kg ha-1), and two samples were taken from the same type of natural (virgin) land located near
the experiment and which was not in agricultural use, as follows: 6. sample under natural wild) grass
vegetation, 7. sample under forest vegetation. The samples were taken in two periods: at the beginning of
September 2013 after the wheat harvest and in the spring at the beginning of April 2014, before the pre-
sowing preparation of the land for sowing corn. Soil LFOM was isolated by densitometry, which is used to
isolate the "light fraction", and it is defined as a fraction with a density of 2.0 g cm-3 or less. The LF
composite sample was finely ground and analyzed on a CNS analyzer for total N and C content.

RESULTS and CONCLUSIONS: In both periods, in the fertilizer variants, the largest amounts of carbon
and nitrogen "light fractions" were found in the N4 variant of the experiment, while the smallest amounts
were found in the H1 variant. With the increase in the amount of added nitrogen in the fertilizer variants, in
both sampling periods, the amount of carbon (LFC) and nitrogen (LFN) in the light fraction increases
significantly. Although the values for both parameters in the N4 variant are larger than in the N3 variant, the
differences that occur are not significantly significant. Regarding the relationship between the values for
LFC and for LFN and their proportions in the total content of ZOM, all values are higher in the samples
taken in the fall. It was found that the application of increasing doses of mineral nitrogen on cambisol, in
addition to reducing the process of declining total amounts of C and N, affects the increase in LFC and
LFN, as well as increasing their content in total OMZ, and is directly correlated with crop yield. All
indicators of "light fraction" in the samples of natural meadows and forests are significantly higher than in
the soil from the sample samples. However, the presence of C and N light fractions in the total OMZ and in
the total nitrogen did not change significantly.

KEYWORDS: light fraction of organic matter; mineral fertilizers; eutric cambisol
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YTUIAJ CUCTEMA ITPOU3BOJAIBGE HA CAIAPKAJ OPTAHCKOTI
YI'JBEHUKA U ITPUCTYHHAYHUX MUKPOEJIEMEHATA Y 3EM/bULITY

Mupna Itp6an ' *, Maja Manojnosuh', Panko Yabunoscku', Knapa Ietkosuh!, [paran
Kosauesnh', Mupjana Bujyx!

'Vuusepsuter y Hosom Cany, Iossonpuspenu dakyinret, JlenaptMan 3a patapcTso u nosprapctso, Hosu Can, Cpouja

*ayTop 3a KOHTAaKT: mirna.strbac@polj.uns.ac.rs

YBO/ u IUJ/BEBMU: Jenan ox akTyenHUX mporeca Jerpagalije KOjiu ce OIUrpaBajy y MoJbONPHBPEIHOM
3eMJBHIITY je Omajame caapkaja oprancke mMarepuje (SOM), a cTeleH HbeHOT CMambeha 3aBUCH IIpe CBera
O] IPUMEILEHOT CHCTEMA IIPONU3BOIILE, aTUX KIMMATCKUX yCJIOBA, THIIA 3eMJbHIITa UTA. JJoOpo je mo3naTa
Bunrectyka yinora SOM, Kao He3aMEHJbUBE OIMKE CBakor 3emsbumira. CrocoOHocT na (opmupa
KOMIUIEKCE Ca jOHMMa MeTaja je jefHa OJl BEHMX MHOroOpOjHHX ynora. Pasinuura HCTpakuBama Cy
yTBpAMIA Ja omnaname cagpxaja SOM y BehwHH 3eMJbHINTA Ce jaBJba Kao MOCIENNNA WHTeH3U(UKanuje
NOJBOIPUBPEIHE IIPOU3BOJILE, a KOja ce 4ecTo norcToBehyje ca KOHBEHIMOHATHUM HaYMHOM IIPOU3BOIIHE.
Ca npyre cTpaHe, CHCTEMH HOJBONIPUBPETHE IIPOU3BOIE KOjH IPOMOBHIITY OJP>KUBHjE IIPAKCE YIIPABIbamba
3eMJBHIIITEM JIOBOJIC JI0 aKyMyJiallije 1 OOHaBJhamba HEHOT caapikaja. [{usb oBor ucTpaxuBama O1o je 1a ce
HCNUTA YTHUIAj OPTaHCKOT M KOHBEHIMOHAJIHOT CHCTEMa NPOM3BOJIGE Ha CaJpiKaj OPraHCKOT yIJbeHHKa
(SOC) u npucTynayHUX MUKpOEIEMEHATA Y 3MJBUIIITY KA0 | Jla CE T¢ BPESIAHOCTH YIOpe/e ca BPETHOCTUMA
Ha TAIIbaKy.

MATEPUJAJI u METO/I: Y3opuu 3em/bHIITa THIA YEPHO3EM Cy NPHUKYIUBEHU ca 6 JIOKalIUTeTa y
Bojeoaunn. Ha cBakoMm okamuTeTy, y30pLM Cy Y3€TH ca Iapleia IOA paTapckoM MU IIOBPTAPCKOM
MPOM3BO/IILOM: Ca JIBE Maplielie o1 OPraHCKoM (MUH. 7 M Makc. 13 rojuHa y OpraHcKOM CTartycy), jeaHe
mapiiesie o KOHBEHIIMOHATHOM MIPOM3BOAKOM (Ha pacTojamy HajBume 200 m ox OpraHCKUX Mapuena) u
ca mammaka, U3 aBa cioja semspmmra: 0 - 25 u 25 - 50 cm. Y30puu 3eMJBHINTA Cy aHAIM3UPAHH Ha
(M3MYKO-XeMHjCKa CBOjCTBA IIPeMa CTaHAapAHUM MeTofaMa

PE3YJITATHU n 3AK/bYUYLU: ¥V noBpmmHCKOM ciojy 3emiprmTa (0 - 25 cm), 1o0ujeHn pe3yaraTa ca
WCTIMTHBAHUX TapIieNa MoKa3yjy Aa CUCTEM MPOM3BOLE HUje 3HAUajHO YyTHIA0 Ha caapkaj SOC, ok je Ha
NalmaKy yTepheH meros 3HauajHo Behu canpixaj (26.43 = 7.89 g kg! semibuInTa) Y OHOCY HA OPraHCKH
cucrem npoussoame (17.91 + 4.10). Uspauynate Bpeanoctu pesepse SOC (t ha™') y semsumry 6une cy y
cnenehem penocieny: oprancka (60.59 + 6.85) < xonBenuuonanna (64.50 + 12.81) mponsBoama < mammak
(85.39 + 23.45). Benuku moTeHIMjan mammaka ga ckiagumtd SOM oGjammasa Behy pesepBy SOC Ha
nammkaniMa y OJHOCY Ha IOJbOIPHBPEAHA 3eMJbMINTA. Pe3ynTaTh mokasyjy Ja je HeomxoiHa 0oJba
yckiia)eHOCT OMJbHE M CTOYApCKe MPOM3BO/EE Kako O ce moBehana IUIOAHOCT 3eMJBHIITA Y OPTaHCKO]
npom3Boamu. Takolhe, moOMjeHN pe3ynTaTH MOKasyjy Aa CHCTEM IPOW3BOIKE HHUjE 3HAYAjHO YTUIAO0 Ha
ca/ipkaj IPHUCTYIaYHUX MUKpoeneMeHaTa U temkux Merana (DTPA-Fe, Mn, Cu, Zn u Cd), 1ok je m3mMeper
3HauajHo Behm canpxkaj Zn (2.67 + 1.64 ppm) u Cu (2.74 + 0.53) Ha nammaky y OJHOCY Ha
KOHBEHIMOHAIHU cucteM npousBome (1.03 £ 0.53 u 1.66 + 0.34, pecniektuBHO). Behu canpxaj Zn u Cu
Ha HammanuMa objammasa ce crocobHouthy SOM na rpajgu XejgaTHE KOMIUICKCE Ca OBHM €JIEMEHTHMA,
4nju je apuHuTeT 32 HOpMHpamEe OPraHCKUX KOMIUIEKCA BEJIHMKH. Y MOJIMOBPUIMHCKOM CIIOjY 3eMJBMINTA
(25 - 50 cm) HHje OO 3HAYAJHUX PaA3NIUKa Y UCTIUTHBAHUM MapaMeTpuMa 3eMJBHINTA U3Mel)y pasmnuuTux
crcTeMa NPON3BOALE U Mallbaka. Pe3ynraTn ucTpaxkuBama cy NOKa3aid Aa mepuox ox 7 1o 13 roguna ox
YCIIOCTaBJbaa OPraHCKE NPOU3BOIEC HA JaTHM MaplenaMa, HUje OMO JOBOJGHO AYr Ja CE HCIOJbE
NO3UTHBHU YTHILAjHM OBE IMPOM3BOJIE HAa HCIHTHBAaHE MapaMeTpe IUIOJHOCTH 3eMbuINTa. Takobe,
HCOMXOJIHO j€ MPOHAAKEHE OAroBapajyhnx opraHcKUX Marepujajia Koju OM MOTJIH Ja 3aMCHE CTajibaK y
onpehenoj mepu u nosehajy caapxaj SOC y opranckoj ¥ KOHBEHIMOHATHO] TIPOU3BOAH.

K/bYUYHE PEYMU: KoHBEHIIMOHAIHA MTOJHOIIPUBPEAA; OPTaHCKa MaTepHja; HUHK; OaKap; Mallmbak
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INFLUENCE OF PRODUCTION SYSTEMS ON CONTENT OF ORGANIC
CARBON AND AVAILABLE MICROELEMENTS IN SOIL

Mirna Strbac®*, Maja Manojlovié?, Ranko Cabilovski®, Klara Petkovié?, Dragan Kovadevi¢?
Mirjana Vijuk?®

*University of Novi Sad, Faculty of Agriculture, Department of Field and Vegetable Crops, Novi Sad, Serbia
*Corresponding author: mirna.strbac@polj.uns.ac.rs

INTRODUCTION and OBJECTIVES: One of the current degradation processes that take place on
agricultural land is the decrease in the content of organic matter (SOM), and the degree of its reduction
depends primarily on the production system used, the given climatic conditions, soil type, etc. The multiple
role of SOM is well known, as irreplaceable components of any soil. The ability to form complexes with
metal ions is one of its many functions. Various studies have shown that the decline in SOM content in most
soils is a consequence of the intensification of agricultural production, which is often equated with
conventional production methods. On the other hand, agricultural production systems that promote more
sustainable land management practices lead to the accumulation and renewal of its content. The aim of this
study was to investigate the impact of organic and conventional production systems on the content of
organic carbon (SOC) and available microelements in the soil, and to compare these values with those in
pastures.

MATERIAL and METHOD: Soil samples with the same soil type Chernozem were collected from 6
localities in Vojvodina. At each site, samples were taken from plots under field and vegetable production:
from two plots under organic (min. 7 and max. 13 years in organic status), one plot under conventional
production (at a distance of 200 m from the organic plots) and one from pastures, from two soil layers: 0 -
25 and 25 - 50 cm. The soil samples were analyzed on physico-chemical properties according to standard
methods.

RESULTS and CONCLUSIONS: In the surface layer of the soil (0 - 25 cm), the results of the studied
plots show that the production system did not significantly affect the SOC content, while the pasture had a
significantly higher content (26.43 + 7.89 g kg™ soil) compared to the organic production system (17.91 +
4.10). The calculated values of SOC reserve (t ha™) in soil were in the following order: organic (60.59 =
6.85) < conventional (64.50 + 12.81) production <pasture (85.39 + 23.45). The great potential of pastures to
store SOM explains the greater SOC reserve on pastures compared with agricultural land. The results show
that a better harmonization of plant and livestock production is necessary to increase soil fertility in organic
farming. The obtained results also show that the production system did not significantly affect the content of
available microelements and heavy metals (DTPA-Fe, Mn, Cu, Zn and Cd), while a significantly higher
content of Zn (2.67 £ 1.64 ppm) and Cu (2.74 £ 0.53) was measured on the pasture compared to the
conventional production system (1.03 + 0.53 and 1.66 + 0.34, respectively). The higher content of Zn and
Cu on pastures can be explained by the ability of SOM to form chelate complexes with these elements,
whose affinity for forming organic complexes is high. In the subsurface layer of soil (25 - 50 cm), there
were no significant differences in the examined soil parameters between the different production systems
and pastures. The results of the research showed that the period from 7 to 13 years since the establishment
of organic production on the given plots was not long enough to show the positive effects of this production
on the examined parameters of soil fertility. It is also necessary to find suitable organic materials that could
replace manure to some extent and increase the SOC content in organic and conventional production.

KEYWORDS: conventional agriculture; organic matter; zinc; copper; pasture
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CTPYKTYPA BEMJBUIITA TUIIA ICEYAOI'JIEJ U CMOHUIIA HA
HoJaAPY4JY 3AITAJHE CPBUJE
Kcenuja Maukuh'*, Braaumup hupuh', Bopusoj [Tejuh!, Jiparan Pagosanosuh!

'Vuusepsurer y Hoom Cany, [Tossonpuspeanu daxynret, Hosu Caj, Peny6anka Cpouja
*ayTop 3a KOHTaKT: ksenija.mackic@polj.un.ac.rs

YBO/J u HUJBEBMU: CtpykTypa 3eMJBHIITA yTHYE Ha BOAHA, Ba3AylIHA U TOIUIOTHA CBOjCTBA 3€MJBUILTA
U cTora ce yOpaja y jemaH oX HajBaXHHjuUX (DaKTopa INIOJHOCTH 3eMJbHInTa. JoOpa CTpyKTypa 3eMJBHIITA
00e30elyje cTaOMITHOCT 3eMJBHIITY ¥ OTIIOPHOCT Ha €PO3Hjy TAKO IITO MMO3UTHBHO YTHYE HA BOJHA CBOjCTBA
(amp. UHQUITpaAIH]jy, PETCHIU]Y Bole). TUIMYHA KapaKTepUCTHKA 32 CMOHHUILY je OyOpeme M CKyIUbame
3€MJbHIITA T1OJ yTI/ILlajeM PasiiMiIuTUX PEXHUMa BJIAXKHOCTH, IITO je IMOBE3aHO Ca BHUCOKHUM IPOLECHTOM
MOHTMOPHWJIOHHT IinHe. Ha pa3Boj nceynoriejHux 3eMJbHIITA yTHYE PEBIaKUBAKBE TOPET [eia npoduia
yclie]l IepuoANYHOT 3a/IpykaBarba BOJIE U3HAJ HEMpoIycHor cioja. Llukb ucrpaxuBama je 6uo 1a ce onpene
Mopdosonka, BOAHO-QU3MYKA M XEMHjCKa CBOjCTBA Iiceynorieja W cMoHuie. Taxohe, oxpenuhe ce
arperaTHU cacTaB M CTaOMJIHOCT CTPYKTYPHHMX arperatra npema paciUliibaBaimby Y BOIH, Kao M MpOLEHa
pH3HKa 01 €pO3Hje BOJIOM.

MATEPMJAJI u METO/: Ha nonpyyjy 3anagae CpOuje OTBOPEHO je MIECT MEAOIOMKHX MPodHiIa paan
onpehuBama MOpQoOIOMKHUX cBojcTaBa 3eMibHIITa. Ca CBake JIOKALHje Y3€TH CYy Y30pLH y HApyLIICHOM U
MOJHAPYIIEHOM CTaly 3a aHalM3y CTPYKTYpe M XEMHjCKUX CBojcTaBa. Jlaboparopujcka HCIHTHBama
3emJbuIITa ypaljeHa cy y JlaGopaTopuju 3a meqoNOTHjy M BOAHH PEXHUM 3eMibuITa [10JbONpHBpPEIHOT
¢axynrera y Hoom Cany. Onpeljer je MexaHHYIKH cacTaB 3eMJBHIITA M YTBPlEHA je TEeKCTypHa Kiaca, Kao
U OCHOBHa XeMHjcKa cBojcTBa. On BOJHO-(M3MYKUX CBOjCTaBa WMCIMTHBAaHA je CTPYKTypa 3eMJBHUILTA,
OJIHOCHO aHaJli3a arperaTHOr cacTaBa (CyBO IIpOCEjaBame) M CTaOMIHOCT CTPYKTYPHHX arperara npema
paciMmaBamy y Boau (MOKpo npocejaBame). Takohe, oOpauyHar je n koepunujeHT crpykrypHoctH (Ks)
Kao U cpelmu MaceHu aujamerap (MWD). Pesyntatu uctpakuBama cy oOpah)eHH CTaTHCTHYKH METOJIOM
aHaITM3¢ BapHjaHCe, a 3HAUajHOCT pasinka u3Mel)y cpenuna TperMana yrBpleHa je JJaHKaHOBUM TECTOM.
PE3VJITATH n 3AK/bYUIIU: VcnuTHBaHM MNOBPIIMHCKH CJIOj 3€MJBMINTA IPHIANa IIIMHOBHTHM
WioBayama KoJ Iceyoriieja i WIIOBACTHM INIMHaMa KoJl cMoHuIe. Mamu canpikaj arperara 10-5 mm, kao u
Behu canpxaj Mamux arperara, noceOHo arperara <0,25 mm yka3yje Ha Behy pachpiieHocT nceyaorieja u
Behy HOUIOKHOCT €0JICKO] M BOIHO] epo3uju. Juctpubyuuja arperata 1o0HjeHa MOKPUM IpOCEjaBambeM
yKasyje Ha Mawy CTaOWIIHOCT OPaHMYHOTr Clioja ICeyaorieja MpeMa paciulMibaBamby y BOIHM. AHAIHU30M
MOKpOT ITpocejaBama yTBpheH je Behu caapikaj Mamux, HecTaOMITHUjUX (pakiyja npeyaorieja y nopehemy
ca cMOHMIOM. KoeduIjeHT CTpyKTypHOCTH yKa3yje Ha A00pYy CTPYKTYpy HMCHHTHMBAHUX 3EMJBHINTA.
Cpenmy MaceHHU AWjaMeTap je 3HadajHO MamU KOJ IICeyoriieja, Te ce MOXKe 3aKJbYUHUTH Ja je CTPYKTypa
TIiceyIorieja Mame cTabMiIHa oA yTUIajeM Boje y nopehemy ca cMoHuoM. OCHOBHA XE€MHUjCKa CBOjCTBA
ce pas3lluKyjy y 3aBUCHOCTH O] JoKanuTera. JloOujeHn pe3ynratu ykasyjy Ha BehH pU3HK O epo3Hje KOX
THicey/Ioryieja, HUCKY IPOM3BOJHY CIIOCOOHOCT M HEOIXOJHOCT HpPHMEHEe oJroBapajyhux MennopaTHBHHX
Mepa. [Ipon3BoAHM MOTEHIMjaJl CMOHMIE MOXKe JohM O M3pakaja MPUMEHOM pPAaI[MOHAIHOr hyOpema u
HaBO/IhaBamba.

K/JbYUHE PEYMU: niceynoriej; cMOHHUIIA; BOAHO-(DH3HUKA CBOJCTBA; CTPYKTYPa 3eMJIBHIIITA
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SOIL STRUCTURE OF PSEUDOGLEY AND VERTISOL TYPE IN WESTERN
SERBIA

Ksenija Macki¢**, Vladimir Ciri¢?, Borivoj Peji¢?, Dragan Radovanovic?

*University of Novi Sad, Faculty of Agriculture, Novi Sad, Republic of Serbia
*Corresponding author: ksenija.mackic@polj.un.ac.rs

INTRODUCTION and OBJECTIVES: Soil structure affects the water, air, and thermal properties of the
soil and is, therefore, one of the most important factors in soil fertility. Good soil structure provides soil
stability and resistance to erosion by positively affecting water properties (e.g. infiltration, water retention).
A typical characteristic of Vertisol is a swelling-shrinking behavior under a varying moisture regime, which
is associated with a high percentage of montmorillonite clay. The development of Pseudogley soils is
influenced by the wetting of the upper layer of the profile due to the periodic retention of water above the
impermeable layer. The research aimed to determine the morphological, water-physical and chemical
properties of Pseudogley and Vertisol. Also, the aggregate distribution and stability of structural aggregates
will be determined, as well as the water erosion risk assessment.

MATERIAL and METHOD: Six pedological profiles were opened in the area of western Serbia to
determine the morphological properties of the soil. Disturbed and semi-disturbed soil samples were
collected from each location for analysis of the structure and chemical properties. Laboratory tests of the
soil were performed in the Laboratory for Pedology and Water Regime of the Faculty of Agriculture in
Novi Sad. The mechanical composition and soil texture class were determined, as well as the basic chemical
properties. The soil structure was examined, i.e. the analysis of the aggregate composition (dry sieving) and
the stability of the structural aggregates (wet sieving). Also, the structural coefficient (Ks) and mean weight
diameter (MWD) were calculated. The statistical analysis was performed by analysis of variance, and the
treatment means were compared by Duncan’s test.

RESULTS and CONCLUSIONS: The investigated surface layer of the soil belongs to clay loam in
Pseudogley and light clay in Vertisol. The lower content of 10-5 mm aggregates, as well as the higher
content of smaller aggregates, especially aggregates <0.25 mm, indicates higher dispersion of Pseudogley
and greater vulnerability to wind and water erosion. The distribution of aggregates obtained by wet sieving
indicates smaller stability of the arable layer of Pseudogley. The analysis showed a higher content of
smaller, unstable fractions of Pseudogley compared to Vertisol. The structural coefficient (Ks) indicates a
good structure of the investigated soils. The mean weight diameter (MWD) is significantly smaller in
Pseudogley, and therefore it can be concluded that the structure of Pseudogley is less stable under the
influence of water compared to Vertisol. Basic chemical properties are site-specific. The obtained results
indicate a higher risk of erosion in Pseudogley, low production capacity and the need to apply appropriate
reclamation measures. The production potential of Vertisol can be improved by the application of rational
fertilization and irrigation.

KEYWORDS: Pseudogley; Vertisol; water-physical properties; soil structure
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CONCENTRATIONS OF NATURAL RADIONUCLIDES IN SOILS
OF EASTERN HERZEGOVINA

Vesna Tunguz®*, Ljubomir Zivotic®, Bojana Petrovic®

University of East Sarajevo, Faculty of Agriculture, Department Plant Production, East Sarajevo, Bosnia and Herzegovina
University of Belgrade, Faculty of Agriculture, Department for pedology and geology, Belgrade, Serbia

“University of South Bohemia, Faculty of Agriculture, Department of Agricultural Machinery and Services, Ceské
Budgjovice, Czech Republic

*Corresponding author: vesna.tunguz@pof.ues.rs.ba

INTRODUCTION and OBJECTIVES: Soil is one of the most important natural resources. Measurement
of natural radioactivity in soil is very important to determine the amount of change of the natural
background activity with time as a result of any radioactivity release. Gacko field is a karst field and is
virtually the only oasis of arable land in the region studied. Nevertheless, nothing significant has been done
in this area over the past decade to protect land resources from damage and permanent destruction. Coal
mine and thermal power plant in Gacko field is a very important industrial facility.

MATERIAL and METHOD: The content of radionuclides of the soil was examined at Gacko area, slag,
ash and mullock dumps in the thermal power plant Gacko and soils of dumps in the process of re-
cultivation. Soil samples were collected in 2010/2019 at more locations in eastern part of the Republic of
Srpska. After removing the stones and vegetation, all soil samples for Gamma Spectrometric measurements
dried up to 105 °C, sieved, placed in the plastic 500 mL Marinelli beakers and left for four weeks to reach
radioactive equilibrium.

RESULTS and CONCLUSIONS: The results of gamma emitters spectrometry indicate that the
concentrations of natural radionuclides are of the same order of magnitude, as in power plants in other
countries. The results point to the necessity of regular monitoring of radioactivity in eastern Herzegovina in
order to assess the impact of the technologically increased natural radioactivity.At the same time, the
obtained results represent the initial basedata based on which could be predicted level radioactivity since
such studies have so far not been carried out in the Republic of Srpska.

KEYWORDS: Soil, Radionuclides, Bosnia and Herzegovina
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HNPELHU3HO HABOAHBHABAIBE - OCHOBHHU ITPUHIMUII OAPKUBE
BUJbHE TPOU3BOAIBLE

bopusoj Ilejuh!, Kcennja Maukuh!, Msana bajuh?, [lejan Cumuh’, Ceroszap Camapumh*

'Vuusepsuter y Hosom Cany, Iossonpuspeanu daxyntet, JlenapTman 3a patapcTso u nosprapctso, Hosu Can, Cp6uja
2MHCTUTYT 3a paTapcTBO M OBPTapcTBO, JlenapTtman 3a arponomujy, Hosu Can, Cpbuja

*Momonpuspennu unctutyt Peny6nuke Cprcke, bama Jlyka, Bocna u Xepierosuna

4An. 306natuna, bauka Tomona, Cpbuja

*ayTop 3a KOHTAaKT: pejic@polj.uns.ac.rs

VYnorpeba Bozie npu HaBOABaY IOPE]] BEIUKUX KOPUCTH KOje MpyXa MOXKE Jja M3a30Be M HEXeJbeHe
MoclleuIle W 3aTo clpoBoleme HaBoImaBama 3axTeBa ozapehema 3Hama M OJl CTpymaka H O]
HoJbONpUBpeHUX NpousBohaua. HaBonmwaBame HUje jeNHOCTABHO N0JaBambe BOJE 3eMJbMINTY, Beh ce
MOpajy YBa)KHTH 3eMJBHIIHH U KJIMMATCKU YCJIOBU HOJAPYYja, HUBO arpOTEXHHUKE U OMOIIOIIKE 0COOCHOCTH
rajeHux OWJbaka, IIpe cBera mUXOBe MoTpede 3a BogoM. IIpennsHo HaBoImaBame OOyXBaTa CBe
arpoTeHUYKE M XHMAPOTEXHMYKE Mepe KOjHMa CE MOCTIKE NPABWJIHO M YCICIIHO HaBO/haBame 0e3
IITETHHX TTOCNIEMIIA HA CBOjCTBA 3eMJBHILTA y3 HCTOBPEMEHO NMOCTH3akhe BUCOKUX U KBATUTETHUX IIPUHOCA
rajenux Ousbaka. To moxpaymeBa IO3HAaBaEmE OJrOBOpa Ha TPU OCHOBHA IHTama: Kaja IOYETH ca
HaBO/IlbaBamkbeM? KAKO HABOJAMABATH — KOJU HAYMH HABO/HaBama KOPUCTHTH Yy OJHOCY HA CBOjCTBA
3eMJbHTA W TajeHe OusbKe? KOJIMKO BOJC IOAATH y 3aBUCHOCTH OJ OWJbHE BPCTE, OAHOCHO Of IyOWHE
aKTHBHE pH3ocdepe 3eMJbHINTa Koja ce npoksamraBa? [IpaBHIHO IUMEH3HOHHCAH 3AJIMBHH CHCTEM je
OCHOBHH IIPEIyCJOB y INPHMEHH IPENM3HOI HaBOAmaBama. He Moke ce ekciuioaranyja cucrema 3a
HaBOJbaBamke MpHiIarohaBaTu TEXHHYKOM pEIIeHy M CByJa TA€ je TO Clydaj HawigasW ce Ha OpojHe
temkohe koje oHemoryhaBajy HopmanHO Kopumheme cuctemMa. CHCTeMH 3a HaBOJbaBame Ipaje ce 3a
OWbHY NPOM3BOABY M OHa Tpeba Ja Ja 3alaTak HPOjeKTYy Ha OCHOBY OpHMjEHTAIMje Y HPOM3BOAMGH,
3eMJBHIIHAX U KIMMATCKHUX yCJIOBA MOAPYYja.

K/bYYHE PEYM: npeuu3Ho HABOHaBAkE; OJIPIKUBA OUIbHA IPOU3BOIHHA
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PRECISION IRRIGATION — THE BASIC PRINCIPLE OF SUSTAINABILITY
IN PLANT PRODUCTION

Borivoj Peji¢!, Ksenija Macki¢', Ivana Baji¢?, Dejan Simié?, Svetozar Samardzi¢*

"University of Novi Sad, Faculty of Agriculture, Department of Field and Vegetable Crops, Novi Sad, Serbia
Institute of Field and Vegetable Crops, Novi Sad, Serbia

3Agricultural Institute of Republic of Srpska, Banja Luka, Bosnia and Herzegovina

4].S.C. Zobnatica, Batka Topola, Serbia

“corresponding author: pejic@polj.uns.ac.rs

In addition to great advantages, the use of water in irrigation process may also give some undesirable
consequences. Thus the implementation of irrigation requires a broader knowledge from both experts and
farmers. Irrigation is not simply adding water to the soil, but the soil and climatic conditions of the area, the
level of agronomic practices and biological characteristics of cultivated plants; their water needs, must be
taken into account. Precision irrigation includes all agronomical and technical activities that achieve proper
and successful irrigation without harmful effects on soil properties while achieving high and quality yields
of cultivated plants. This means that the knowledge of the answers to three basic questions is required:
When to start with irrigation? How to irrigate - which method of irrigation to use in relation to the
properties of the soil and cultivated plants? How much water to add depending on the plant species, i.e,
from the depth of the active rhizosphere of the soil being watered? A properly designed irrigation system is
a basic prerequisite in the application of precision irrigation. The exploitation of the system must not be
adapted to the technical solution; wherever this is the case numerous difficulties prevent the normal use of
the system. Irrigation systems are constructed for plant production and it should give the task to the project
based on the orientation in production, soil and climatic conditions of the area.

KEYWORDS: precision irrigation; sustainable plant production
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*ayTop 3a KOHTaKT: jovanas034@gmail.com

YBOJ u HHUJBEBHU: KapakreprucThke Koje Cy 3ajelHHYKE 3a CBE BPCTE JACTPaIHpPaHUX 3EMJBHIITA
NpeJICTaBibajy 3Ha4yajaH MaJ] OPraHCKUX PE3epBH, NErpajiallijy CTPYKType Tia M TELIKO OCHPOMAIICHE
3eMJBMINTA OECKHUMCH-AUKUM 3ajefHUlamMa, a I0ceOHO riucrama. KHIIHE TIIHCTe W3  IOPOJHIE
Lumbricidae umajy BaxkHy ynory y mpouecy (GopMHpama 3eMJBHIITA, MPBEHCTBEHO KPO3 aKTHBHOCTH
KOH3YMHpambe OpraHcke Matepuje, GpparMeHTaiuji 1 Melllamky MHHEpAIHUX YecTHla Tia. Takohe, ctBapajy
BEJIKE TOpe M CMamyjy I'YCTHHY 3€MJBHINTA, a OBO IoBehaBa JpeHaxy M aepamyjy, nosehaBa IIogHOCT
3emspHIITa. TOKOM HCXpaHe, OHe Takohe yHamnpel)yjy oOuM MHKpOOHOIIONIKE aKTHBHOCTH, I M YOp3aBajy
pacnaja OMJBHOT MaTepHjayia, a CaMUM TUM yOp3aBajy ¥ MpOIeC KOJUM CEe XpaHJbUBE MaTEePHje PEIUKINPA]y
Ha3ajg Jo0 Owpke. 300r cBux ¢yHKIMja Koje HMajy CcMarpajy ce jeOHUM OJf HajBaKHHMjUX
MakKkpoOEeCKHYMEHAUKHX TPYIIa )KUBOT CBETA 3eMJBHIIITA, 14 HX HA3WBAjy U "CKOJOLIKUM HHXCHhepuMa'.
PE3VJITATH: BusbHU ocTal MpeACTaBibajy N3BOP XpaHe 3a INIMCTE, a ca JApYyre CTpaHe IIIUCTE aepHIy
3eMJBHIITE, IITO OMoryhaBa fa BuIlle MHHEpaa, YIJbeH TUOKCHIA M KUCEOHHKA Johe 10 Omibaka. YTHIaj
TIIICTa Ha pacT OMJbaka M pa3Boj KOpeHa MOXKe OMTH WIIM TUPEKTaH WM HHAUPEKTaH. IHANPEKTHO NejCTBO
3HAUM J]a aKTHBHOCTHMA TJIMCTa IOJNa3d A0 NPOMEHE (HU3MYKMX, XEMHJCKUX W OHOJOIIKHX CBOjCTBA
3eMJbMINTA. J[MpEeKTaH YTHIAj 3Ha4YM Ja Cy IJIMCTE WM HHXOBE AKTHBHOCTU JIOBENE 10 HPOMEHa Yy
JUPEKTHOM PacTy KOpeHa WM IMPOIYKTUBHOCTH KoJ Ombaka. Edwards (2004) je m3mBojuo cemaM IIaBHHX
MeXaHW3aMa yTHIaja [JIMCTa Ha pacT Oubaka. VIHIMPEKTHU Cy: pasHOLICHE M YTHIAj Ha MOIYJAlHOHY
JIMHAMUKY W aKTHBHOCT KOPHCHHX MHKPOOpraHH3aMa; YTHIQ] Ha MOIyJanuje OHWJPHUX IITETOYMHA,
rapasuTa M IaToOreHa; NMPOMEHE y CTPYKTYPH 3eMJBHINTAa HM3a3BaHE IJIMCTaMa; NIPOMEHE y HMPOCTOPHO-
BPEMCHCKO] JOCTYIIHOCTH XpaH/bUBHX MarepHja HEONMXOAHMX Owibkama. JIMpKTHH Cy: MNpPOAYyKIHja
CYIICTAHIM KOje PEryNHIly U YTUYy Ha pacT Ousbaka; abpas3uja KOpeHa M KOH3YMHpahe JKHBHUX OMIBHHX
JIeTI0Ba OJ1 CTPaHe IVIMCTA; MHTEPaKIIKje TIMCTa ca CEMEHHMa OMJbaKa.

3AK/bYUIIU: Buspke rajeHe y HpUCYCTBY IJIMCTAa YECTO MMajy Ha pacHoyiaramy BHIIE XpPaHJBHBUX
MaTepuja, mocebHO azota u ¢ocdopa. OBO je MOCEOHO BaXKHO, jep HEMOCTATaK OBa J(BAa CICMEHTA Yy
3eMJBHMIITY NpelncTaB/ba Hajuemhu orpaHnvaBajyhu (akTop M yTHUe Ha ONTUMAIHY NPOLYKTHBHOCT
Onspaka.

K/bYYHE PEYM: nusep3uret; HHTEpaKnuje; OMIbKE; pacT; pasBoj.
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*Corresponding author: jovanas034@gmail.com

INTRODUCTION and OBJECTIVES: Characteristics common to all types of degraded soils are a
significant decline in organic reserves, degradation of soil structure and severe soil depletion of invertebrate
communities, especially earthworms. Earthworms from the Lumbricidae family play an important role in
the process of soil formation, primarily through activities and consumption of organic matter, fragmentation
and mixing of soil mineral particles. Also, they create large pores and reduce the density of the soil, and this
increases drainage and aeration, increases soil fertility. During the diet, they also improve the scope of
microbiological activity, but also accelerate the decomposition of plant material, and thus accelerate the
process by which nutrients are recycled back to the plant. Due to all the functions they have, they are
considered to be one of the most important macroinvertebrate groups of the living world of the earth, so
they are also called "ecosystem engineers".

RESULTS: Plant remains are a source of food for earthworms, and on the other hand, earthworms aecrate
the soil, which allows more minerals, carbon dioxide and oxygen to reach the plants. The effect of worms
on plant growth and root development can be either direct or indirect. Indirect action means that the
activities of worms change the physical, chemical and biological properties of the soil. Direct impact means
that earthworms or their activities have led to a change in direct root growth and productivity in plants.
Edwards (2004) singled out seven main mechanisms affecting worms on plant growth. Indirect are:
dispersal and influence on population dynamics and activity of the useful microorganisms; impact on
populations of plant pests, parasites and pathogens; changes in soil structure caused by earthworms; changes
in the spatial and temporal availability of nutrients of essential plants. Direct are: the production of
substances that regulate and affect plant growth; root abrasion and consumption of living plant parts by
worms; worm interactions with plant seeds.

CONCLUSIONS: Plants grown in the presence of worms often have more nutrients at their disposal,
especially nitrogen and phosphorus. This is especially important, because the lack of these two elements in
the soil is the most common limiting factor and affects the optimal productivity of plants.

KEYWORDS: Diversity; interactions; plants; growth; development.
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CIHEOUOUYHH OTIIOP BEEMJ/BUIITA Y LOW INPUT ITIPOU3BO AU
COJE HAKOH YBOBEBA IIOKPOBHUX YCEBA

Mapjana Bacumesuh*?, Cphan Illepememuh®, Byk Bophesuh?, Jerop Munaaunosuh?,
Tpenpar Panhenosuh?®, Bojan Bojror®, Bragumup Ahun®

“MHCTUTYT 3a paTapcTBO M MOBPTApCTBO, IHCTUTYT 01 HauMOHATIHOT 3HayYaja 3a Penyonunky Cpoujy, Hou Can, Cpouja
®Tossonpuspennu paxynrer, Yuusepsutet y Hosom Cajy, JlemapTMan 3a patapcTso u nosprapctso, Hosu Can, Cpouja
*ayTop 3a KOHTakKT: marjana.vasiljevic@ifvens.ns.ac.1s

YBO/J u [IU/bEBHU: [loBosbHa (u3MuKa CBOjCTBA 3EMJBHIITA M aepanyja y 30HH KOPEHOBOT CHUCTEMa
06e30elyjy ypaBHOTEXEH pacT U pa3Boj rajeHe OMpHE BpcTe. Brucoka MexaHWYIKa OTIIOPHOCT 3EMJBUINTA j&
jenHa on (GU3MUYKUX OCOOMHA KOja I0JIa3W O U3paxaja y CYIIHHM YCJIOBHMA, jep CMAamCHEeM Cajpikaja
BJare u3pasuto ce mnosehaBa cnerupuyHu oTrop 3emsbumra. OBO MOXKE Ja MMa AUPEKTaH yTHIA] Ha
OrpaHNYCH Pa3Boj KOPEHOBOT CHCTEMa M IaJbH pacT OMJbaKa, y3 CMambeHO yCBajambe XpaHUBA U3 3eMJBUINTA,
IITO MMa 3a MOCIEAUILY U CMabee MPOJYKTUBHOCTH OJHOCHO NPUHOCA OMIbHE BpCTe o1 UHTepeca. L{uib
OBOI' HCTpaKHMBama je OMO Ja ce aHajdu3upa Kako pa3IMYUTH TOKPOBHHM YCEBH YTHYy Ha MPOMEHY
crienuUYHOT OTIOPa 3eMJBHIITA Y low input POU3BOILH COje.

MATEPUJAJI u METO/I: Ornen je mocTaB/beH Ha OIVIETHHM IMOJbUMa MHCTHTYTa 3a paTapcTBO U
noBpTapctBo y HoBom Cany na Pumckum IllanueBnMa, Ha Ty 3eMJbHINTa YyepHO3eM. [I0KpoBHH yceBH
pax (HC CaBo)-(P) u memaBuna croynor o3umor rpamka u oca (HC Kocmaj, HC Jamap)-(IT+O) cy
mocejanu y oktoopy 2019. rogure. Y anprny 2020. ronune, nse copre coje Mepkyp (00 rpyma 3pema) u
HC Arnac (0 rpyma 3pema) cy mocejane mocie Mardupama OnomMace MOKPOBHOT yceBa W KOH3EpPBAIUjCKe
obpaze (Tamupame mpeaceTBeHa npunpema). CrnennpuyHr OTIOp 3eMIBHIITA j€ MEPEH y IYHOj 3pENIOCTH
coje y cenTeMOpy Mecelly. Mepeme je CpoBeIcHO Ha MIecT (6) TpeTMaHa KOjU Cy ce cacTojad of aBa (2)
nokposHa yceBa (P), (IT+O) u kontpone (1) (3emspumure 6e3 ycesa) u 2 copre coje. Ha cBakoj mapuenu
MepeHa je BiaxHocT 3emsbuinTa (%) u crenuduyHu otmop y ciojy 3emsbumTa 0-80 cm. Crenuduana
OTIIOPHOCT MepeHa je KopHihemheM BEepTHKAIHOT eJeKTpruyHor neHerpomerpa - Eijkelkamp Penetrologger
(Eijkelkamp, Giesbeek, Xonanauja).

PE3YJITATHU n BAK/bYUILIU: VYcTaHOBIEEHO je Ja TPETMaH ca 03UMHM rpamkoM u oBcom (I[1+0) numa
HajMamkH yTHIAj Ha caOMjeHOCT 3eMJBMINTAa Ha 00e copTe coje (MHIEeKC oTmopa 2,7), AOK je KOHTPOJIHA
napuena (1) nmana Hajsehu unnexc ornopa (2,9), a canpxaj siaare 19,5%. IToctoje qupektHe Mepe Koje ce
MOTYy NMPUMEHHTH Kako Ou ce noboJspiiana Gpu3nyKka CBOjCTBa U cMamHia cabujeHocT 3emspuiiTa. OBo Hac
JIOBOJIM 10 3aKJbY4Ka J1a YKJbYUHBAabEM IOKPOBHHX YCEBa y CHCTEME OZIP)KUBE MPOM3BOAE COje CE MOXKE
CMamUTH CIICHU(UYHH OTHOP 3eMJBUILTA U AUPEKTHO YTHULIATH HA CaOHjeHOCT 3eMJBHUIIITA.

K/bYYHE PEUYM: coja; cienudyan OTIOP 36MIBUINTA; TOKPOBHU YCEBH;

34XBAJIHHUI]A: VctpaxuBame je moapxkano ox ctpane Epporicke yauje y okBupy Horizon 2020 mpojekra
ECOBREED - Increasing the efficiency and competitiveness of organic crop breeding, 6poj yrosopa
771367.
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SOIL PENETRATION RESISTANCE IN SOYBEAN LOW INPUT
PRODUCTION AFTER THE COVER CROPS INTRODUCTION

Marjana Vasiljevi¢*?, Srdan Seremesic®, Vuk Dordevié?, J egor Miladinovié?,
Predrag Randelovi¢?, Bojan Vojnov®, Vladimir Aéin?

“Institute of Field and Vegetable Crops, National Institute of the Republic of Serbia, Novi Sad, Serbia
®Agriculture Faculty, University of Novi Sad, Department of Field and Vegetable Crops, Novi Sad, Serbia
*Corresponding author: marjana.vasiljevic@ifvens.ns.ac.rs

INTRODUCTION and OBJECTIVES: Favourable soil physical properties and rooting zone aeration can
secure balanced crop development. High soil mechanical impedance is one of the physical properties that is
particularly critical in dry conditions since decreasing water content dramatically increases specific soil
penetration resistance. This can have a direct impact on restricted root development and further plant growth
with reduced absorption of nutrients, which results in lower productivity (yield) of cultivated plant species.
The aim of this study was to analyse how different cover crops affected the change of specific soil
penetration resistance in low-input soybean production.

MATERIAL and METHOD: The experiment was set up at the Rimski Sanéevi experimental station of the
Institute of Field and Vegetable Crops in Novi Sad on chernozem soil type. Rye (NS Savo)-(R) and a
mixture of fodder winter peas and oat (NS Kosmaj, NS Jadar)-(P+O) were sown in October of 2019. In
April 2020, two soybean varieties Merkur (00 maturity group) and NS Atlas (0 maturity group) were sown
after mulching the cover crop biomass and conservation tillage (disking, seedbed preparation). Cone
resistance was measured at the full maturity of the soybean in September across combination of six (6)
treatments consisted of 2 cover crops (R), (P+O) and control (C) (bare soil) and 2 soybean varieties. On
each plot, soil moisture (%) and cone resistance (particular soil resistance index) in the 0-80 cm soil layer
were measured. The specific penetration resistance was determined using an electric penetrometer
Eijkelkamp Penetrologger (Eijkelkamp, Giesbeek, Netherlands).

RESULTS and CONCLUSIONS: In terms of cover crops, the treatment winter peas and oat (P+O) was
shown to have the lowest influence on soil compaction on both soybean (2,7 cone resistance index) in
contrast to the control plot (C) that had the highest cone resistance index (2,9), and moisture content 19,5%.
There are cultivation strategies and practices that can be implemented to improve soil structure and reduce
soil compaction. This leads us to the conclusion that including cover crops into soybean sustainable
production systems can reduce specific penetration resistance and soil compaction.

KEYWORDS: soybean; specific cone resistance; cover crops;
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MOT'YRHOCTHU 1 TPOBJEMMU ITIPUMEHE HABOJAHBHABABA
Y PEIIYBJIMIUA CPBUJA

Harama Kibajuh'*, 3opuua Cpenojesuh?, Ipeapar Bykosuh?

"MHcTuTyT 32 ekOHOMUKY NOJbONPUBpEE, Beorpan, Peny6auka Cpbuja
2Vuusepsuret y Beorpany-Tlossonpuspennn dakynret, MHCTUTYT 3a arpoexonoMHujy, beorpan-3emyn, Peny6inka Cpbuja
"MHcTuTyT 32 EKOHOMHKY MOJHOTIPUBpETIE, Beorpan, Pemy6iuka Cpouja

*ayTop 3a KOHTAaKT: natasa k@iep.bg.ac.rs

YBO/J u IUJBEBU: HaBoamaBame MMa CTPATETHjCKy YJOTY y MpPOIECy pa3Boja mosbonpusperne. Kao
MEIMOpaTUBHA MEpa, HABOAHKHABAKE, moce0Ho Yy AaHAIIBbUM KIMMATCKUM YyCJIOBUMA, IPEACTaB/ba YMHHUIIALL
cTabuIHe MOJHONPHUBPENHE IPON3BOAKE. be3 merose npumeHe Hemoryhe je mocTuhu BHCOKE M €KOHOMCKH
ompasjaHe mpuHOce. [I0BOJFHM KIMMATCKH M 3€MJBHIIHM MOTEHIWjald 33 MHTECH3WBHY MOJHOTPHUBPEIHY
npomsBoary y PemyOmuim CpOuju jomr yBek HHUCY y mpaBoj Mepu uckopumhern. [Ipema Tome, mpeamer
HCTpaXMBamka y OBOM pajy je aHaIM3a BaXHUjUX HAauMHA HAaBOAIaBama OApeleHMX IOJbONPUBPETHUX
MOBpIINHA, Kopumrheme BoJa 3a HaBOmaBamke, Kao u o0jekaTa u ypehaja 3a HaBoxmaBame. OCHOBHH ITHIb
je nma ce uctpaxe moryhaoctu Behe npruMeHe HaBOARBaBamba, MPOOIEMH U MTOTSHIMjATHE PU3HIN ylarama y
CHCTEME 32 HABO/HABAE.

MATEPHUJAJL u METO/: V pany je npBo ypaheHa aHayn3a 3aCTYIUBEHOCTH HAaBOJHABama y CBETY U
Perry6mumn CpOuju y nmeceroromumimeM mepuoxy (2011-2020). 3atum, carmenaHo je crame NpUMEHE
HaBO/[IbaBalba y HAIOj MPAKCH Ca IPOM3BOJHO-TEXHHYKOI M EKOHOMCKOI' acleKkTa MOryhHOCTH Herone
Behe mpumene. Carnenanu cy npoGiieMd M HOTEHLMjalHH PU3ULM ylarama y CHCTeMe HaBO/maBame. 3a
notpede MCTpaknBama KOpUIIheHW Cy ToJany CTAaTUCTHYKHMX IyOnukanuja PemyOnmukor 3aBona 3a
cratuctuky Cpouje (P3C) 3a mepuon 2011-2020. ronune n Opranuzanyje YjequmbeHnXK HAIMja 32 UCXPaHy
n mnossorpuBpeny (PAO), ka0 W myONUKOBAaHM PAJOBM M H3BEIITAjH IIOj€OMHHUX HHCTUTYLHHja Ha
PETrHOHATHOM M JIOKAJHOM HHBOY Yy Hamoj 3emibu. llpuMemene cy onrosapajyhe cTaTHCTHUKE U
KaJKyJTaTHBHE MeToje. YTBpheHH cy pasiIuuuTH HPOM3BOJHO-EKOHOMCKH MOKa3aTesbl O e(HKACHOCTH
IIpUMEHE HaBOAMK-aBarba: BUCHHA IPUHOCA, TIPOIICHTYAIHH Y/I€0, HHIECKCH, EKOHOMCKH e()eKTH U Ip.
PE3YJITATHU u 3AK/bYYLMU: V Penyomuuu CpOuju ce yKynHo HaBoamana 159.587 xa nmoBpmmHa Ha
186.231 mossonpuBpennux razauacrasa (P3C, 2022). Ox tora, HaBoImbaBamke je JOMUHAHTHO y BojBoauHy,
mro uuHU 47% oI YKyIHO HaBOAWABAHUX MOBpLIMHA, OJHOCHO 74.705 xa mnospmuHa Ha 20.057
MOJBOTNIPUBPEHUX Ta3fauHcTaBa. [IpuMeHa HaBommaBama y CpOuju jako 3aocTaje 3a CBUM CYCEIHHM
3eMJbaMa M He 3a70BoJbaBa notpebe crabuiHe M eduKacHe NoJbONpHBpenHe npousBoame. Ilocrojehu
CHCTEMH Ce HH Yy IOIVIe[ly HOPMU HaBOmaBama He KOPHCTE y IyHOM obuMy. [Iponemyje ce na je creneH
mHuxoBor kopumhema oko 50-60%. Hajuemhu y3poun HenoBossHOT cTeneHa xopumhema Beh mocrojehnx
HPUTALHOHUX CHCTEMA Cy: HEMOBOJHHU T10JI0Ka]j MOJBONPUBPEE Y OAHOCY Ha ApYre NeTaTHOCTH IPHBPEIE,
HE/IOBOJbHA ONPEMJBEHOCT Ta3/MHCTaBa KOja MMajy ONpPEMy 3a HAaBO/IaBamE JOAATHHM CPEICTBUMA 3a
NPOU3BO/IBY, M OIIITH HEAOCTATAK je HEIOBOJHHO yiarame (HHAHCHJCKHX CpPEICTaBa 3a OJP)KaBabCe
ypebhaja 1 OoroH cucTeMa 3a HaBOAABAE.

K/bYUYHE PEYM: HaunHu HaBOAWAaBamka, CHCTEMH, ylarame, MOTYhHOCTH, pU3UIU
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INTRODUCTION and OBJECTIVES: Irrigation has a strategic role in the process of agricultural
development. As an ameliorative measure, irrigation, especially in today's climate, is a factor in stable
agricultural production. Without its application, it is impossible to achieve high and economically justified
yields. Favorable climate and land potentials for intensive agricultural production in the Republic of Serbia
have not yet been fully exploited. Therefore, the subject of research in this paper is the analysis of important
ways of irrigating certain agricultural areas, the use of irrigation water, as well as facilities and devices for
irrigation. The main goal is to explore the possibilities of greater application of irrigation, problems and
potential risks of investing in irrigation systems.

MATERIAL and METHOD: In the paper first analyzes the prevalence of irrigation in the world and the
Republic of Serbia in the ten-year period (2011-2020). Then, the state of application of irrigation in our
practice from the production-technical and economic aspect of the possibility of its greater application is
considered. Problems and potential risks of investing in irrigation systems are considered. For the purposes
of the research, data from statistical publications of the Statistical Office of the Republic of Serbia (SORS)
for the period 2011-2020 were used and the United Nations Food and Agriculture Organization (FAO), as
well as published papers and reports of individual institutions at the regional and local level in our country.
Appropriate statistical and calculation methods have been applied. Different production and economic
indicators on the efficiency of irrigation application have been determined: yield, percentage, indices,
economic effects, etc.

RESULTS and CONCLUSIONS: In the Republic of Serbia, a total of 159,587 ha of land are irrigated on
186,231 agricultural farms (SORS, 2022). Out of that, irrigation is dominant in Vojvodina, which makes
47% of the total irrigated areas, i.e. 74,705 ha of areas on 20,057 agricultural farms. The application of
irrigation in Serbia lags far behind all neighboring countries and does not meet the needs of stable and
efficient agricultural production. Existing systems are not fully used in terms of irrigation standards either.
It is estimated that the degree of their use is around 50-60%. The most common causes of insufficient use of
existing irrigation systems are: unfavorable position of agriculture in relation to other activities of the
economy, insufficient equipment of farms with irrigation equipment with additional means of production,
and general lack of financial resources for maintenance and operation of irrigation systems.

KEYWORDS: irrigation methods, systems, investment, opportunities, risks
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NPUMEHA UHXUBUTOPA HUTPUOUKALMJE Y TIPOU3BOAIBLU
KYKYPY3A

Panxo Ya6unoscku !, Knapa ITerkosuh'*, Maja Manojnosuh', JIparan Kopauesuh', Mupna
LItp6an', Mupjana Bujyx', Cphana ITerposuh?

'Vuusepsuter y Hosom Cany, lossonpuspeuu dakyinret, JlenaptMan 3a patapcTso u nosprapctso, Hosu Can, Cpouja
2 Corteva Agriscience SRB doo, Novi Sad, Serbia
*ayTtop 3a koHTakT: klara.petkovi¢@polj.uns.ac.rs

YBOJ u IMJBEBMU: Jenan on HajBehnx mpobiema xon kopuimhema a30THUX [yOpuBa je HEHMOTITYHO
xoprumheme asota (N) ox crpaHe yceBa. Hakon mpumene hyOpusa, neo N ce ry0u n3 3eMJpHINTa yCIex
JECHUTPU(HUKALMje WM UCIHPAmbeM U3 30HE KOPEHOBOT CHCTEMa U TaKo I0CTaje HeocTynaH ousbkama. Jla
6u ce cmammm ryounn N u ontuMusoBaia ymotpeba }yOpuBa, moTpeOHO je peayKoBaTH OHOJIOIIKY
AKTHBHOCT y 3€MJBHINTY W MPHUBPEMEHO CMaWmUTH Momynanujy Oakrepuja (Nitrosomonas w Nitrobacter)
koje mperBapajy amoHujyM (NH.) y wutpur (NO,) m Hutput. 1o mutpata (NO;). Hurpatu u NO, cy
NOMJIOKHU I'yOuIMMa Kpo3 ucnmpame, 1ok ce NHy mame kpehe xpo3 npodwmn 3emipumTa. VHXHONTOPH
uutpudukanmje (MH) cy jenumema Koja ciyxke 3a cMameme ucnupama joHa NOs; y 3eMJBHIITY U 3a
noboJpIIame 3apkaBama MuHeparHOT N y o6muky NHa. b oBor ncTpakuBama OWO je Ja ce mchmTa
yTuiaj npumeHe nHxubutopa HuTpHdukammje (MH) Ha mpuHOC KyKypy3a W MpOpHUTabWIHOCT MpUMEHe
hyOpuBa, kao 1 Ha caaprkaj MUHEPATHOT a30Ta Y 3MJBHIITY.

MATEPUJAJI u METO/: Ilosscku oryen ca Kykypy3oMm ussemeH je 2021. roagmHe kopuimhemeMm
paHIOMU3HpaHOr OJIOK CHCTeMa y 4YeTHpH IMOHaBibatba. OrjienHa maplesia MpUMaja THIY 3eMIBUILITA
kapOoHaTHH YepHO3eM. McnuTupanu cy cienehu tpermanu: 1. kontpona 6e3 hyopema N; 2. 170 kg N ha™;
3.170 kg N ha!' + UH; 4. 85 kg N ha''; 5. 85 kg N ha! + MH. Ha cBuM ornemHuM mapueiaMa OpuMemheHe
Cy CTaHJap/He arpoTexXHn4ke Mepe. M3mepenu caapkaj munepaisor azora (NH4-N u NOs-N) y semspuiury
npe MmocTaBibama orena usHocuo je 74,16 kg N ha™'. Maxuburop asora (N lock, Corteva Agroscience,
Hpcka) IpuMembeH je 4 aHa npe ceTBe KyKypysa y nosu ox 2,5 L ha'l. Jla 61 ce npoleHua uemiaTuBocT
npumere N lock y mpousBoamu KyKypysa, u3pauyHara je npoduradbunsoct npumene hyopusa (IT) mpema
cnenchoj dopmysu: BpemHocT nobujenor nosehama mpuHoca / ykymnHa ieHa hyopusa. MH mena = 31,06
EUR/ha; N -hy6puso Ypea= 0,34 EUR/kg (1ieHa y jecen 2020).

PE3YJITATH u 3AK/bYUYLIU: Ha 06a tpetmana hiyOpema Behiom 1030M N, TOCTUTHYT je 3Ha4ajHO Behu
MIPUHOC 3pHA KyKypy3a y nopeljemy ca koHTponom 6e3 hyopemwa. Hinka nosa H nuje 3Ha4yajHO yTHIaga Ha
HpUHOC, anu je y xoMmbuHamuju ca MH yrtBpheno 3Hauajuo mobehame. Ilpumena 170 u 85 kg N ha'
nosehana je mpuroc 3a 17,4 ogHocHO 8,3%, mOK cy Ha TpeTMaHmMMa ca ucTuM fo3ama N + WH mpunocu
3pHa nosehanu 3a 22,7 u 15,7%. IIpodurtadbumHoct npumene hyOopusa mpema BpemnHoctuma I Omma je
HajBeha (2,12) Ha Tpermany HmkoM g03oM N + WMH. OuekuBano, y oba poka Mepema (CpeauHa U Kpaj
Bereranyje), Hajaehu canpskaj MuHepanHor N y 3eMJBHINTY yTBpheH je Ha TperMannMa hyopennm ca 170 kg
N ha'!. Takole, Ha Tpermany yOperom ca monosuaHom no3om N + WH, canpxaj mun N je 610 3HadajHO
sehu (132,1 u 78 kg N ha!) y nopehemy ca kourposnom (47,1 u 27,4 kg N ha!) u cinuan nsmepenom HUBOY
N Ha Tpermanuma ca myHom go3oM N (155,3 u 81 kg N ha™'). Ilpumena UH je mosuTMBHO yTHIana Ha
MpHUHOC 3pHAa M edukacHOCT Kopumhema hyOpuBa, Ka0 M Ha MUHEpaNHH caipkaj N y 3eMJBHIITY U
cMamemhe oTpedHe konmunHae N hyOpusa 3a cnenehu yces.

K/bYYHE PEYMU: npuHOC KyKypy3a; MHHEPAIHH a30T; IPOpHUTaOMIHOCT puMeHe hyOpusa.
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APPLICATION OF NITROGEN INHIBITOR IN CORN PRODUCTION

Ranko Cabilovski?®, Klara Petkovié**, Maja Manojlovié®, Dragan Kovacevi¢?, Mirna Strbac?,
Mirjana Vijuk?, Srdana Petrovi¢®

*University of Novi Sad, Faculty of Agriculture, Department of Field and Vegetable Crops, Novi Sad, Serbia
bCorteva Agriscience SRB doo, Novi Sad, Serbia
*Corresponding author: klara.petkovic@polj.uns.ac.rs

INTRODUCTION and OBJECTIVES: One of the biggest problems in nitrogen fertilizer management is
the incomplete utilization of nitrogen (N) by crops. After applying fertilizers, part of the N is lost from the
soil due to denitrification or through leaching from the root zone and thus becomes inaccessible to plants. In
order to reduce N losses and to optimize the use of fertilizers, it is necessary to reduce the biological activity
in the soil and temporarily reduce the population of bacteria (Nitrosomonas and Nitrobacter) that transform
ammonium (NHy,) to nitrite (NO,) and nitrite to nitrate (NO;). Nitrates and NO, are subject to losses through
leaching, while NH4 moves less through the soil profile. Nitrification inhibitors (NI) are compounds that
serve to reduce leaching of NOj; ions in soil and to improve the retention of mineral N in the form of NH,
The aim of this study was to examine the effect of nitrogen inhibitor (NI) application on the corn yield and
fertilizer profitability, as well as on the content of mineral nitrogen in the soil.

MATERIAL and METHOD: The field experiment with corn was conducted in 2021. using a randomized
block system design in four replicates. Experimental plot belongs to soil type Calcic Chernozem. Following
treatments were investigated: 1. control without N fertilization; 2. 170 kg N ha'; 3. 170 kg N ha™! + NI; 4.
85 kg N ha''; 5. 85 kg N ha! + NI Standard agrotechnical measures were applied on all experimental plots.
The measured content of mineral nitrogen (NH4-N and NO;-N) in the soil before setting up the experiment
was 74.16 kg N ha''. Nitrogen inhibitor (N lock, Corteva Agroscience, Ireland) was applied 4 days before
corn sowing in dose 2.5 L ha'!. To estimate the profitability of N-Lock application in corn production, the
value cost ratio (VCR) was calculated according to the following formula: the value of yield increase
obtained / Total cost of fertilizer. NI price = 31.06 EUR/ha; N-fertilizer Urea= 0.34 EUR/kg (price in
autumn 2020).

RESULTS and CONCLUSIONS: On both treatments fertilized with a higher N dose, significantly higher
corn grain yield was achieved compared to the control without fertilization. A lower N dose did not
significantly affect yield, but in combination with NI a significant increase was observed. Application of
170 and 85 kg N ha! increased the yield by 17.4 and 8.3%, respectively, while on treatments with the same
N doses + NI, the grain yields were increased by 22.7 and 15.7%. Profitability of fertilizer application
according to VCR values was highest (2.12) on the treatment with lower N dose + NI. As expected, in both
terms of the measuring (the middle and the end of the vegetation), the highest content of the mineral N in
soil was determinated on the treatments fertilized with 170 kg N ha™'. Also, on the treatment fertilized with
the half dose of N + NI, min N content was significantly higher (132.1 and 78 kg N ha™') compare to control
(47.1 and 27.4 kg N ha!) and close to the level of measured N on the treatments with the full N dose (155.3
and 81 kg N ha™"). The NI application had a positive impact on grain yield and fertilizer use efficiency, as
well as on min N content in the soil and reducing the required amount of N fertilizer for the next crop.

KEYWORDS: corn yield; mineral nitrogen; value cost ratio.
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EOEKAT KNIIHUX T'JIMCTA HA CTPYKTYPY U CTABUJIHOCT
CTPYKTYPHUX ATPEI'ATA Y IPOU3BOAIBbU KYKYPY3A
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Bojan Bojros?, Mmom PajkoBuh®
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University of Natural Resources and Life Science, Vienna; Department of Crop Science, Experimental Farm, Gross-
Enzersdorf, Austria

¢Czech University of Life Sciences in Prague, Department of Agroenvironmental Chemistry and Plant Nutrition, Faculty of
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‘HHCTUTYT 32 paTapcTBO M noBpTapcTBo, Makcuma I'opkor 30, Hosu Can, Cpouja

*ayTop 3a KOHTaKT: srdjan.seremesic@polj.uns.ac.rs

YBOA n IIUJ/BEBU: Kana je peu o ouyBamy 3eMJBHINTA, KHIIHE IJIUCTE C€ CMATpajy BaKHUM
OpraHM3MHMa KOjH MOMaxy y H0OOJbIIamy 3/7paBiba 3eMJBHINTA M yHanpehemy (QU3HUKHX M XEMH]jCKUX
cBojcraBa. Ctora je of CyIITHHCKE Ba)KHOCTH 3HATH KaKO KHIIHE INIICTE MOTY yTHIATH Ha MUHEPAIHY
UCXpaHy, MOpacT M MPUHOC KyKypy3a. HaumH kopumhema 3eMibHINTa, a HapoOYMTO 00paja Mory
IIPOMEHUTH OPOJHOCT KUIIHUX TIINCTAa Y 3aBUCHOCTU OJ] AyOHMHE, MHTEH3HTETa M BpeMeHa m3Bohema. Y
HAIllIM arpOoeKOJIOMIKAM YCIOBHMAa TPEHYTHO HE MOCTOjH IOBJHOHO MH(pOpManuja 0 OpOjHOCTH IIIHCTAa U
yTHIAjy Ha cBoOjcTBa oOpaamBor 3emsbmmra. Cmarpa ce na Lumbricus terrestris mMoxe cTaOmMiM3oBaTé
CTPYKTYPY 3€MJBHINTAa 300T CBOjeé aKTUBHOCTH YKOINABamka M JIyuema CIy3W, ald yTHIQ] Ha Pa3IuduTe
cucTeMe 00pajie 3eMJBHMILTA jOLI YBEK HHje y MOTIYHOCTH OOjalllbeH M Wb OBE CTyAWje je Ouo nma ce
pasjacHe e(eKTH Ha CTPYKTYPY 3€MJBHINTA Y BUIIETOANIIHEM CTAI[MOHAPHOM EKCIIEPUMEHT Ha YePHO3EeMY.

MATEPUJAJ u METOJ: Ornex je mocTaB/beH Ha BHUINETOAHIIBEM orieay llmomopenn™ Ha
excriepuMenTanHoj cranuiy Pumvcku lllamueBn MHCcTHTYTa 32 parapctBo u moBprapctBo Hosu Cax. 3a
EKCIIEpMMEHT ca IucTtama onpehena moepmmHa napueie (3x2,5m?) je Owna orpaheHa ILIaCTHYHHM
(onujama 3aKONaHUM Y 3eMJBUILTE TJIe Cy HAKOH CeTBe KyKypy3a kumHe riucte (L. terrestris) yHemieHe.
Tectupana cy 1Ba pa3nuuuTa cHCTeMa 00paje 3eMipHITa: opame (27-30 cm) 1 KOH3epBanujcka oopasa ca
Vaderstad Tempo 6 cejayniioM HaKOH Maddupama CTPHHINTA POTAIMOHOM (pe3oM. THIl MCIUTHBAHOT
3eMJBHIITA je OMO YEPHO3EM ca TEKCTYpOM TJIMHOBUTA WiioBava U 2,8 % opraHncke matepuje. Byopeme je
BpLICHO MpeMa CBOjCTBMMA 3eMJBHMIINTA M 3axTeBHMMa Owspaka. JluctpuOyrmja arperatHux (¢pakiuja
onpeljeHa je cTaHIapIHOM METOJIOM CYBOT IPOCEjaBamba U METOJIOM MOKpOT Mpecejama Kako 0u ce go0uie
4 kmace arperara >2000 pm, 250-2000 pum, 53-250 um u <53 um koju cy KopuiheHH 3a H3padyyHaBamke
koedumnmjenta crpykrype (Ks), mpoceunor macenor mnpeunnka (MWD) u u campxaj BOZOOTIIOPHHX
arperata (WSA%).

PE3YJIITATHU u 3AK/bYUYILU: Tlopehemem HaumHa oOpajge yodyaBamMo Ja je opame uMano Behy
3aCTYIUBbEHOCT arperata Hajeehe qumensuje (>10 MMm) y opelemy ca KoH3epBaoHoM obpaaom. Jlobujere
BpenHOCTH 3a KoeduiujeHT ctpykrype (Kc) cy mokaszane Behie BpeJHOCTH HAKOH JI0/IaBafba KUITHAX TJIHCTA
Ha opamy y mopehemy ca KoHzepBammjckoM oOpazom, jep je oHa Beh mocturia oapeherm HHBO
cTabuiHOCTH arperara 36or camor HaunHa obapaie (6e3 npeBpTama opaHHuIle). 3HaYajHe pasiiuKe cy Takohe
youeHe HaKOH MOKpOT IpocejaBama 3emipuiuTa. Behm MWD je yTBphleH Ha KOH3epBalMOHOj 00paau U
(0,61 mm) y ogrocy Ha opame (0,53 mm) Ha maprenaMa Ha KojuMa cy Oune ponmare rimcte. [lopen Tora,
nosehan je W cajpkaj BOJOCTAOMJIHMX arperara Ha HHOKYJIHMCAHO] HMapLelHd KOH3epBalHjcke obOpanme
35,67% y omHOCy Ha opame rae je mpoceda caapixkaj WSA% 31,20 %. C 063upom Ha KpaTak BPEMEHCKH
OKBHp aKTUBHOCTH L. ferrestris of Maja g0 OKToOpa, 6uio 6w morpeOHO gomaTtHO Bpeme 3a moBehame
BHUXOBOT e)eKkTa Ha 3eMJbumTe. MeljyTnM, OBO HCTpaXkMBH-€ je TIoKa3ano a L. terrestris MOXe ja IPOMEHH
¢m3nUKa CBOjCTBA 3EMJBHINTA a J]a OYyBame Opoja KUIIHUX TIIMCTa MOXKE OMTH O] KOPHCTH 3a IUIOJHOCT
3eMJBHIITA.

K/bYUHE PEYM: kuiiHe rIucTe; CTPYKTYpa 3eMJBUINTA; KyKypy3; 00paja; BUILIETOIUIIBY eKCIIEPUMEHT
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*Corresponding author: srdjan.seremesic@polj.uns.ac.rs

INTRODUCTION and OBJECTIVES: When it comes to soil functions earthworms are considered
important organisms in the soil helping to increase soil health and to improve soil’s physical and chemical
properties. It is therefore fundamental to know how earthworms can affect maize growth, plant nutrition and
crop yields. Management practices like soil tillage can alter earthworm abundance depending on tillage
depth, intensity and timing. Currently, there is lack of information on earthworm’s abundance and their
effects on arable soil in our agroecological conditions. Lumbricus terrestris can stabilize soil structure due
to their burrowing activity and mucus secretion, but the impact of L. terrestris in different soil tillage
systems is not yet fully understood and therefore the aim of this study was to elucidate these effects on soil
structure in a long-term soil tillage experiment in Serbia.

MATERIAL and METHOD: The trial was established at the long-term experiment “Plodoredi” at Rimski
Sancevi experimental station of the Institute of Field and Vegetable Crops Novi Sad. For the earthworm
enhancement experiment a certain area of the field was fenced off by plastic sheets buried in the fields
where earthworms (L. ferrestris) were released in May after maize sowing. Two different tillage systems
were tested: mouldboard plowing (27-30 cm soil depth) vs. conservation tillage using Vaderstad Tempo 6
planter after stubble mulching with a rotary tiller. The soil type was Haplic Chernozem with clay loam
texture and 2,8% organic matter, fertilized according to soil properties and plant requirements. Aggregate
fraction distribution was determined by the standard dry-sieving method to obtain 9 fractions and wet
sieving method procedure to obtain 4 classes of aggregates >2000 pm, 250-2000 pm, 53—-250 pm and <53
um which were used to calculate structure coefficient (Ks), mean weight diameter (MWD) and water-stable
aggregates (WSA%)

RESULTS and CONCLUSIONS: The overall assessment reveals that the mouldboard plowing had a
higher representation of largest aggregates (>10 mm) compared to conservation tillage. Our study showed
that earthworm enhancement increases structure coefficient (Ks) at moldboard plowing, while conservation
tillage had already reached a certain level of aggregate stability and no additional effect was observed.
Significant differences were also seen after wet sieving procedure. Higher MWD (mm) was found at the
conservation plot 0.61 compared to plowing 0.53 after earthworms enhancement. Alongside, the content of
WSA% aggregates was also increased at the enhanced treatments on conservation tillage being 35.67 %
compared with plowing system were 31.20 % was recorded. Considering the short timeframe of the
enhancement from May to October it would need additional time to increase the effect. However, this study
showed that L. terrestris can change soil physical properties and preserving the number of earthworms can
be beneficial for soil fertility.

KEYWORDS: earthworms, soil structure, maize, tillage, long-term experiment
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YTUIAJ PEXKUMA HABOJAIABAIBA HA TEMITIEPATYPY, BJAKKHOCT
3EMJ/BUIITA U TEMIIEPATYPY BUJBHOI' HIOKPUBAYA BUHOBE JIO3E
N TPABE
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YBOJ u IIMJ/BEBU: Kiumarcke mpomeHe, ca MOCIEAWYHMM IoBehambeM Temieparype M IaJaBUHA HMajy
3HauajaH yTHI[a] Ha CTambe MOBPIIMHE 3eMJBbUINTA. TeMnepaTypa 3eMJbUIITA je BeoMa 3HavyajHa 3a pa3Boj Oubaka, a
3aBHCH OJl BJIXHOCTH (Caapkaja BOJE Y 3€MJBMINTY), TEMIEPaType BaslyXa M IHMOKPHBEHOCTH 3EMJBHILTA
Bererauujom (Fischer et al., 2021). Temneparypa OuJbHOT IOKpUBaya je jeaH O HAjBaXKHUjUX (DH3MONIOIIKHX
napaMerapa Koju ce OZHOCH Ha TPaHCIIMpAlHjy, BOAHU MOTCHIH]jaJl JIUCTa U IIPOBOJBUBOCT cTOMa. BoxHu craryc
OuJbaka yecTo ce mpatu KopuiihemeM JaJbHHCKUX TepMUYKuX cenzopa (Martinez et al., 2016; Santesteban et al.,
2017; Zhang et al., 2018b; Zhang et al., 2018c). CxoHO HaBe/IEHO] Ba)KHOCTH, 11Jb OBUX HCTPAKHBAIha je aHaIN3a
yTHIIAja peKUMa HABOIABaba Ha TEMIEPaTypy, BIKHOCT 3eMJBUINTA M TEMIeparypy OWJBHOr IMOKpHBaya
BUHOBE JIO3€ U TPaBe.

MATEPUJAJI u METO/I: UcrpaxuBama cy obaBbeHa y BHHOrpamy Oene BuHcke copre (cv Panonia) y
[InaBunimMa y 6nusunn beorpana (44° 41° N; 20° 41° E; 176 mnm) y nepuoay anpui - cenrem6ap 2021. roause.
OrJien je mocTaBbeH 10 OJIOK CHCTEMY y TPH MOHaBJbamka. Pacrojare m3Mel)y Onsbaka (qokoTa) y peay usnocu 0,9
m u 1,8 m usmelhy penosa (1,62 yokor m?). Budorpan ce MunuManHo obpalyje, mpoctop usmely pemosa je
3aTpaBJbeH TPABHO JIETYMHHO3HOM CMELIOM Koja je Takole mpeaMeT OBHX HCTpaxuBama. Ilofamu o KIMMH Cy
Mpey3eTH Ca METCOPOJIOIIKEe CTaHHWIE Koja je IOCTaB/beHa y BHHOrpaay. BomgHo — Qu3Muke W XeMmujcke
KapaKTEePUCTHKE 3eMJBUIITA yTBPhEHE Cy TEPCHCKUM U JabopaTopujcKuM aHanmuzama. HaBomaBame je U3BeICHO
METOJIOM Kall [0 Kall ¥ YCIIOCTaBJbeHA Cy TpH pexuma: 1) myHo HaBommaBame (F), kaga je o6e36eheno 100%
esanotpancrmpaije kynrype (ETc); 2) pemykoBano HaBoamaBame (D), o6e3beheno 50% ETc u 3) cyma (S),
KOHTPOJIHU TPETMaH y MPHPOJHOM PEKUMY BIIaKEHa. BIaKHOCT 3eMJbHIITA Ha CBUM TpeTMaHuMa (y3 YOKOT U Ha
TPaBHOM MOKpHBauy) npahieHa je rpaBUMETPHUjCKUM METOIOM ca AMHAMUKOM 7 10 10 gaHa ¥ KOHTHHYHPaHO
nomohy TDR conau, u cenzopa nomohy Kojux je MepeHa M TeMmepaTypa 3eMJbHIITA (3EMJBHIITE y3 YOKOT).
Mepemwe Temrepatype OMJBHOT MOKpHBa4a (BHHOBE JIo3€ W Tpase) m3BplieHO je 10 myra TokoM Bererauuje (0x
cpenuHe jyHa 10 cpeauHe centemOpa) kopuinhemeM TepmoBm3ujcke kamepe FLIR T335. Ilpummkom cBakor
Meperha TeMIIepaType Ha CBHM NPUMEH-HHUM TpPEeTMaHHMa HampaBJbeHO je 1o TpH (oTorpaduje Koje cy moTom
aHanu3upane ca y3opkom o 10 temmeparypa no ¢dororpaduju (30 y3opaka mo tpermany) y nporpamy FLIR
Tools.

PE3VJITATHU n 3AK/bYUYIIU: BrnaxxHOCT 3eMibHINTa H3MepeHa rpaBuMerpujckuM u TDR meromom Ouna je
HajBumia Ha F, a HajHmwka Ha S TpeTMaHy M YIJIaBHOM Ce Hajla3uja y 30HH JJ03BOJbEHOI HCYIIMBama TOKOM
nepuofa wucTpaxuBama. Takole, Temmeparypa 3emJbHINTa OHJIa je HajBHIIA HAa TPETMAaHy pEIyKOBaHOT
HaBO/MWaBama (y KOHTPOJIHOM TpeTMaHy Huje npaheHa) u Bapupaina je uzmehy 5°C u 32,5 °C, npoceuno 20°C y
HepHoay o MapTta A0 cenrtemOpa. IIpocedHa TemmepaTypa OWJBHOI IOKpHBadya BHHOBE JIO3¢ Bapupaia je Of
24,1°C na F, 25,2°C na D u 26,0°C na S tpermany. Temmeparypa OHJEHOT MMOKpHBaua BHHOBE JI03¢ Ha CBUM
TpeTMaHHMa OWITa je MCIOJ TeMIIepaType Basayxa IITo yKasyje Aa Ousbke HUCYy Ouie y BogHoOM cTpecy. [Ipoceuna
TeMIepaTypa TPaBHOT MOKpUBaya y MelypesHoM mpocTopy Koju HUje OHO AUPEKTHO HABOAHABAH BapHpala je o[
38,3 Ha D 0 40,6 °C Ha S TpermaHy M yriIlaBHOM je Ouia M3HAJ TEMIlepaType Bas3lyxa, IITO yKa3yje Ha BOJHU
cTpec TpaBmaka. JloOMjeHH pe3ynrTaTd jacHO yKa3lyjy Ha 3HadajaH yTHIQ] PEKHMa HaBOJbaBamka Kako Ha
BJIQXKHOCT M TEMIIepaTypy 3eMJBbUILNTA TaKO M Ha TeMmreparypy OuipHOr mokpuBauda. Takobe, jacHo ce 3amaxa
TOJICPAHTHOCT BUHOBE JIO3€ HA BOIHU JIC(PUIINT.

K/bYUYHE PEYM: pexxum 3ainuBamba, TEPMOBU3H]a, JaJbUHCKA JETEKIHja, TEMIIEPATYpa U BIAXKHOCT 3eMJbHILTA,
BUHOBA J1033, TPABA.
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EFFECT OF IRRIGATION REGIME ON SOIL TEMPERATURE, SOIL
MOISTURE AND TEMPERATURE OF GRAPEVINE AND GRASS CANOPY
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Marija Cosi¢!", Dunja Sotonica', Mirjam Vujadinovi¢ Mandi¢?, RuZica Stri¢evi¢!, Aleksa
Lipovac!, Zorica Rankovié¢ Vasié¢?, Aleksandar Simi¢3
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INTRODUCTION and AIMS: Climate changes, with their consequent increase in temperature and precipitation,
have a significant impact on the soil surface. Soil temperature is very important for plant development and it
depends on humidity (soil water content), air temperature and canopy cover (Fischer et al., 2021). Canopy
temperature is one of the most important physiological parameters related to transpiration, leaf water potential and
stomatal conductance. Plant water status is frequently monitored using thermal remote sensing devices (Martinez et
al., 2016; Santesteban et al., 2017; Zhang et al., 2018b; Zhang et al., 2018c). Bearing in mind the mentioned
significance, the aim of this research is to analyse the effect of irrigation regime on soil temperature, soil moisture
and temperature of grapevine and grass cover.

MATERIALS and METHODS: The research was conducted in the vineyard of the white wine grape variety (cv.
Panonia) in Plavinci near Belgrade (44° 41° N; 20° 41° E; 176 m.a.s.l.) from April to September 2021. The
experiment was arranged using a block design with three replications. The intra-row spacing of plants (vines)
amounted to 0.9 m, while the inter-row spacing was 1.8 m (1.62 vines m). The vineyard was minimally tilled. The
space between rows was covered by a grass-legume mixture which is the subject of this study, as well. Climate
data were obtained from the meteorological station located in the vineyard. Water, physical and chemical
properties of soil were determined by the standard field and laboratory analyses. Irrigation was performed using the
drip irrigation method. Three irrigation regimes were established: 1) full irrigation (F), when 100% of crop
evapotranspiration (ETc) was ensured; 2) deficit irrigation (D), 50% of ETc ensured and 3) drought (S), the rainfed
treatment. In all treatments soil moisture (by the vines and on the grass cover) was monitored using a gravimetric
method each 7 to 10 days and continuously using TDR probes. Soil temperature probes were also used for
measuring the soil temperature (soil by the vines). Temperature of the canopy cover (grapevine and grass) was
measured 10 times during the vegetation (from mid-Jun to mid-September) using FLIR T335 thermal imaging
camera. Three photographs were taken during each temperature measurement in all applied treatments. The
photographs were later analysed using the sample of 10 temperatures per photo (30 samples per treatment) with
FLIR Tools software.

RESULTS and CONCLUSIONS: Soil moisture measured by means of gravimetric and TDR method was the
highest in the F treatment and the lowest in the S treatment. Soil moisture content mostly remained within the soil
water depletion limits during the research period. Soil temperature was the highest in the deficit irrigation treatment
(it was not monitored in the control treatment). It varied from 5°C to 32.5°C and amounted to the average of 20°C
from March to September. The average temperature of the grapevine canopy varied from 24.1°C in the F treatment,
25.2°C in the D treatment and 26.0°C in the S treatment. Temperature of the grapevine canopy was lower than the
air temperature in all treatments, which indicates that plants were not exposed to water stress. The average
temperature of grass cover in the inter-row space which was not directly irrigated varied from 38.3°C in the D
treatment to 40.6 °C in the S treatment. It was mainly higher than the air temperature, which indicates that the
grassland was exposed to water stress. The obtained results clearly highlight the significant impact of irrigation
regime on both soil moisture and temperature and canopy cover temperature of grapevine and grass cover. In
addition, grapevine tolerance to water deficit can concluded.

KEYWORDS: irrigation regime, thermovision, remote sensing, soil temperature and soil moisture, grapevine,
grass.
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*ayTop 3a KOHTaKT: pekecs@uns.ac.rs

YBOJ n IUJBEBHU: V pany cy npuka3aHa HCTpaXXnBamba BIAXKHOCTH 3eMJbHINTA Ha Topydjy CyOoTiuke
nenryape, Koja ce Hajasu Ha ceBepy BojBoaune y nmonpydjy ITanoncke Husmje. Mcrpaxusama cy obaBibeHa
y 00JIaCTH IIYMCKOT H CTEIICKOT eKOCHCTEMa, U BpIIeHa Cy Imopehema caxpxkaja Biare y 3eMJBHIITY n3Mehy
3eMJBHIITA [OKPUBEHOT LIYMCKOM M CTEICKOM BeretainujoM. Ilomanu ykasyjy Ja 3eMJBHIITE IOKPHBEHO
LIYMCKOM BETeTAljoM caapku Bely KOJIMYMHY Bilare OJ 3€MJBHINTA KOje je HOKPHUBEHO CTEICKOM
BErCTAIINjOM.

MATEPUJAJI u METO/: [IpoyuaBas je caznpskaj Biare Ha apeHocol 3eMbHITy CyOoTHYKE Memvape.
BrnaxxHoct 3emsbuinTa je Mepera Ha Tpu nyoune: 10, 30 u 50 oM. M3BpiieHa cy Mepema Biare y myMcKoM

U CTETICKOM €KOCHCTEMY. Y IIYMCKOM €KOCHCTEMY MepeHba Cy BPILEHA Ha JIOKAJIUTETy 00paciuM ca
OarpemoM (Robinia pseudoacacia L.), TOK je OOMIDKIBH CTEIICKA €KOCHCTEM 00pacTao pasinauTuM
TpaBHaTUM (hopMaIjama.

PE3YJITATH u 3AK/bYYLU: Nmajyhu y Buny Mepeme Biare y 3eMJBHIITY Ha [Ba JIOKAJIUTETA, TOE Cy
nopelyeHn mojany MEepeHu Ha IOJPY4jy HIYMCKOT U CTETICKOT €KOCHCTEMA, MOXKe Ce 3aKJbY4UTH ja je Behn
cajpKaj Blare y 3eMJBHIITY OHO HCIOA IIyMCKe BereTanuje. To je MoceOHO YOUJbHBO y MOBPIIMHCKOM
CII0jy 3€MJBHIITA, OMHOCHO Ha nyomHH on 10 1M, rae mocroje 3Ha4ajHE pas3iHKe y caipikajy Biare Ha
MOBpIIMHAMA 0] ITyMCKOM BETeTaIlijOM y OJHOCY Ha MOBPLIMHY I10]] TpaBHUM (opManujama. Bnaxxxoct
3eMJBHINTA MepeHa Ha obe Jiokanuje Ha nyomHama ox 30 m 50 M MMana je Mame Bapujanuje u Owia je
KOHCTAaHTHHja y OJHOCY Ha BII@XXHOCT y IMOBPIIMHCKOM XOPU30HTY 300T TOra HITO jeé Mame H3JI0KeHa
KIIMMaTCKUM YCJIOBUMA, NIPE€ CBECra HCyNIMBamy W NaJaBUHaMa. v MMOBPIIMHCKHUM CJ'[OjeBI/IMa CTCIICKOT
eKOCHCTEeMa INPUMETHO je Mambe Biare ycien mnosehanor ucnapaBama. IloBpimvHaMa MOA IIYMCKOM
BEreTalyjoM Koja y OBOM ClIy4ajy MMa 3Ha4ajHy 3aIITUTHY (QYHKLH]Y, HOCTIKY ce 00JbH MUKPOKIMMATCKH
YCIIOBU ¥ IOBOJAHMJH CaZPIKaj BIIAre y 3€MJBHINTY, IITO MOJCTHYE AaJbH Pa3BOj M ONCTAHAK IIyME HA OBOM

noApy4jy.

KJbYYHE PEYU: ApeHocoi; BIa)KHOCT 36MJBHIITA; IIIyMa; CTela
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SOIL MOISTURE OF FOREST AND STEPPE ECOSYSTEM

Sasa Pekec®*, Marina Milovié?

* University of Novi Sad, Institute of Lowland Forestry and Environment, Novi Sad, Serbia

*Corresponding author: pekecs(@uns.ac.rs.rs

INTRODUCTION and OBJECTIVES: The paper presents the research of soil moisture in the area of the
Subotica sands, located in the north part of Vojvodina in the area of the Pannonian plain. Research was
carried out in the area of forest and steppe ecosystem, and comparisons of soil moisture content were done
between soil coverage by forest and steppe vegetation. The data indicate that the soil covered by forest
vegetation contains a higher amount of moisture than the soil covered by steppe vegetation.

MATERIAL and METHOD: In this paper, the soil moisture content of Subotica sands was studied at two
sites. The soil moisture is measured depending on the vegetation cover. The soil moisture was measured at
three depths: 10, 30 and 50 cm. Moisture measurements were made in the forest and steppe ecosystem. In
forest ecosystem, measurements were made at sites covered by one species: black locust (Robinia
pseudoacacia L.), while the steppe ecosystem were covered by various grass formations.

RESULTS and CONCLUSIONS: Bearing in mind the measurement of soil moisture at two sites, where
compared data were measured in the area of forest ecosystem and steppe ecosystem i.e. nearby openings
covered with grassland formations it can be concluded that higher soil moisture content was in area under
forest vegetation. This is especially noticeable in the surface layer of the soil, that is, at a depth of 10 cm,
where there are also significant differences in the moisture content in area under forest vegetation in relation
to the area under grass formations. Soil moisture measured at depths of 30 and 50 cm had less variation and
was more constant in relation to humidity in the surface horizon at a depth of 10 cm, precisely because it is
less affected by climate conditions, primarily evaporation and precipitation. There is less moisture in the
surface layers of the steppe due to increased evaporation. Areas under forest vegetation, which in this case
has a significant protective function, achieve better microclimatic conditions and more favorable moisture
content in the soil, which encourages further development and survival of the forest in this area.

KEY WORDS: Arenosol; soil moisture; forest; steppe.
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N30JAIINJA U KAPAKTEPU3AIINJA AYTOXTOHUX 3EJEHUX
MHUKPOAJITU U3 BEMJbUIITA Y CPBUJA
Tumea Xajuan Japapu'*, Bnagumupa Xynuh'!, Cumonuga Bypuh!, Iparana Ctamenos!

'Vuusepsurer y Hoom Cany, [ossonpuspeanu pakynret, Jlenaptman 3a patapcTso u nosprapctso, Hosu Cazt, Cp6uja
*ayTop 3a KOHTakT: mikrobiologija@polj.uns.ac.rs

YBOJ u HIM/BEBU: 3emibuiiHe MHUKpOAIre Cy €yKapHOTCKH (POTOCHHTETHYKH MHKPOOPTAHH3MH KOje
KHMBE Yy CpeuHaMa ca pa3jIMIUTHM eKOJIOIIKMM YCJIOBHMa, a 3axBalbyjyhu cBojoj jemHohemmjckoj
CTPYKTYpH Kapaktepuiie UX u Op3 pacTt. Mako ce mMyHO 3Ha O 3Ha4ajy M HPUMEHH Crenu)HIHHX
3eMJBUITHUX MHUKPOAJITH y MOJBONPUBPEH, HE MOCTOje 00jaB/beHH MOAALM O JUBEP3UTETY U TAKCOHUMH)H
3eMJbMIIHNX MuKpoanrn y Cp6uju. OBO HCTpakuBame je CHPOBENCHO ca IHJbeM Ja ce H30IYjy,
UACHTH(UKYjYy W KapaKTepHIly ayTOXTOHE 3eJIeHe MHKpoajire M3 IBa pasiM4YuTa THIA 3eMJbHINTA Ha
TepUTOpHju NoKpajuHe BojBoxuna, Cpbuja.

MATEPUJAJI u METO/;: 3eneHe MuKpoaire Cy H30JI0BaHE M3 JBa THIA KHCEIUX 3EMJBHUINTA Y
Bojsoauuu, Cpbuja (IUCTpHYHH KaMOWMCOA M BepTHcoN) KopuimhemeM momiore BI'l1. Mopdoimorike
KapaKTEPUCTUKE CY MCIIMTHBAHE MOMONY CBETIOCHE MUKPOCKOIICKE M KOH(OKAJIHE JIacepCcKe CKeHupajyhe
MHKpPOCKONHj€, JIOK je TAKCOHOMHMja 3acHOBaHAa Ha pe(epeHTHUM KIbUTraMa 3a 3eMJBUIIHE aire |
nujanobaktepuje. OppehuBame Op3uHe pacta anru je mnpahieHO MepemeM ONTHYKe TYyCTHHE Ha
cnekTpooToMeTpy. 3a MpOLEHy aHTHUMHKPOOHE aKTMBHOCTH H30jaTa KopumiheHa je OucK Augy3HoHa
MeToza.

PE3YJITATHU u BAK/bYULIU: 13 3emspuinTa je YKYnHO H3010BaHo 20 H30iarta, a IeTaJbHO je OMHUCaHO
meT jeqHoheNmujCKMX MHKpOANraJHuX cojeBa. M3omatu mnpumanajy poaosuma Chlorella sp. u
Dyctiospherium sp. Chlorella sp. iMa OKpyIJId 0 CIMIICOMAHU OONMK henmuje ca KapaKTepUCTHYHAM
XJIOPOILJIACTOM Y OOJIMKY Tiexapa, Bennuune 4-10pum (mnaae u oxpacie henuje), 1ok cy Dyctiospherium sp.
henuje KokonHe, YIIIaBHOM JKHBE y KosoHHjama ox 4 1o 36 henuja, Bemmunne oxpacnux henuja 6-8 um.
HcnutuBaHu COjeBH Cy MMM CIMYHY KHHETHKY pacTa. AHTMMHKPOOHAa HMCHHTHBAaWma Cy H3ABOjHIA
Chlorella sp. coj 71 kao mnoreHUMjanHO AOOPOr MPOAYLEHTa HHXUOMUTOPHHX MaTepHja IPOTHB
(bUTOMATOreHNX IJbHBA.

K/bYYHE PEUYM: 3encune mukpoanre; Mopdoioruja hemuje; Takconomuja; Chlorella Sp.
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ISOLATION AND CHARACTERIZATION OF INDIGINOUS GREEN
MICROALGAE FROM SOIL IN SERBIA
Timea Hajnal Jafari®*, Vladimira Zuni¢?, Simonida Puri¢?, Dragana Stamenov®

*University of Novi Sad, Faculty of Agriculture, Department of Field and Vegetable Crops, Novi Sad, Serbia
*Corresponding author: mikrobiologija@polj.uns.ac.rs

INTRODUCTION and OBJECTIVES: Soil microalgae are eukaryotic photosynthetic microorganisms
that live in harsh conditions and can grow rapidly due to their unicellular structure. Though importance and
application of specific soil microalgae in agriculture is well documented, there are no published articles
about the diversity and taxonomy of green soil microalgae in Serbia. The present study was carried out to
isolate, identify and characterize autochthonous green microalgae from two different soil types in Vojvodina
province, Serbia.

MATERIAL and METHOD: The green microalgae species were isolated from acidic arable soils in
Vojvodina, Serbia (dystric cambisol and vertisol) using BG11 medium. The morphological features were
examined by light microscopic and confocal laser scanning microscopy (CLSM) images, while the
taxonomy was based on reference books for terrestrial algae and cyanobacteria. Growth kinetics was
monitored spectrophotometrically by measuring the optical density (OD). Agar disk-diffusion method was
used for evaluating the antimicrobial activity of strains.

RESULTS and CONCLUSIONS: Out of total 20 algal isolates, five unicellular microalgae strains were
fully characterized. The isolates were designated to Chlorella sp. and Dyctiospherium sp. Chlorella sp. has
round to ellipsoid shape of cell with a distinctive cup-shaped chloroplast, size 4-10um (yound and adult),
while Dictyosphaerium sp. cells are coccoid, mostly in colonies from 4 to 36 cells, adult cell size 6-8um.
The investigated strains showed similar growth rate. Antimicrobial activity assay singled out Chlorella sp.
strain 71 as a potentially good producer of inhibitory agent/s against phytopatogenic fungi.

KEYWORDS: Green microalgae; cell morphology; taxonomy; Chlorella sp.
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CEJIEKTUBHA U30JIAIINJA U KAPAKTEPU3ALINJA
MHOJbONNPUBPE/THO KOPUCHUX BAKTEPUJA U3 PUSOCO®EPHOI'
3EMJBULUTA CANNABIS SATIVA L., BOJBOJAUHA, CPBUJA

Jparana Cramenos®*, Cumonuna Bypuh?, Tumea Xajnan Jadpapu?, busbana Kunporcku®,
Mununa Ahumosuh*

*Yuuepsutet y HoBom Cany, ITossonpuBpenan daxynret, JenaprMat 3a patapctBo u noBprapctBo, Hosu Caj, Cpouja
SHuCcTUTYT 3a paTapcTBO M OBpTapcTBO, JlabopaTopuja 3a HyTpuTUBHM KBanuteT, Hou Caz, Cp6uja

"VIHCTUTYT 3a paTtapcTBO U MOBpTapcTBO, Ofesberbe 3a MOBPTAapCTBO U anTepHatuBHe Kyntype, Hou Cax, Cpbuja
*ayTop 3a KOHTaKT: dragana.stamenov@polj.uns.ac.rs

YBO/ u HUJBEBU: busbke, ykbyuyjyhu u xoHomwsy (Cannabis sativa L), cy nomahuHu pa3nuuuTiX
KOPHCHHUX MHUKpOOHUX 3ajequuna. OBM MHKpOOpPraHn3Mu ce Mory Hahu y puzoc(epHOM 3eMJBHIITY, Ha
OMJBLIM WM yHYTap OMJBHHUX TKHMBA, M CBH 3ajeZHO YMHE OMIbHY MUKPOOHY 3ajeaHHIy. MHKpPOOpraHU3MH
03HAYEHH Kao OMJbHA MUKPOOHA 3ajeJHHIIA CE CUCTEMATCKH MIPoydYaBajy Ayr'd HU3 TOANHA, U BeJlMKa BehnHa
Hay4YHE JIMTEpPaType Ce CaKe OKO IHbHXOBE LIEHTpalHE yJIore y IOAp)KaBamy pacra, pa3Boja M OIIITEr
3apaBiba Omibke. [nib OBOT HCTpakuBama OHO je aa ce u3 pusochepHor 3embuinta KoHombe (Cannabis
sativa L) wm3omyjy Oakrepuje roda Pseudomonas, Bacillus w Azotobacter W WCIUTa HUXOB
ounoctumynaropan (PGP ox plant growth-promoting) 1 GHOKOHTPOIHH MTOTEHIU]jaJl.

MATEPHUJAJI 1 METO/I: Ha ocHOBY MOP(]OOIIKUX KapaKTepUCTHKA KOJOHHMja U henuja u3abpanHu cy
n30natu cBakor poxaa. Mzomatu Pseudomonas cy o3nauenu kao 137, 1138, 1139, mzonatu Bacillus xao B73,
B74, B75, a m3onatu Azotobacter o3HadeHu cy kao A9 u Al0. Cryamja je ykJbyunBaia (H3HONOMIKY K
OMOXEeMHjCKy KapaKTepH3alWjy HW30JlaTa W in Vitro CKPUHUHT OaKTEpHjCKHX W30JlaTa HA HHHXOBE
OHOCTUMYJIaTOpHE M OMOKOHTPOJIHE aKTUBHOCTH.

PE3YJIITATHU u 3AK/bYUYILM: Osa cryauja je MOTBpAWJIA Ja ayTOXTOHEe pusochepHe OakTepuje
KOHOIUBE HMajy pPa3IN4uTe CIIOCOOHOCTH TOJIepaHIMje Ha aOHOTHUKe (aKTOpe U BHINE PA3IUIUTHX
cBOjcTaBa Kojuma Mory mnoncrahu pact 6usbaka. M3onatu popa Pseudomonas cy mokasaiy criocoOHOCT 1a
xuse Ha HUCkuM (10°C) u Bucokum (37 °C) Temneparypama. CBU M30/1aTH Cy UMaJId MUHUMaJlaH pacT Ha
pH 9. J/IBa uzonarta o3nauyeHa kao [137 u I139 cy tonepucana Bucoke xourentpanuje NaCl. M3onatu cy
MMAaJIH CIIOCOOHOCT 12 KOPHCTE pa3IuyuuTe U3Bope yribeHuka. CBu Pseudomonas N301aTy IPOLYKOBAIH CY
numasy, ypeasy, cunepodop, [HjaHOBOIOHHK U pasiiarajiy jeAniberha OPraHCKor 1 HeopraHckor ¢ocdopa.
W3zonatu pona Bacillus cy umanu ontumanan pact Ha 37 °C u MorJi ¢y pacti Ha temrneparypu oxa 45 °C.
Wzomatu pona Bacillus cy nmanu criocoOHOCT pacTta Ha moutosu koja caapsku NaCl 5 u 7% u na pH 9. JIBa
n3onara (b74 u b75) cy umana muanmanan pact Ha pH 4. CBu m3omatu poma Bacillus cy npomykoBaiu
Lenynasy, JKelaTuHa3sy, nIpoTeasy, ypeasy, HHAOJ CHpheTHy KUcennHy, cuaepodop, nujanoBooHuK, AL
JeaMHUHa3y, U UMaJIM Cy CIIOCOOHOCT MHHEpallM3alije OpraHCKHX jenumema (ocdopa. M3omatn ponma
Azotobacter nmaim cy ontuManad pact Ha 37°C M MHHHUManaH pacT Ha Mexujymy ca pH 6 u 9. Ceu
Azotobacter ¥3071aTH KOPUCTHIIN Cy YIJbCHE XHpaTe Kao U3BOP YIJbEHHKA, OCHM JiakTo3e. OBH H30JaTH Cy
NIPOJYKOBAJIM JIUINAa3y, aMuiIasy, nujaHoBogoHukK, ALl neaMuHa3y ¥ KOPHCTHIIM OPTaHCKH U HEOPTaHCKU
u3Bop ¢ocdopa. Ilpumena usonara ponma Bacillus noeena je A0 Cympecdje pacta MAaTOTCHUX TJbUBA
Sclerotinium sclerotiorum w Fusarium oxysporum. W3onatu poma Pseudomonas u Azotobacter HUCY
HOKa3aJM cynpecuBHe eeKTe Ha pacT OBUX IJbHBA.

KJ/bYYHE PEYM: 6uoctumynaropu, Guokontpona, Pseudomonas, Bacillus, Azotobacter, KOHOTLIba
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SELECTIVE ISOLATION AND CHARACTERIZATION OF
AGRICULTURALLY BENEFICIAL BACTERIA FROM RHIZOSPHERIC
SOIL OF CANNABIS SATIVA L., VOJVODINA, SERBIA

Dragana Stamenov®*, Simonida Duri¢?, Timea Hajnal Jafari®, Biljana Kiprovski®, Milica
Acimovic®

*University of Novi Sad, Faculty of Agriculture, Department of Field and Vegetables Crops, Novi Sad, Serbia
“Institut of Field and Vegetables Crops, Laboratory for nutritional quality, Novi Sad, Serbia
¢ Institut of Field and Vegetables Crops, Department of vegetable and alternative crops, Novi Sad, Serbia

*Corresponding author: dragana.stamenov@polj.uns.ac.rs

INTRODUCTION and OBJECTIVES: Plants, including hemp (Cannabis sativa L), host different
beneficial microbial communities. These microorganisms can be found in rhizospheric soil, on and inside
plants tissues, designated as the plant microbiota or plant-associated microorganisms. The plant-associated
microorganisms have been studied systematically for many years, and the vast majority of the scientific
literature agrees upon their central role in supporting plant growth, development and overall health. The aim
of this study was to isolate bacteria of Pseudomonas, Bacillus, and Azotobacter from the rhizospheric soil of
hemp (Cannabis sativa L.) and investigate their biostimulatory (plant growth-promoting — PGP) and
biocontrol potential.

MATERIAL and METHOD: Based on the morphological characteristics of colonies and cells, isolates of
each genus were chosen. The Pseudomonas isolates were marked as P37, P38, P39, Bacillus isolates as B73,
B74, B75, and Azotobacter isolates were marked as A9 and A10. The study included physiological and
biochemical characterization of the isolates and in vitro screening of the bacterial isolates for their PGP and
biocontrol activities.

RESULTS and CONCLUSIONS: This study confirmed that indigenous rhizospheric bacteria of hemp
have different abiotic stress tolerance abilities and multiple plant growth-promoting (PGP) properties.
Pseudomonas isolates showed the ability to live at low (10°C) and high (37 °C) temperatures. All isolates
had minimal growth on pH 9. Two isolates denoted as P37 and P39 tolerated high concentrations of NaCl.
Isolates had the ability to use different sources of carbon. All Pseudomonas isolates produced lipase, urease,
siderophore, hydrogen cyanide, and utilized organic and inorganic phosphorus. Bacillus isolates had an
optimal growth at 37 °C and could grow at 45 °C. Bacillus isolates had the ability to grow on a medium
containing NaCl 5 and 7%, and on pH 9. Two isolates (B74 and B75) had minimal growth on pH 4. All
Bacillus isolates produced cellulase, gelatinase, protease, urease, IAA, siderophore, hydrogen cyanide, ACC
deaminase, and had the ability to mineralize phosphorus organic compounds. Azotobacter isolates had the
optimal growth at 37°C and minimal growth on a medium with pH 6 and 9. All Azotobacter isolates used all
carbohydrates as a source of carbon, except lactose. Isolates produced lipase, amylase, hydrogen cyanide,
ACC deaminase, and utilized organic and inorganic phosphorus. Application of Bacillus isolates led to the
growth suppression of pathogenic fungi Sclerotinium sclerotiorum and Fusarium oxysporum. Pseudomonas
and Azotobacter isolates did not show suppressive effects on the growth of these two fungi.

KEYWORDS: PGP, biocontrol, Pseudomonas, Bacillus, Azotobacter, hemp
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KBAJIMTET HOJA3EMHUX BOJA CEBEPHOI' BAHATA CA ACIIEKTA
HABOJIIHABAIbBA

Musuna Bpanemesuh*, Atuna Bespan', Boniko bnarojesuh!, Kcenuja Maukuh?

'Vuusepsuter y Hosom Cany, [ossonpuspeanu pakynret, Jlenaprman 3a Ypeheme Bosa, Hosu Can, Cpbuja
2Vuusepsurer y Hoom Cany, [Tossonpuspennn dakynret, Jlenaprman 3a Patapcso u nosprapctso, Hou Can, Cpouja
*ayTop 3a KoHTakT: milica.vranesevic@polj.edu.rs

YBOJA u HUJ/BEBU: YnorpeO/pHBOCT BO/IE 3a HABOAM-ABakE MOApa3ymMeBa 1a KopuiufieHa BOja 3aJ0BOJbaBa
onpeleHe kputepujyMe Kako OM ce OCTBapHIM CTAaOWJIHM M BHCOKH NpHHOCH. Kako y 3aKOHCKOj perynaTHBH
Penyonuke CpOuje He mocroje jacHO AeHHHCAHE KaTeropje Wi Kiacu(HKaipje 3a OBy CBpXY, YECTO C€ Y
MpaKcH KOpUCTe Kako jJomalie Tako W CBETCKHM MO3HaTe Kilacudukaiyje Boje 3a HaBoAmaBame. Llnib oBor pama
jecre ma ykake Ha MoryhiHocT kopuihiera Bojie y ceBepHOM baHaty 3a moTpe6e HaBoibaBarma y CKIaIy ca lbeHOM
ynorpebdssuBomhy.

MATEPUJAJI n METO/I: Mepenu nopaiu napamerapa BOJe NpEY3eTH Cy ca caTjTa areHIHWje 3a 3allTUTy
JKMBOTHE CPEJIMHE Y M3BELITajy O KBAJIUTETy MOA3EMHE BOJE 3a MepHe cranuue banarcko Apanbenoso, Kamuka,
Manej m Kukunga u to 3a mocMarpanu nepuon on 2011. mo 2018. romumue. Ilopen ocHOBHHMX mnapamerapa
KBaJIMTeTa BoJE (YKYIIHE PAcTBOPEHE COJIM, €JIEKTPOIPOBOJBUBOCT, KA0 U KATjOHH M aHjOHH) Ha Kojuma je
U3BpILIEHA CTATUCTHYKA aHaIM3a (PU3MYKUX M XEMUjCKUX IapaMerapa y30pKoBaHe BOje, Takohe je u3BplLIeHa U
ki1acuduKanyja BoJe Ha OCHOBY jeaHe nomahe (knacudukanuja npema Hejrebayey) u 1Be cBeTcke Kiacudukanyje
(DAO knacudukanuja u knacudukanmja mpeMa aMepudkoj adoparopuju 3a 3acinamena semspuinta (Y CJL)).
PE3VJITATHU u 3AK/bYULU: [obujeHn pe3ynTaté ykasyjy [a je Ha MepHOj ctanunu banarcko ApanljenoBo
npema kinacubukamju npema Hejrebayepy mo1io 1o onagama KBamuTeTa moa3eMue Boje ca Il kinace koja je una
ox 2011. mo 2015. roguHe HAKOH yera KBaJWTeT MMoa3eMHe Bojae omama Ha IIIb kmacy y kojoj je mo kpaja
HCIUTHBAHOI TMepHoJa, MoK je mpema kinacuduxaruju YCCJI KBaluTeT BOJIE 32 HABOIHABAEE TOKOM LEJIOT
ucnuTrBaHor mepuonga 6wo y kmacu C3-S3. Kaga je ®AO knacubpukanuja y nuramby oHa y (OKYCy MMa TPU
LeJIMHE: ca acreKTa OMAaCHOCTU O] 3aciamMBama OBH Y30pLM cy ce cBpcraBanu y Il kimacy TokoMm wenor
[IOCMATpPaHOr TIEPHOJIa, Ca acrekTa MH(UITpalKje TOKOM LIENOor epHo/] Bojia je OHila TAKBOI KBAIUTEeTa Ja HUCY
ouie nmorpebHe O6mito kakBe pectpuknyje (I kaca), 10K je ca aclieKTa ONACHOCTH OJf TOKCHYHUX jOHA HaTpHjyMa 1
XJIOpa TOKOM MCIIUTUBAHOr Iepuona Ouna norpebHa ymepeHa pecrpukuuja (II kmaca) mmmu 0e3 MKakBUX
PECTpHKIIMja TOKOM LIeJIor nocMarpaHor nepuoja. Ha MepHoj cranuiu Kamika KBaIUTET ITOJ3EMHE BOJIE j& caMo
2011. roquuu 61o cBpctaH y Vla kinacy npema knacudukanuju npema Hejrebayepy, 10K je 10 Kpaja mocMaTpaHor
mepuosia mobosbliaHn KBaiauTeT Bojae npumanao I kmacu. Ilpema knmacudpukanuju YCCJI kBanuter Boae 3a
HABO/KaBakhe TOKOM ILIEJIOT MCIUTUBAHOT repuozaa 6uo y kiacu C2-S1. ®AO knacudukanuja y neiny Koju ce
OJTHOCH Ha 3acjlambHBarbe U IPUCYCTBO TOKcHYHUX joHa Na u Cl ykasyje Ja je TOKOM ILienor rnepuoja Boja oumna y I
KJIacH, JIOK je TIpeMa Jiesly KOju ce OAHOCH Ha MHGHUITPALMjy TOKOM [MOCMaTpaHOr rnepuojaa Boja ouia y Il kmacu.
VY3opuu Bome Ha MepHoj cranunu Ilanej npema kinacubukanuju Hejrebayepa ocum 2013. roaune xana je Ouia
cpcrana y IIIb ximacy, TokoM ocraTka IIocMarpaHor meproza 6una je y la xmacu. Ilpema knacudukamuju YCCJL
KBAJIUTET BOJC 3a HABOIMABAKC TOKOM IIEJOr HCIUTHBAHOI Iepuoma Omo y kmacu C3-S1, nox je ®AO
KJIacuguKaLmja rmokasana Ja je camo y Jiely KOjU ce OAHOCH Ha 3aciamuBame npumnajano 11 kinacu, cBu ocranu
CerMeHTH OBe Kiacu(ukamuje cBpcTaBamu cy y3opke y | kmacy. Ilpema knacudpukammju Hejrebayepa Tokom
[OCMaTpPaHOr MepHo/ia KBAIUTET Bojie ce Mewao ox Il no IVa knace Ha MepHOj cranuim Kukuuia, 10K je mpema
xnacudukanuju YCCJI kBanMTeT BOzie 3a HABOABABAKE TOKOM LIEJIOI HCIMTUBAHOT nepuona 6uo y kiacu C3-S.
DAO xnacudukanmja y 1einy KOju ce OJHOCH Ha 3aciiamMBambe W HPHCYCTBO TokcnuHHX joHa Cl ykasyje na je
TOKOM ILIEJIOT Tepuosa Boja 6uia y | kiacu, 0K je mpema Jieny KOju ce OJHOCH Ha MH(MUITPALjy U MPUCYCTBO
TOKCHYHHX joHa Na TOKOM mocMmarpaHor mepuona Boga Owna y II kmacu. OBakBM pe3yntaTd yka3syjy Ha
HEONXOJHOCT KOHTPOJMCAama KBAIUTETa MOJ3eMHE BOJE 3a HaBOAMABame, jep ycneln Kopuinhema Boje
HeaIleKBaTHOT KBAJIUTETa BOJIE MOJKe I0fiM 70 Omajama CTAOMIHUX U BUCOKHX IIPHHOCA y TIPOTOKY BpEeMEHa.

KJbYYHE PEYM: Kpanurer nomzemue Boae; HaBonmasame; CeBepan banar
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GROUNDWATER QUALITY OF NORTH BANAT FROM THE ASPECT OF
IRRIGATION

Milica VraneSevi¢*, Atila Bezdan!, Bosko Blagojevié¢!, Ksenija Mackié?

!University of Novi Sad, Faculty of Agriculture, Department of Water Management, Novi Sad, Serbia
2University of Novi Sad, Faculty of Agriculture, Department of Water Management, Novi Sad, Serbia
*Correspondent author: milica.vranesevic@polj.edu.rs

INTRODUCTION and OBJECTIVES: The usability of water for irrigation means that the water used
meets certain criteria in order to achieve stable and high yields. As there are no clearly defined categories or
classifications for this purpose in the legislation of the Republic of Serbia, both domestic and world, well
known classifications for irrigation water are often used in practice. The aim of this paper is to point out the
possibility of using water in northern Banat for irrigation purposes in accordance with its usability.
MATERIAL and METHOD: The measured data of water parameters were taken from the website of the
Environmental Protection Agency in the report on the quality of groundwater for measuring stations
Banatsko Arandjelovo, Kanjiza, Padej and Kikinda for the observed period from 2011. to 2018. In addition
to the basic parameters of water quality (total dissolved salts, electrical conductivity, as well as cations and
anions) on which statistical analysis of physical and chemical parameters of sampled water was performed,
it was done and water classification based on one domestic (Nejgebauer classification) and two world
classifications (FAO classification and classification according to the American Laboratory for Saline Soils
(USLL)).

RESULTS and CONCLUSIONS: The obtained results indicate that at the measuring station Banatsko
Arandjelovo, according to the Nejgebauer classification, there was a decline in the groundwater quality
from class II to class IIIb, which was from 2011. to 2015., where it was until the end of the study period,
while according to the USSL classification, the groundwater quality was in class C3-S3 during the entire
researched period. The FAO classification focuses on three parts: in terms of the risk of salinization, these
samples were classified in Class II throughout the observed period, in terms of infiltration during entire
period samples was in I Class, while from the aspect of the danger of toxic ions of sodium and chlorine
during the entire period, a moderate restriction was required (Class II) or without any restrictions during the
entire researched period. At the Kanjiza measuring station, groundwater quality was classified in Vla Class
only in 2011. according to the Negebauer classification, while by the end of the researched period, the
improved water quality belonged to II Class. According to the USSL classification, the groundwater quality
during the entire period was in class C2-S1. The FAO classification in the part related to salinization and the
presence of toxic Na and Cl ions indicates that during the whole period the water was in I Class, while
according to the part related to the infiltration II Class was during the researched period. Water samples at
the Padej measuring station according to the Negebauer classification, except in 2013, when it was
classified in class IllIb, during the rest of the observed period it was in class Ia. According to the USSL
classification, the groundwater quality during the entire researched period was in class C3-S1, while the
FAO classification showed that it was only in the part related to salinization during it was II Class, and the
rest of other categories belonged to I Class. According to the Negebauer classification, during the
researched period, the water quality changed from II to IVa class at the Kikinda measuring station, while
according to the USSL classification, the water quality for the entire period was C3-S1. The FAO
classification in the part related to salinization and the presence of toxic Cl ions indicates that water was in [
Class during the entire period, while according to the part related to the period of infiltration and presence
of toxic Na ions it was in Il Class. These results indicate the need to control the groundwater quality for
irrigation, because the use of water of inadequate water quality can lead to a decline in stable and high
yields over time.

KEYWORDS: Groundwater quality; irrigation; Northern Banat
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YTULAJ IPOMEHE KOPUITREIA 3BEM/BUIIITA HA XU/IPOJIOIIKA N
XUAPAYJINYKA CBOJCTBA JIMBAJICKE HPHHUIIE: O/
HEINNOPEMEREHE HTYME 0 ITAIIIIbAKA

Bomxo Iajuh'*, Jby6omup JKusotuh!, Bpanka Kpecosuh?, Muoapar Toaumup?

'Vuusepsuter y Beorpany, ITossonpuspenaun dakynrter, MHCTHTYT 3a 3eMJbHINTE U Meanopanuje, beorpan, Cp6uja
2MHCcTHTYT 3a KyKYpY3 ,,3eMyH [Tosbe”, Beorpan, Cpouja
*ayTop 3a KoHTakT: bomiko ajuh: bonna@agrif.bg.ac.rs

YBOJ u HUJBEBU: Xunpaynnuka cBojctBa 3emipmimTa (XC3) KOHTPOIHIIY KpeTame M CKIAANIITCH:E
BOJIC M XPAaHJbUBHX MaTepHja y 3eMJBMINTY W Ha Taj HAUMH yTHIy HA MIUPOK CHEKTap OHOTCOXEMH]CKUX
Ipolreca M yciIyra eKocHcTeMa. 3a morpede XUAPOJIOMKOr MOJIEINparkha, YIJIaBHOM Ce KapaKTEepHIIy Kao
KOHCTaHTHE BPEAHOCTH, Ha TpuMep, 3acuheHa Xuapaynnya HpoBOAJBMBOCT (Kium), Kamamurer
nadunTpanuje wian nosbeku Boxuu KananuteT (IIBK). Mmak, no6po je nmo3Hato na cy MHora (usHika u
XEMHjCKa CBOjCTBa 3eMJBHIITA IPOMEHJbHBA Y IIPOCTOPY M BpeMeHy. Moryhn pasnosu 3a To cy Ouonomika
AKTHBHOCT 3€MJBHMILTA, MPOLECH MOBE3aHUW Ca Mpa3oM, YTHILAj BeTpa IMpPeKo KopeHa Omibaka, oOpana
3emJpHIITa, Hcnama u apyro. Crora ce moxe odekuBatH Aa XC3 M XHAPOJONIKA CBOjCTBA 3E€MJBHIITA
Takohe Bapupajy mocteneHo. OBaj pan anHamusupa BapujabmiHoct XC3 M XHAPOJIOLIKMX CBOjCTaBa y
noBpmuHCKOM cnojy (0—15 M) OeckapbonaTHe, mpamkacTo-riuHacte juBaicke npHune (Fluvisol) y
nomuan Komy6ape u3asBany BumeroquuimsuM (> 100 ronnHa) pa3snuuuTiM KOpUIIhemheM 3eMIBHUIITA.
MATEPUJAJI u METO/I: Ha 6iuckom melhycoOHOM pacTojamy MIOCHTH(UKOBAHE Cy IBE Pa3IHYHTE
HaMeHe 3eMJBUINTA (MEIIOBHUTA IIMPOKOIMCHA JUCTOAJHA IITyMa U MaIlkak). [1ammbak je KoIeH yriaBHOM
€aMo jeJHOM y KacHo nponehe, a kKacHHje ¢y camo IOBpPEMEHO HamacaHe Kpase (2—3 Kpase xa™') u oBue (8—
10 oBana xa™'). YHyrap cBakor HaunmHa Kopuinhema 3eMJbUINTA H3a0paHe Cy TpH JIOKAlMje Ha KOjUMa je
CIIPOBEJICH HCTH NIPOrpaM Meperha I'yCTUHE CYBOT 3eMJbUINTA (p;), Keum, Kananutera nauntpanyje, [IBK n
pEeTeHIIMOHE KpWBE CTaHIapaHUM MehyHapogHo mnpusHatuM Meromama. Kopucrehu oBaj 1uiaH
HCTpaXXMBama, INPETIOCTABIIM CMO Ja Ce MOry HISHTH(QHKOBAaTH cucTeMaTcke pasmuke y XC3 un
XHMIPOJIOIIKUM CBOjCTBMMA 3€MJBHIIITA Y MOTJIEAY KOPHUIThermha 3eMIbUIIITA.

PE3VYJITATU u 3AK/bYUIIU: Pesynratu mokasyjy aa kopuiheme 3¢MJBUINTA HMa 3HAYajaH yTUIla] Ha
HCTIUTUBAHA CBOjCTaBa 3eMJbMINTA. neHTH(HKOBaHEe pa3InuKe Cy CTATUCTHYKH 3HaYajHE ca BEpOBATHOMOM
ox 5%. Youeno je nosehamse p; o mryme (0,99 r um ) no mammaka (1,49 T uM ) y IOBpIIMHCKOM CI0jy
HCTPaKMBAHOT 3eMJBHINTA, IITO je Y CKJIaAy ca Haja3uMma u3 aureparype. Kao mro ce u ouekuBano, Ko, je
Beha y mymu (>100 M man') y nopehemy ca nammakom (0,30 m gan'). Kanauurer unduirpauuje 3a
IIYMCKO 3eMJBHINTE j€ 3HATHO BehM HEro 3a Mammak, 3a IITa ce MOXKE MPETIHOCTABHTH 1 je IOCIeNna
Behe BpenHOCTH Ky TOBPIIMHCKOT CJI0ja 3eMipHmITa. 11ITO Ce 3eMipbHINTe MHTEH3UBHUjE KOPUCTH (TIAIIHAK
> myma), Mame BOAE c€ CKJIAIUINTH y 3eMJBHINTY Ha oxpeheHom mpurucky. lllymcko 3emspuiiTe je
MOKa3aJo 3HaTHO Behu mpoceuHu cajpikaj Boae (46% 3anpeMuHCKa) Hero manmmadko (38%) 3emsbHInTe Ha
pF 2,5, xoju je xopmmheH Kao 3aMeHa 3a NOJBCKHM BOJHM KamamureT. Mcra cTpykTypa pesynTaTa je
nponahena u 3a npyre pF Bpexnoctu. OTyna ce MoXke NMPETIIOCTABUTH Jla IIOMEpame KPUBE 3a/piKaBarba
BOJC Y3POKYje CMamCHe MNPUCTYNayHe BOAE 3a OWJbKE. 3aKJ/bYYyHO, OBO HCTPaKHBamEe YKasyje naa
Kopuiherme 3eMJpHINTA MMa BaKaH YTHLA] HAa XHUAPAYINYKAa ¥ XHIPOJIOLIKA CBOjCTBA 3EMJBMIITA.
HuTeH3uBHUja TOJBONPUBPEIHA YIIOTpeOa, Kao MITO je Malllkbak y OBOj CTyIUju, moBehaBa p, U CMamyje
K..n m canpxaj Bome Koja je mpucTymayHa Omspkama (cMmameH [IBK). OBo je yrmaBHom 300r cabujama
3eMJBHLITA NPH NPEKOMEPHOj WCMAIIN Koja JOBOAM A0 IyOHMTKa Makporopa. 3amakama Jara y OBOM
UCTPaXXMBaby MMajy BaXKaH yTHIAj Ha Pa3yMEBambe XMAPOJOLIKUX MPOLeca ¥ Ha pa3pany XUIPOJIOIIKHX
mojena. OHU 4ecTo y3uMajy y 003up Majy MpOCTOPHY BaphjaOMIIHOCT CBOjCTaBa 3€MJBHUINTA, alld HHUXOBA
rapaMeTpu3anyja He 3aBHCH of Kopumhema 3ewsbumnTa. OBO HCTpaXHBame je IIOKa3ala jJa oBa
MIPETIIOCTaBKA HE BaXKU M Jla Ce He MOXe TeK TaKO 3aHEMapHBaTH.

K/bYUYHE PEYM: Fluvisol; xunpayandku KOHIYKTHBHUTET; pF KpuBa, IprcTynayHa BoJa OnpKama.

104



SoﬂAgroIT 2077

INFLUENCE OF LAND USE CHANGE ON HYDROLOGICAL AND
HYDRAULIC PROPERTIES OF FLUVISOL: UNDISTURBED DECIDUOUS
FOREST TO PASTURE

Bosko Gajié'*, Ljubomir Zivoti¢!, Branka Kresovi¢2, Miodrag Tolimir2

"University of Belgrade, Faculty of Agriculture, Belgrade, Department of Reclamation of Soils, Serbia
*Maize Research Institute “Zemun Polje”, Belgrade, Serbia
* Corresponding author: Bosko Gaji¢: bonna@agrif.bg.ac.rs

INTRODUCTION and OBJECTIVES: Soil hydraulic properties (SHP) control the movement and
storage of water and nutrients in the soil and thus affect a wide range of biogeochemical processes and
ecosystem services. For the purposes of hydrological modeling, they are mainly characterized as constant
values, for example, saturated hydraulic conductivity (K,,), infiltration capacity or field capacity (FC).
However, it is well known that many physical and chemical properties of soil are variable in space and time.
Possible reasons for that are biological activity of the soil, processes related to frost, the influence of wind
over the roots of plants, tillage, grazing and others. Therefore, it can be expected that SHP and hydrological
properties of the soil also vary gradually. This paper analyzes the variability of SHP and hydrological
properties in the surface layer (0—15 cm) of of noncarbonate, silty-clay Fluvisol in the Kolubara River
Valley, W Serbia caused by perennial (>100 years) different land uses.

MATERIAL and METHOD: Two different land uses (mixed deciduous forest and pasture) were
identified at close range. The pasture was mowed mostly only once in late spring, and later only
occasionally grazed cows (2-3 cows ha™') and sheep (8—10 sheep ha™'). Within each land use, three sites
were selected where the same measurement program on bulk density (p5), K, infiltration capacity, FC and
retention curve were implemented using standard internationally recognized methods. Using this research
plan, we assumed that systematic differences in SHP and soil hydrological properties with respect to
different land use could be identified.

RESULTS and CONCLUSIONS: The results show that land use has a significant impact on the examined
soil properties. The identified differences are statistically significant with a probability of 5%. An increase
in p;, from forest (0.99 g cm™) to pasture (1.49 g cm™) was observed in the surface layer of the investigated
soil, which is in accordance with the findings from the literature. As expected, K, is higher in the forest
(77100 m day ") compared to pasture (0.30 m day'). The infiltration capacity for forest soil is significantly
higher than for pasture, which can be assumed to be a consequence of the higher value of K, surface layer
of the land. The more intensively the soil is used (pasture > forest), the less water is stored in the soil at a
certain pressure head. Forest showed significantly higher average water content (46% by volume) than
pasture (38%) at pF 2.5 is used as a proxy for the FC. The same structure of results was found for other pF
values also. Hence, it can be assumed that shifting the water retention curve causes a reduction in plant
available water. In conclusion, this research indicates that land use has an important impact on the hydraulic
and hydrological properties of the soil. More intensive agricultural use, such as pasture in this study,
increases p, and decreases K, and plant available water content (reduced FC). This is mainly due to soil
compaction during excessive grazing, which leads to the loss of macropores. The observations given in this
research have an important influence on the understanding of hydrological processes and on the
development of hydrological models. They often take into account the small-scale spatial variability of soil
properties, but their parameterization does not depend on land use. This research has shown that this
assumption is not valid and cannot be simply ignored.

KEYWORDS: Fluvisol; hydraulic conductivity; retention curve; plant available water
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E®PUKACHOCT NIPUMEHE MUKPOTPAHYJIMCAHUX BDYBPUBA Y
MNPOU3BOAIBU CYHHOKPETA U KYKYPY3A

Panxo Ya6unoscku', Maja Manojnosuh', Knapa Iletkosuh!*, Jlparan Kosauesuh', Mupna
[lItp6an', Mupjana Bujyk', Munan Byjuh?

'Vuupepsuter y Hopom Cany, ITomonpuspeanu pakyntet, JlenapTMaH 3a patapcTso u nosprapctso, Hosu Can, Cp6uja
2Elixir Zorka — mineralna dubriva, Illa6amu, Cp6uja

*aytop 3a koHTakT: klara.petkovi¢@polj.uns.ac.rs

YBO/J u IUJBEBMU: VY paTtapcTBy, TpaJUIHOHATHA HAYHH NPHMEHE TPaHyIHNCAaHHX MUHEPaTHUX hyOpuBa
YTJIaBHOM IIOJIpa3yMeBa pacuname hyopusa mmo moBpmmHy 3emipHinTa. OBakBo hyOpeme Moxe 1a JoBeae u
JI0 HETATUBHHX MOCJEIUIIA Ka0 IITO je TyOJbeHhe XPaH/bUBUX MaTepHja HCIHPAKEM Y TIOA3EMEHE BOJIC HITH
BHUXOBOT OTIyLITama y atMocdepy. Y mby nosehama eprKacHOCTH IpUMemeHUX [)yOpuBa 1 mrto 6oJber
nckopunrhaBama XpaHHBa O]l CTpaHe OWJbaka, y MOCIeHhe BpeMe CBE BHUIIE ce NpHOerasa JIOKAIHN30BaHO]
MIPUMEHN MHKpPOTpaHylIucaHHX lyOpuBa, MCTOBpEMEHO ca CeTBOM, y3 ceme Ouspke. Ha oBakaB HauuH,
nopes HaBeIHHUX IMPETHOCTH, PeAyKyje ce KOMMYMHA YIMOTpeOJbeHor hyOpHrBa a caMMM THM U TPOIIKOBH
NPOU3BO/IBE paTapckux KyTypa. L[wib oBor mcTpaxkuBama je OMO Ja ce WMCIMTa YTULj JOfaBama
MHKpOTpaHyJIMCaHuX hyOpuBa cTanmapIHOM mporpamy hyOpema Ha IpUHOC CYHIIOKpeTa B KyKypys3a, Kao 1
npo¢uTabMIHOCT NPUMEHCHUX yOpuBa.

MATEPUJAJI u METO/: [losbcku ornenu ca IBe pa3iuuuTe KyaType (CYHIIOKPET U KYKypy3) U3BEICHH
cy y 2021. roguan y okomuHu HoBor Canma Ha cnenehum nokamureTnMa: cyHIOKpeT (45°21'04.6"N
19°51'37.9"E), xykypy3 (45°17'51.4"N 19°47'35.8"E). Ha mocmaTpaHuM JIOKaIUTETHMa TUI 3EMJBHIITA j€
KapOOHAaTHM dYepHO3eM. 3eMJBUINTE je C1ado ajKalHO IO HEyTpalHo, ONTHMAaNHO o00e30eheHo
naxkonpuctynadyauM (docdopom U BHCOKO 00e30eheno kammjymom. Orie je MOCTaB/bEH Yy HEHTPATHOM
Jiely Tapuesne, 1 TpeTMaHu Cy NMPUMEHheHn y 6 pefoBa NCIUTUBAHE KyinType, TyxusHe > 100m. Y oxsupy
orJeqa, HICIIMTHBAHU Cy cilefiehu TpeTMaHu: KoHTpoa (cTanxapHU porpaM hyOpema); cTaHIapHH Iporpam
hybpema + 25 kg ha! NP 10:35 (MI'1; Super start NP, Elixir Zorka); crannapnu nporpam hy6pema + 25 kg
ha! NP 10:45 (MI'2; Nutriboost NP, Elixir Zorka). CranzapaHo hy6peme je u3BpILIEHO Y OCHOBHO] 00paH,
u ipumeneno je 200 kg ha™! hyGpusa popmynanuje 16:16:16 u 150 kg ha! ypee. Tpermanu cy npumer-eHu
ca CEeTBOM, MHKOPIOPUPAHH Y 3eMJBHILTE JIOKATHO y penoBe ca ceMeHoM. [Ipoduradbmmnoct (I1) hyOpema
n3padyHara je Ha cnenehu HaumH:

(pa3nuka y npuHoCy y oqHocy Ha koHTpody (kg) x uena (aun))/ Tpoukosu npumene hyopusa (aun);

e je IeHa 10 KIJIOTpaMy M3HOCHIIA: CYHIIOKpeT 56 AuH, KyKypy3 25 IUH, IOK Cy TPOIIKOBH HPHMEHE
hy6pusa usHocumu 3.750 aun ha™.

PE3YJITATHU n 3AK/bYULIU: V omHOCYy Ha KOHTPONY Cca CTaHIApAHUM hyOpemem, oba TpeTrmaHa
(MI'l; MI'2) ca mukporpaHynucaHuM hyOpuBuMa cy 3HauajHO moBehaja NMpHHOC 3pHA CYHIOKpeTa U
KyKypy3a. Y OHOCY Ha KOHTPOJIHY TPeTMaH, oBehare MPUHOCa 3pHA CYHIIOKpeTa je u3HocHo 409 kg ha™!
(MT'1) u 620 kg ha' (MT'2). Ilpunoc 3pHa Kykypy3a ce nosehao 3a 1.312 kg ha™ (MI'1) u 1.340 kg ha’!
(MI2). Pa3nuke y ocTBapeHOM npuHOCY u3Mel)y Tpetmana MI'1 u MI™2 Hucy Ouiie cTaTHCTHYKH 3Ha4YajHe.
[MpoduTabmaHocT npuMene fyopusa y orieny ca CyHIIOKETOM je u3Hocwia 6,10 (MI'1) u 9,24 (MI'2), a 'y
orneny ca kykypysom 8,74 (MI'l) m 8,93 (MI2). 3nauajHo moBehame HpUHOCA 3pHA CYHIIOKpPETa H
KyKypy3a Ha TpeTMaHHMa ca J0JaBambeM MHUKpOrpaHyiucaHux hyOpuBa moBeno je mo mosehama u II.
Bucoke BpemHOCTH OBOr MapameTpa yKa3yjy Ha BHCOKY €(QUKacHOCT NpHMEHE MamHX KONMYHHA
MUKporpanyucanux hyopusa (25 kg ha'), ¢ 063upom z1a ce ymoxkena cpenctsa y osa hy6pusa Bpahajy 6-9
ITyTa KpO3 IPHHOC, Y 3aBUCHOCTH O] KyJIType.

K/bYYHE PEUM: patapcke Ky:Type; MPUHOC; MTPOGUTAOMITHOCT; JTOKaIM30BaHO hyOpeme
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*Corresponding author: klara.petkovi¢@polj.uns.ac.rs

INTRODUCTION and OBJECTIVES: In crop production, the traditional way of applying granular
mineral fertilizers mainly involves spreading fertilizers on the soil surface. This type of fertilization can lead
to negative consequences such as loss of nutrients by leaching into groundwater or their release into the
atmosphere. In order to increase the efficiency of applied fertilizers and the best possible utilization of
nutrients by plants, lately, more and more people have resorted to localized application of micro granulated
fertilizers, simultaneously with sowing, near plant seeds. In this way, in addition to the mentioned
advantages, the amount of used fertilizer is reduced, and thus the costs of production of field crops. The aim
of this study was to examine the effect of adding micro granulated fertilizers to the standard fertilization
program on the yield of sunflower and corn, as well as the profitability of applied fertilizers.

MATERIAL and METHOD: Field trials with two different crops (sunflower and corn) were performed in
2021 in the vicinity of Novi Sad at the following locations: sunflower (45°21'04.6"N 19°51'37.9"E), maize
(45°17'51.4"N 19°47'35.8"E). In the observed localities, the soil type is Calcic Chernozem. The soil is
slightly alkaline to neutral, optimally provided with plant-available phosphorus and highly provided with
potassium. The experiment was set up in the central part of the plot, and the treatments were applied in 6
rows of the examined culture, length > 100m. In the experiment, the following treatments were examined:
control (standard fertilization program); standard fertilization program + 25 kg ha™ NP 10:35 (MG1; Super
start NP, Elixir Zorka); standard fertilization program + 25 kg ha' NP 10:45 (MG2; Nutriboost NP, Elixir
Zorka). Standard fertilization was performed in basic tillage, and 200 kg ha! fertilizer (16:16:16) and 150
kg ha! urea was applied. The treatments were applied with sowing and incorporated into the soil locally in
rows with seeds. Profitability (P) of fertilization was calculated as follows:

(difference in yield in relation to control (kg) x price (din)) / Costs of fertilizer application (din);

where the price per kilogram was: sunflower 56 dinars, corn 25 dinars, while the cost of fertilizer was 3.750
dinars ha™'.

RESULTS and CONCLUSIONS: Compared to the control with standard fertilization, both treatments
(MG1; MQG2) with micro granulated fertilizers significantly increased the yield of sunflower and corn.
Compared to the control treatment, the increase in sunflower grain yield was 409 kg ha! (MG1) and 620 kg
ha! (MG2). Maize grain yield increased by 1,312 kg ha™' (MG1) and 1,340 kg ha™! (MG2). Differences in
yield between MG1 and MG2 treatments were not statistically significant. The profitability of fertilizer
application in the experiment with sunflower was 6.10 (MG1) and 9.24 (MG2), and in the experiment with
corn 8.74 (MG1) and 8.93 (MQG2). A significant increase in the yield of sunflower and corn grains on
treatments with the addition of micro granular fertilizers led to an increase in P. High values of this
parameter indicate high application efficiency of smaller quantities of micro granulated fertilizers (25 kg ha
1) since the funds invested in these fertilizers are returned 6-9 times through yield, depending on the culture.

KEYWORDS: field crops; yield; profitability; localized fertilization.
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YBO/J u [IUJBEBU: VYV caBpeMenuM 3acaiuma jabyke, hyOpeme W HaBOImaBame Cranajy Mely
HajBa)KHUjE arpoTEXHHYKE Mepe O]l KOjUX 3aBUCH pacT M pomHoct. deprupuranyja je moctynak Koju
o0jenumbyje OBe JIBE arpOTEXHUYKE Mepe, YUME Ce OCTBapyje 3HauajHa ymrena y ynorpebu hydpusa u
CMamyjy TYOWIIM HHUTPAaTHUX OOJIMKAa a30Ta. 3a OCTBApHBAImEC BUCOKMX HPHUHOCA IOOPOT KBalIHWTETHA
HEOIIXOJ[HA je aJeKkBaTHa npuMmeHa hybOpusa. M3 Tor pasnora, jemaH o IJbeBa OBOI paga je OHo
UCIIUTHBAE Pa3IMINTHX J[03a MHUHEPAIHHX lyOpHBa Ha KOMIIPOHEHTE IpHHOCA M ITIPHHOC jaOyke.
Taxkolje, 1i1Jb OBOT HCTpaKKBamkba je OMO M YTBplHBamke ONTHMATHHjer HaulHA YHOLICH:A XPAaHUBA.
MATEPUJAJI u METO/;: Kako 61 ce UCTIMTA0 YTHIA] pa3IMIUTHX 1032 yOprBa 1 HaunHA IPUMEHE
hyOpuBa Ha MPUHOC W KOMIIOHCHTE MPHUHOCA jabyKe MOCTaBJbCH je omien y 3acaay jabyke Red
Jonaprince Ha oryierHoM nosby JlenapTMana 3a BohapCTBO, BUHOTPAAApCTBO, XOPTHKYITYPY H HEj3aXKHY
apxuTekTypy Ha Pumckum IllandyeBuma. Orsen je MOCTaBJ/bEH [0 CHUCTEMY MOJC/BCHHX Iapriesa.
[Ipumemwene cy Tpu pazinunuute no3e hyopusa: N1P1K1 — 50 kg/ha N, 30 kg/ha P,Os, 60 kg/ha K,0;
N2P2K2 — 100 kg/ha N, 59.8 kg/ha P,0s, 100 kg/ha K,O; N3P3K3 — 150 kg/ha N, 80.6 kg/ha P,0Os, 140
kg/ha K,O. Annmikanyja XxpanuBa ypaljeHa je KIIaCHYHHM HAYUHOM M (DEPTUPHTAII]OM KPOT CHCTEM 3a
HABOJM-aBaE Kall [0 Kall. AHaNM3upaHe cy cienehie ocobuHa: Opoj mI00Ba 1o cradiy, IpocevyHa Maca
IUIOJIOBA W MPUHOC II0Aa 1Mo ctadiy. Mepema cy ypahena Ha o 10 cTabana mo cBakoM IOHABJbAbY, a
IpoceYHa Maca IUI0/IoBa je yTBpheHa Ha ocHoBy 10 monoBa 1o crabiy. AHanu3a BapujaHce ypaheHa je
O MOJENy NOJAE/hEHUX MaplelaHa Ha OCHOBY CPEIbUX BpeIHOCTH. Ilopeljerme cpeamux BpeaHOCTH
ypabheno je npumenom LSD tecta. CraTucTuka obpaja nmogaraka ypahera je y mporpamy Statistic.
PE3YJITATHU n 3AKJbYUIIU: Hajsehu Opoj rutomoBa mo ctabiy ocTBapeH je mpuMeHoM HajBehe
no3e NPK xpanuBa deprupurannjom. bpoj mogosa mo crabmy ycnen npuMeHe oBOT TpeTMaHa OHO je
CTATUCTHYKH 3HAYAjHO BMINM y OAHOCY Ha KOHTPOJLy M HajMamby NPOUMEH-CHY 103y XpaHusa. IIpu
KJIACMYHOM Ha4nHy IMpHMeHe MUHEpalHHX yOpuBa HHM jenHa no3a hyOpuBa HHje 3Ha4YajHO yTHIajga Ha
nosehame Opoja 1ioz0Ba Mo crabmy. 3a APyry mpoydaBaHy OCOOHMHY, MPOCEYHA Maca IUIOAOBA, MPH
KJIACHYHOM Ha4ymHy npuMeHe hyOpmBa HajBeha BpeqHOCT M3MepeHa je NMpH NMPUMEHH HajMame 103
XpaHMBa, H OHAa C€ CTATHCTHYKU 3HAYajHO Pa3IMKOBala O] KOHTpOJE. 3a IPYrd NMPUMEHECH TPETMaH,
(deprupuranyjy, Hajseha BpegHOCT 3a OBy OCOOMHY YCTaHOBHGHA je NpU NpuMeHH HajBehe mose
MHHEpaJHUX XpaHHUBA, ¥ OHA je OWia CTaTUCTHUKY 3Ha4ajHO Beha y OJHOCY Ha KOHTPOIY M APYTe JBE
no3e xpanmBa. Hajeehu mpumnoc octBapen je tpermanoM N3P3K3 mpumemeHOr (epTHpHranyjoM U
CTaTUCTUYKU C€ 3HAYajHO PA3IMKOBaO caMO Yy OAHOCY Ha KoHTpony u TperMaH N1P1K1 npumemen
(depTupuranyjoM, 0K y OJZHOCY Ha OCTajle NMpPUMEHEHE TpeTMaHe Huje 3albeliekeHa CTaTHCTUYKU
3HaYajHa pa3nuka. Mako aHain3oM BapHWjaHCce HHjEe YCTaHOBH-GHA CTaTHCTHYKA 3HAYAjHOCT u3Mely
NpUMEHeHNX HauuHa ByOperma, BHIIE Cpeqme BPENHOCTH 3a CKOpPO CBE IIpoydaBaHe OCOOMHE
YCTaHOBJbCHE Cy MPUMEHOM (epTupuraiije. Kako nctoBpeMeHa mprMeHa HaBOAmaBama U hyOpuBa
noBehaBa edukacHOCT Kopuinhema XpaHMBAa W BOJe, y3 3HauyajHy YIITEAY pecypca M CMameme
KOHTaMHHALMje 3EMJBHIITA, OJHOCHO JXMBOTHE CpEIUHE, NpHUMeHa (epTHpUralnuje mnpyka BeInke
MOT'YhHOCTH 32 ONTUMAJIHO pelIekhe Haj3HaYajHIjUX Mepa rajema jadyke.

K/bYUYHE PEYMU: jaGyka; nprHOC; KOMIIOHEHTE IPHHOCA; hyOpeme; Gpeprupuranuja
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THE EFFECT OF DIFFERENT FERTILIZATION DOSES AND
APPLICATION METHODS ON APPLE YIELD AND YIELD
COMPONENTS

Tanja Vujanov**, Gordana Raci¢®, Zorana Sreékovvb, Zorica Mrkonji¢®,
Mirjana Bojovi¢®, Igor Vukeli¢®, Ranko Cabilovski®

2Vojvodina organic cluster, Novi Sad, Serbia
"Educons University, Faculty of Ecological Agriculture, Sremska Kamenica, Serbia
“University of Novi Sad, Faculty of Agriculture, Novi Sad, Serbia

*Corresponding author: tanjastanisin@gmail.com

INTRODUCTION and OBJECTIVES: In modern apple orchards, fertilization and irrigation are
among the most important agrotechnical measures on which growth and yield depend. Fertigation is a
process that combines these two agrotechnical measures, providing significant savings in the use of
fertilizers and reducing losses of nitrate forms of nitrogen. Adequate application of fertilizers is
necessary to achieve high and good quality yields. For that reason, one of the goals of this study was to
examine application of different doses of fertilizers on yield components and apple yield. Also, the aim
of this research was to determine a more optimal way of nutrient intake.

MATERIAL and METHOD: In order to examine the effects of fertilization rate and methods on apple
yield and yield component, an experiment was set up in apple orchard in the experimental field of the
Department of Fruit Growing, Viticulture, Horticulture and Landscape Architecture on Rimski Sanéevi.
Apple variety was Red Jonaprince, and experiment was arranged in split plot design with three
replications. Three different fertilizer doses were applied: N1P1K1 — 50 kg/ha N, 30 kg/ha P,Os, 60
kg/ha K,0; N2P2K2 — 100 kg/ha N, 59.8 kg/ha P,Os, 100 kg/ha K,O; N3P3K3 — 150 kg/ha N, 80.6
kg/ha P,0s, 140 kg/ha K,O. The nutrients application was done by drip irrigation system — fertigation
and classical way. The following traits were analyzed: fruit number per tree, average fruit weight and
fruit yield per tree. The data for fruit number per tree and fruit yield per tree was recorded from 10
randomly chosen trees, and average fruit weight was determined on the basis of 10 fruits per tree per
replications. Analysis of variance was done according to the split-plot design based on mean values. The
comparison of mean values was done using the LSD test. For data processing software Statistic was
used.

RESULTS and CONCLUSIONS: The largest fruit number per tree was recorded when the highest
dose of NPK nutrients was applied by fertigation. It was significantly higher than mean value of fruit
number per tree on control plots and on plots when the lowest NPK dose was used. Classical way of
using fertilizers didn't significantly affected fruit number per tree. For the second studied trait, average
fruit weight, in classical way of fertilizer application, the highest mean value was recorded with the
lowest dose of NPK fertilizers. It was significantly different from the control. When fertilizer was
applied by fertigation, the highest mean value for this trait was found for the highest doses of NPK
nutrients. This mean value was significantly higher compared to the control and other two doses of
fertilizers. The highest fruit yield per tree was achieved with the treatments of N3P3K3 applied by
fertigation. It was statistically significantly different only in relation to the control and treatment of
N1P1KI1 applied by fertigation. Although ANOVA did not establish statistical significance between the
applied fertilization methods, higher mean value for almost all studied traits were established using
fertigation. As the simultaneous application of irrigation and fertilizers increases the efficiency of
nutrient and water use, with significant savings of resources and reduction of soil and environmental
contamination, the application of fertigation provides greater opportunities for optimal solutions to the
most important agrotechnical measures of apple growing

KEYWORDS: apple, yield, yield components, fertilization, fertigation
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INJOJHOCT 3BEMJ/BUIITA Y NIPOU3BOAIBU KOPHUILIOHA Y
AJIEKCAHJIPOBAYKOJ KYIIN

Murnopan Kusanos'*, Jopuna Bacun', Cranko Mumuh!, [lymana baman', Bpanxuna ba6en?,
Bojan Bojuos?

"MHcTuTyT 32 paTapcTBO M MOBPTapcTBO, JlabopaTopyja 3a 3eMibuIITe M arpoekosoryjy, Hopu Cax, Cpouja
2MHCTUTYT 3a paTapcTBO U MOBPTApCTBO, Ofebembe 3a cyHiokpet, Hosu Can, Cpouja

3Vuusepsurer y Hosom Cany, TTosbonpuspennu ¢akyaret, JlenapTMan 3a paTapcTBo M MOoBpTapcTBo, Cpouja
*aytop 3a KoHTakT: milorad.zivanov@nsseme.com

YBO/ u HUJBEBU: 360r BeoMa MOBOJHUX 3EMJBUIIIHUX U KIMMATCKUX YCJIOBa AJIEKCAHIPOBaYKa XKyIa
J00po je mo3HaTa Kao BUHOTPAJapCKH PEjOH, KOjH Jajeé BUCOKO KBaJMTETHA M BPXyHCKa BHHA. [lopen
BHHOBE JIO3€, y OBOM DEjOHY IIOTOJHH Cy YCJOBM 32 IOBPTapCcKy MPOU3BOJY, IOCEOHO KpacTaBala
KOpHHILOHA. HHOJIHOCT 3EMJbHMIITA NPEACTaBJba JIAKO anCTynaqu KOJIMYUHEC 6I/IJ'I>HPIX XpaHHBa y
semspHIITy. CHCTEM KOHTpOJE IUIOAHOCTH 3eMibHMINTAa W yrmoTpebe hybpuBa 3acHoBan 1980. rommme,
oOyxBaTa KOHTPOIIY CBUX (pakTopa Koju oapel)yjy miomHocT 3emibuITa U 1ejcTBO yOprBa, 0MHOCHO MPEKO
HCXpaHe yTUYy Ha pacT, pa3Buhe W mpuHOCcEe OMibaka, Ka0 U Mepe KOjUMa Ce OBH YCMEPaBajy y LHIbY
OCTBapeHa BUCOKE U CTAOMIIHE MPOU3BOJE Y3 MPUMEHY eKOHOMUYHOCTH M 3aIUTUTY )KUBOTHE CPEIUHE.
MATEPUJAJI u METO/: [lnomHOCT 3eMJBHMINTA je MCIHTHBAaHA Npe Cagme pacalga W HakoH OepOe
KOPHHIIIOHA, Ha HHAWBHYaTHUM MOJbONPHBPEIHUM a3 MHCTBUMA. Y30PKOBame je BpIIEHO y ToKy 2021.
roauHe, Ha 19 xoHTponHUX mapiena. O mapamerapa cy ncnutuBanu peaknuja semspumra (pH y KCl u pH
y Hy0), campxkaj xammjym kapoonata (CaCOs), caapikaj Xymyca, YKYIHOT a30Ta, JIAKOMPUCTYMAYHOT
¢dochopa u kammjyma. Cpaka mapuena je reopedepenuupana. Anamuse cy ypahene y JlaGopatopuju 3a
3eMJBHIITE U arpoekoiiorujy VHctuTyTa 3a patapcTBo u nosprapcrso, Hosu Can.

PE3VJITATU un 3AK/BYUIIM: OcHoBHa XeMmHjcKa CBOjcBa Kao mTo cy pH BpemHocT M campikaj
KaJIIHjyM KapOoHaTa cy YMHHOLM KOjH CE He Memajy 3Ha4ajHO Y KpaTKOM BPEMEHCKOM IIEpHOJY, Kao LITO
je jemna Bereraija. Mehytum, koa pH BpeanoctH je npumehero 6iaro moeehame y cBuM y3opiuma. To ce
MOXe 00jaCHUTH YIOTpeOOM (M3HOJIONIKY ajaKalHuX yOprBa, ¢ 003UpOM 12 je 3eMIJBHIITE Y OBOM PEjOHY
Omaro kucenmo M HeyTpanHo. bymyhm na moBpTapcke OmipHe BpCTe MO3UTHBHO pearyjy Ha hyOpeme
opranckuM lyopuom, BehrHa mpon3Bohaya ra je npuMemUBajia 1 y TOKY Bereraiyje, mTo ce npumehyje y
pesynTaTuma xymyca koju ¢y y 50 % y3opaxa BHILIM Ha Kpajy BereTauuje y OfHOCY Ha [o4YeTaK. Y OCTaauM
y3opIuMa HHje IOIUIO0 [0 cMamema caiapkaja xymyca. Takohe je yowsmBo moBehame campikaja
naxonpuctynagaor Qocdopa u xammjyma. Jlakompuctymaurun dochop je 3HawajHo Bumm y 30 %
HCIIMTHBAHUX Yy30paka, MoK je y 50 % wucnutuBanux y3opaka mnpumeheno mnosehawme canmpixaja.
Jlaxonpucrynmaunu KanujyM je Bumm y 50 % ucHHTHBaHMX y30paka. Y OCTaIMM Yy30pIuMa je
eBHICHTUPAHO He3HAaTHO IoBehame, MOK HU y jeOJHOM HHje €BUJCHTHPAHO CMAameme caipikaja OBUX
MmakpoenemeHnata. C 003UpOM 1a je BPEIHOCT MOjeAMHUX HCIHTHBAHHUX CBOjCTaBAa HAKOH BETCTAI[OHOT
neproja mpennia y Kiace BpJio BUCOKe obe3delheHocTH, Tpedao Ou mpema TOME ONTUMHU30BATU MCXPaHy
Onsbaka, 1a 6u Ouna Beha eKOHOMHYHOCT IPOU3BOALE U Ja O ce 0uyBaJia )KUBOTHA CPE/IMHA.

KJbYUHE PEUYM: koHTpoOsa MIIOAHOCTH 3€MJBULITA, IPOU3BO/IHba KOPHHUIIIOHA, AJIEKCAaHPOBAYKa JKYIIa,
OCHOBHA XEMHjCKa CBOjCTBA 3eMJBHUINITA
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ALEKSANDROVAC

Milorad Zivanov'*, Jovica Vasin!, Stanko Mili¢!, Dusana Banjac!, Brankica Babec?, Bojan
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Institute of Field and Vegetable Crops, Laboratory for Soil and Agroecology, Novi Sad, Serbia
3University of Novi Sad, Faculty of Agriculture, Department for Field and Vegetable Crops, Serbia
* Corresponding author: milorad.zivanov@nsseme.com

INTRODUCTION and OBJECTIVES: Due to the very favourable soil and climatic conditions, the Zupa
of Aleksandrovac is well known as a wine-growing region, which produces high quality and top wines. In
addition to vines, in this region are suitable conditions for vegetable production, especially gherkins. Soil
fertility is readily available amounts of plant nutrients in the soil. The System of soil fertility control and
fertilizer use, founded in 1980, includes the control of all factors that determine soil fertility and the effect
of fertilizers, actually through nutrition affect the growth, development and yield of plants, as well as
measures to achieve high and stable production, with the application of economy and environmental
protection.

MATERIAL and METHOD: Soil fertility was examined before planting seedlings and after gherkin
harvesting, on individual farms. Sampling was performed during 2021, on 19 control plots. Soil reaction
(pH in KCI and pH in H,0), calcium carbonate content (CaCOs), organic matter content, total nitrogen,
readily available phosphorus and potassium were examined from the parameters. Each plot is
georeferenced. The analyses were performed in the Laboratory for Soil and Agroecology of the Institute of
Field and Vegetable Crops, Novi Sad.

RESULTS and CONCLUSIONS: Basic chemical properties such as pH value and calcium carbonate
content are factors that do not change significantly in a short period of time, such as one vegetation.
However, a slight increase in pH was observed in all samples. This can be explained by the use of
physiologically alkaline fertilizers, since the soil in this region is slightly acidic and neutral. Since vegetable
plant species react positively to organic fertilization, most producers also used it during the growing season,
which can be seen in the results of organic matter (humus). Significantly higher humus content was found in
more than half of the examined plots after harvest than at the beginning of vegetation. In other samples
there was no decrease in humus content. An increase in the content of available phosphorus and potassium
is also noticeable. Available phosphorus is significantly higher in 30% of the tested samples, while in 50%
of the tested samples an increase in content was observed. Available potassium is higher in 50% of the
tested samples. In other samples, a slight increase was recorded, while in none of them a decrease in the
content of these macro elements was recorded. Since the value of certain tested properties after the
vegetation period passed into very high classes, plant nutrition should be optimized, in order to increase
production economy and preserve the environment.

KEY WORDS: soil fertility control, gherkin production, Aleksandrovacka zupa, basic chemical properties
of soil
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BUO®U3NYKA OTPAHUYEBA IO/bOITPUBPETHOI 3EMJBUILITA
OIIIITUHE BAP

Mupko Kuexesuh'*, Bnagumup Kyman?, Ana Tonanosuh!

'Vuusepsurer Lipre ['ope, buotexunuku daxynrer, [lonropuua, Lpra Fopa
2O¥KOH " MHCTHTYT 33 IPUMERBEHY €KOIOTH]y, 3arped, XpBarcka

*ayTop 3a KOHTakT: mirkok@ucg.ac.me

YBOA u HLU/BEBU: Ilompywja ca NPUPOTHMM OTpaHMYCHHMA WM JAPYTHM  CICHU(GHIHIM
orpannuebuma (AHLI), kako je mepunucano y Peunuky Tepmuna EY koju ce ogHocu Ha 3ajeHUUKY
MOJBONPHUBPEIHY HOJUTHUKY, Cy TMOJpPYYja y KOjUMa je OABHjambe IMOJHONPHBPENE OTEKAHO MPUPOIHUM KU
IpyruM  cneuuduuHuM orpaHudYelMMa. bHOGM3NMYKHM KpPUTEpHjyMH Ce 3acHHBAajy Ha onxabupy
eIIEMEHTApHUX KapaKTEePUCTHKA 3eMJBUINTA, KIMME U TepeHa 3a Koje ce Mpoljjermyje Aa Cy HajUpUKIATHI]H
3a pa3BpPCTaBabE 3EMJBUILTA IPEMA HETOBOj MTOJOOHOCTH 3a MOJFOIPHBPEAHY POU3BOAIBY.

MATEPUJAJI u METO/: [Togauu xoju ce KOPUIITEHH 3a POYYaBamke Cy: AUTUTATHU BUCHHCKH MOJIEI,
3BaHWYHA KapTa aIMUHUCTPATUBHUX jEIUHUIA, THEBHH METEOPOJIOIIKH MOAAIM (TeMIlepaTypa, MaJaBuHe,
ETo, Op3mHa BjeTpa, WHCONANHWja, pelNaTHBHA BIAXHOCT Ba3dyxa), mexpomomka kapra Llprme IT'ope
(muruTanHa) ca moganMMa O KapakTepHCTHKaMa 3eMJBMINTA M KapTa 3emsbHInHOr nokpuBada — CORINE
Land Cover. Orpannuema y Be3H ca 3eMJBHIITEM HacTajla Cy Ha OCHOBY ITE€HOJIONIKE KapTe M IPOCTOPHOM
HMHTEPIIONAINjOM HyMEPHIKHX I10/[aTaKa 13 HeTOJIOIIKIX MpodHIIa.

PE3YJITATHU u 3AK/bYUIIU: OOmvuou W MOBPHIMHE IO OTPaHWYCH-HMa KO MOJHOIPUBPEIHOT
semspumiTa (ha) 3a onmtuny bap cy: Hucka Temmeparypa — 67; IuMTKa n1yOuHa yKopjemaBama — 4.987;
IIjecak ¥ WIoBacTH mujecak — 63; kamenuroct 10.057; ctpm Haru6 — 8.393; cnabo IpeHnpaHo 3eMIBHINTE —
1.796; ykymnHe moOJrONMpPUBpPE/IHE MOBPIIMHE ca orpaHnmuyemuMma u3Hoce 10.626 ha. Yuemihe 6nodusnukux
OrpaHUuea y YKYITHOM TOJbOMPUBPEIHOM 3eMJBUIITY H3HOCH 99,5%.

[lpema kputepujymuma 3a oxpehuBame moapydja ca OrpaHduehbUMa y IOJHONPHUBPEIH Y OKBHPY
aIMMHHCTPATHBHHUX jeauHMna (ma MuHHMyM 60%  [OJbONPHBPEIHOr 3EMJBUINTa y  OKBHpPY
aJIMUHHCTPATUBHE JeMHUIIC NMa OMJIO KaKBY BPCTYy OMO(U3MUKUX OrpaHHuCHa), a HA OCHOBY MPOpadyHa
MOXeE Ce 3aKJbYYHTH Ja je ommTruHa bap moxpydje ca 6MOGH3HMYKIM OrpaHHYE-HMa Y MOJHOIIPUBPEIH.

KJbYYHE PEYMN: nossonpuBpeIHO 3eMIBHILTE; KIIMMa; OTpaHndena; bap
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