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Ys00Ha peu enasHoe ypeoHuka

YBoaHa ped INIaBHOI ypeAHHKA
ITomroBanu unTaoy,

Ogaj 6poj wacomnuca ,,Epo3uja”, cTixke KOa Bac ca BHIIE O]l TOAWHY JaHa
3aKallbeha Te BaM €€ MOpaM OOpaTHUTH ca 00jallllemheM pasiiora Kallmbema. /IBa
Cy OCHOBHa pasjora:

1. Hemocrarak monyhenux pamosa 3a mramMmname y 4acommucy
2. Hepgocrartak (mHAHCH]CKUX CpecTaBa 3a MPUIPEMY U HMITAMIIAkHE YaCOTHCa.

Behuna nayunux vacomnuca y CpOuju uma mnpoOieM ca ManuMm Opojem
nmoHyheHnX pajoBa, aju KOJA HAC je Taj MpoOsieM joul W3paxeHWju. Mu cMmo
VAPYKEHE ca pelaTUBHO MaJIuM OpojeM 4JIaHOBa, ajH jOUI je APACTHYHHU]E ILITO
BpJI0 Maju Opoj 4jJaHOBa MMa KeJby Jia MOHEKaJ HAlHIIe HEeIITO U MOXKEeNIH Ja
To 00jaBu. To ce mpe cBera OJJHOCU HA KOJISTMHHUIIE U KOJIETe KOjH Pajie y HaIloj
MIPAKCH.

C npyre cTpaHe KOJIETMHHUIIE M KOJIET€ KOJHU paje y HWHCTUTYTHMA
(MucTHTyT 32 mIrymapcTBo ¥ MTHCTUTYT 3a BojonpuBpeny ,,JapocnaB UepHu”) u Ha
¢dakynrernma (Lllymapcku, [lossonpuBpennan, ['pal)eBUHCKN) Kaa MpUIpeMe HEKN
paza mienajy aa ra o6jaBe y HekoM JoMaheM yacomnucy Koju uMa Behu paHr Wiu 'y
MehyHapomHoM 4daconucy koju ce Hajasu Ha SCI muct ( 9acomucy ca MMITakT
¢dakxTopom). HanmomumeMm aa Halll 4acoNMMUC MMa PAaHT HAIMOHAIHOT 4Yacomuca (
M352) xoju noHocu 1,5 moeH ayTopy IOK JpyTH daconucu Hoce Behu Opoj moeHa
a mehyHaponHu goHoce Behu Opoj moeHa, T3B. TBp/E MOEHE, KOjU Cy 3HAYajHU 3a
ayTope 3arociieHe y MHCTUTYTHUMa M Ha (pakyaTeTUMa 3a BHXOBO HAIlPEIOBambe.
Tume ce cyxaBa HOHAKO MajH OpOj MOTEHIIMjaTHUX ayTOPA.

Henocrarak puHancHjckux cpeicTaBa moroToBy je U3payKeH y MOCIe UM
ronrHama. Harme ynpyskeme nMa cTaliHe pUXo/ie caMo O WiaHapHHE Kojy miaha
penaruBHO Maniu Opoj wiaHoBa. JloHalyje ¢y CKpo3 mpecyniuie.

Kaz[ CC€ CBC TO caGepe HMMaMO KallllbCHhC N3J1aCKa 4aCOIIrca, ITO OIICT MOXKE
Ja AOBEAC 10 CHMXKaBambha UK NNOTIIYHOT FY6I/ITKa Ca/IalllbET paHra 4acomuca.

[Ipennaxxem na ce o oBUM npoOiieMruMa MoBeAe TUCKycHja Ha cieaehem
Cycpery Oyjudapa kao u o octanuM Tekyhum mpobnemmuma VYipyxkema, melhy
KojuMa OMX MCTaKao HEKe cllyuajeBe Helpu3HaBama Haile juieHue 0p.375 ox
ctpane JBIT,,CpOujaBone” ( 3a m3Boheme pamosa) u ox crpane PXM3 Cpouje ( 3a
XHUIPOJIOUIKE MPOPAYYHE Yy XUAPOJOIIKA HEU3YUYEHUM CITMBOBHMA).
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Hegenka TanackoBuh', Caexxana beranosuh Cumuh?, Munan Kuexesuh?, Capa Jlykuh?

The effects of afforestation method on content and distribution of
trace elements in the soil under Black Pine stands in Grdelica gorge

YTHnaj HaYMHA NMOIIYMJbAaBakha HA CaJAPKaj M QTUCTPUOYLHjY
MHKpoeJjieMeHaTa y 3eM/bHIITY nox cacrojunom Llpaor bopa
Ha noApy4jy I'paenunuke kaucype

'Vuusepsuter y beorpamy, BUomOMKH HHCTHTYT

*Vuusepsurer y beorpany, [llymapcku pakynrer

H3Bon

Y oBOM pajly puKa3aHu Cy pe3y/ITaTH HCTPaKMBamba yTHIAja METO/IE TIOIIyMJbaBambha
(y rpanoHe u y jame) Ha qucTpuOyiujy mukpoesemenara (Zn, Cu, Pb u Cd) y 3emsburury.
[IpoyuaBawa cy BpuieHa Ha IOApPYYj)y Iphenuuke KIHCype Ha XyMyCHO-CHJIMKAaTHOM
3eMJBHIITY KOj€ je IOIIYyMJbaBaHO LPHUM Oopom mpe 60 roguHa. 3eMIJBHINTE je y30pPKOBAHO
o pukcanm gybunama: 0-5, 5-10, 10-20 n 20-40 cm. Jlaboparopujcke aHann3e oOyxBaTuie
Cy MCIHMTHBAaKka OCHOBHUX (DM3MUYKUX M XEMHJCKHUX OCOOMHA 3eMJBMIITA, Ka0 U oJpehuBame
NICEYNOYKYIIHUX CaJpkKaja MHUKpoeJeMeHaTa. Y 3eMJbHIITHMa MOIIyMJbaBaHUM Y jame
KOHCTaTOBaHa je CTaTHCTHYKH 3HadajHa Kopenanuja uiMel)y myOuHe 3emibuInTa M cajpixkaja
XyMmyca, ka0 ¥ pH BpeqHOCTH M KamamuTeTa aJCOPHNTHBHOI KOMIUIEKCA 3€MJBMINTA, 0K Y
3eMJBHMIITHMA TOLIYMJbABAHUM Yy TI'paJIOHE HE IOCTOjM CTATHCTHYKM 3Ha4yajHa Kopelalmja
n3mely mcrux napamerapa. Kopenaunmona Be3a mamel)y MHUKpoeneMeHaTa pasiiuKyje ce y
3eMJBHIITHMA TOIIYMJbaBaHUM Y jaMe M y 3eMJBUIITHMA TTOIIYMJbaBAHUM Y TPaZoHE.

KibyuHe peun: momrymspaBama, TPaIOHH, jaMe, IITYMCKO 3€MJBHIITE, MUKPOCIEMEHTH
Abstract

This paper presents the results of research the effects of afforestation method (planting
in bench terraces and in pits) on the distribution of trace elements (Zn, Cu, Pb and Cd) in the
soil. The research was conducted in the area of Grdelica gorge in humus-siliceous soil which
is afforested with black pine 60 years ago. The soil samples were taken at fixed depths: 0-5,
5-10, 10-20 and 20-40 cm. The laboratory analysis covered the main physical and chemical soil
properties as well as the determination of trace elements content. In pit planted soils revealed
a statistically significant correlation between soil depth, humus content and pH value and
the capacity of soil adsorption complex, while there is no statistically significant correlation
between these parameters in the soil planted in bench terraces. The correlations between trace
elements are different in soils planted in pits and in soil planted in bench terraces.

Keywords: afforestation, bench terraces, pits, forest soil, trace elements
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Ymuuyaj Hauuna nowymmasara Ha caopuaj u OUcmpubyyujy...

YBOa

AKTUBHOCTH Yy TOJHOIPUBPEIH, MIYMAPCTBY U JPYTHM IMPHBPEIHUM
rpaHaMa 4ecTo M3a3HMBajy MPOMEHE Y BEreTallMOHOM ITOKPHBAYYy, OTIIOPHOCTH
3eMJBHILITA U JONPUHOCE pa3Bojy epo3uonux mporeca (Tomuh et al., 2011).
AHTpONOreH!M yTHIIajeM M3a3BaHa, yOp3aHa epo3rja 3eMJBHIILTA MPEICTaBIba
3Ha4ajaH y3pok Aerpanauuje. Jlerpananuja GU3HUKUX U XeMHU]CKUX CBOjCTaBa
3eMJBUIIITA OTpaHMYaBa KalallMTET OOHABIJbaha EKOCUCTEMA, YCIIE] CMabCHUX
Moryhnoctu pesuranuzanuje (Kagosuh et al., 2014).

Xewmwjcku 3aralyyBauu Cy jeiaH o/l Haj3Ha4ajHUjuX (hakTopa Jerpaaanmje
UIYMCKHX €KOcHCTeMa U Mel)y mbuMa, MHUKpPOEIEMEHTH HuMajy MnocebaH
eKOJIOLIKY, Ouonomku u 3apaBcTBeHu 3Hava) (Kamosuh, Kuexesuh, 2002).
[IpuponHe KOHIEHTpAIMje MUKPOEIEMEHaTa y 3eMJBHINTY MOTY CE 3Ha4ajHO
nosehatu ycnen aejctBa antponoreHor ¢axropa (Kagosuh, Kuexesuh, 2002)
Y TaKo YTHIIATH HA CBOjCTBA U MPOIIECE Y 3eMJBHIITY.

[Iponiecu epos3uje moBome, He camMoO 10 (u3myke [erpananuje
3eMJbMILITA W CTBapama HaHoca, Beh W a0 TpaHcmopra 3aral)yjyhux
Matepuja (MHKpoeJIeMeHara) y HaHocy. Bereraunonu nokpusau o0e30elhyje
Haje(DUKACHU]y 3alUTUTY 3€MJBUIITY O]l JeJioBama €pO3UBHUX (haKTopa U Of
IEHOI TUIIAa U 0coOMHA y HajBehoj MepH 3aBucu cTeneH 3amrtute (Zhang et
al., 2003; Durdn Zuazo et al., 2006). HajepukacHujy 3alITUTy 3€MIBHILTY
npy»a mryma go0por ckjioma. Y IrymMaMa J00por CKIIONa, MPOIEeCH €po3uje
Cy IpaCTUYHO CMamEeHH Y OJTHOCY Ha OroJbeHo 3emspuinTe (Zhou et al., 2006),
LITO TOLIYMJbAaBa€ CTaBJ/ba y pell Haje(UKACHU]UX Mepa 3alITUTE 3eMJBUILTA
¥ KOHTpPOJIE €PO3MOHMX TPOIleca Ha OTOJbEHUM U ACTPATUpAaHUM TEPEHHUMA.
EduxacHocT ckioma Berertamuje 3aBHCH HE caMO o H300pa BpcTa 3a
noIryMJbaBame, Beh 1 o1 IpuMemheHe TEXHUKE CaIbe U MMPETXOIHE MPUIIPEME
3emubHilTa. Boetang et al., (2012) uctuuy na MexaHn4ka NpUrpemMe 3eMJbUILTA
3a callkby UMa MOTEHIMjasl Ja CTUMYJIATUBHO JIeyj€ Ha MPHUPACT CaCTOJUHE.
Takole, momrymibaBame Ha TpaIOHIMa YTHUYE HA CMambehe epo3Hje U ryOnTaKa
semubriTa (Porovié, 1969; Sheng, 2002). Vkonuko je Ha JerpaaupaHuM
JIOKaJIUTETUMA, KOJU Cy IpeaBubeHH 3a MolIyMJbaBame, nmoBehaH caapikaj
MHUKpOEJIeMeHaTa y 3eMJBUIITY, IPUMEHOM O/iroBapajyhe TeXHHKe callibe MOTIIO
Ou ce yTUIIaTH Ha BbUXOBY TUCTpUOyLIH]jy y 3emspuiTy. Csontos et al., (2012) cy
YOUMJIM IPOMEHY KOHIIEHTpAIMje MUKpPOEJIeMeHaTa y 3eMJBUINITY y KyATypaMa
upHor 6opa (Pinus nigra Arnold) y mopehemy ca 3eMIJbUIITEM O] TPUPOTHOM
TpaBHOM BereTarujoM. [Ipema oBUM ayToprMa, y 3eMJBUIITAMA TTOJ] KYJATYPOM
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IpHOT OOpa JIOILIO je O MHBEp3HE TUCTpHOyIHje MUKpoeraemMeHara. Hanme,
YOUCHO je Ja je cajpikaj MpoydaBaHUX MHUKpoelieMeHara Behw y ayOospum
CJI0jeBUMa 3eMJBHILTA Y OJHOCY Ha MOBPIIMHCKE 32 PA3JIUKY OJ] 3¢MJBHUIIITA TIO]T
MIPUPOIHOM TPABHOM BEreTAIlM]jOM, TJIE CapiKaj MUPKOEIeMeHaTa yjeIHaYCHO
oraja ca JyOMHOM.

s oBor paga je ga ce yTBpAM YTHLQ] Pa3IUYUTHX METONA
MOIIIyMJbaBamka 3eMJBUINTA (Y TPAJOHE U Y jaMe) Ha caJipiKaj U TUCTPUOYIIH]jy
mukpoenemenara (Zn, Cu, Pb u Cd) y XyMyCHO-CHIIMKaTHOM 3€MJBHINTY Ha
nonpy4jy I'paemdake kimcype.

Marepujaua u MeToa paga
IMoapyuje npoyuaBama

[IpoyuaBama cy BplIeHa Ha Moapydjy Ipaenuuke KIucype Koja ce
Hanasu y jyroucrounom jaeny CpOuje u mpumnazaa ciauBy peke JyxHe Mopage.
leosomky momsIory 4MHE YIJIaBHOM JIMCKYHOBHUTH KPUCTAIACTH LIKPUJBLIH,
JIOK C€ MECTUMHMYHO jaBjbajy MAIMT, aHJC3UT, aHAE3UTCKU Ty U TPaHUT.
[IpoyuaBama cy BpiieHa y cnuBy Kammmancke peke, Jbemrapckoj JONMUHU U
Ha Jokaiautety MomuH kameH. [Ipema knacudukanuju Hlxopuh et al. (1985)
Mpoy4aBaHa 3€MJbUIITA TPUNANAJy THIy XyMYCHO CHJIMKATHOT 3€MJBHIITA
(monTUN NUCTPUYHM U EYyTPUYHHU), 0Opa3oBaHOM Ha HWHTEPMEIHjapHUM H
KHUCEJIUM CTeHaMa.

Cuamnka 1. [loapyuje npoyyaBama
Figure 1. Study area
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IIpoyuyaBama 3eMJbHINTA

HcTpaxuBame je BPIICHO Y 3eMJBUIITHMA KOja Cy TIONTyMJbaBaHa LIPHUM
O6opoMm y rpasoHe u y jame. [IpoyuaBama 3eMibHIIITa O0yXBaTHIIa CY TEPEHCKA
u 7aboparopujcka HCTpakBama. Y OKBUPY TEPEHCKHX HCTPAKHUBAMA,
Ha pENpe3eHTAaTHBHUM TIOBPIIIMHAMA OTBOpPEHA Cy dYeThpu mnpodmia y
3eMJBHINTAMA TOMIYMJBABAHMM Yy TPaJOHE W MIECT Npoduia OTBOPEHO Yy
3eMJBUIITHMA MTOITYMJbABAaHUM Yy jaMe.

VY3opiu 3emspuiiTa y3etu cy no pukcaum myounama: 0-5; 5-10; 10-
20 u 20-40 cm. Jlabopatopujcka HCTpakhBama OOyXBaTWjIa Cy aHAINA3Y
OCHOBHHMX (HM3MYKHX W XEMHJCKHX OCOOMHAa 3EMJBHINTA W TIPOCTHUPKE
pUMeHOM MeTojia npenopydenux ox crpane JAI13 (bommak, 1997; Llenuess,
1966) u onpehuBame NICEYIOYKYITHOT CajpiKaja MUKpoeieMeHaTa. MexaHuIKu
cacTaB 3emJbHINTa oOfpeheH je HMHTEepHAIMOHATHOM THUNET b MeTomom.
Peaxnuja semspumnor pacteopa pH (0,01M CaCl,) u pH (H,0) onpehena je
MOTEHIIMOMETPH]CKH CTAKJIEHOM EJIEKTPOAOM. YKYNaH OPraHCKH YTJbEHHK
oapehen je meromoMm Tjurina, IOK je yKYIHH a30T opel)eH MHKpOMETOIOM
Kjeldahl-a. Jlakonpuctynaunu docdop (P,O,) u xamjym (K,O) onpehenn
cy Al wmeromom. AncopntuBHE KomIuiekc onpeher je mpema Kappen-u.
OnpeheH je mceymnoykynaH caapikaj MTEeTHUX MUKpoenemeHara Zn, Cu, Pb u
Cd y semspumTy 1Mo (PUKCHUM JyOWHaAMa W y MPOCTUPII METOJIOM aTOMCKE
aricoprmuone crnekrpodoromerpuje (AAS) Ha amapary ,,Thermo” M Series
AA. ¥Y3opuu (3 g) cy pasopenn napckom Bogom (HNO, u HCl y oxnocy 1:3).

CTrarucTHyKa aHajJn3a

CrarucTiuky 3Hauaj paszivka u3Mmel)y Bapujaliu 3eMJbUINTa onpeheH
j€ IpUMeHOM t-TecTa, a 3a yTBphuBame KopeaalmoHe 3Ha9ajHOCTH BpIIIEHA j€
aHanm3a Pearson correlation matrix. 3a cTaTUCTHYKY aHalW3y KopuInheH je
nporpam STATGRAPHICS Centurion X64.

11
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Pe3yararu

OcHoBHE (u3MUKe U XeMHjCKe OCOOMHE MpPOy4aBaHUX 3EMIBMILITA

npuKasase cy y Tabemnu 1.

Ta6ena 1. [Ipoceyne BpeTHOCTH OCHOBHHX CBOjCTaBa IMPOyYaBaHUX
3eMJBHILTA [TOIIYMJbaBaHUX Y TPAJIOHE U y jaMe
Table 1. Average values of the basic properties of the soils studied afforestation
in bench terraces and in pits

Coi 0—5cm 5-10 cm 10-20 cm 0—5cm 5-10 cm 10-20 cm
J IpajoHu I jame
Tlapamerpu cpenma BpegqHocT+Sd omcer
pH (H,0) 5,734+0,56 5,11+0,40 5,02+0,78 6,30+0,38 6,02+0,33 5,80+0,18
(T - S) (cmol-kg™) 10,40+5,03 11,70+4,26 13,98+5,97 6,82+2,19 8,21+1,73 8,78+1,48
> r 4,80+2,42 1,20+1,26 1,80+1,98 20,13+3,88 | 16,05+1,56 15,50+1,14
(cmol-kg™)
T " 15,20+4,11 8,4445,78 15,78+3,99 | 26,96+2,13 | 24,26+0,74 | 24,28+1,05
(cmol-kg™)
V (%) 33,15+17,46 | 11,94+9.39 | 13,43+15,95 | 74,1849,77 | 66,20+6,65 | 63,92+5,14
Xymye (%) 4,33+1,06 2,23+0,53 3,24+1,17 4,37+1,34 2,78+0,57 2,04+0,29
C (%) 2,51+0,61 1,29+0,30 1,88+0,68 2,58+0,80 1,62+0,33 1,18+0,17
N (%) 0,14+0,04 0,07+0,05 0,10+0,00 0,21+0,03 0,18+0,07 0,07+0,03
C/N 9,00+1,82 5,25+1,55 5,90+0,00 11,82+2,27 | 9,48+1,42 4,50+0.78
P,0, (mg-100g™) 2,80+1,47 3,95+3,19 7,75+4,59 3,12+1,26 3,85+3,08 6,62+7,21
K,0 (mg-100g™) 10,50+7,78 9,62+4,52 7,00+1,41 22,57+7,80 | 10,08+5,31 | 15,68+10,73
Tlecax (%) 78,98+3,43 | 77,80+5,09 | 82,30+0,99 | 65,12+8,30 | 59,92+7,04 | 59,25+5,60
I'nuna n npax (%) 21,02+3,43 | 22,20+5,09 17,70+0,99 | 34,88+8,30 | 40,08+7,04 | 40,75+5,60

*Sd — cranmapana nesujanyja/Standard deviation

3eMJpHINTa TOIMIYMJ/bAaBaHA y TPaAJOHE TIpeMa TEKCTYPHO] KIacH
MpUNaJajy WIOBACTOM IECKY JI0 TMECKOBUTO] MJIOBAuW, IpeMa peakiuju y
BOJAM Cy CJIab0 JI0 KCTPEeMHO Kucesia, 0a3ama He3acuheHa, Tie jeé TOTAIHH
KaIaluTeT aJICOPIIHje HU3aK U npeosial)yjy kucenu katjonu (tadena 1). Oba
3eMJBHINTA CY YMEPEHO J0 jaKo XyMyCHa, Te no0po obeszbehena mo Oorara

——
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azorom. CaJpikaj JJakompucTymaqaor (hocdopa je Bpiao HU3aK 10 HU3aK, JIOK je
cajprkaj JIAKOTPUCTYIIAYHOT KaJhjyMa HU3aK 710 cpenmu (Tabena 1).

3eMJbHIITA Ha TOBPIIMHAMA KOJT KOjUX j€ OIIyMJbaBambhe BPIICHO Y jamMe
npuUnagajy MecKOBUTHM HWIJIOBadaMa JI0 TIECKOBHUTO-TIIMHOBHTUM HJIOBaYaMa,
IpeMa peakliiju y BOIM Cy YMEPEHO KUCella 10 HeyTpaliHa, 6azama cy 3acuheHa,
a TOTAJHH KamamuTeT aJCopIIlje je Hu3aK rae npeosnalyyjy 0a3HM KaTjoHU
(Tabemna 1). OBa 3emsbHiITa Cy c1ab0 10 jako XymycHa U 100po oOe30ehena
no Oorara azoroM. Caapikaj JakorpHcTynadHor ¢ocdopa je Bpio HU3AK JI0
HU3aK, JIOK je JIAKOIIPUCTYMAuHUM KaJIijyMOM 3eMJbHIITE Oosbe 00e30eheHo
(Tabena 1).

VY tabenu 2, npukazaHu Cy cajip>kaju MUKpoelieMeHaTa y Ipoy4aBaHUM
3eMJbUILTUMA.

Ta6ena 2. Cagpixaj MUKpOeJIeMEeHaTa y MPOy4YaBaHUM 3eMJbHIITHMA
Table 2. The content of trace elements in the soils studied

Cioj 0—5cm 5-10cm 10-20 cm 0-5cm 5-10cm 10-20 cm

rpajioHu jame

CJIEMEHTH
cpenma Bpequoct+Sd omcer

(mg-kg')

Zn 78,73+17,37 | 75851533 | 56,6248,06 | 51,39+1,42 | 53,7848,32 | 53,86+7,92
Cu 1941+14,61 | 17,81+13,18 | 5,73+0,11 5,4621,96 5,2442,20 4,5942.21
Pb 37,70416,24 | 34,08+1546 | 48204348 | 19,69+9,82 | 23,53+9,69 | 24,33+13,08
cd 0,10£0,08 0,0320,04 0,09+0,10 0,02+0,04 0,02+0,03 <rn.

Cagpxaju Zn ce cMamyjy ca 1yOMHOM Y 3eMJBUIITHMA ITOITyMJbaBaHUM
y TpaJioHe, 0K Cy caapKaju Zn yjeHaueHH! Y 3eMJbUIITUMA OUTYMJbaBaHUM y
jame. Cagpxkaju Cu ce cMamyjy ca {yOuHOM y npoduity y CBUM MIPOyYaBaHUM
3emspumntuma. Caapxaju Pb u Cd ce y 3emsbHIITHMA MOIIYyMJbaBaHUM Yy
rpajoHe cMamyje y cnojy 5 — 10 cm a motom y ciojy 1o 20 cm ce mosehagajy,
JIOK C€ y 3eMJbUIITHMA MOITyMJbaBaHUM Y jame KoHIleHTpanuje Pb nosehaajy
a koHuentpauuje Cd cmamyjy ca 1yOuHOM y poduiry.

[Topehewem KoHIIEHTpaIMja MHUKpOCJIEMEHATa, cajpkaja TJIMHE H
pH-BpeaHoctn wm3mely crojeBa 3eMibHINTa H3Meh)y TpUMEHEHUX MeEToaa
MOITyMJbaBama, YTBpHeHe Cy CTAaTUCTUYKHU 3Ha4YajHe pa3nuke (Tadena 3).
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Tabesa 3. Enementun ananuse t-recra 3a napamerpe 3eMJpHINTa U3Mel)y ciojeBa
MPOYyYaBaHUX 3EMJBHUILTA
Table 3. Elements of the analysis t-test for the parameters of soil between the layers
of the soils studied

P I'pagonn Jame
EnemenTtu P Bpennoct
(cm) Sv sd Sv sd
0-5 21,02 3,43 36,20 8,55 <0,01
Comprey 5-10 18,20 11,65 43,06 4,53 <0,05
rHe (%)
10-20 17,70 0,99 42,73 4,85 <0,01
0-5 5,73 0,56 6,30 0,38 <0,05
pH (H,0)
5-10 5,11 0,40 6,02 0,33 <0,05
0-5 15,20 4,11 26,96 2,13 <0,01
T (cmol-kg™)
5-10 8,44 5,78 24,26 0,74 <0,01
0-5 33,15 17,46 74,18 9,77 <0,01
V (%) 5-10 11,94 9,39 66,20 6,65 <0,01
10-20 13,43 15,95 63,92 5,14 <0,05
0-5 78,73 17,37 51,39 1,42 <0,01
Zn (mg-kg")
5-10 75,85 15,33 53,78 8,32 <0,05
Cu (mg-kg") 0-5 19,41 14,61 5,46 1,96 <0,05
Cd (mg-kg") 0-5 0,10 0,08 0,02 0,04 <0,05

3a ynopehuBame OCHOBHUX CBOjCTaBa 3EMJBMINTA W CajapKaja
MHUKpOEJIeMEHaTa y 3eMJBHIITHMA IOIIYMJbABAaHHM Y TpajioHE U y jame
kopwutrheH je t-tect. CTaTHCTUYKY 3HAYAjHE pas3lIuKe yTBpHEHE Ccy y calipiKajy
IJIMHE U cTeneny 3acuhenoctu 6azama V% 10 20 cm gyOuHe u'y pH-BpeAHOCTH
¥ TOTATHOM KaranuteTy ancopriyje katjona (T) mo 10 cm ny6uHe msmehy
3eMJBHINTA MOIIYMJbABAaHUX Yy TpajioHe U y jame. CTaTUCTUYKK 3HAYajHUX
pasnuKa HeMa y caapikajy XyMyca U caipkajy YKYITHOT OJIOBa y MPOyYaBaHUM
3eMJBHINTAMA. Y 3EeMJBHMINTHMA IMOIIYMJbaBaHHM Y TpajoHe, yTBpheHe cy
CTaTUCTUYKHU 3Ha4ajHO Behe KoHHeHTpauuje Zn y cinojy 0-5 cm (p<0,01) u
5-10 cm (p<0,05). N3mepene konmeHTpamuje Cu Cy CTaTUCTUYKH 3HAYQjHO
Behe y moBpIIMHCKOM ¢i10jy 3emibuinra (0-5 cm) mourymspaBaHoOT y TpajioHe
(p<0,05). YTBpheHo je ma cy jequHO KOHIICHTpaIuje Oakpa m3MepeHe y JBa
3eMJBHIIIHA MPOQHIa OTBOPEHA Y 3eMJBUILITHMA MONIYMJbABAHUM Yy TPaJiOHE
Behe on rparmunux BpenHocTH («Ci. rimacauk PCy, 6p. 88/2010). U3mepene
korneHnrtpamuje Cd cratucTuyku cy 3Ha4ajHO Behe y MOBPIIMHCKOM CJOjy
3emspumTa (0-5 cm) nomymsbaBanux y rpagone (p<0,05).
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VY tabenama 4 1 5 mprka3aHa je Kopemalyja caaprxkaja MUKpoelieMeHaTa
Y CBOjCTaBa 3eMJBHIITA MONIYMJbABAHUX y TPAJIOHE H jaMe.

Tabesa 4. Koeduuujent xopenanuje caapkaja MUKpOeIeMeHaTa U CBOjCTaBa

3C€MJbHMIITA MNOITYMJbABAHUX Y I'PAIOHC

Table 4. The coefficient of correlation between the trace elements content and soil
properties in soil afforestation in bench terraces

Zn Cu | Pb | Cd pH T v Xymyc Tmuaa  JlyOuna
mg.kg! cmol.kg™! % % %

Zn mg kg! 1 0,953%* -0,884* -0,538 0,312 -0,487 0,276 0,045 0,059 -0,421
Cu mg.kg! 1 -0,968%* -0,413 0,486 -0,651* 0,423 -0,117 0,069 -0,407
Pb mg.kg! 1 0,399 -0,466 0,793%* -0,349 0,326 -0,101 0,350
Cd mg.kg! 1 0,518 0,114 0,522 0,331 0,245 -0,079
pH 1 -0,546 0,956** 0,159 0,206 -0,547
T cmol.kg! 1 -0,339 0,675* -0,119 0,339
V% 1 0,386 0,102 -0,517
Xymyc % 1 0,038 -0,040
Tnuna % 1 -0,036
Jybuna 1

**_Correlation is significant at the 0.01level (2-tailed).

*_ Correlation is significant at the 0.05 level (2-tailed).

YTBpheHa je 3HauajHa KOpenaTUBHA Be3a uaMely koHueHnrtpamnuja Zn u Cu
(r=0,953**), Zn u Pb (r = - 0,884%*), xao u uzmely Cu u Pb (r = -0,968*%*)
y 3eMJbHILITHMA TMOIIyMJbaBaHUM Yy TpagoHe. YTBpHEHO je TOCTOjame
CTaTUCTHYKU CUTHH(DHKAHTHE KOopellaTHBHE Be3e m3Mmely caiupikaja xymyca u
TOTaJTHOT KamanuTeta aacopmuuje (r = 0,675%). Takohe u uzmely ToramHor
KamamnuTeTa aacoprniyje u kounentpamuje Cu (r = -0,651*) u Pb (r = 0,793*%*)

HOCTOjI/I CTaTUCTHYKH 3Haqaj Ha KOpCJIaTUBHA BE3a.
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Ta6ena 5. KoeduiujeHt kopenaiuje caapkaja MUKpOCJIEMEHaTa y 3eMJbUIIITHMA
MOIyMJbaBaHUX y jaMe
Table 5. The coefficient of correlation between the trace elements content and soil
properties in soil afforestation in pits

Zn Cu Pb Cd pH T A% Xymyc Inuna Jly6una
mg.kg! cmol.kg! % % %
Zn mgkg! 1 0,467 0,656* 0,303 -0,531 0,077 -0,492 -0,272 0,060 0,178
Cu mg.kg! 1 0,866%* | 0,340 -0,345 -0,075 -0,397 0,102 0,005 -0,191
Pb mg.kg! 1 0,405 | -0,565* 0,177 -0,593* -0,219 0,066 0,188
Cd mg.kg! 1 -0,095 0,413 -0,136 0,254 0,070 -0,300
pH 1 0,627* 0,965%* 0,640* -0,110 -0,570*
T cmol.kg! 1 0,677+%* 0,581* 0,118 -0, 544*
V% 1 0,508 -0,027 -0,490
Xymye % 1 0,004 -0,705%**
Tuna % 1 0,228
Jy6una 1

**_Correlation is significant at the 0.01 level (2-tailed).

*. Correlation is significant at the 0.05 level (2-tailed).

VY 3emspHIITHMA TIE j€ TONIYMJbaBarkEe BPIICHO y jaMe yTBpheHa je
3Ha4YajHa U BeoMa 3HauajHa KopejaThBHaA Be3a u3mehy koHieHrpamnuja Zn u Pb
(r=10,656*) xao u Cuwu Pb (r=0,866**). OnoBo ca pH Bpennourhy 3emsbuiira
“Ma CUTHU(UKaHTHY Kopenanujy (r=-0,565%), kao u ca 3acuhenourhy 6azama
(r=-0,593%*), 3arum pH BpemHOCT MMa Kopenanujy ca 3acuheromrhy 6a3ama (r
=0,965**) u ca TorasiHUM KananuteTom aacopruuje (r=0,627*) u cagpkajem
xymyca (r=0,640%). Ykynuu cagpikaj Xxymyca iMa CHTHU(UKaHTHY KOpelanujy
ca TOTATHUM KarnanuteroMm aacopmimje (r = 0,581%). Takohe je yrBheno na je
nyOuHa 3eMJbUIITa Y CUTHU(UKAHTHO] KOopesaTUBHO] Be3u ca pH BpegHouthy
(r=-0,570%*), ToTramauM KamanuteToM aacopriuje (r= -0,544*) u canpxajem
xymyca (r= -0,705%%*),

Juckycuja

Enementn Yy TparoBumMa c€ y 3CEMJbUIITUMA HNPUPOAHO HAJIA3C Yy
BpJIO MaJIUM KOHLICHTpaI_II/IjaMa, ajm  yCJC QaHTPOIOICHUX AaKTUBHOCTU
MeH:ajy ce 6I/IOXCMI/IjCKI/I UKIIYCHU CJIEMCHATA U TOKOM BpPCMCHA CC noBehagsa
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HUBO MHKpoenemeHara y 3emspuinruMa (Adriano, 2001; Dominguez et al.,
2008). Ilonamame MHMKpOEIEMEHaTa Yy 3€MJbMILTY, HBbUXOBA JIUHAMHUKA U
TUCTPUOYIHja, MEHA]y C€ Y 3aBUCHOCTH O] CBOjcTaBa 3emJipuinTa (benanosuh
et al., 2003), yTumaja Bereranmje, alu U Mepa ympaBibamba €KOCHCTEMHMA
(HauMHA 3aCHHMBAMA 3acajia U Mepa ra3noBama) (Csontos et al., 2012).

VYpaebom o mporpamy cuctemarckor npahema KBalIuTeTa 3eMJbUINTA,
MHIMKaTOpHMa 32 OLIEHY PHU3MKa O] Ierpajalnje 3eMJBHIITA U METOJOIOTHjH
3a m3panay pemenujannonux mnporpama P Cpouje (Cn. I'macauk PC 88/2010)
NpOIKMCaHe Cy T'paHMYHE M PEMEIUjallMOHE BPETHOCTH M BPEIHOCTH KOje
MOTY YKa3aTl Ha 3Ha4yajHy KOHTaMUHAIMjy 3€MJBHIITA TEUIKMM MeTajuMa,
KOje 3aBHCE OJI CaJip)Kaja INIMHE U OpPraHCKe Marepuje. YKyIHe KOHIEHTpaLuje
MUKpOEJIeMeHaTa Cy HW)KE Y OJIHOCY Ha KOPUTOBaHE 'pPAaHMYHE BPEAHOCTU H
HE yKa3yjy Ha NpHCYCTBO 3araljema. Y JiBa 3eMJbHINHA NpoduiIa OTBOpPEHa y
3eMJBHIITAMA NOIIYMJbABAHUM y TPaJIOHe, I3MEPEHE KOHIICHTpaIuje 0akpa cy
HEIITO BHIIE OJ] KOPUTOBAaHUX IpaHMYHHUX BpemHocTH (m3M. 32,77 mg kg' —
rpas. 31,30 mg kg v u3m. 31,32 mg kg™ - rpan. 29,08 mg kg™'), anu cy 3HatHO
HIDKE O] peME/INjallHOHNUX.

[IpoyyaBaHa XyMyCHO CHJIMKaTHa 3€MJBHMINTA Yy 3aBHUCHOCTH O]
MPUMEHEHE TEXHHUKE MOITyMJbaBarha M0Ka3yjy CTAaTHCTUYKH 3HAYajHY PA3IIUKy
y caapxajy (tabena 3) mmHe U creneHy 3acuhenoctu 6azama V% (10 20 cm
nyOuHe), pH-BpEIHOCTH M TOTAJIHOM KallalMUTeTy ajcopriuje katjoHa T (7o
10 cm ny6une). Takohe, cTaTUCTHUKK 3HA4YajHE pa3IMKe Cy yTBpheHe u y:
ykynHUM caapxkajuma Zn (cioj 1o 10 cm), Cd u Cu (y cnojy mo 5 cm). HMaxko
je yTBpheHa cTaTuCTHUKH 3HaYajHa pa3IkKa y CaaApIKajy IIIMHE Y 3eMJbHIIITHMA
MOITYMJbABAHUM Y jaMe€ W TPaJIOHE, Y OBHM 3EMJbUINTHMA HHje YyTBpheHa
CTAaTUCTUYKH 3HaUajHa Kopenanujausmel)y caapikaja e U 1yOnHe 3eMJbUIITa
Kao HU u3Mely caapikaja IIMHE W cajpikaja MpoydaBaHUX MHUKpOEIeMeHara,
ITO yKa3yje Ja TIMHA HHje HOCWIIAIl aJCOPITHUBHOT KOMIJIEKCa. Y TPHIIOT
YUBLCHUIM JIa j€ caapikaj XyMmyca y NMpOydYaBaHWM 3€MJBHUIITHMA HOCHJIAIL
aJICOPNTHBHOT KOMIUIEKCAa, TOBOpU YTBpeHa 3Ha4ajHa KOpelalfoHa Be3a
n3Mely caaprkaja Xxymyca U aJICOPIITUBHOT KOMITJIEKCa Kao U u3Mel)y caapikaja
Xxymyca 1 pH BpemqHOCTH y 3eMJBHINTHMA MONTYMJbaBAaHUM Y jaMe M TPaJIOHE.

Perennmja MuKpoelneMeHaTa y 3eMJBHIINTY 3aBHCH O]l Cajpkaja |
KBaJMTeTa Ooprancke marepuje u pH BpenHoctu y 3emspumruma (Adriano,
2001; Sauvé et al., 1997; Sauvé et al., 2000; Kabata-Pendias, Pendias,
2000; Antoniadis et al., 2007; Belanovi¢, et al., 2012). Nako je ytBphena
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CTaTUCTHYKM 3HauajHa pasnuka u3mely pH BpemHocTH y 3eMibHIITHMA
MOIIYMJbABAHKM Y jaMe W T'paJIoHe, 3HadajHa Kopenanuona Be3a msmely pH
BPEIHOCT 3eMJBUIITA U YKYIHOT caapkaja Pb, yrBphena je y semspuiruma
MOITYMJbaBaHUM y jame. MehyTum, y 3eMIbHIITHMA OUTYMJBaBaHUM Yy TPaJIOHE
HEMa CTaTHUCTUYKH 3HayajHe Kopeinanuje nuiMel)y pH BpenHocTn 3emsbHITa U
cajpkaja MUKpoelieMeHaTa, ka0 Hu pH BpeaHOCTH 3eMJbHINTa U TyOHHE, HA
ITa je BEpPOBAaTHO MMalla yTULAj TeXHUKA nonrymsbaBama (JIykuh, 2013), kao
u ycku uHTepBai pH BpenHocTH 3emMsbuIHOT pacTBopa. KoHcTaTtoBaHo je na
y 3eMJBHIITUMA TOIIYMJbABAHUM Yy jaMe CTaTUCTHYKH 3HAYajHy KOpENIaInjy
nMa qyOuHa 3eMJBHINTA ca cajpikajeM xymyca, pH BpenHoihy, KanamuTeTom
aJICOPITUBHOI KOMILJIEKCA 3€MJBbUIITA U CTENIEHOM 3acuheHocTu Oa3ama.

bakap 1 LIMHK Cy T'€0JIOLIKY TOBE3aHU Kao U IIMHK U KaamujyM (Adriano,
2001; Kabata-Pendias, Pendias, 2000), anu y 3eMJbHIITAMA MOITYMJbaBAHUM
y jaMe HeMajy CTaTHCTUYKHM 3HauajHy KOpesalujy, JOK Yy 3eMJbUIITHMA
MOLIYMJbAaBaHUM y TpaJioHe, MOCTOJU CTAaTHMCTUYKHM 3Ha4YajHa Kopelsaluja
mmely caapxkaja Zn u Cu (p <0,01), Zn u Pb (p <0,01), nok je uzmehy Zn
n Cd xopenanyja jaka, anu He U curHu@ukantHa. Hegocrarak craTMCTHUKH
3HauajHe Kopesanuje Moxe ce 00jacHUTH Mel)yCOOHUM yTHULIajuMa eJleMeHaTa
rae noctoju kommneTtunuja jona Zn u Cu u Pb (Alloway, 1995; Adrano, 2001).
Cagpxaj ooBa y 3eMJBMINTHUMA IOIIYMJbAaBaHUM Y jaMe€ HMMa 3HadajHy
HeratuBHY Kopenauujy (p <0,05) ca pH BpenHocTu u ca creneHoM 3acuheHOCTH
6azama. C gpyre crpane pH BpemHOCT M KamalMTeT aJCOpILHUje HMAjy
MO3UTHUBHY CTAaTUCTUYKHU 3HAYajHy KOpENalujy ca cajipikajeM Xymyca, YuMe ce
UHMPEKTHO o0jalimaBa Be3a uzMel)y caapiaja MUKpoeneMeHaTa U OpraHCcKe
Mmarepuje. Y 3eMJpUINTUMa Oakap M OJIOBO C€ BE3yjy 3a OpPraHCKy MaTepHjy,
(dhopMupajy cTabuTHe KOMILIEKCE ca XyMUHCKHM U (hynBo kucennnama (Kabata
— Pendias, Pendias, 2000; benanosuh et al., 2012; Mrvi¢, 2009), u ca muma
Ce JelIHUM JIeNIOM TPAHCIOPTYj]y KPO3 3eMJbULIHM Mpodui. Y 3eMIbUILTHMA
MOLIYMJbABAaHUM Yy jaMe caJpikaj XyMmMyca 3aBUCH O]l AyOHWHE 3eMJbHIIHOT
npoduiia, MTO HUje CIIy4aj Y 3eMJBbUIITUMA MOLITYMJbaBaHUM Yy I'PaJIOHE.

3aHUMJIBHMBO je Ja 0akap y 3eMJbHIITUMA IMOIIyMJbaBaHUM Y TPaJlOHE
HEMa 3HauajHy Kopelanujy ca AyOmHoM Yy mnpoduily, TOK je ayOouHa y
kopenanuju ca pH BpenHocTuma u 3acuheHocTH 0a3zaMa, alli He CTaTUCTUYKH
3HauajHoj. Caaprkaju IMHKA M O0JI0Ba Kao M 0akpa W OJIOBA Y 3€MJBHIITHMA
MOITYMJbaBaHUM Y jaMe UMajy 3HauajHy Mel)ycoOHy Kopemalujy, 10K caapKaju
0JIOBa M KaJIMHUjyMa HeMa]y 3HauajHy Kopenanujy. Ha ocHoBy Hanpe 1 HaBeieHOT
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HAYMH MOIIyMJbAaBaba j€ CBAKaKO yTUIA0 HA JUCTPUOYLINjy MUKpOEIeMeHaTa
U caJlpkaj XyMyca y 3eMJBHUIITY, aJli Cy HEOIIXO/IHA OTICEKHHUja MPOyYaBama.

3akibyuak

[IpoydaBama yTHIIaja HAauMHA TOMIyMJbaBakba HA JUCTPUOYIIH]Y
mTeTHUX Mukpoenemenara (Zn, Cu, Pb m Cd) Bpmiena cy Ha mompydjy
['prenuyke kIMcype kKoja ce Haya3u y jyrouctounom aeny Cpowuje u mpuraaa
ciauBy peke JyxxHe Mopae. TexHuka momrymJbaBama y TpajioHE YTHYE Ha
JTUCTPUOYITM]y KOHIIEHTpaIja cBUX MuKpoenemenara (Zn, Cu, Pb u Cd).
VY 3eMJpHINITHMA TMONIyMJbaBaHUM Y jaMe€ KOHCTAaTOBAaHO je Ja je ayOuHe
3eMJBHIITA Y CTATUCTUYKHY 3HaYa]HO] KOPEJIAIIMOHO] BE3H ca caJipiKajeM XyMmyca,
pH BpenHOCTH, TOTaTHUM KamalMTETOM aJICOPIIHUje, Ka0 U ca CTENeHOM
3acuheHoctn 6azama. MehyTum, y 3eMJbHIITUMA TTONTYMJbaBaHUM Y TPAJOHE
HEMa CTaTUCTUYKW 3Ha4ajHe Kopemamnuje u3melhy pH BpemHocTH 3eMibHINTa
U cajapkaja MUKpoesieMeHaTa, kao HM u3Mel)y pH BpenHocTH 3emsbHIlNTa U
nyoune. Ha oBy mojaBy, BEpOBaTHO je MMao yTHUIA] HAUYMH TONTyMJbaBamka, U
y3ak uHTepBas pH 3eMJbUIITHOT pacTBOpa. Y 3eMJbUIITHMA, Oakap U OJI0BO Ce
Be3yjy 3a OpraHCKy MarepHjy, GopMupajy cTaOMIIHE KOMIUIEKCE Ca XyMHUHCKAM
u (yrBo KHWCcenWHaMa, M ca HBHUMa C€ JEIHHM JIEJIOM TPAHCIOPTYjy Kpo3
3eMJBUIITHU PO . 3aHUMIBUBO j€ 1a 6aKap y 3eMJBHUIITHMA TOITyMJbaBaHUM
y IpaJioHe HeMa 3Ha4yajHy Kopesalujy ca JyonHoM y mpoduity, 0K je 1yonHa y
kopenanuju ca pH BpeaHocT u 3acuhenoctu 6a3ama, Koja HUj€ CTaTUCTUYKH
3Ha4ajHa. [{[MHK 1 0510BO Kao 1 6akap 1 0JIOBO Y 3eMJBUIITHMA MTOIIYMJbaBaHUM
y jame umajy 3HauajHy MelycoOHy Kopenaiujy, 10K 0JI0BO U KaaMHUjyM HEMajy
3Ha4YajHy Kopenanujy. Ha ocHOBy Hampen HaBelI€HOT HAayuH IMOIIyMJbaBamba
j€ CBakako yTHIIA0 Ha JUCTPHOYIHM]y MUKpOEIeMeHaTa U caJpkaj Xymyca y
3eMJBHILITUMA, alTd Cy HEOIXO/IHA OTICEKHUja MpoydaBama.

Summary

The results of this research show the effects of afforestation method
(planting in bench terraces and in pits) on the distribution of trace elements (Zn, Cu,
Pb and Cd) in the soil. According to t-test there are significant differences in clay
content and base saturation at 20 cm depth, the capacity of soil adsorption complex
and pH-value, content of Zn at 10 cm depth and content of Cu at 5 cm depth.

In pit planted soils revealed a statistically significant correlation between
content of trace elements and humus content. Also, there are not significant
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correlations of trace elements, humus content and pH value with soil depth,
whilst there are significant correlations of soil depth with pH value, humus
content and the capacity of soil adsorption complex in the pit planted soils.

In soils planted in bench terraces, soil depth and content of trace
elements are not in significant correlation, whilst pH value and base saturation
are in correlation with soil depth, but not statistically significant.

Also, the correlations between trace elements are different in soils
planted in pits and in soil planted in bench terraces.

According to foregoing, the afforestation method certainly influenced
the distribution of trace elements and humus content, but further research is
needed.
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Abstract

In the article, we suggestedto use the rbcL protein as a marker for the identification
of Bacillariophyceaein the bioindication method of the ecological estimation of fresh water
resources.Here we perform the results of the Multiple alignments and 3D models respectively
of 45and 27rbcL proteins indicator species of Bacillariophyceae from the V. Sladechek (1973)
list,whichavailable in the international database of proteins - GenPept (NCBI) at present time.
Short (6-35) amino- acid sequencesof 27 unique variable sites identified for 19 species of
Bacillariophyceae, which normally used as bioindicators of water saprobity. Theseunique
variable sites located on rbcL protein surface of Bacillariophyceae can be specifically find
by antibodies in one water samples with use of the IFA-method. The use the rbcL protein as
marker for identification of Bacillariophyceae in water samples gives best reliable estimation of
the water ecological condition in a compare with the traditional identification of the organisms
under the microscope.

Keywords: rbcLproteinmarker, Bacillariophyceae, algae, indicator species

Introduction

At present new methods of molecular genetics and bioinformatics are
using in the fields of the biology and the ecology. For example, the Consortium
for the Barcode of Life (CBOL) plant working group has recommended
a standard barcode comprising ribulose-1,5-bisphosphate carboxylase/
oxygenase large subunit (rbcL) for the barcoding of all land plants [1,2]. And
the mitochondrialcytochrome ¢ oxidase subunit 1 (CO1) uses forthe barcoding
of all animals [3, 4, 5]. The primary sequences of DNA and proteins of plants
and animals are located in the international databasesGenBank and GenPept[6].
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In our previously articles we shown that the DNA barcode with gene
CO1 good work for animals and we can designed the unique variable sites for
the antibodies [7,8]. Here we continue our investigations for Bacillariophyceae
using the rbcL gene product.We took 45 primary sequences of proteins
of the indicator species of Bacillariophyceaewhich presented in database
GenPeptbeginning from 2004 till 2014, most of them — 23 records—are from
USA, 9 records from Germany and 5 records from France, 2 records from
Belgium, and others on 1 record from Chine, Republic of Korea, Spain,
South Korea, Russia[6].Such approach based on molecular data increases
the level of a confidence of the indicator species identification special in the
Bioindicationmethods which use for the ecological estimation of water of fresh
water resources.

At this stage, we conducted researches on use of rbcL protein as
Bacillariophyceaeidentification marker which resulted in water samples, in
more reliable assessment of reservoir ecological condition. We suggested to use
the marker genes and their products for the identification of indicator species as
a part of the method of Bioindication for the estimation of water environment.
We used the marker genes and the proteins such as COIfor animals and rbcLfor
plants. Our approach based on the way of search of the unique sites of marker
genes and proteins for each organism using the methods of bioinformatics such
as the Multiple alignments and Phylogenetic analysis, and 3D modelling for
proteins.

Materials and methods

In this work indicator species of Bacillariophyceaefrom V.
Sladechek’s list are used [9], amino-acid sequences of rbcL protein of
Bacillariophyceaeindicator species are received from the international database
of proteins - GenPept database on the NCBI site [6].

Multiple alignment of rbcL protein amino-acid sequences of
Bacillariophyceaeindicator species is performed with using the Clustal Omega
program [10], the rbcL protein amino-acid sequences of Bacillariophyceaeare
analysed in the Jalview program [11].

3D model operations of Bacillariophyceaeindicator speciesof rbcL
proteins is carried out in the SWISS-MODEL program [12], and the analysis
of these models in the PDB format is carried out in the Jalview program.
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Table 1. Ecologic-and-genetic database of indicator species of Bacillariophyceae

Ne Species Saprobity* Indicator weight $z?::;§:s21$]$e$
1 Achnanthescoarctata X 0.10 AEB91214
2 Amphora normanii X 0.10 CAM97884
3 Amphora ovalis o-b 1.65 AIT92093
4 Asterionellaformosa o-b 1.40 AEB91253
5 Caloneis amphisbaena b-a 235 AIT92083
6 Cymbellaaspera b 2.20 AIY31910
7 Cymbellacistula b 1.80 AlY31913
8 Cymbella Helvetica X-0 0.50 AIY31915
9 Cymbellalanceolata b 1.90 AIY31917

10 Cymbellanaviculiformis b 2.00 AlY31926
11 Didymospheniageminata X 0.10 ATY31931

12 Epithemiaturgida b 2.00 AEB39377

13 Eunotiapectinalis X 0.20 AEB91256
14 Fragilariacapucina o-b 1.60 AGG86633

15 Fragilariacrotonensis o-b 1.40 CANB84680

16 Gomphonemaacuminatum b 1.70 AIY31964

17 Gomphonemaangustatum o 1.15 AIY31946
18 Gomphonemacapitatum b 2.00 AAT78574

19 Gomphonemaclevei X 0.30 AFV95053

20 Gyrosigmaacuminatum b 2.20 AEB91218

21 Hantzschiaamphioxys a 2.90 AEB39371

22 Melosiravarians b 1.85 AGN91098

23 Naviculacryptocephala a 2.70 AEB91223

24 Naviculapupula b 2.20 AGT21406

25 Navicularadiosa o-b 1.60 AIT92055

26 Navicularhynchocephala a 2.70 AEZ56384

27 Nitzschiapalea a 2.75 CBH19906

28 Nitzschiasigmoidea b 2.00 CBH19911

29 Pinnularia borealis X-0 0.40 AER42043

30 Pinnulariamesolepta o 1.15 CAM97949

31 Pinnulariamicrostauron o 0.80 CAM97908

32 Pinnulariasubcapitata o 1.00 AER42030

33 Pinnulariaviridis b 2.10 CAM97948

34 Rhizosoleniacurvata b 1.85 AGC59927

35 Rhopalodiagibba o 1.00 AEB39374

36 Stephanodiscushantzschii a 2.70 AFO84271

37 Surirellabiseriata b 2.00 AGE34629

38 Surirellacapronii b 2.00 AGE34620

39 Surirellalinearis b 2.20 AGE34603

40 Surirellaovata b 1.85 AEB91278

41 Surirellaspiralis o 1.00 AGE34584

42 Surirellatenera b 2.10 AGE34632

43 Synedraparasitica b-a 2.50 AEB91231

- Synedratabulata a 2.70 AEB91210

45 Tabellariafenestrata o-b 1.40 AEB91204

* x—xenosaprobity; o—oligosaprobity; b — beta-mesosaprobity; a — alpha-mesosaprobity

——
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As we can see from above table, 45 speciesofBacillariophyceae are
indicators of different zones of fresh water reservoir saprobity: from ,,clear”
(xenosaprobicwith weighing 0.1) to ,dirty” (the alpha-mesosaprobicwith
weighing 2.7).

We believe that Bacillariophyceae indicator organisms can be identified
by means of rbcL marker genes products and thus approach will increase
reliability of reservoir ecological condition estimation.

Identification of rbcL proteins epitopes of Bacillariophyceae

For identification of unique sites of rbcL proteins in
BacillariophyceaeMultiple alignment of 45 amino-acid sequences of rbcL
protein indicators is carried out (Fig. 1).
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Figure 1. Multiple alignment of amino-acid sequences
rbcLBacillariophyceae

Analysis of multiple amino-acid sequences alignment of rbcL protein
in Bacillariophyceae organisms showed the existence of 27 unique sites for 19
species of Bacillariophyceae from 6 to 35 amino-acid (a.0.) with an optimum
length from 6 to 20 a.o. for antibodies discernment (table 2).
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Table 2. Unique variable sequences of the rbcL protein of indicator species of

Bacillariophyceae
Species / Unique fragments of amino acid sequences of the
Accession number in Saprobity* Indicator weight protein rbeL of indicators species of Bacillariophyceae
database GenPept with the positions in the alignment

Asterionellaformosa
AEB91253.1 o-b 1.40 QQVGPV (443-448)
Caloneis amphisbaena
AIT92083.1 b-a 2.35 QVYERAN (234-240)
Eunotiapectinalis
AEB91256.1 X 0.20 QDEIFKRAEF (251-260)
Fragilariacrotonensis
CANSA6S0.1 o-b 1.40 NISTLV (232-237)
Gomphonemacapitatum b 2.00 YSTATWTVVWTDLLTACDRYRAQ (65-87)
AAT78574.1 ' XLGFKXVSALRLENI (128-142)
G . inat CGVDHIHAGTVVGKLEGDPLMIKGFYDILRKPTLA
AEBO g g b 2.20 (324-358)

’ SNQVGPR (442-448)
Hantzschiaamphioxys
AEB39371.1 a 2.90 TLRLTTLS (350-357)
Melosiravarians b 1.85 TTLLATELKVNLPYGIFFDMD (338-358)
AGN91098.1 SNEVGPRILRDAAKTCGPLQ (430-449)
Nitzschiapalea a 275 GATMEDVYERS (243-253)
CBH19906.1 ’ TLRLTSLQ (346-353)
Nitzschiasigmoidea b 200 APDQYFAFIAYECDLFEEGSLS (82-103)
CBHI19911.1 ’ TYKRAQ (239-244)
pinnulariasubcapitata
AER42030.1 o 1.00 TLLLVHLDVNLPYGIFFEMS (326-345)
Pinnulariaviridis b 210 KPDHYFAFT (2-10)
CAM97948.1 ’
Rhizosoleniacurvata b 185 TAYLKTFQGPATGIIVERERLD (77-98)
AGC59927.1 ’ GTMDECIKRGD (180-190)
Rhopalodiagibba 1.00
AEB39374.1 o NCMEGINRAC (212-221)
Stephanodiscushantzschii
AFO84271.1 a 2.70 AYTVKD (20-25)
Surirellabiseriata
AGE34629.1 b 2.00 ATMEEVYKRAI (249-259)
Surirellatenera
AGE34632.1 b 2.10 GTMEEVYKRAS (249-259)
Synedratabulata
AEB91210.1 a 2.70 ADYFNQQVGPA (438-448)

NCMEGINRAV (224-233)
o-b 1.40 VLRLMSLQ (351-358)
EVGPVILRQAAS (444-455)

Tabellariafenestrata
AEB91204.1

* x—xenosaprobity; o—oligosaprobity; b — beta-mesosaprobity; a — alpha-mesosaprobity
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Verification of epitopes availability for antibodies discernment

3D models are constructed for verification of 27 unique sites of rbcL
proteins indicator in Bacillariophyceaeavailability for antibodies discernment
(Tabl. 3).

Table 3. 3D-models of amino-acid sequences rbcL of some indicator species of
Bacillariophyceae

The indicator species of Bacillariophyceae
/ Accession number in the databank 3D-models of amino-acid sequences rbcL
GenPept / saprobity*/ indicators weigh

Asterionellaformosa
AEB91253
0-b/1.40

Caloneis amphisbaena
AIT92083.1
b-a/2.35

Eunotiapectinalis
AEB91256
x/0.20
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The indicator species of Bacillariophyceae
/ Accession number in the databank
GenPept / saprobity*/ indicators weigh

Fragilariacrotonensis
CANS84680
0-b/1.40

Gomphonemacapitatum
AAT78574.1
b/2.00

Gyrosigmaacuminatum
AEB91218
b/2.20

Hantzschiaamphioxys

AEB39371.1
a/2.90

——
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The indicator species of Bacillariophyceae
/ Accession number in the databank
GenPept / saprobity*/ indicators weigh

Melosiravarians
AGN91098
b/1.85

Nitzschiapalea
CBH19906
a/2.75

Nitzschiasigmoidea
CBH19911
b/2.00

Pinnulariasubcapitata
AER42030
0/1.00

——
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The indicator species of Bacillariophyceae
/ Accession number in the databank
GenPept / saprobity*/ indicators weigh

Pinnulariaviridis
CAMO97948
b/2.10

Rhizosoleniacurvata
AGC59927
b/1.85

Rhopalodiagibba
AEB39374.1

0/1.00

Surirellabiseriata

AGE34629.1
b/2.00

——
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The indicator species of Bacillariophyceae
/ Accession number in the databank 3D-models of amino-acid sequences rbcL
GenPept / saprobity*/ indicators weigh

Surirellatenera

AGE34632.1
b/2.10

Stephanodiscushantzschii
AFO84271
a/2.70

Synedratabulata
AEB91210
a/2.70

Tabellariafenestrata
AEB91204
0-b/1.40

* x—xenosaprobity; o—oligosaprobity; b — beta-mesosaprobity; a — alpha-mesosaprobity; p —
polysaprobity
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Theanalysisof3D models onrbcL proteinindicator for Bacillariophyceae
organisms showed that all 27 unique sites are located on molecule surfaces.
They are located on alpha spirals and can be therefore accessible to antibodies
discernment. It should be noted that these Bacillariophyceae organisms are
used as bioindicators for reservoir saprobity in the wide range, from xeno-
saprobic zone with weighing 0.2, for example - Eunotiapectinalis, to an alpha
saprobic zone with weighing 2.7, for example - Stephanodiscushantzschii.

Conclusion

The analysis of45 rbcL proteins indicator of Bacillariophyceaeorganisms
from the V. Sladechek (1973) list revealed existence of 27 unique sites of rbcL.
amino-acid sequences for 19 indicator species of Bacillariophyceaeorganisms.
Unique variable sites are located on rbcL protein surface of
Bacillariophyceaeorganisms, they do not coincide with 27 unique variable sites
of indicator Bacillariophyceaeorganisms, and can be specifically distinguished
by antibodies for precise identification of Bacillariophyceaespecies among
organisms in one water sample with use of the I[FA-method.

The studied organisms are indicators of fresh-water reservoirs saprobity
in the wide range: from ,,clear” to ,,dirty”, and, therefore, their identification
on marker rbcL protein will allow to estimate reservoir ecological condition in
shorter terms authentically.

Therefore, it is allows us to use the antibodies for direct qualification
and quantification of the indicator Bacillariophyceae species in the samples of
water using the rbclproteins and together with CO1 proteins of water indicator
invertebrate species make the conclusion of ecological state of the water
resources.
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Abstract

By setting the objective of increasing the afforestation level of the Republic of Serbia
to 41.4% by 2050, the Serbian forestry has undertaken a number of tasks, among which
afforestation, regeneration and improvement of the quality of existing forests are given the
highest priority. The key criteria applied in the prior afforestation of barren land, as well as in
amelioration of degraded and coppice forests were the scope of afforestation, i.e. the size of
afforested areas and the highest possible wood mass yield obtainable in a short period.

The effects of different weather conditions, heterogeneous geological formations, topography,
aspect and quality of forest ecosystems, as well as the negative impact of anthropogenic factors
brought about intensive erosion processes in the previous period and occurrence of frequent
torrential floods. They endangered human lives and caused losses to settlements, roads,
agriculture, water management facilities, i.e. society in general. The results of the research
performed in the area of Grdelicka Klisura and Vranjska Kotlina confirmed significant effects
of the performed erosion control works on the mitigation of the intensity of erosion and
sediment yield and transport, and the necessity of a multidisciplinary approach to the questions
of drainage basin erosion processes. The success of afforestation depends on the selection of
suitable technical solutions (bench terraces and terraces), selection of suitable species, use
of seedlings produced in the afforested area and the application of appropriate silvicultural
measures in the established plantations.

The implementation of a new afforestation strategy, based on ecosystem preservation and
sustainable development, will contribute to a more successful establishment of cultures and
plantations and enhancement of other, generally beneficial forest functions.

Keywords: Serbia, risk management, afforestation strategy, torrential floods, erosion

Introduction

Afforestation, amelioration of forest habitats and reconstruction of degraded
coppice forests, which were in the past decades carried out mainly through regular
and often routine activities, were more or less successful. The main criteria were
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the scope of afforestation (the size of forested areas) and the highest possible wood
mass yield obtainable in a short period. The selection of species was reduced to a
few native or introduced species: Austrian pine on the southern aspects, sometimes
Scots pine at higher altitudes, spruce on the northern aspects, Douglas-fir and eastern
white pine at beech forest sites, locust at lower altitudes, while Euro-American
poplar plantations were established in alluvial plains. This proved successful in
the afforestation of barrens with Austrian and Scots pine, partially successful in
ameliorations, while the conducted reconstructions had considerable negative effects
on potentially productive ecosystems of beech coppice forests, because they were
carried out through mere substitution with pioneer species and spruce. Biodiversity
centers of global importance were replanted with Scots and Austrian pines (Streser,
Besnakobila, etc). The habitats of rare endemic and relict plant species were destroyed
in reforestation attempts to ,,shift up” the upper limit of vegetation.

Recent years have seen the development of scientific theories that elaborate
systems of afforestation and amelioration taking into account habitat conditions.
Unfortunately, none of them have come to life in practice, which is still aimed at
increasing the volume of work and improving the technology. Moreover, most theories
are based on the selection of species, or even intraspecific taxa and provenances,
according to individual habitat factors (altitude, aspect, parent rock, heat factor, etc.).
None of them takes into account the entire complex - ecosystem or ecological unit,
which is defined not only by its edifying species, but also by natural vegetation and soil.

Grdelicka klisura was an example of successful protection of soil against
erosion. The first erosion and torrent control works in Serbia began in the late 19®
century, in the area of Grdelicka klisura. The area had been almost fully restored
by the end of the seventies of the 20™ century. By the early nineties, biological and
biotechnical works had been conducted to rehabilitate over 1,200,000 ha of barrens,
gullies and degraded land. Technical works performed in the torrential beds included
several thousand of different objects (sediment storage dams, retaining walls,
torrential riverbed regulations, inlet structures, etc.).

Strategy Concept and Objectives

The objectives of The Afforestation Strategy of Serbia are the following:
provision of professional and scientific basis for the establishment of 1,000,000
hectares of new forest plantations; environmental quality improvement;
protection and rational utilisation of forests and other natural resources;
erosion control and water security; reduction in the emissions of harmful
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gases; protection of the species and ecosystem components of biodiversity;
biodiversity protection and preservation, etc.

The Afforestation strategy is harmonized with the relevant international
agreements and conventions, applicable laws, regulations and policies that are
implemented in the EU (Acquis communautaire) in the field of environmental
protection. It also complies with the laws and regulations of the Republic of
Serbia.

Specific objectives of the Afforestation Strategy are the following:

* Development of the operational planning systems — production of seedlings
from source-identified seed (of recognised provenances) adapted the
conditions of the selected habitat, with the choice of the best method of
planting stock production and afforestation technology;

* Encouraging establishment of new forest plantations and enhancing the
state of existing forests by applying the latest silvicultural measures aimed
at conversion and reconstruction of coppice forests and anthropogenic
scrubs into high forests;

*  Minimising the conflicts between forestry and other land users;

Forest management planning should be aimed at preservation, protection
and improvement of biodiversity at the level of ecosystems, species, genes,
as well as at the habitat level. The maps and inventories of forest resources
must include ecologically important habitats (protected, rare or sensitive forest
ecosystems).

Natural regeneration must be a priority. In afforestation, the priority
is given to autochthonous species of the most appropriate provenances.
Tending and felling should be conducted in accordance with environmentally-
friendly management principles, which do not disturb ecosystem functioning.
Infrastructure construction must not cause damage to ecosystems (rare and
sensitive, in particular) and genetic resources or threaten the habitats and
migration routes of endangered and other important species.

In order to overcome the deficiencies of the current global climate
forecasts, regional climate models and impact models are used. The results of
these models are integrated into activities enabling timely adaptation to climate
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change and its mitigation (if possible) (National Afforestation Strategy of the
Republic of Serbia (2014-2018)).

Environmental Characteristics of Potential Afforestation Habitats

The Strategy is based on a detailed study of habitat environmental
characteristics (parent rock, soil, climate, habitat type, erosion condition, etc.),
whose understanding is the key to successful afforestation. Special attention is
paid to the following: sensitivity of forest ecosystems to climate change; impact
of climate change on biodiversity; sensitivity of species to climate change;
importance of global climate change and possible creation of new species and
subspecies adapted to the modified climate conditions; occurrence of weed and
invasive species, insects, plant diseases, etc.

The expected effects of climate change on forest ecosystems, forest
communities and tree, shrub and ground vegetation species are the following:

+ some forests will change their latitude boundaries and shift up altitude
limits;

* some forests will probably ‘lose the battle’ or ‘give up the race’ and
eventually disappear;

+ some forests will change their composition (some species will disappear
and others will emerge) with the changes in their multi-storey structure and
social position;

» some species will change their shade-tolerance;

» forest communities will be more exposed to various adverse effects that are
directly or indirectly caused by climate change;

The above-mentioned effects, considered cumulatively, will directly
affect preservation of biological diversity as well as the feasibility and
intensity of sustainable forest management.

The total number of forest habitats in Serbia is 210. According to the
climate model (Ratknic, M. 2010), a 1°C temperature increase would reduce
the number of habitats to 198, while a 2°C temperature increase would bring
the number of habitats down to 192. A 3° C temperature increase would reduce
the number of habitats to 159, while a 4° C temperature increase would bring
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the number of habitats down to 131. A 5°C temperature increase would reduce
the number of habitats to 116, or by 44.8%.

Biodiversity

The Strategy stipulates that afforestation, in any of its segments, must
not endanger ecosystem, species and genetic diversity. Potential afforestation
areas must not endanger species and their survival or cause destruction or
fragmentation of their natural habitats. Measures and activities aimed at
biodiversity protection at species and ecosystem level (national and global
interest) include the following:

* Dbiodiversity monitoring and valorisation of the state in diversity centres,

+ detection of endemic, relict, rare and endangered species and species of
international importance, aiming at their more effective protection;

+ study of natural populations, particularly from the aspect of conservation
biology;

* proposal for appropriate measures of protection aiming at preservation of
biodiversity in diversity hotspots, where natural diversity is endangered
(in situ and ex situ conservation).

Selection of Species for Afforestation

Only autochthonous tree and shrub species should be used in
afforestation and establishment of non-forest greenery. Allochthonous
broadleaved and coniferous species may be used solely for the establishment of
intensive plantations. It is necessary to prevent the spread i.e. to take measures
for the suppression of invasive tree and shrub species which disturb natural
forest and other ecosystems (Acer negundo, Ailanthus glandulosa, Amorpha
fruticosa, Celtis occidentalis etc.). Furthermore, allergenic tree species should
not be planted in the vicinity of residential areas. The use of cultivars and
clones should be prevented in natural and partially-modified natural habitats.

In the selection of afforestation tree species, a broad range of species has
been made for each habitat. Principal, accessory and shrubby tree species have
been defined — edifying species of potential communities on a given area. Forest
fruit tree planting also contributes to the revitalisation of forest ecosystems.
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Serbia has 122 fruit species, classified into 23 families and 38 genera in its
natural, primarily forest ecosystems. The territory of Serbia is assumed to be a
PRIMARY GENE CENTRE of most fruit tree species grown today, which is
indicated by their large presence in natural, mostly forest ecosystems.

The Strategy takes a habitat as the basic unit of afforestation together
with all the changes that will occur in future as a result of the changes in
climate factors. Its aim is to eliminate the causes of destruction and extinction
of certain species and their habitats:

* destruction of entire natural habitats which are then replaced by secondary
or artificial habitats, unfavourable for the survival of native species of
primary ecosystems;

» fragmentation of natural ecosystems;

* partial disturbances that change the structure and functions of an
ecosystem;

* excessive exploitation of species;
» direct or indirect pollution of water, air, and soil;

* introduction of allochthonous plant and animal species, which changes the
composition of autochthonous fauna, flora and ecosystems;

Seed Sources and Production of Seedlings for Afforestation

According to data from the Register of Seed Sources (Ministry of
Agriculture and Environmental Protection, The Republic of Serbia), there are
310 seed sources in Serbia, occupying the area of 2,954 ha, which accounts
for 0.095% of the total forest area. There are 95 registered conifer seed stands.
The largest number of seed stands belongs to Norway spruce (Picea abies) -
24, followed by fir (4bies alba) - 23, Austrian pine (Pinus nigra) - 12, Scots
pine (Pinus silvestris) — 11 and Serbian spruce (Picea omorika) - 6. Among
broadleaves, the most numerous are the seed stands of species appreciated for
high wood mass yield (pedunculate oak, sessile oak, beech, etc.); there is also
a significant number of allochthonous species whose seedlings are used for
afforestation (Douglas-fir, eastern white pine, cedar, etc.) or for the production
of ornamental planting stock (cypress, thuja, sequoia, etc).
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The structure of the species represented in the seed stands doesn't
correspond to habitat changes caused by climate change; therefore, it is
necessary to:

* Determine the adaptability of species and genotypes in given climate
conditions, the limits of their mobility, and the development of climate-
based seed characteristics in the zones that will change over time
(Parker et al. 2000, Ratknic 1999). Provenances should be tested on
the boundaries of their ecological range of distribution, with a proper
understanding of relevant physiological processes (Tyree 2003).

*  Grow specific genotypes with higher resistance to pests and a greater
tolerance to climate extremes (Wang et al. 1995).

* Grow forest fruit trees. Certain forest fruit species will disappear from
forest ecosystems due to changes in climate conditions. As they represent
the basis for normal ecosystem functioning, genotypes that are resistant to
changes should be found (Ratknic 2005).

The Register of Forest Fruit Seed Sources accounts for only a small part of
the entire resource of autochthonous Serbian dendroflora. The Strategy envisages
amending the Register by adding populations of autochthonous tree and shrub
species with low value in use, as they also contribute to the stability and biodiversity
of forest communities and ecosystems. Therefore, these species should be used
intensively in the reconstruction of potential vegetation. The Strategy does not rely
only on the resources of state-owned forests, as in some parts of Serbia resources
of privately-owned forests are more diverse and abundant in terms of flora.

Nursery production in Serbia is characterised by fragmentation of
production areas, weak links between producers of planting stock and potential
users, frequent lack of morphological and physiological characteristics of
seedlings necessary for specific habitats and a small share of broadleaved
species. Production of tree and shrub planting stock based on the use of seed
of recognised provenances and cultivars considerably improves afforestation
success, adaptability and productivity of forest plantations.

Afforestation Technology Improvement

If we want to halt degradation and reduce degraded land surface area, we
must apply afforestation technology that guarantees success with low investment
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(Ratknic 2004). However, such terrains have highly variable orographic and
pedological characteristics that differ even at short distances. Therefore, seedling
properties, planting techniques, planting schemes and the number of plants per
unit of surface area must be planned for each individual locality.

The most important criteria in the selection of seedling production
technology are the following: seed genetic quality, nursery conditions and the
type of habitats for afforestation. The study of environmental characteristics of
barrens that are planned for afforestation represents the basis for the selection of
the most suitable seed source, adequate seedling production technology, terrain
preparation for planting, planting scheme preparation, planting, and selection
of tending and protection measures that suit the established plantations.

In afforestation, particularly of eroded terrains, radical changes of
potential ecosystems and their main edifying species should not be made.
Natural progressive succession should be encouraged as much as possible. It
can be achieved by introducing suitable, primarily broadleaved species.

Action Plan
Potential Afforestation Areas

The Strategy uses the suitability classification based on the following
structure of the FAO land suitability classification (FAO 1976):

* Suitability orders reflect kinds of suitability;

« Suitability classes reflect degrees of suitability within orders;

* Suitability subclasses reflect kinds of limitation;

* Suitability units reflect minor differences within subclasses.

For decision-making on optimum land use, the following data are necessary:

* Agriculture: soil quality classes I-V, surface area use (cultures);

» Landscapes: national beauty landscapes, landscapes of regional significance;

* Nature protection: nature reserves, natural monuments, memorial natural
monuments, surrounding area of immovable cultural monuments, forest
parks, natural history collections;
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* Recreational activity/tourism: tourist routes, viewpoints;

* Drainage basins: river basins, spring areas, major rivers and courses,
reservoirs and reservoir areas, canals;

e Infrastructure: urban areas, roads;
* Forestry: existing forests (by form, type, mixture and function);
* Socio-economic information: population trends;

» Administrative areas: municipalities, cadastral municipalities, forest
management areas, management units.

Principles of Afforestation Area Selection

The Action Plan designates municipalities in which the process of
afforestation must be initiated. They are: Novi Pazar, Sjenica, Tutin, Raska,
Vranje, Bujanovac, Presevo, Trgoviste, Bosilegrad, Surdulica, Vladi¢in Han
and Belgrade.

Table 1. Potential afforestation areas and their dynamics

Municipality Year fol

2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 (ha)
Novi Pazar 100 100| 200| 200 200| 200| 200 200| 200 200| 1800
Sjenica 500 700| 700| 800| 800| 1000| 1000| 1000| 1000| 1000| 8500
Tutin 100| 100| 200| 200 200| 200| 200| 200| 200 200| 1800
Raska 100| 100| 200 200| 200| 200 200 200| 200| 200| 1800
Surdulica 300| 300 300 350| 350| 400| 400 400 400| 400| 3600
Vladi¢in Han 20 30 30 30 50 50 50 50 50 50 410
Vranje 50 50 50 50 50 50 50 50 50 50 500
Bujanovac 50 50| 100| 100 150| 150| 150| 150 150| 150| 1200
Presevo 50 50 50 50 50 50 50 50 50 50 500
Trgoviste 100| 100| 100| 100 100| 150| 150| 150| 150 150| 1250
Bosilegrad 200 200 200 250| 250| 300|{ 300 300| 300 300| 2600
Belgrade 200 300| 400 400| 500| 500| 500| 500| 500| 500{ 4300
TOTAL 1770 2080| 2530| 2730| 2900| 3250| 3250| 3250| 3250 3250| 28620

Source: Ratknic, M. et al, 2015
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A detailed terrain analysis was performed in order to select the
most suitable areas for afforestation. Particular attention was paid to non-
productive pastures, areas of low-fertility soil unsuitable for agriculture and
erosion-affected areas (soil fertility classes V, VI and VII). Non-productive
rocky grounds were not taken into consideration, as their revitalisation would
require large investments with entirely uncertain outcomes (Ratknic and
Smit 1999). In order to preserve biodiversity of natural habitats, we didn't
include all the areas of the above-mentioned soil categories. Some were left
to natural succession of vegetation. The Strategy envisages afforestation of
28,620 ha over the 2015-2024 period (Table 1).

Erosion and Torrential Floods in Serbia

Erosion is a form of soil degradation which can be caused by water
or wind. The consequences may include loss of topsoil, terrain deformation,
formation of dunes, beams and the like. Erosion is a natural process. Although
it occurred long before the mankind, human activities have accelerated
erosion processes in many places. Thus, naturally occurring erosion is
often determined through the concept of soil loss tolerance, which refers
to soil erosion that allows a high degree of cost-effective and sustainable
crop production (Wischmeier, Smith, 1979) On the other hand, the erosion
caused by human activities is often termed anthropogenic erosion. Erosion
can lead to a significant reduction in fertility, and even the loss of soil,
especially in the countries with uncontrolled deforestation.

The areas affected by medium, slight and very slight erosion must
be considered as areas of potential danger since their erosion processes can
easily be intensified. Generally, the occurrence and the intensity of erosion
in Serbia increase from the north to the south and from the west to the east,
reaching its peak in eastern and southeastern Serbia

Over the 1950-2014 period, torrential floods took over 80 lives
and caused losses of several billion Euros. The frequency of torrential
flooding, its intensity and distribution pose a constant threat which can
have consequences in ecological, economic and social spheres (Ristic, R.,
2014).

In July 1999, torrential floods in the basins of the main tributaries of
the Great Morava took 8 lives and damaged tens of thousands of residential
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buildings and a few hundred commercial properties. The greatest damage was
done in Smederevska Palanka, Velika Plana, Jagodina, Batocina, Kragujevac,
Arandelovac, Rekovac, Krusevac, Kraljevo and Mladenovac. The watercourses
in the Lepenica basin caused soil erosion and polluted the water sources.
(Milanovic, A., 2007). The floods also hit the rivers: Lugomir (one third of
Jagodina was flooded) Resava (in Svilajnac), Ravanica (in Cuprija), Crnica (in
Paracin) and Jovanovacka reka (in Cicevac).

In the period from April 10" to April 17" 2006, the Danube water levels
through Serbia exceeded historical maximums. The river Sava also exceeded
the 1981 maximum reaching 738 cm. Floods were registered in Apatin, Sombor,
Bogojevo, Zrenjanin, BeocCin, Senta, Titel, Secanj, Zabalj, Novi Sad, Backa
Palanka, Indjija, Belgrade, Zemun, Grocka, Smederevo, Veliko Gradiste,
Golubac, Kladovo, Negotin, etc. The floods affected a total of 213 settlements
and about 1,000 people were evacuated (mostly in the municipality of Grocka).
In the area of Belgrade, the Danube flooded Zemun, Novi Beograd and Veliko
selo and the river Sava flooded the areas of the quay in New Belgrade, Sajam,
Nebojsa tower at Kalemegdan, Cukarica and Ostruznica. Flooding was also
registered in the Mlava and Jadar basins (downstream from Loznica in the
village of Gornji Jadar). It further caused the occurrence of landslides. A total
of 3069 landslides were registered in Serbia and they directly threatened 966
settlements. They mostly occurred in the basins of the Morava and Kolubara
rivers, and partly in the river basins of the Sava tributaries in Macva district.
Landslides damaged 2,300 housing units, 639 roads and 17 bridges in central
Serbia.

On May 15" 2010, Trgoviste was hit by devastating torrential flooding
of the river P¢inja. Two people were killed...

A series of floods and torrents of catastrophic proportions hit the
country in 2014. In the period from May 14" to May 17", the territory of
the Republic of Serbia received great amounts of rainfall, which first caused
torrential floods of all tributaries of the Drina and Kolubara Rivers, and then
of the Greata Morava, Mlava and Pek. The floods hit Krupanj, Loznica,
Ljubovija, Mali Zvornik, Valjevo, Ub and Obrenovac. Obrenovac had the
most devastating floods. In September 2014, floods in eastern Serbia destroyed
Tekija, Podvrska, Velika Kamenica, Grabovica, Recica, Bor and Majdanpek
(Stefanovic et al., 2014).
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»The devastating effects of torrential floods of May 2014 could
have been substantially lower if preventive measure had been taken in
the last twenty years. This refers to the concept of integrated management
of torrential basins, which includes the design and construction of the
following measures: technical (dams, thresholds, regulations, micro-
reservoirs, retention basins, embankments), biotechnical (rehabilitation of
gullies, slope protection), biological (afforestation, amelioration of degraded
forests, meadows and pastures, orchard establishment on terraces) and
administrative (management rules, land use and its protection in affected
catchments). Furthermore, the existing systems of protection against torrents
and erosion (riverbed cleaning of sediment, vegetation and debris, repairs of
damaged structures) were not maintained, which significantly reduced their
effectiveness” (Ristic, R., 2014).

An Example of Successful Torrential Flood Risk Management —
Case Study of Grdelicka Klisura and Vranjska Kotlina

‘The mid 20" century was the period in which the area of Grdeli¢ka
klisura and Vranjska kotlina had the lowest percentage of forest cover in its
history. If we take into account that other forests were also highly degraded,
this was clearly the period of the highest deforastation and degradation of
forest ecosystems. After World War 11, especially in the period of agrarian
reform from 1950 to 1960, the ecological balance was disturbed again,
resulting in new intensifying erosion processes. Since the sixties, there has
been an increase in forest cover caused by a number of factors: the fight
against erosion, reforestation, planned forest management, forest tending
and protection, migration from mountainous areas, etc (Kostadinov, S. et al.,
1996).

In 1956, 31% of the total surface area of Grdelicka klisura and Vranjska
kotlina was covered by forests (Table 2). In 2012, it had 48.65% of the total
area covered by forests. From the phytosociological aspect, it is dominated by
indigenous forests of Hungarian oak and Turkey oak. Besides the dominant
oak species, ash, hornbeam, Turkish hazel, etc occur in mixtures. There are
visible erosion processes in the forests, especially on southern aspects and
on steeper slopes. Around settlements, they are often threatened by excessive

logging.
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Table 2. Structure of land use before performing ECW

Grdelicka klisura and Area Share
Vranjska kotlina ha %
Forests 53864.83 31.1
Arable land 51419.21 29.7
Pastures 38474.88 22.2
Meadows 12131.11 7.0
Fruit orchards 1777.82 1.0
Vineyards 2231.92 1.3
gRl‘l’l‘Lkez ground, 13360.84 | 7.7
Total 173260.61 | 100.0

Source: General plan of afforestation, amelioration and cultivation of forest areas of
Grdelicka klisura and Vranjska kotlina (1957)

Table 3. Structure of land use in 2012

Grdeli¢ka Klisura

Vranjska kotlina

Surface area Share Surface area Share
ha % ha %
Productive areas
Forests 23526.18 99.43 58456.61 96.41
Degraded forests 134.36 0.57 2177.52 3.59
Forests 23660.5 54.97 60634.13 46.56
Meadows and pastures 10772.61 100.00 23828.97 85.75
Degraded pastures - 1358.08 4.89
Alpine meadows and pastures - 2601.88 9.36
Meadows and pastures 10772.6 25.03 27788.93 21.34
Arable land 2727.59 6.34 28069.24 21.55
Vineyards 68.26 0.16 1121.67 0.86
Fruit orchards 127.75 0.30 2001.01 1.54
House yards and gardens 1296.97 3.01 5669.73 4.35
Total 4220.57 89.80 125284.71 96.20
Non-productive areas
Settlements (construction zone) 698.37 1.62 3052.93 2.34
Gullies - 0.00 52.99 0.04
Rocky ground 23.79 0.06 208.31 0.17
Gravel 81.96 0.19 45.68 0.04
Road networks and waterways 3586.16 8.33 1572.00 1.21
Total 4390.28 10.20 4931.91 3.80
Total 43044.00 | 100.00 130216.62 100.00

Source: Braunovic, 2013
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Biological and biotechnical works conducted in Grdelic¢ka klisura in
the period from 1947 to 1977 covered 2251.7 ha (1041.2 ha were forested,
1210.5 ha were covered by grass). In the same period, Vranjska kotlina
had 4409.7 ha forested and 3258.3 ha covered by grass (Jelic, B., 1978).
The works were carried out in the areas which were under excessive and
severe erosion, especially on the slopes of the upper and middle parts of the
torrential catchments.

The data on land use for 2012, obtained from the map of land use made
by dividing the area into homogeneous plots (7100 plots were determined),
showed that 54.97% of Grdelicka klisura was forested (Braunovic, Ratknic,
2012). Vranjska kotlina had slightly lower percentage of forested area that
amounted to 46.56% (Table 3). Therefore, the Strategy envisaged greater
intensity of afforestation in the area of Surdulica, Vranje and Bujanovac
(Table 1).

Table 4. Intensity of erosion in 1953 and 2012

Share in the total area
1953 2012
(ot | ooty | oot e
Z, (km?) % (km?) %

I Excessive 1.25 492.63 28.44 2.34 0.14
1I Severe 0.85 544.93 31.45 13.08 0.75
111 Moderate 0.55 441.99 25.51 129.26 7.46
v Slight 0.30 32.47 1.87 783.25 4521
A% Very slight 0.10 220.58 12.73 715.60 41.30

Ukupno 1732,60 100.00 | 1643.51 94.86
The value of the coefficient of erosion in the study area Z_=0,78 Z_ =024

Source: The map of erosion in Grdelicka klisura and Vranjska kotlina, 1953;
Braunovic, S., 2013

The data on the erosion before the mass erosion control works were
conducted in the area of Grdelic¢ka klisura and Vranjska kotlina are shown
in Table 4.
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Excessive erosion affected 28.44% of the total surface area. There
were numerous gullies and landslides, and in some places layers of soil
were stripped away exposing the parent rock. Processes of severe erosion
(with gullies of up to 50 cm deep and a lot of fine and coarse skeletal
material on the surface, landslides on deforested areas) affected 544.93
km? (31.45%).

vy 5

A

Figure 1. Brnjarska river, 1953 year Figure 2. Predejan river, 2013 year

Source: Foto album Grdelicka klisura, 1956 Source: Photograf by Braunovic Sonja

The map of erosion (Braunovic, 2013) provides data on spatial
distribution and intensity of erosion processes (Table 4). Severe erosion
affected 0.75% of the total surface area. It affected Grdelicka klisura between
the villages of Dankovci and RepiSte, near the villages of Garinje and
Kalimance. It was also recorded in Vranjska kotlina around the villages of
Klasnjice, Sobina, Balinovac, north of Vranje, Soderce, Bunusevca, Milivojce,
Beli Breg, Dubnica, from the village of Gornji Vrtogo§ and Lopardince to
Veliki Trnovac and between the villages Visevce, Motina, Curkovica and
Nastavce. Excessive erosion processes affected smaller areas of Vranjska
kotlina.

The mean coefficient of erosion was Z__ = 0.78 (severe erosion) in
1953, and it was Z__ = 0.24 (slight erosion) in 2012. Excessive erosion
processes in 1953 affected 28.44% of the area, and only 0.14% in 2012.
Erosion processes of moderate intensity affected 25.51% in 1953, and this
percentage decreased to 7.46% in 2012. These results prove that the effects
of the conducted erosion control works contributed to the reduction in the
intensity of erosion and suggest that the works should be continued.
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According to data of the Republic Bureau of Statistics from 2013, the

most intense erosion in Serbia is right at the periphery of Vranjska kotlina, in
the valley of the river P¢inja, in Grdelicka klisura, in the Vlasina basin and in
the valley of the river Lim, in the upper stream of Ibar and in the hilly area of
Sumadija.
Despite these facts and findings, key documents that would make the basis for
prevention have not been developed. These documents include: the National
Strategy for soil erosin control and protection against torrential flooding;
Maps of erosion in Serbia; Register of torrential flows in Serbia; Register of
conducted works; Maps of flood zones, etc. Such documents were last made
in the seventies, so they cannot be considered relevant today.

Conclusions

Apart from providing the principles necessary for the identification of
the areas for affotrestation and contributing to the preservation of habitats
and biodiversity, the expert system developed within the framework of
the Strategy enables timely preparation for afforestation and initiation of
operational works - the production of seedlings of recognized provenances
that suit habitats and their characteristics, along with the selection of the
optimal method of seedling production and afforestation technologies.
Application of GIS will provide new information obtained by combining
databases at different levels. Spatial models will be used to predict direct and
indirect consequences before making a final decision on the land use.

The adoption of the aforementioned principles of afforestation area
designation, the use of appropriate techniques and technologies of biological
and biotechnical works in catchments and the proper selection of species will
contribute to the continuation of the "battle’ against erosion, torrential flows,
landslides, mudslides and ecological disasters.

Application of a new strategy, based on the ecosystem preservation and
sustainable development, will contribute not only to the greater success of
the established cultures and plantations, but also to the improvement of other
forest functions. The implementation of the Afforestation Strategy of Serbia
is expected to significantly reduce the risk of torrential floods in the affected
areas.
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Marapyumky bamy ,,orkpuiaa” oyjuna

Jla monaBa U epo3uja 3eMJBHILTA, Y OBOM Cliy4yajy OyjudHa Boga MOTY
OUTH 0] KOPHCTH, HUKO HE OM BEPOBAO, a €TO JOTOAUIIO CE.

Haume, kpajem 19. Beka, Taunuje 18. maja 1897. rogune, peka HMobap
MOTJIaBUJIa je ToJbe cena Marapyre W pa3opHHM J€jCTBOM BOJE OTKpHIIA
70 TaJa HEeMo3HaTy TepMOMHHEpaiHy Boay.Y wusBemrtajy M. TpajkoBuha,
HauenHuka Oxpyra yauanckor,ynyhenom ,,l ocrionnny MUHUCTPY YHYTpaIIlbUX
nena” croju: ‘18. oBor mecena u3nuo ce Mbap Te je momaBuo mosee cena
Konapesa y Cpesy kuukom ‘Kao HajBuIie moruiaBa je ogHocuiia KonuOe
MOJbCKE, CE€HA, CTOKY, Orpajie, cajalleBe ca KUTOM, yceBe, Oaiire. . . moBphe
u Apyry xpany. tbuBe komana a Heke u 3acyna neckoM® . . .Tajga miaxoBuTH
Nb6ap cHa)kHOM MaTHIIOM Y MaTapyIIKOM M0JbY YKJIOHHUO CJI0j 3eMJbe U OTKPHO
W3JaH TOIUIE CYHMIIOPOBHUTE BOJIE® KOja U3BUPE HA yOWHU O] OKO 3 MeTpa of
MOBPIIMHE OKOJHOT 3eMJbuiTa. Ha TOM mosby Tazna ce 3atexiu 23 nuna u3
Cpesa cyleHHUKOT Ha CBOJUM HHBaMa KaJia cy JOIUIN J1a UX pajie, a HalUlaBuHa
MpoCTOpa Iie Cy OBU Jbyau Omnu u3Hocu a0 30 xekrapa”

,»Cerbaly Cy 3aTUM TPAXWIH J1a c€ 0CI000/e Mmope3a 3a YHHUIITCHO
nosbe,” Te je mope3Huk MunytuH Becuh uzamao Ha TepeH M mpemepuo
omreheHa 3eMJBHUIITA, KOJOM Cy MYy IIPHJIMKOM ‘CeJballl Ka3aliv J1a CE Ha JeTHOM
MecTy I0jaBujIa CyMIIOPOBUTA BUOJIA, a 0Baj TO 00jaBu y Bapoiu Kpambeny”

Hasba 3aciyra 3a kopuinheme oBe Boae npumnana Casarujy boxuhy
MIPOTH KPaJbeBauKOM, IMOCJIABIIM HEKE ‘CBOj€ MApOXHjaHE Ha JICYCHE Y OBY
TOIUTY BOXy” ILITO CE€ M YCIIEIIHO 3aBpIIniIo, motoM Capatuje y cBoM cehamy
naBonu... Toguae 1898. mpemomao je Mbap W MOIUIaBHO OKOJTHA HMamba
U TPOIpO Kpo3 ceylo Marapyre M HampaBHO HOB KaHal — KOPHUTO JTyOOKO
U IIMPOKO M KaJl C€ MOBYKAO M Ca JJHA KOPUTA y MCKOIIAHOM HOBOM KaHAIly
n3bujana ToIia CyMIIOPOBUTA BOAA W TaKO Ha Taj HAYMH OBOM IIOIIJIABOM je
U pa3opHUM JejcTBOM peke MOpa OTKpuBEHa CyMIIOpPOBHMTA JIEKOBHTA BOJA
Marapymke. bame”

,I1030BeM BuheHe Jbyne u Tproeie u3 Kpamesa (roBopuo je CaBaruje)
U MPEATIoRKUM Jla TOKPEHEMO TMUTamke O Moau3amy Oame y ( Marapyrama...
(‘momrro cy Ommtuna, Cpecku ogbop, HauenctBo 1 MuHHCTapCTBO HAPOTHOT
3MIpaBJba OJIOWIIM 1a YUECTBY]Y Y MOAM3amky Oame, Mpap/ajyhu ce Hel0CTaTKOM
HOBIIA) ‘T€ HAC JIECETOpHUIAa YIOKHMMO MO TPH XWJbaJe AMHApa 3a MOoYeTaK
nonusama Oame y Marapyrama”

,,bpaha Kypcynuhu u3 Paiike uzpesaie Ham rpal)y u crijiaBoM CIlycTHUIIIE
Hu3 Mbap, u3znecy Ha obany u cioxe. O oBOr marepujajia IpBO carpajanuMo

(=)



Bemxo Munojesuh ounn. umic. wym.

JIBa KyIoaTuja Of Jacaka 3a MYyIIKe, U OHJa JiBa KylaTHhija 3a )KeHE U jeIHO
KyIaTuio 3a pamuBe. Takohe m3rpaanMo OAIITEHCKH J0Jan 3a M30aluBambe
Bozie. HammpaBuMmo ckeny 3a mpeBo3 rocTHjy mpeko Mopa”...

OBHU mpeny3UMMJbUBU KpasbeBUaHM KacHUjEe cy (opMHpanu ,,3aBOA
akioHapa — JKuuka 3aapyra” ¥ off IpoJaTux aKkiuja ypeauian 0amCcKu Mapk,
perynucanu notok Ilehunan u ‘u ocurypanu ubapcky obay ox mnormiase”

PanoBu Ha perynanuju notoka [lehnnai koju mpoTude Kpo3 CpeauITe
Marapymike bame, kao u ocurypame aecHe odane MoOpa, cmarpajy ce mehy
HajpaHHuje U3BeACHE pasioBe Ha ypehemy Oyjuunux TokoBa y Cpouju

VY npyroj monoBuan 20. Beka (10 MpOjeKTy MHKemepa bpanuciasa
Tpudynousuha u Joana Hophesuha) y okBupy bame KOMIIETHO je peryaucan
notok Benwku [Tehunan, kao u mororm Kamenan u Manu [lehunan. Pagose je
u3Bena PeoHcka cekiyja 3a 3alTUTY 3eMJBHINTA O epo3uje u ypeheme Oyjura
n3 Kpaspena

W3Bopu: Marapymika bama — Mcropujcku apxuB Kpasbesa.
[Tpupenuo,

Bewro Munojesuh ounn. undic. uym.
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YIOYTCTBO 3A AYTOPE

Yacommme Eposmwja 006jaBibyje mperiiefiHe, OprUHANNE HAyYHE W CTPyYHE paJIoBE
13 00JacTh 3amTHTE Of epo3uje U ypehema Oyjuia, eKONOIMIKOT WHKEHEPUHTA Y 3aIITHTH
3eMJBUIIHUX W BOIHUX pecypca. Yacommc 06jaBibyje nBa Opoja TOMUIIkE, TIPH YeMy j€ jaTaH
TeMarcku ofpeheH. PagoBu ce mrammajy Ha CpIICKOM U SHITIECKOM je3WKy. PagoBu mrammanu
Ha CHITICCKOM je3WKy UMajy Pe3MMe Ha CPIICKOM je3UKY, a MIPHUIIO3H JBOjE3NIHE JICTCH/IC.

HacaoB - HacnoB tpeba ma Oyme kparak, jacaH M Ja M3pa3H CyLITHHY paja He
xopuctehu ckpaheHuie u Kyp3use.

Hme ayrtopa - HaBomu ce myHO mpe3uMe M MMe (CBHX) ayTopa HCIOJ HacjoBa
pana. HaBoam ce myH (3BaHMYHM) Ha3WB M ceauIuTe ycraHose (aduimjanmja) y kojoj je
ayTop 3arociieH. AKO je ayTopa BHIIIE, @ HEKH IIOTHYY M3 UCTE YCTAaHOBE, MOpa Ce, MOCEOHNM
O3HaKama WJIM Ha APYI'Y Ha4WH, HA3HAYNTH U3 KOje O]l HAaBEACHUX YCTaHOBA IOTHYE CBAKH O]
HaBEJICHUX ayTopa.

Anpeca Wi e-ajipeca ayTopa Jaje ce y HallOMEHH 1P JHY NpBE CTPaHUIIE YIaHKa.
AKo je ayTopa BHIIIE, aje Ce caMo e-aapeca jeIHOT, 0OMYHO MPBOT ayTopa

U3Box / Anctpakr - Kparak caapkaj paga (1o 150 peun). Tpeba aa caapxu obiacr,
MIPE/IMET U OCTBAPEHE Pe3yJITaTe UCTpaXkuBamba. MI3Boj 1aT 00aBe3HO Ha CPIICKOM M EHITIECKOM
JE3HKy.

Kbyune peun - O6aBe3HO HaBeCcTH KJby4HE peud (3-7) Ha CPICKOM M CHIVIECKOM
Jje3HKy.

Texer - OcHOBHA IOIVIABJBbE paja Cy: yBOJI, MaTepujall U METOIE Paja, Pe3yiTaTH,
JIUCKyCHja, 3aKJbYUIM M pe3nMe. Y YBOAY C€ N1ajy OCHOBHE CMEpHHUIlE pajga. Marepujan u
METOZie Cy JIe0 y KOME CE OIUCYjy NMPUMEHEHEe METONe M TeXHHKE. Y IOIVIaBJby pe3yiTaTH
H3HOCE Ce TI0/IalH T0O1jeHN HCITMTHBAkbNMa Ha KOje Ce paJ OHOCH, a y TUCKYCHJH ayTop CBOja
HCTpaXKMBama JOBOJH y Be3y ca Beh IOCTUTHYTHM pe3ylTaTiMa y 1aToj 00JacTH OIHOCHO ca
npenMeToM pajia, MoryhHocTUMa 3a Jajba MCTPaXKMBama, OTKPUBA TEOPETCKE M MPAaKTHYHE
MMIUTAKAIje CBOjUX OTKpuha M yKas3yje Ha HEJOBOJPHO HMCIHUTAHE aCIeKTe W TBPAKE KOje
3aXTeBajy J10/laTHA UCIIUTUBAKA. Y 3aKJbYUKY C€ TAKCATHBHO H3HOCE PE3YITaTH UCTPAKUBaKha,
TBPAC 3aCHOBaHE Ha JJOOMjeHHM pe3yiITaTHMa, CTaBOBH, IPEIOpPYKe U CIMYHO. Pesnme, y3
HACJIOB pajia, UMeHa ayTopa M WHCTUTYIHje y KOjuMa paje, Tpeba 1a mpuKake pe3ynrare paiaa
1 3aKJbyUKe Y HajkpahuM mpTama.

Ipersennn pagoBm - Tpeda a cajpke CBEOOYXBaTHHU MpeErie/l HEKOT mpodiema, a
3aCHHUBA]jY CC Ha UCIPITHUM [TOallMMa U3 JINTEPAType M CONICTBEHUX UCTpakuBamba. [IperneaHu
pax Tpeba na caapxu Hajmame 10 ayroruTara.

Tabese u rpaduxonn - TabGene u rpadpukoHn Tpeba OMTHO Ja JoNpHHECY 0OJbEM
pasymeBamy W HMHTEpIIpeTaluju pesyirara pasga. Mcre mopaTke He NpuKazuBaTH Ha 00a
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HauuHa. [ padukone pamutu y Excel-y. O3HaunTH y pyKOMUCY MECTO 3a Tabeiy u rpadukoH. Y
HacJIOBY 00aBE3HO JIaTH MPBO CPIICKH 1A OHJIA CHIVIECKHU TEKCT, aKO CE paj IITaMIIa Ha CPIICKOM
J€3HMKY, OTHOCHO TPBO SHIVIECKH I1a CPIICKH, aKO C€ paJl IITaMIa Ha SHIVIECKOM jE3HKY.

®ortorpaduje m nprexm - Tpebda na mpencraBbajy KapakTepUCTHYaH [eTasb,
mojaBy u ciuuHo. Dortorpaduje u HPTEKU MOPajy Aa Oyay KOHTpacTHH M omrtpu. HejacHe
u myTtHe (ororpaduje Hehe outn mrammane. ororpaduje ce nmpuwiaxy y oOIUKy moceOHEe
JlaToTeke, Mopajy jaa Oyay y HekoM of ctanapaaux gopmara (BMP, T1P, JPO, OTP unuP35b),
y pesonyimju Hajmame 300x300 dpi (moxxespro 600x600 dpi), a 'y pasmepu 1: 1. [Tomro oBu
3axTeBH OOMYHO pE3yNITHpajy BEIMKHM (ajioBHUMa, MOXKEJbHO je opruHaiHe (ororpaduje
TIPUJIOXKHUTH 3aj€JJHO Ca paJioM Kao rnocedHe jaToreke, mro 61 06e30eamsio nocruszame Beher
KBaJIUTETa KOJ Ipunpeme 3a mramiy. Liprexu ce mory nocraBurny dpopmaruma DXE, DWG,
CDR, WMF, EPS wnu Al. Hacnosu u serenne gotorpaduja u uprexa Mopajy outu ypahenu
JIBOjE3UYHO - Ha CPIICKOM M €HIVIECKOM jE3HKY.

Jlureparypa - Camo pedepeHLe HaBeleHE y TEKCTy HABOZE C€ y JIMTEpaTypu.
HuTtupame HEoOjaB/HEHUX pagoBa MOryhe je caMo y TeKCTy Kao JIMYHA KOMYHHUKAIlHja HJIH
HeoOjaBbeHH monand. CBU M3BOPH, KaKO Y TEKCTY TaKO M y CIHCKY pedepeHLI] HaBoIe ce

JIATHHUIIOM, 110 a0eLieTHOM pezly, Ha HauWH ITPpHKa3aH y IpuMepHuMa.
IIpumepnu:

Yaanak y yacomucy: Petrovi¢ P, Brzi¢ B., Sijakovi¢ D. (1991): Efekti
posumljavanja brzo- rastu¢im vrstama ligéara u Vojvodini, Sumarstvo 44 (8), SIT $umarstva i
prerade drveta Srbije, Beo- grad (15-28)

¥ Tekery: (Petrovic et al., 1991)

Momnorpagceka my6ankamuja: Dumanovi¢ J., Marinkovi¢ D., Deni¢ M. (1985):
Geneticki recnik, Naucna knjiga, Beograd

¥ Tekery: (Dumanovic et al., 1985)

IormaB/be y KIU3H HJIH y 300pHHKY paaoBa ca koH(pepeHuHje: Krstic M.,
Stojanovi¢ LJ. (2007): Gajenje Suma hrasta kitnjaka, ,,Hrast kitnjak u Srbiji”, ured.
Stojanovi¢ Lj., Univerzitet u Beogradu Sumarski fakultet, Beograd, (29-292)

Y Tekery: (Krsti¢, Stojanovi¢, 2007)

H3Bope 6e3 ayTopa copTHpaTH IpeMa NPBOM CJIOBY HACJIOBA pajia, TaKo Ja je UCIpen
HACJIOBa CaMO FOJMHA M3arbha

Mpumepn: (1992): Kodni prirucnik za informacioni sistem o Sumama Srbije, JP
»SrbijaSume”, Beograd

Y Tekery: (1992)
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Beo crpannuna: Chicago/Turabian Style. The Writing Center at the University of
North Carolina at Chapel Hill, from: http://www.unc.edu/depts/wcweb/handouts/chicago.htm
1. (accessed / mpuctymbeno 15. 05 2008. rox.).

V¥ tekety: (2008)

Maremarunuke dpopmyiie - Paze ce y enntopy dopmyna y Word-y nimm MathType-y.
OcraJjie HanoMeHe

PanoBu ce perieHsupajy, pereHsenru oapel)yjy kareropujy pazaa, a pelieH3eHTe
onpehyje Penakmmja.

Pemakuunjn mocTaBUTH pagoBe y eNeKTPOHCKOM 00muKy (e-mail, CD/DVD
JMCK, Qienr-auck, ura.) ypaheno y dopmary MS Word 6.0/2007/XP (Office 97/2003/
XP), Tun ciosa Times New Roman, Besuuuna 12 pt. MepHe jejuHuUIIE U3paKkaBaTH y
WuTepHanmonamHoM cuctemy jeauauna (SI).
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Vapyxeme Oyjuuapa Cpouje

Kne3a Bumecnasa 1, Beorpan
www.udruzenjebujicara.com
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CIP - Katalogizacija u publkaciji
Narodna biblioteka Srbije, Beograd
626/627:631.6

EROZIJA: nau¢no-stru¢ni asopis za uredenje
bujica i zastitu od erozije = torrent and erosion control
/ odgovorni urednik Stanimir Kostadinov. - 1970, br.

1 - -Beograd (Kneza Viseslava 1.) Sumarski fakultet
: Udruzenje bujic¢ara Srbije, 1970 - (Beograd : Tukan
Print). - 24 cm.
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