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Tepoap ocnanKaBa CKyn NegosiOWKUX, MUKPO-KAMMATCKMX U UCTOPUJCKUX yTULAja HA OAJYKY O
3aCHMBakbY W y3rajartby BUHOBE N103€ Kao U Ha MOTyhHOCT HoUMXOBE KBAJIMTAaTUBHE M KBAaHTUTATUBHE eKC-
nnoatauuje. 3a BUHOrpaape OH je of, NpecyAHOr 3Havaja Npuankom oaabupa coptumeHTa. Hekaga cy
ce y EBponu BuHOrpagapw onpege/bmBaam Ha OCHOBY NOPOANYHOr UcKycTBa. Ca pa3Bojem Hayke, neao-
JIOLWIKa KapaKTepm3alumja 3eM/bULLTA je O3HAYMIA MOYEeTaK HOBOT NPUCTYNa y 3aCHMBaky BMHOrpada, na
cy ce u Boaehe cseTcke BMHapwuje y nocnenrnx 30-ak rogmHa okpeHyie Hayuu. Y OBOM UCTPaKMBakby
Cce OTMLWIO M KOpaK ga/be y O4HOCY Ha MeAo/IoWKM NPUCTYN, jep ce Camo 3eM/bULLTe CMATpa Npous-
BOAOM noasiore 1 noaHebsba, Na je NOrMYHO NPOLUMPUTU KOHTEKCT Tepoapa Ha OHE YMHMOLE Koje nHave
ycnos/baBajy onpegesbyjyhe KapakTepucTUKe 3em/buLlTa, NMOnyT reosiowkux n mopdosowkmx (Burns,
2010). Ha Taj Ha4MH ce NpesMMUHAPHO MOTY U3A4BOjUTU 30HE MOBOJLHON CrJieTa YMHMMALA Ha LWKMpPEM
(peroHanHom) noapydjy, Te HaBOAUTM fasba, AeTa/bHUja UCNUTMBAHA 3EM/bULITA. AHAIN3UPaEM LWN-
per nogpydyja omoryhasa ce 60/be CTpaTeWKO MNAaHMpPakbe, HAPOUUTO Yy MOrNeny OYyBakba PETKUX U
AYTOXTOHUX COPTH.

AyTOXTOHE copTe cy 3a BUMHApe, ayTOXTOHWU reHeTCKU noteHuujan. Taksa je u Cmeaepeska, Koja
ce CTMA/bMBO MOHOBO caaM, ann 6e3 MKaKBOF MiaHa MM KOHCyAToBama cTpyKe. o |l ceeTckor pata
CmegnepeBKa (Mo3HaTa Kao ,KyTa“) ce y3rajana npetexHo y CMeaepeBCKOM BMHOTOpjy, anun ce BoAUAO
payyHa Ha Kojum noTecMma ce CafM, KakaB je cacTaB 3eMJ/bMLUTA, KaKBa je eKcrno3uunja, ytuuaj pedpne-
KCWje BOAE M MHOTM ApYyru YnHUoUuM. KBanuTeT je 6Mo Hemepsbmeo 60sbU y Nopehery ca CmeaepesKom
y3rajaHom y nepuogy counjanmsma 1950-1990, obenekeHom BUCOKONPUHOCHOM, KOMBMHATCKOM Mpak-
com ,,fogomnHa“. NMoTec MnasuHay y Cmeaepesy (McKycTBeHO) Aaje CmeaepeBKy HajAenwmx CeH30PHMUX
KapaKTePMUCTUKA, MaKO Cy NO3HATUjU MUKPONOKanuUTeTn 3naTtHo bpao (Mons Aureus) v MeTpujeso.

METOAE

CaBpeMeHu Hay4yHW TpeHaoBK cnegde ,YeTBpTy napaaurmy y Hayuu” (Hey et al. 2009) u pesynTat
CYy MACOBHOT NMpuKyn/bakba nogaTaka. Ca gpyre cTpaHe, ,YeTBpTa MHAYCTPUjcKa peBoayumnja” (Schwab
2016) Ha ynjem CMO 3a4ETKY, YKasyje Ha TEXHO/IOWKE HaMnpeTKe Koju PeBo/yLMOHaPU3Yjy HauyMH Ha Koju
ce TM neTa-6ajTM nogaTtaka mory ynotpebutu. [Jpyrum pednma, HoBa Hay4yHa oTKpuha uyekajy ga npe-
rnegamo cee Te nogaTke U yBUAMMO 3aKOHUTOCTM YHYTap HUX.

MpocTopHe aHanM3e cnafajy y pes oHMX Koje Mory Aa MCKOPUCTe M NodaTKe (caTe/IMTCKe CHUM-
Ke, rnobanHe v NOKaNHe KapTe U Moaene Koju HyAe NporHo3e BpeAHOCTUN Hajpas3INYmUTUjUX NapameTapa)
M TexXHoNOLIKe (payyHapcKe) KanauuTeTe 3a HUXOBY aHanM3y. Kako M aHanmsa nogobHOCTM 3a rajewe
oapeheHe BMHOBeE /103€e cNafa Yy KnacuyaH npoctopHu npobnem (Jones et al. 2004, Vaudour et al. 2010),
osge he 6utK nckopuwheHn rnobanHM M NOKaNHM Nogaum, Kao U HanpeaHe MeTole Kako 6u ce, y3
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HeonxoAHy A03y WCKYCTBa, Aobuna nHdopmaumnja o nogobHMM M HenogobHMM TepeHUMa 3a rajerbe
ayToxToHe copTe CMmeaepeBKa y okonmHu Cmeaepesa (Cnauka 1).
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Cnuka 1. a) NpegmeTHo nogpyuje (okonMHa CmegepeBa), ca fiokaumjama y3opaka KopuwheHnm 3a mogenosatbe, 6) mogen
BepoBaTHohe NnorogHOCTM Noapyyja 3a rajere copte Cmeaepeske.

Figure 1. a) The area of interest (near Smederevo), with locations of samples used for modeling, b) the probabilistic model of
suitability for growing Smederevka vine.

MeTo[0N0WKNM NPUCTYN CBOAM Ce Hajnpe Ha oLMparbe NO3HATMX BUHOrPaaa, Ha Kojuma ce Cme-
AepeBKa ycnewHo raju. Jasbe npeocTaje Aa ce UCKOPUCTE CAaTeIUTCKM pecypcu Kako bu ce noryctuna
oBa MHpopmaumja (CivKa 1a) M McKopUCTUAA ¥ HapeLHOM KOpaKy, Koju nogpasymesa ynoTpeby anro-
puUTaMa MalUMHCKOT y4era, KOju paje Ha jeAHOCTaBHOM MPUHUMNY TPEHMHIA U eKcTpanonaumje. Takohe
je noTpebHO NMPUKYNUTU HMU3 YMHUANALLA 33 KOje Ce MCKYCTBEHO CMATpa Aa MMAjy yTuuaja Ha Tepoap. Y
TOM CBOjcTBY 0AabpaHu cy reonowkun, MopdoAoLWKM U NEJONOLWKN YNHUOLN, NPEACTaB/bEHN AUTUTAN-
HUM noasnorama oarosapajyhe pesonyuuje u nokpuha (Tabena 1).

Anroputam Hajnpe y ¢asun TpeHuHra gobuja npumepe ycnewHor rajeka oBe CopTe, U Ha TUM
NIoKaumjama Kopenuiue yTuuaje CBUX NpuapyXReHnx YnHunaua (Tabena 1). Ha ocHoBy 3agaTux npumepa
M YMHMNALA YCNOCTaB/ba MAaTEMATUUYKO/CTaTUCTUUYKO NPaBMAO UK GYHKUM]Y, KOja AedUHMLIE Koju cnaeT
YMHWMAALA M Y KOjO] Mepu MOBOJbHO yTUYE Ha rajerbe ogabpaHe copTte nose. Takohe je noTpebHo ga
,Hayuyn“ 1 Ha Kojum nokaumjama To Huje cnyyaj (HeraTuBHM Npumepu). Y HapeaHoj dasn moryhe je UcKo-
PUCTUTU ,HayyYeHO” MpaBuNO/DYHKUM)Yy M EKCTpanoanpaTh je Ha uYMTaBO MoAapydje oA, MHTepeca, y3
npeaycnoB Aa je NOKPUBEHO UCTUM Nogaorama/ynHuoumma. Tume je moryhe npeaBuaeTy HoBe NOKa-
uMje noBos/bHe 3a rajekse ogabpaHe nose. Y oBom paay je KopuwheH Random Forest anroputam, o um-
jum getasbuma ynyhyjemo Ha Witten et al. 2011.

PE3YNITATU

Ha cavum 1a je npuKasaH NoaasHM CeT y30PpaKa, Kako BM3YesIHO NPeno3HaTUX BUHOrpaaa (»Kyte
Tauke) y3 nomoh catenuTtcke Google nognore, Tako M Ha OCHOBY MO3HATUX JIOKaLMja 3acaga BMHapuja
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(upBeHe Tauke). MNpuKasaHe cy U HacymuYHo oaabpaHe NoKauumje (3eneHe TayKke) Koje ce a priori mory
cMaTpaTM HENoOBO/bHWMM 3a y3rajatbe CMegepeBKe, NpPU YeMy Ce BOAWJIO payvyHa Aa HAaCYMUYHOCT He
bype cacsBuMm ciydajHa, Beh [0BOJ/bHO yAa/beHa o4, oUMpaHMX BUHOMPaaa, a 4a NpW TOM He cnaga y
oapeheHy Knacy BereTaumoHor nHgekca NDVI (0,3-0,5). Ose nokaumje cy KopuwheHe 3a TpeHUpake
Random Forest anroputma (ca cTaHgapAHWM noAellaBatbMMa napameTapa y nporpamy Weka 3.9), koju
je TpeHupaH 1 Ha NO3UTUBHUM U HEFAaTUBHUM NPUMEPUMA. TPEHUHT je U3BPLUEH HaZ CETOM NogaTaka 13
Tabene 1, npu yemy je ceT peaykoBaH nomohy KopenaLMoHMX cBojcTaBa. Havme, cBM napameTpu Koju
HEeMajy jaCcHO ycnocTaB/beHy Kopenaunjy ca TPEHUHI CETOM HWUCY YLWAW Y Aa/bU NPOLLeC MOAEN0BaHa.
KoHauaH mozen nobujeH je eKcTpanosiaumjom Haj CeTom ca UCTUM Npunagajyhum YMHMOLMMA Kao y
cnyyajy TpeHuHra (Cnuka 1b). Pagu oueHe moaena, fobuvjeHe 30He BepoBaTHOhe cy NPeKAON/beHE KOH-
TPONHWMM TauKama (He KopuwheHum y Gasm moaenoBara), NPeacTaB/beHUM KYTUM U LLPBEHMM TauKama
(Cnuka 1b).

Tabela 1. NucTta YnHUNaLa KopuwheHMx 3a NpeguKLmjy.
Table 1. List of factors used for prediction.

YnasHu nogaum/ MojeanHauHu YnHMoum/ U3sop/
Input data Individual factors Source
BusyenHu n
npouecMpaHn BusyenHa obenexja suHorpaga; NDVI/Visual signatures of vineyards; | GoogleEarth, LANDSAT 30 m
ysopuu/Visual and | NDVI www.earthexplorer.usgs.gov
processed samples
Anysujym; AnysujanHo-nponysujanHu HaHoc; CT. peyHa Tepaca; [u-
HoBUTM necak, Jlec; Mponyeujym; MMUOLEHCKM MecKak M newyap;
Feonowkm/ MpawwuHacTa ravMHa; MA. peyHa Tepaca., Mmou,er-!cxw necalk, I’}1VIHa. " |—EOI10LL.IKVI 3aBop,Cp6V|je/'
Geological wibyHak; Mn.-MneucroueHckn nec/Alluvium; Alluvial-proluvial deposits; | Geological Survey of Serbia
Early fluvial terrace; Clayey sands; Loess; Proluvial deposits; Miocene | www.geoliss.mre.gov.rs
sands and sandstones; Silty clays; Late fluvial terrace; Miocene sands,
clays and gravels; Late Pleistocene Loess
AnconyTHa BUCWMHA; PenatnBHe BUCUHE Y OAHOCY Ha JIOKA/IHW ePO3UOHM
6a3suc; Ekcnosuumja; BucrHa gpeHaxkHe mpexke; MHAEKC KOHBeprel-
Freomopdonowku/ |umje; GakTop AysKuHe naguHe; 3akpuesbeHocT; Harnb; MHaekc snasx- | ASTER GDEM 30 m
Geomorphologic HocTu/Absolute elevation, Altitude above channel network, Aspect, | www.earthexplorer.usgs.gov
Channel network base elevation, Convergence index, LS-factor,
Curvature, Slope, Wetness index
[OybuHa p[o ocHOBHe cTeHe; [lpoOLEHTYasHU cagpKaj rIVHOBUTE,
Meponowku/ npaLwmrHacTe, NecKoOBUTE N OpraHcKe KoMnoHeHTe Ha 15-200 cm; pH Ha SoilGrid www.soilerids.or
Pedologic 15-200 cm/Bedrock depth; Clay, silt, sand and organic % at 15-200 cm; WIW.SOBTICS.Org
pH at 15-200 cm

MpennmuHapHu pesyntatm (Camnka 1b), yKasyjy Ha noTeHuMjanHy moryhHOCT npumeHe meTozo-
Norvje y peluaBakby NOCTaB/beHOr NpocTopHor npobnema. Moctoje ABa npemmyhcTBa oBor npucrtyna:
nokKasyje Koju cy To o4 npunagajyhmux umHunaua HajsHa4dajHuMjM, a MOKasyje u rae ce Hasase 30He Koje cy
noTeHuMjanHo nogobHe 3a y3rajatbe. Kao HajbuTHMjU nsgBojeHmn cy: Caap:kaj rMMHOBUTE KOMMOHEHTE Y
Tay [%] Ha 15 1 100 cm aybuHe, Cagpkaj npalwmMHacTe KOMNoHeHTe y Tay [%] Ha 60 n 200 cm ay6uHe,
Caaprkaj opraHcke KoMnoHeHTe y Ty [%] Ha 15 cm aybuHe, AnyBujanHu HaHoc, MUOUEHCKM NECKoBU U
newyapwu, JlecHe Hacnare, AncosyTHe BUCUMHE TepeHa [m], PenatmeHe BUCMHE Yy OAHOCY HA JIOKAIHU
epo3noHu 6asuc [m], n BucuHa apeHaxkHe mpexke [m]. YouaBajy ce noknanaka ca KOHTPOJHUM CETOM
nogartaka, aJiv je MoAen KoH3epBaTMBaH, Tj. MpeLekyje NOBOJ/bHY Kaacy. [pyrum peunma, npesuLle je
TepuTOpMje U34B0OjEHO Kao NOBO/LHO. 3aTO Ce Aa/bMM aHaIM3aMa MOryY ,,MUKMPATU® HajnoBO/bHMja NoA-
pyyja, y HEKOj of, fasbux paspasa mogena. Mobosblwarea cy Hajnpe moryha Ha nosby AONyHE TPEHUHT
nogartaka nogauyma ca TepeHa, NOroToBO 3a HajBULIY Kaacy, Koja je No BeJIMYMHM HeMpOonopuUnoHaHa
OCTaNMM ABeMa Knacama. [JoHekne je moryhe oyekmsaty nobosbluarba Koja 61 HacTana eBeHTyaNHOM
NPMMEHOM HEKOT APYror aAropuTma.
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3AK/bYYHAK

O36U/bHUM Hay4yUM, MyATUANCUMNANHAPHUM NPUCTYNOM, Kopulwherem NPpoCTOPHUX nogaTtaka
(o4, perMoHanHUX Ka JI0KafHMM), Kao 1 NeAosIOWKUM U TEOXEMMUCKUM AeTa/bHUM aHanm3ama omoryhu-
na 6u ce 3awTnTa gomaher noTeHuujana y 4OMeHy ayTOXTOHUX COPTU. BuHorpagapuma 6u ce oBakBuUm
NPMCTYNOM MOMOI/I0 Yy NJaHWpakby 33 Hawe ycnose (@ He Aa ce Npenucyjy MHOCTPaHW CTaHZ4ApAM U
npenopyke), WTo 61 BOAUNO Ka KBAaAUTATUBHOj U KBAHTUTAaTMBHOj €KCMNaH3Wju y3rajatba BUHOBE /103€ U
NPOU3BOAHLE BPXYHCKMUX BMHA nopeknom us Cpbuje.
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INTRODUCTION

Terroir depicts a set of pedologic, micro-climatic and historical factors that have a say in deciding
whether and where to practice viticulture and determines its qualitative and quantitative exploitation
potential. For winemakers, it is paramount for targeting a viticulture variety. European winemakers use
to guide their choices by the family tradition. Scientific breakthroughs, i.e. pedological characterization
of the soil, introduced a new approach for viticulture, and drove the world-leading wineries to turn to
scientific approach in the last 30 years. In this research, we went one step further in respect to pedolo-
gical approach. Since the soil itself is considered as a product of its bedrock and climate, it is logical to
also include those factors that condition the properties of the soil itself in the terroir context, such as
geological and morphologic factors (Burns, 2010). It is thereby, possible to perform a preliminary deline-
ation of zones with suitable set of factors at regional scales, and direct the subsequent, more detailed
soil investigations. By analyzing wider areas, it becomes possible to plan more strategically, especially
when it comes to preservation of rare and indigenous vine varieties.

From winemakers’ perspective, indigenous vine varieties represent the true genetic potential.
Smederevka, which is shyly re-introduced, but without any planning and consulting the profession is one
such example. Before the 2" World War, Smederevka (colloquially known as “the Yellow”) was grown
predominantly in the Smederevo wine region, but with caution to the micro-location, soil composition,
slope aspect, sun reflection off the water surface, etc. The quality was unparalleled in comparison to the
same vine from 1950-1990, a period marked by a high-yield, collective farming practice of the “Godo-
min” company back in the socialism. Locality Plavinac in Smederevo (from experience) has the Smede-
revka vine with the best sensory characteristics, although micro-localities Zlatno Brdo (Mons Aureus)
and Petrijevo are more familiar.

METHODS
Contemporary trends in science follow “The fourth paradigm of science” (Hey et al. 2009), and

entail massive data collection. On the other hand, “The fourth industrial revolution” (Schwab 2016)
which we are facing now, indicates unprecedented technological progress that revolutionizes the ways
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we can use these petabytes of data. In other words, new scientific breakthroughs await us to check all
that data and reveal their hidden patterns.

Spatial analyses belong can benefit from both, data (collected from satellite images, global and
local maps and models that offer estimates of various parameters of interest) and computational capa-
cities for analyzing them. Suitability of an area for growing specified crop is a no less of a spatial problem
(Jones et al. 2004, Vaudour et al. 2010). Therefore, global and local data, as well as advanced methods,
with a drop of necessary experience, will be exploited to locate the areas that are suitable or unsuitable
for growing indigenous variety Smederevka, on the example of the Smederevo area (Figure 1).

Methodological approach is based on locating the vineyards where Smederevka is successfully
grown. It is proceeded by densifying similar locations using the satellite imagery resources (Figure 1a),
and use this information in the next step, which includes implementation of the machine learning algo-
rithm that work on a simple principle of training and extrapolating. It is also necessary to list all the
factors that are empirically considered influential on the terroir. In that context, geological, morphologic
and pedologic factors are chosen, represented by various digital maps of appropriate resolution and
coverage (Table 1).

The algorithms are first trained by introducing the good examples of growing this variety, and
correlate the influence of individual factors (Table 1). They establish a mathematical/statistical rule or
function, based on the relation between the introduced examples and factors. This rule/function defines
which factors influence positively to vine growth and to what extent. It is also necessary for them to
“learn” where this is not the case (negative examples). In the next phase, it is possible to extrapolate the
“learned” rule/function over the entire area of interest, given the same set of factors/maps. It is there-
by, possible to predict new locations suitable for vine growing. Random Forest algorithm was used
throughout this work, and the readers are directed to Witten et al. 2011, for further details.

RESULTS

Figure 1a depicts the initial dataset, including both, visually recognized vineyards (yellow dots)
by using satellite Google background, and known vineyard locations of wineries (red dots). Randomly
sampled locations (green dots) can be a priori considered as unsuitable for growing Smederevka. The
randomness was not entirely arbitrary but controlled by restricting it to the zones far enough apart from
recognized vineyards, as well as by controlling its vegetation index NDVI (to 0.3-0.5). These locations are
used in the training of the Random Forest algorithm (using default parameter settings in Weka 3.9
software), which was training for both positive and negative examples. The training was completed over
a dataset from Table 1, but the set was subsequently reduced by the correlation-based selection.
Namely, all parameters with a lack of clear correlation with training data were not included in further
modeling. The final model was obtained by extrapolating over a dataset with same data content regard-
ing conditioning factors, like in the training stage (Figure 1b). Model was evaluated by overlapping it
with a set of control points (unseen in the training stage), represented by yellow and red dots (Figure
1b).

Preliminary results (Figure 1b), indicate good potential of this methodology in solving the pro-
posed spatial problem. There are two benefits of this approach: it shows which of those conditioning
factors are the most important, as well as where are the zones potentially suitable for viticulture. The
following are indicated as the most important: Clay component content in the soil [%] at 15 and 100 cm
depths, Silt component content in the soil [%] at 60 and 200 cm depths, Organic component content in
the soil [%] at 15 cm depth, Alluvial deposits, Miocene sands and sandstones, Loess deposits, Absolute
elevation [m], Relative altitude from channel network (vertical distance to local erosion basis) [m], and
Channel network base elevation [m]. The control points are matching relatively well, but the model is
conservative, i.e., it overestimates suitability. In other words, there is too much coverage of the suitable
class. Further analyses are to pinpoint suitable class more accurately, in further versioning of the model.
Improvements can be introduced primarily by complementing the training samples by field data,
especially for the highest class, which is unbalanced in comparison to the size of the other two. Some
improvements can be expected from trying other algorithms.
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CONCLUSION

Serious multidisciplinary scientific approach, using spatial data (from regional to local), as well as
using detailed pedological and geochemical analyses, would allow conservation of the domestic poten-
tial in the indigenous vine growing domain. Such approach would help winemakers plan with our do-
mestic conditions (instead of copying the foreign standards and recommendations), which will lead to
qualitative and quantitative expansion of vine growing and producing excellent Serbian wine.
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