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Annomayus. B HacTosiee BpeMs B arpapHOM CEKTOPE HAYMHAIOT aKTHBHO MCIOJIB30BAThCS PE3YNIBTAaThl HCCIEAOBAHUMH, MO-
3BOJISIFOIME NTPOTHO3MPOBATH YPOXKAWHOCTH CEIBCKOXO3AHCTBEHHBIX KYJIBTYP C MCHOJIB30BAHMEM JAHHBIX JUCTAaHIIMOHHOTO
30HAMPOBaHMS 3eMid. I3BECTHO, YTO MOTyYEHHBIE PETPECCHOHHBIC MOJIENH 3aBUCAT OT MOYBEHHO-KIMMATHUCCKUX yCITOBHH
BO3/IENBbIBaHMSA. J{JIs1 TOTO Y4TOOBI ONMPEAETNTH CTETICHb PAa3BUTOCTH U COCTOSHUS PAaCTEHHH, MOXKHO HCIIONB30BATh BETETAIH-
ouHbI nHACKC NDVI. JIoCTOMHCTBAMH TaKOTO METO/A SBISIFOTCS OOBEKTHBHOCTD IMOTYYaeMbIX OIIEHOK M CITOCOOHOCTH MX
MIPUMEHEHHs K OombmmM Tepputopusm. K coxanennto, ncciaeoBaHns BIUSHUS MOUYBEHHO-KIMMarnueckux 30H (I13K) Bo3-
JICTBIBAHMS Ha B3aUMOCBS3b YPOXKaHHOCTH 03MMOH MIIEHUIBI ¢ AaHHBIMK [133 mpakTndeckn He BeayTcs. Llenbio paboTsl 06110
BBISIBJICHUE BIMSHUS YCIOBHUH PA3IWYHBIX ITOYBEHHO-KIMMATHYECKUX 30H CTaBpOIOIBCKOTO Kpast HA OCOOCHHOCTH CBSI3eH
JTAaHHBIX AMCTAHIIHOHHOTO 30HANPOBAHMS 3EMIIH C TIPOLYKTUBHOCTHIO TIOCEBOB 03MMOI1 MIIIEHUIIBI. Vcce10BaHNs TPOBOANIN
Ha 6aze ®I'BHY «Ceepo-KaBkasckuii (hemepanbHbIil HAYIHBIA arpapHbBIA HeHTp». OOBEKTaMU UCCICHOBAHUN CITYKHIIH TI0-
CeBBI 03MMO iIeHHIbI CTaBPONOIBCKOTO Kpasi. B xome paboThI HCTIOIb30BaIN CTATHCTHIECKHE JaHHBIE MUHHUCTEPCTBA CEIlb-
cKkoro xo3sticTBa CTaBporonsckoro kpas. Bererammmonnstit nanekc NDVI nomydanm ¢ momomrsio cepruca « BETA» MacTuTyTa
KOCMHUYECKHUX HcciienoBaHui Poccuiickoll akajeMun HayK. YCTaHOBJIEHA B3aUMOCBsA3b Mexy NDVI u yporkallHOCTBI0 03UMOit
TIICHALIB! JUTS TIOYBEHHO-KIMMATHIECKUX 30H CTaBpOMoabCKoro kpast. [lomydeHHble Mosienu 00/1a1aloT BBICOKOI CTETICHBIO
JIOCTOBEpHOCTH (Kod(pPuImeHT anmpokcumanuu B npeaenax 0,59-0,82, koapdumment koppemsaauu — 0,77-0,90). Perpeccu-
OHHasi MOJIeNb CBsI3U cpexnero NDVI 3a BeretaTnBHO-TeHEPAaTHBHEIHN IIEPHON U ypoxkaiiHOCTH 3epHa CTaBpPOIIOIBCKOTO Kpas,
MIOCTPOCHHASI C UCTIONIH30BAHNEM JAHHBIX TOYBEHHO-KIMMATHYECKUX 30H, 001aJaeT TOCTATOYHO BHICOKOM TOYHOCTHIO (KO3 (-
¢umment xoppensamun — 0,82, ko3 durment anmpokcumanuu — 0,72). Micnonp3oBaHNe TaHHBIX AUCTAHIIMOHHOTO 30HANPOBA-
HUS 3eMJIH, PACCUNTAHHBIX MO OYBEHHO-KIMMATHUECKIM 30HAM, CYIIECTBEHHO TOBBIIIAET COMPSIKEHHOCTh BETE€TAMOHHOTO
naaekca NDVI ¢ mpoayKTHBHOCTBIO TOCEBOB O3MMOI MIIICHUITBL. JTO AaeT BO3MOKHOCTH O0JIee TOUHO MPOTHO3UPOBATE YPO-
XKaWHOCTH 1715 Bcero CTaBpoOIOIbCKOTO Kpasi.
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IMocranoBka nmpo6.iemsbl (Introduction)

[TonyyeHne BBICOKOTO ypOKasi 3€pHA O3MMOM IMIIICHHIIBI
SIBJIIETCS BaXKHOW 3aJaueil arpapHOM HayKH U CEJIbCKOXO3si-
CTBEHHOTO MPOM3BOICTBA. Ee perieHue CBsI3aH0 B TOM YHCIIC C
pa3paboTKOi ONepaTHUBHBIX U TOCTOBEPHBIX METOIOB KOHTPO-
JIsl COCTOSIHUS [TIOCEBOB, IIPOTHO3a YPOXKasi U ero KauecTra. s
9THX IeJICH CTald HUCIOJIb30BaTh JaHHBIC TUCTAHIMOHHOIO
30HAMPOBaHMS 3eMJIH, KOTOPBIC TIO3BOJISIOT MMOJIy4YaTh HH(OP-
MAITHIO TS TAKUX aJMHHUACTPATUBHO-TEPPUTOPHAIILHBIX €U~
HUII, KaK OTIEJIbHOE T0JIe, paiioH, MOYBEHHO-KJIMMAaTHICCKas
30Ha, cyObekT PD unu crpana B nenom [1-2].

Jlyst TOro 4TOOBI ONPECTUTh CTEIICHh PA3BUTOCTH U CO-
CTOSIHHSI PACTCHHU, MOXKHO MCIIOJIh30BaTh BEreTAI[HOHHBIN
unnexc NDVI [3, 4, 5, 6]. JlocTOMHCTBaMHU TaKOrO METO/Ia SIB-
JISTIOTCSI OOBEKTHBHOCTD TOJTy4aeMbIX OIICHOK U CIIOCOOHOCTh
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WX MPUMEHCHUS K OONBIINM TeppUTOpusM. U3 muTepaTypHBIX
HMCTOYHUKOB M3BECTHO, YTO TaKWe MOJAEIH 00J1a/1al0T 3aBUCH-
MOCTBIO OT ycioBuii BelpamuBanus [7, 8]. K coxanenuto, uc-
CJICZIOBaHMsSI BIHSIHUS TOYBeHHO-KimMarnmdeckux 30H (I[13K)
BO3/ICJIBIBAHUS HA B3aMMOCBSI3b YPOXKaHOCTH O3UMOM MIlie-
HULBI ¢ JaHHbIMU J[33 npakTuyecku He BeayTCsl.

B cBsi3u ¢ 3TUM 1EbI0 paboThl OBLIO BBISBICHUE BIUSHHUS
YCJIOBUU Pa3IUYHbIX MOYBEHHO-KIMMAaTHYeCKUX 30H CTaBpo-
MTOJILCKOTO Kpasi Ha OCOOCHHOCTH CBSI3CH AHHBIX JUCTAHIIN-
OHHOI'O 30HIUPOBaHUSl 3eMJsl C MPOJYKTUBHOCTHIO MOCEBOB
O03MMOM MIIEHHUIIHI.

MeToaoJiorusi u MmeToabl uccienopanus (Methods)

Uccnenoanust nposonuwinn B ®I'BHY «Cesepo-Kaskas-
CKHUI (enepanbHbId HayYHBIH arpapHblil neHTpy». O0bekTamMmu
WCCIIEIOBAHUM CIYKWJIM TMOCEBbl O3UMON miieHulbl Cras-



Y YY"

] . N,
Agrarian Bulletin of the Urals No. 09 (188), 20- .

poronbcKoro Kpasi. B xoze paboThl HCIONB30BAIN CTATUCTH-
4yeckue JaHHble MHUHHUCTEpCTBa CelbcKoro xoszsiicrBa Cras-
ponosibekoro kpas. NDVI nonywanu ¢ momouipro cepBuca
«BEI'A» KU PAH.
PesyabTaThl (Results)
[To MOYBEHHO-KIMMATHUECKUM YCIOBHAM B CTaBpOIOIb-
CKOM Kpae BblJieJIeHO 4 30HBI: KpaiiHe-3acynuiuBas (1), 3acym-

muBas (II), meycroituusoro (III) n gocraTtouHoTO yBIAKHEHUS
av)19].

C nomorsio faHHbIX cepBuca « BEI'A» 1 ydyera moceBHBIX
TUTOIIA e 03UMOH MIIEHMITBI ObLTa PACCUNTAH X0/ JUHAMHUKH
NDVI pa3nudsbIX NO4YBEHHO-KIUMaTH4Yeckux 30H ¢ 2002 mo
2017 romsr! (puc. 1).
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Fig. 1. The course of the dynamics of the vegetative index of winter wheat
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Fig. 2. Air temperature and precipitation in the soil and climatic zones of the Stavropol Territory (mean annual values)
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[TonmyuyeHHbIe pe3yabTaThl CBUETEIBCTBYIOT O TOM, YTO OT
30HBI BO3/IEJIBIBAHUS TIOCEBOB O3UMOM MIIEHUIIBI 3aBUCAT OH-
torenerndeckue n3MeHenus NDVI. Ipu yaydmenun ycnosuit
BBIpAIMBaHUs (KaK B OCEHHUH MEPUOJI, TAK U B PEIPOITYKTUB-
HBIN) yBenmmunBatoTcs 3HaueHnss NDVI. C MmomeHTa BO30OHOB-
JICHUSI BECEHHEH BereTanuel u 0 KoHna ¢asbl TpyOKOBaHUs
otmedaercs BeipaBHuBaHue NDVI no nouBeHHO-KIMMaTHue-
CKHM 30HaM Kpasl.

DT0 MOXET OBbITh OOYCJIOBJICHO TEM, UYTO JOCTATOYHAs
BJIQKHOCTh IMOYBBI MEPE] TTOCEBOM CIIOCOOCTBYET (hOPMHPO-
BaHMIO OoJiee Pa3BUTON OMOMAcCCHI, a CIIEA0BATEIBHO, YBEIH-
YIBAETCS IUIOIAb ACCUMIIALIMOHHON MOBEPXHOCTH. JlaHHOE
MIPEBOCXOICTBO COXPAHSETCSs M B PAHHEBECEHHUI MNepuos
(puc. 2).

[Tocnenyromiee pa3BUTHE MOCEBOB O3UMOM MIIEHUIIBI
MIPOUCXOJIUT TIPU XOPOIIEM BOJHOM PEKUME, TaK KaK B ATOT
HIEPHUOJ CLIE HE U3PACXOJ0BAHA BJlara, HAKOIICHHAS 34 3UM-
Huit nepuoa. [Ipu »Tom TemnepaTypHbIii pexXUM B KpaiiHe 3a-
CYNUIMBON U 3acynuInBOil 30Hax Beie, yeM B I u IV. Takue
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YCIIOBHUS CIIOCOOCTBYIOT YCHUJIGHHOMY Pa3BHUTHIO PAacTEHHH, a
Cle70BaTeIbHO, IPOUCXOAUT BeIpaBHUBaHUE 3HaUeHUII NDVI
10 MOYBEHHO-KJIMMATHUECKUM 30HAM B BECEHHUII TEPUO/T.

B xonne IV u nepen nauanom VIII stanos opranoreHesa
HaOJIIO/IaeTCs POCT TEMIEPATYPHOTO PEXKNMa, & TAKIKE CHIDKE-
HUE 3aI1acoB MPOJYKTUBHOM BJIaTU B IOYBE, IpU 3ToM B | 30He
HaOJIIO/IaeTCsl TI0X0E UX BOCIIOJHEHHE 3@ CUET BBINaIal0IINX
ocankoB. M3-3a 5TOro IpoUCXOAUT pa3eiIeHUuE IOCEBOB IO
MOIITHOCTU UX Pa3BUTHSI U BBICOTE PACTEHUI B 3aBUCUMOCTHU
0T MOYBEHHO-KIUMaTHueckux ycnosui [10]. [Toatomy B Mak-
cuManbpHbIX 3HaueHuAX NDVI nabmronarorcst pa3nudus 3To-
ro nokazatens B II, III u IV 30Hax mo cpaBHeHHUIo ¢ KpaitHe
3acynuiuBoil 30H0M. bonee Bbicokoe 3HaueHue NDVI B sTOT
niepuo B 111 30He 1o cpaBHeHU!O ¢ [V MOXXHO OOBSCHUTD JIyU-
IIMM TeMIIEPATYPHBIM PEKUMOM.

[Tonyuennast B xozie pabOThI KOPPEISIIIMOHHAS CBS3b YPO-
xaifHoctu ¢ NDVI noBeliaercs ¢ yaydieHHeM yCIOBUM BbI-
panBaHus. ITO MOXET OBITh CBSI3aHO C TEM, YTO JICHCTBHUE
(aKTOpOB OKpY)KalOIIeH cpelabl HE MO3BOJISIET pPealii30BaTh
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Puc. 3. Cas3v yposxaiinocmu 03umoti nuienuyol om cpedrneeo NDVI 3a 6ecemamueHo-zenepamuénulii nepuod (2002-2017 ez.)
Fig. 3. Connection of winter wheat yield from middle NDVI during the vegetative-generative period (2002-2017)
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Fig. 4. Dependencies of grain yield on average NDVI for the vegetative-generative period for the Stavropol Territory (2002-2017)

I0CeBaM B JIOCTATOYHOM CTEMEeHM MOTEHIMAN MPOIYKTUBHO-
CTH, CBSI3aHHBIM C TEXHOJOTMUYECKHUMH M T€HOTUITUYECKUMHU
OCOOCHHOCTSIMHU B TAKHX YCJIOBHSIX.

B xome paboThl HaMu ObLIa TOCTPOCHA PETPECCUOHHAS 3a-
BUCcUMOCTh cpenHero NDVI 3a BereraTMBHO-TeHEpaTHBHBII
MepHo OT yposkas 3epHa Juisi Bcero CTaBpOMOIbCKOTO Kpast
(puc. 4). Tax Kmpp_ JIAHHOW MOJIENTM COCTaBWJI BEJIMUUHY, PaB-
uyto 0,85, R? - 0,72.

I'enepaTuBHBIN eprOJ] XapaKTEPU3YETCsl USTKUM pasJiese-
nueM 3HadeHndt NDVI no T13K, koTopbie 3aBUCUT OT MOTOJI-
HBIX YCJIOBHIL.

Takum 00pa3oM, OHTOTCHETHUCCKHAC W3MCHCHHUS BErera-

I[To BceM NOUBEHHO-KIMMATHUECKUM 30HaM Kpast ObIIH 110-
CTPOCHBI MOJIENH 3aBUcUMOCTH cpenHero NDVI ot ypoxaii-
HOCTH O3UMOM TIIeHHIBI (puc. 3). R? s maHHBIX Mojerneit
HaxonsATcs B npenenax ot 0,59 mo 0,82, a Kmpp_ —ot 0,77 no
0,90 B 3aBucumoctu ot I13K CraBpomnoisckoro kpas.

Oo6cy:xknenue u BbiBoAbI (Discussion and Conclusion)

Ucnonb3oBanue nanubx J33, pacCYUTaHHBIX MO MOYBEH-
HO-KJIMMAaTHYECKUM 30HaM, CYIIECTBEHHO MOBBIIIACT COMpPS-
JKEHHOCTbh BeretanuoHHoro muaekca NDVI ¢ npoaykTtuBHO-
CTBIO MOCEBOB O3MMOW MIIEHMIBL. DTO JaeT BO3MOXHOCTh
0oJiee TOYHO MPOTHO3UPOBATH YPOXKAWHOCTH JuIst Bcero Cras-
POTIOIILCKOTO Kpasl.

LUOHHOTO MHJEKCA TOCEBOB 03MMOM MIIEHUIBI B PA3IUYHBIX
13K kpas 3aBUCST OT yCIOBUH BBIPAILIUBAHUS.
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Features of the dynamics of the vegetation index of ndvi in
different soil-climatic zones of the Stavropol territory

I. G. Storchak'™, F. V. Eroshenko, E. O. Shestakova'
'North-Caucasian Federal Scientific Agrarian Center, Mikhailovsk, Russia
SE-mail: sniish.storchak@gmail.com

Abstract. Currently, in the agricultural sector, research results are being actively used to predict crop yields using Earth remote
sensing data. It is known that the resulting regression models depend on soil and climatic conditions of cultivation. In order to
determine the degree of development and condition of plants, you can use the vegetation index NDVI. The advantage of this
method is the objectivity of the estimates, and the ability to apply them to large areas. Unfortunately, studies of the influence
of soil-climatic zones (CLC) of cultivation on the relationship between the yield of winter wheat and Earth remote sensing
data are practically not conducted. The aim of the work was to identify the influence of the conditions of various soil-climatic
zones of the Stavropol Territory on the features of the connections of Earth remote sensing data with the productivity of winter
wheat crops. The studies were carried out on the basis of the FSUE “North Caucasus Federal Scientific Agrarian Center”.
The objects of research were crops of winter wheat of the Stavropol Territory. In the course of work, the statistical data of the
Ministry of Agriculture of the Stavropol Territory was used. The NDVI vegetation index was obtained using the VEGA service
of the Space Research Institute of the Russian Academy of Sciences. The relationship between NDVI and winter wheat yield
for the soil and climatic zones of the Stavropol Territory has been established. The resulting models have a high degree of
confidence (the coefficient of approximation is within 0.5-90.82, the correlation coefficient is 0.77-0.90). The regression model
of the connection of the average NDVI for the vegetative-generative period and the grain yield of the Stavropol Territory, built
using data from soil-climatic zones, has a fairly high accuracy (correlation coefficient 0.82, approximation coefficient 0.72).
The use of Earth remote sensing data calculated by soil and climatic zones significantly increases the correlation between the
NDVI vegetation index and the productivity of winter wheat sowing. This makes it possible to more accurately predict the yield
for the entire Stavropol Territory.

Keywords: winter wheat, regression models, NDVI vegetation index, soil-climatic zone, yield.
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