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B Hacrosiiee Bpemst kak B Poccun, Tak u 3a py0eKoM cTajH MCIOJIb30BaTh AaHHBIC JMCTAHIIMOHHOTO 30HIUPOBaHUS
3emiu, B ToM unciae NDVI, 115 OueHKM NpOAYKTUBHOCTH CEIbCKOXO3IMCTBEHHBIX KYJIbTYp. DTH JJAHHBIE MOJIYYEHBbI JJIS
OONBIINX TEPPUTOPHI, TAKUX KaK Kpail, o0macTe u paiion. K coxkanenuro, Mano paboT, TOCBSIIEHHBIX H3yUYEHUIO JTaHHOTO
HaNpaBJICHUS UCCIICAOBaHUM JIsl OTAENBHBIX 1oJiei. [{enblo paboTsl ObIJIO YCTaHOBUTH B3aUMOCBSI3HU yposkaitHocTH ¢ NDVI
ITOCEBOB IS OTIENBHBIX IMOJIeH o3uMoii mireHunbl. Padoty Beimonasmn B 2015-2017 rT. 8 ®T'BHY «CeBepo-KaBkasckuit
OHAILL». O0BbeKTOM HCCIEAOBAaHNN OBIITN TOCEBBI 03UMOM MINEHUIIBI ¢ PA3THYHBIMA IEMEHTaMHU TEXHOJIOTHH BO3IEIIbIBA-
HHUs (copTa, MpeAlIeCTBEHHUKH, YPOBEHb MUHEPAIBHOIO MUTAHU, CPOKH CeBa U HOPMBI BbICeBa). B Hamux oneITax ypo-
KANHOCTH O3WMOW TIIICHUIIHI HA MPEAIICCTBEHHUKE ITap B CPEIHEM IO cOpTaM cocTaBmia 51,3 1/ra, Ha IpeaIIeCTBCHHIKE
o3uMas nmeHuna — 34,4 u/ra. YnydieHne yCIIOBHH MHHEPATBHOTO MUTAHKS Ha MPEIIIECTBEHHUKE Iap CIIOCOOCTBOBAIIO
YBEJIUUEHHUIO yPOXKAHHOCTH 03UMOH mieHu1bl Ha 31 %, a Ha mpeamecTBeHHUKe o3uMas nuienuia — Ha 35 %. M3ydenue Binu-
STHASI CPOKOB CE€Ba Ha YPOXKaHHOCTH 03MMOM MIISHUIIHI IT0KA3aJ10, YTO B cpeaHeM no copTtam 3a 2015-2017 rr. Hanbomnpimas
ypoxaitHOCTb ObliTa cOpMHIpOBaHA Ha ONTHMAJIFHOM CPOKe ceBa — 46,4 11/Ta. DNeMeHTH TEXHOJIOTHH BO3ICIBIBAHUS, TAKHE
KaK COpT, NMPEIIIeCTBEHHUK, MUHEPAIbHOE ITUTAHUE, CPOKH U HOPMBI BBICEBA, OKA3bIBAIOT OOJIBIIOE BIMSHHE HAa ONTHKO-
OHMOIIOTHYECKUE CBOMCTBA IMOCEBOB O3MMOH MIICHUITB. CBSA3b MEXKIY YPOXKANHOCTEIO M BETETAIMOHHBIM HHIeKcoM NDVI
oreHnBaeTcs K03 PuIreHToM Koppersiuu, paBHeIM 0,62. X0OTs Takas B3aMMOCBS3b SBISETCSA 3HAYUMOM IS yCIIOBUH TIPO-
BEJICHHOTO OIIBITA, OHA MEHEE TECHAsI, YeM B CIIy4ae ¢ yCPEAHEHHBIMU 3HAYCHUSIMU TaKUX TEPPUTOPUIA, KaK paiioH, TOUBEH-
HO-KJIIMaTHYeCKas 30Ha U Kpail (MU 00JIaCTh) B IIEJIOM, KOTOpasi ONUCHIBaeTcs B tuTepatype. C Haleil TOUKH 3peHHs, 3TO
00yCTIOBIICHO MIPOSBICHAEM TEXHOJIOTHIECKUX OCOOCHHOCTEH ITOCEBOB.
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Nowadays, both in Russia and abroad, data from remote sensing of the Earth, including NDVI, was used to assess the pro-
ductivity of agricultural crops. These data are obtained for large areas, such as the edge, region and region. Unfortunately,
in the literature there are few papers devoted to the study of this field of research for individual fields. They are necessary,
since they will allow establishing some mechanisms of NDVT interrelation with the physiological state of winter wheat crops.
Therefore, the aim of the work was to establish the relationship of yields with NDVI crops for individual fields of winter
wheat. Work was carried out in 2015-2017. In the North Caucasian FNAC. The objects of the research were sowing of winter
wheat with various elements of cultivation technology (varieties, predecessors, the level of mineral nutrition, timing of sowing
and seeding rates). In our experiments, the yield of winter wheat on the predecessor of the pairs averaged 51.3 centner / ha on
average, with 34.4 centners per hectare on winter wheat. Improving the conditions of mineral nutrition on the steam precursor
contributed to an increase in the yield of winter wheat by 31 %, and on the predecessor winter wheat by 35 %. The study of
the influence of the sowing time on the yield of winter wheat showed that, on average, for varieties in 2015-2017, The high-
est yield was formed at the optimal sowing time - 46.4 ¢ / ha. Elements of cultivation technology, such as variety, precursor,
mineral nutrition, timing and seeding rates, have a great influence on the optical and biological properties of winter wheat
crops. The relationship between yield and vegetation index NDVT is estimated by a correlation coefficient of 0.62. Although
such a relationship is significant for the conditions of the conducted experiment, it is nevertheless less tight than in the case
of the average values of such territories as the area, soil and climatic zone and the region (or region) as a whole, which is de-
scribed in the literature. From our point of view, this is due to the manifestation of technological features of crops.

IoaoxcumenwvHas peyensus npedcmasaena M. I1. 2Kyxoeoil, 00KIopom ceabCKOX03AUCMBeHHbLX HAYK,
npogdeccopom Cmasponoabckoz2o 2ocydapcmeeHHO20 a2papHo2o YyHusepcumemada.
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@opMHUpPOBaHHE YypOXKasg IOCEBOB CEJIbCKOXO3sIH-
CTBEHHBIX KYJBTYp OINpenensieTcss JOTOCHHTETUIECKOH
MPOAYKTHBHOCTBIO, KOTOPAasi 3aBUCHUT OT yCJIOBHI1 BbIpa-
muBanug [1]. Mcnons3oBaHue pa3auyHBIX 3JIEMEHTOB
TEXHOJIOTHH MO3BOJISIET ONTUMHU3ZHPOBATH MPOTYKITHOH-
HBIM Mpolecc pacTeHUH IpU UX BO3/eNIbIBaHUU. PazHbie
MpenecCTBEHHUKH, YPOBEHh MUHEPAIBHOTO TMTUTAHUS,
CPOKHU ¥ HOPMBI C€Ba OKa3bIBAaIOT OOJIBIIOE BIUSHUE HA
(doToCcHHTETHYECKIE TIOKa3aTedH MMoceBa, KOTOPhIE Xa-
PaKTEepU3yIOT €ro OINTHUKO-OMOJIOrMYecKHe CBOWMCTBA,
3aBHUCAIINE OT CTeOJIECTOs, BEICOTHI, IIOM[ATH aCCUMHU-
JMAIAOHHONW TIOBEPXHOCTH, CONEpKaHUs XJopoduiia,
a TaK>Ke OT apXUTEKTOHUKU pacTeHui [2, 3].

Jl1s1 OLleHKU NMPONYKTUBHOCTH CEIbCKOXO3SIIICTBEH-
HBIX KYJBTYP MOXKHO HCIOJNB30BaTh BETE€TAlMOHHBIN
uaaekc NDVI [4]. On paccuuTHIBa€TCS € MOMOIIIBIO KO-
3¢ (HUIIMEHTOB CIEKTPAIBHON SIPKOCTH MOCeBa B Kpac-
HOH 1 Ok HEH nHpaKpacHOH 00J1aCTIX CIIEKTpa dJIeK-
TPOMarHUTHBIX BOJH, CIIEIOBATEIEHO, 3TOT MIOKA3aTelNb
MOXeET OBITh UCIIOJIb30BaH KaK O/IHA U3 XapaKTEPUCTUK
€ro ONTUKO-OHOJOTHYECKHX CBOUCTB [5, 6].

JluteparypHble JaHHBIE CBHUAETEIBCTBYIOT O TOM,
9TO COpTa C ONpeAeleHHBIMH MOP(OQPU3NOIOTHYIC-
CKMMH TIpU3HaKaM# 00Jalaf0T XapaKTepHOW ISl HUX
APXUTEKTOHUKOW IOCEBAa W ONTHKO-OHOJOTMYECKUMHU
cBoiicTBamMH. Kpome TOro, COpToBble OCOOEHHOCTH OKa-
3BIBAIOT BIMWSHUE Jake HA MHUKPOOHOIOTHYECKYIO aK-
THBHOCTB TIOYBHI ITO]] [IOCEBAMH O3MMOM MIICHUIIBI, YTO
HaXOIHUT OTpPaXKEHHE B TOKa3aTelsX (POTOCHHTETHYE-
ckoil mponykruBHocTH [7]. Hapsay ¢ aTuMm paznuyuHbie
3JIEMEHTBI TEXHOJIOTUU BO3/AEIBIBAHUS 03UMOH MIICHU-
bl OKa3bIBAIOT BIMSHHE KaK Ha IUIOLIAJb aCCUMUIIS-
[IMOHHON MOBEPXHOCTH, TaK U Ha COAEP)KaHHE XJIOPO-
¢una, a caeqoBaTeabHO, M Ha BETETAlMOHHBIA WHIEKC
NDVL

W3BecTHO, 4TO NpH aHaIu3€ JAaHHBIX JAMCTAHIIMOH-
HOTO 30HAMPOBAHUS C MPOCTPAHCTBEHHBIM pa3pellie-
HueMm 250 M (ckanep MODIS) ormeuaercs ycroitunBas
KoppessiuonHas ¢Ba3p NDVI ¢ ypoxallHOCTBIO 03H-
MOH MIIEHULBI 17151 OONBIINX aIMUHUCTPATUBHBIX €IH-
HUII, TAKMX KaK palioH, TOYBEHHO-KJIMMAaTHYECKasl 30Ha,
Kpaii unu oonacts [8]. Ho s oTAeNnbHBIX MoJiei Takas
3aKOHOMEPHOCTH He HaOIromaeTcs. DTO CBA3aHO C TEM,
YTO MOCEBBI CENbCKOXO3AMCTBEHHBIX KYNBTYp o0ana-
10T COPTOBBIMH M TEXHOJIOTHYECKMMH 0COOEHHOCTSIMH,
KOTOPBbIE BIMSIOT KaK Ha (JOTOCHHTETHYECKYIO IIPOIYyK-
THUBHOCTb, TaK U Ha ONTHKO-OHMOJIOTMYECKUE CBOMCTBA
[9]. K coxanenuto, Mano paboT MOCBSIIEHO H3YUYECHHIO
JAaHHOTO HampaBlieHHs. Takue HcCleNoBaHUS HEoOXo-
JIMMBI, TTIOCKOJIBKY OHH TIO3BOJISIT YCTAaHOBHUTH HEKOTO-
peie MeXaHU3MBI B3auMocBsi3u NDVI ¢ dusnonorude-
CKHMM COCTOSIHHEM ITOCEBOB O3MMOM MIIEHUIBI.

Lesas n MeToanka uccienoBanuii. Llenso paGoTe
OBLIO YCTAaHOBUTH B3aMMOCBSI3M yposkaitHocTH ¢ NDVI
HOCEBOB JJIS OTAECILHBIX MOJIEH 03UMOM MIIIEHUIEI.

OO0mume yca0BHA M1 MeTOABI MPOBEAeHUS HCCIe10-
Banmii. Mccnenopanus nmpopoausiv B epuoj ¢ 2015 o
2017 r. na onbiTHOM nosie ®I'BHY «Cepepo-KaBkazckuit
(enepanbHbI HAYYHBIH arpapHblid HeHTp». O0beKTaMu
WCCIIEZIOBAaHUN CITYKUIIU TIOCEBbI 03UMOM MIIEHUIIBI CO-
proB ceneknun OI'BHY «Craspononbekuit HUU cenb-
ckoro xo3siictBa». 3yctpud, CraBka, Cmaba, Crtath,
AnncumoBka. Hccnemyemble OOBEKTHI PACIIONOKEHBI
B 30HE HEYCTOMYMBOrO yBiakHEeHUsA CTaBpOMOIBbCKO-
ro kpas. CpeaHerooBoe KOJIMYEeCTBO OCagKOB — 511—
636 mm, I'TK — 1,0—1,1, cyMMa akTHUBHBIX TeMIEPATyp
BoIte 10 °C —3300-3650 °C [10]. [TouBsl mpencTaBiIeHBI
4EepPHO3eMOM OOBIKHOBEHHBIM CPEIHEMOIIHBIM MaJOTy-
MYCHBIM TSKE€JIOCYTTTUHUCTBIM. [IpenmecTsBeHHNKaMu
ObUIM YepHBIM map W o3uMas mueHuna. GoHbl MUHE-

Tabnuna 1

BnusaHue npeaniecTBEHHNKOB M MUHEPATbHBIX YROOPEHMII Ha YPOXKailHOCTh O3MMOII INIIEHUIIBI Pa3TUIHBIX

copTOB, 2015-2017 rT.
Table 1

Influence of precursors and mineral fertilizers on the productivity of winter wheat of various varieties, 2015-2017

ITap O3uMas nIeHHnIa
Copr Steam Winter wheat
Variety KOHTPOJIb, II/Ta yIOOpEHHBIH, 11/Ta KOHTPOJIb, I/Ta YIOOpEHHBIH, 11/Ta
control, centner/ha | fertilized, centner/ha control, centner/ha | fertilized, centner/ha
3ycTpud
Zustrich 47,6 63,0 35,9 43.0
CraBKa
Stavka 54,0 72,2 33,8 48,5
Crasa 52,6 68,7 34,9 494
Slava
Crathb
Stat’ 48,0 64,1 32,5 429
AHMCHMOBKa 542 672 347 48.1
Anisimovka
Cpeice 51,3 67,0 34,4 46,4
verage

HCPo,os NDS0’05 2,6 3,4 1,7 2.3
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Tabnmuna 2
BanAHMe CpOKOB ceBa Ha YPOKallHOCTb 03MMOI NIIEHNIIbI pa3TINIHbIX COPTOB, 2015-2017 rr.
Table 2
Effect of sowing time on the yield of winter wheat of various varieties, 2015-2017
Cpok ceBa
Copr Sowing time
Variety paHHUH, 11/Ta ONTHUMAJIBHBIH, 11/Ta MO3HUMH, 1I/Ta
early, centner/ha optimal, centner/ha late, centner/ha
3ycTpuu
Zustrich 428 42,9 38,3
CraBka
Stavka 433 48,5 45,0
Crasa 459 494 497
Slava
Cratp
Stat’ 41,5 42,9 41,8
AHICHMOBKa
Anisimovka 4l.4 48,1 424
Spennee 43,0 46,4 43,4
verage
HCP
NDS;;O: 2,2 2,3 2,1
Tabnuna 3
BanaHme HOPM BbICeBa Ha YPOKaTHOCTh 03MMOJ MIIEHNIIbI pa3INIHbIX COPTOB, 2015-2017 rr.
Table 3
Influence of seeding rates on productivity of winter wheat of various varieties, 2015-2017
Hopwmsl BeiceBa
Copt Sowing rates
Variety 4 miH, /ra 5 MIH, 1/Ta 6 MIH, 1/Ta
4 million, centner/ha 5 million, centner/ha 6 million, centner/ha
3ycTpuu
Zustrich 43,0 429 42,5
CraBka
Siavka 474 48,5 46,1
Crasa 477 494 475
Slava
Crarb
Stat’ 41,4 42,9 39,7
AHUCUMOBKA
Anisimovka 49,2 48,1 46,0
Cpennee 45,7 46,4 44,3
verage
HCP
NDS;;O; 2,3 2,3 2,2

PaNbHOrO MUTAHUS: KOHTPOJIb (0e3 ynoOpeHuil) u yao-
Opennbiii pon — N, P K. nepen nocesom u N, | pannei
BecHOU. Hopmbl BeiceBa — 4, 5 11 6 MITH BCXOKHX CEMSTH
Ha 1 ra (omTUMabHAs HOpMa BbIceBa — 5 MutH). Cpoku
CeBa — paHHUN, ONTUMAJIBHBIN U TO3AHUM. [IoBTOpHOCTH
OmbITa — TPeXKpaTHas. ATPOTEXHHKA OOIIENpPUHSATAS
JUISl 30HBI HEYCTOWYMBOTO yBIakXHEHHs CTaBpOINOJIb-
ckoro kpas. [lokazarens NDVI onpenensiiu ¢ noMOIb0
npubopa GreenSeeker® (Trimbl, USA) [11]. Usmepenus
MPOBOIIIM C MHTEPBAJIOM OT YETHIPEX 10 CEMHU JHEH
no 4—6 3amMepoB Ha KaKJOH MOBTOPHOCTU BAPUAHTA.
Pe3yabraTsl uccaegosanuii. Hamu Obuo n3ydeno
BJIMSTHUE OCHOBHBIX TEXHOJIOTMUECKHX IPUEMOB BO3-
JeNbIBaHusT HA (OPMHUPOBAaHUE YPOXKasi O3UMOMH IIe-
HULIBL. B cpenHeM mo copTam 3a HM3ydaeMblil HEepHOJ
YPOXKaHHOCTh O3MMOM IIICHHIBI B HAIIUX ONBITAX Ha
MpennecTBeHHNKe nap cocraBmia 51,3 1/ra, a Ha mpea-
IIECTBEHHUKE o3uMas mineHuna — 34,4 n/ra (taom. 1).
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VnydiieHue yclIoBHI MHHEPaJBHOTO MUTAHHS Ha
MPEIIUICCTBEHHUKE Map CHOCOOCTBOBAJIO YBEIUYCHUIO
YPOXaHHOCTH O3WMOM MIIEHUIBI B cpenHeM Ha 31 %,
a Ha NPEAIIECTBEHHHUKE O3MMas MuleHuna — Ha 35 %.
Haubonblas ypokaliHOCTh Ha MPE/IIECTBCHHUKE Map
Ha KOHTPOJILHOM BapuaHTe OTMEYEHa y copTa AHHCH-
MoBka (54,2 1y/ra), a Ha ymoOpeHHOM ¢one — CraBka
(72,2 u/ra). Ha mpenmiecTBeHHUKE O3uMasi MIICHUIA
JTUEPOM IO YPOKAWHOCTH HAa KOHTPOJIBHOM BapUaHTE
o611 copt 3yctpud (35,9 1/ra), a Ha ynoOpeHHOM (oHe —
copt Cnaga (49,4 u/ra).

Wzyvenue BIUSHUS CPOKOB CEBa HA YPOXKAMHOCTH
03MMOM TIIEHUIIBI MOKAa3aJio, YTO B CPEJHEM IO CO-
pram 3a 2015-2017 rr. HanboIBIIas YPOKAHOCTE ObLTa
cthopMHupoBaHa Ha ONITUMAIIEHOM CpOKe ceBa — 46,4 1/ra.
Ha paHHEeM ¥ TI0O3/IHEM CPOKAaX BEIMYUHBI YPOXKAWNHOCTH
coctaBuiu 43,0 u 43,4 1/ra, uto Ha 7 % u 6 % cCOOTBET-

CTBEHHO MEHBIIIE, YEM Y ONITUMAJILHOI'O CPOKa (Tabi1. 2).
avu.usaca.ru
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Puc. 1. Koagppuyuenmut xoppenayuu mexoy NDVI u ypoxcaiinocmo 03umoii nuteHuypl, 6 cpedHem 3a 2015-2017 ze.
(3Hauumocmv Kospduyuenmos xoppensyuu: p = 0,05-0,23; p = 0,01-0,30)

Fig. 1. Coefficients of correlation between NDVI and the yield of winter wheat, on average for 2015-2017

(the significance of correlation coefficients: p = 0.05-0.23, p = 0.01-0.30)

Uccnenosanust mokasanu (Tabm. 3), 4To 3a Uccienye-
MBI IEPUOJ B CPETHEM TI0 COPTaM MaKCUMaJIbHAs YpO-
YKaWHOCTH O3MMOU IIIICHUITHI HAOII01aIach Ha BapUaH-
T€ C HOPMOM BbICEBA 5 MJIH BCXOXUX CEMSIH Ha TeKTap
(46,4 1/ra), a HammeHbmas — pu 6 MutH (44,3 1/ra), 9To
Ha 3 % MeHbllIe YeM IPpH HOPME BbICEBa 4 MIIH BCXOKUX
CeMsiH Ha rekrtap (45,7 u/ra).

XOTs B CPEAHEM I10 COPTaM pa3iudusi ObLIH HEOOIb-
mue, TeM He MeHee y copTa CtaTh OHH OBLITH O0JTee CyIiie-
cTBeHHBbIE. Tak, camast HU3Kasi ypOKalHOCTb Y 3TOrO CO-
pta (39,7 11/ra) Obla moayveHa Ha BapuaHTe C HOPMOH BHI-
ceBa 6 MITH BCXOXKHUX CEMSIH Ha TeKTap, YTO MEHbIIE, YeM
Ha BapuaHTax ¢4 u 5 maH Ha 4 % 1 8 % COOTBETCTBEHHO.

Hamu Oblna n3ydeHa KOppessiiiHOHHAS CBSI3b MEKIY
BereTallMoHHBIM HHAEKcOM NDVI noceBoB Bcex Bapu-
aHTOB (CopTa, MPeIIIeCTBEeHHUKH, MIHEpPAIbHbIEe YI0-
OpeHHsI, CPOKH CEBa M HOPMBI BBICEBA) B Pa3IMYHBIC
(azbl pocTa U pa3BUTHS U UX ypoKaltHOCTBIO (pHc. 1).

Haubonee TecHas Takasi cBs3b OTMEYEHa B Hadalie
KOJIOIIICHHSI, B CPEJTHEM 3a T'OJbl UCCIIENOBAHUN KO3(-
¢unment xkoppensaiuu coctaswn 0,62. [lomyueHnbe pe-

3yJIBTaThl JAIOT BO3MOKHOCTB MCIIOJIB30BAHUS JaHHBIX
JIMCTAHIIMOHHOTO 30HJWPOBaHMS 3eMJIH ST TIOCTPO-
eHust mogneneil 3aBucumoctu NDVI ot ypoxaliHOCTH
03UMOH TIICHUIIBI, YTO TAKKE MOXKET OBITh HCIIOIB30-
BAaHO JJI OIEHKH COCTOSIHUS TTOCEBOB CEIbCKOXO3Si-
CTBEHHBIX KYJBTYp B T€UEHUE BET€TaLHH.

BoIBOaBI

DJeMeHTHl TEeXHOJIOTWH BO3JIEIBIBAHUS, TaKHe Kak
COpT, MPEAIIECTBEHHUK, MIHEPAJbHOE MUTaHHUE, CPOKU
W HOPMBI BBICEBA, OKA3BIBAIOT OOJBIIOE BIHMSHUE KakK
Ha ONTHUKO-OMONIOrHYecKre CBOMCTBA MOCEBOB O3MMOMN
TMIISHUIIBI, TAK U Ha UX YPOXKaAIHOCTb.

CBsi3p MEXIy ypOKafHOCTHIO M BEreTallMOHHBIM
naaekcoM NDVI ornennBaeTcest k032G GUIIHEHTOM KOppe-
a1y, paBHeIM 0,62. X0Ts Takast B3aUMOCBS3b SIBIISIET-
Cs1 3HAUMMOM ISl YCIOBUM HAIIEro ONbITa, OHA MEHee
TeCHas, 4eM B CJydae C YCPEIHEHHBIMHU 3HauCHUSIMHU
TAKUX TEPPUTOPUH, KaK PailoH, IOYBEHHO-KJIUMaTHYE-
cKast 30Ha M Kpail (unu ob6nactp) B nesioM [12]. C nament
TOYKH 3pPEHHS, 3TO OOYCIIOBJICHO MPOSBICHUEM TEXHO-
JIOTUYECKUX OCOOEHHOCTEH TIOCEBOB.
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