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3AKOHOMIPHOCTI ®OPMYBAHHS NMPOOYKTUBHOCTI 03UMOI
MLWEHWLL 3AJIEXXHO BI NONEPEOHMKA Y BIANOBIOHOCTI A0
LLUKAJIM BBCH B 30HI CTENY YKPAIHU

3acTtocyBaHHA CiBO3MiH € eQEeKTUBHOW CTpaTerielo Aans
NiABULWEHHA CTIMKOCTI FPYHTOBUX CUCTEM [0 abioTUUYHUX | BIOTUUYHMX
CTPEeCiB, @ TAaKOX NiABULLEHHSA CTIMKOCTi 3€MJIEKOPUCTYBAHHSA B 30Hi
aeoiumty Bonorn. Ha pspgy i3 Heo6GXiAHICTIO YROCKOHANEHHSN
arpoTexXHONOriYHUX 3axO0A4iB, BAXKJIMBUM € 0OrpyHTyBaHHs Bubopy
nonepegHuka pana 30iNbWIEHHA MOXWMBHUX ENEMEHTIB Yy IPYHTI,
3abe3nevyeHHs pob6pux MIKPOKNIMAaTUYHUX YMOB BeretauinHoro
PO3BUTKY POCJINH, aKyMmynsauil i 36epexXeHHs BOJIOTU Yy FPYHTI Ta
KNiTUHAX JNUCTS, BUCOKOI POTOCMHTETUYHOI 3[ATHOCTI POCAMH Ta
NPOAYKTUBHOCTI arpoueHosis. TomMy MeTow pJocnigxeHb 0Oyno
BCTAHOBJIEHHS NPOCTOPOBO-4YaCOBUX 3aKOHOMIPHOCTEW BNJAMBY
nonepeaHWKiB Ha BereTauild Ta MPOAYKTUBHICTb O3UMOI MWEHMUL
BiAMNoOBiAHO A0 yHidikoBaHOi wkanu BBCH B rpyHTOBO-KAIMaTUYHUX
ymoBax 30HM Creny. Ha ocHoBi pAaHuMx pewudpyBaHHA cepil
CYNYTHUKOBMUX 3HiIMKiB KOCMiyHOro anaparty Sentinel 2, po3paxyHky
3Ha4yeHb NDVI Ta nonboBMX CNnocTepeXeHb, AOCAIAXKEHO NPOCTOPOBO-
yacoBi npouecu Beretauil Ta NPOAYKTMBHOCTI MWEHUUIi O03UMOI
3aNexXHo Bif nonepeAHWKa y BiANOBIAHOCTI A0 YHipiKOBAHOI WKanu
BBCH. BctaHoBneHo, wo noCiBM 03MMOI MWEHULi Ha AingHUi 3a
nonepegHUKOM ropox Beretauis Bigbysanacs y 1,6 pasu aKTuBHiwe
Hi)K Ha p[pinsHUi 3a nonepeAHWMKOM S4YMiHb sipun T1a y 1,7 pasu
AKTUBHIlUE HiXX HA p[AiNsHUi 3a nonepeaHUMKOM COHSWHUK. Le
06ymMOBMIO NiABULEHHA YPOXAWHOCTi 03MMOI nweHuui y 1,43 Ta
1,56 pa3u BianNoOBIAHO. YPOXKalHiCTb 03MMOI NWEHULI Ha AiNAHUI 3a
nonepegHUKOM Tropox CcTaHoBuJaa 4,65T1/ra, Ha p[ingHUi 3a
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nonepeaHUKOM 3epHoOBa KynbTypa (AuMmiHb spui) 3,24 T/ra, Ha
AiNAHUI 33 nonepeAHMKOM COHAWHUMK 2,98 T/ra. OTtpumani
pe3ynbTaTu [OCHIMKEHb € BaXJIMBUMU ANS  YAOCKOHAJIEHHS
METOAMKM AOCAIAXKEHHSA Beretauil CinbCbKOroCnoAapCbKUX KyabTyp,
06rpYHTYBaHHS CiBO3MiHM Ta KyJbTypu-nonepeaHMKa, BU3HAYEHHS
e(PEeKTUBHOCTI arpoTEXHONOrYHMUX 3axoAiB Ta MPOrHO3yBaHHSA
YPOXKaWHOCTiI 03UMOT NWeHULUi B yMoBax AediuunTy BOJOIU.

Knwyosi Cc/10Ba: o3uMMa nweHuus; nonepeaHuk;
NPOAYKTUBHICTb; KnimaT; NDVI.

NMoctaHoBKa Nnpob6nemu. CiBo3MiHM € BaXXNnBUM GaKTOPOM BNAUBY
Ha i3MKO-XIMIYHMW CTaH T[PYHTIB, IHTEHCUBHICTb Beretauil Ta
NPOAYKTUBHICTb CiJIbCbKOrOCNOAAPCbKUX KYJbTYpP, OCKiISIbKM BU3HA4YaE
nepebir TexHonoriyHux npouecie [1; 2]. OcobnuBe 3HayYeHHA Mae€ X
eKofioro-mMeniopaTuBHe 06rpyHTyBaHHA Yy 30Hi CTeny YkpaiHu (3oHa
EKCTPEeManbHOro 3emsiepo6CTBa), WO XapaKTEPU3YKTbCA HU3bKUM
piBHEM Bonoro3abesneyeHHsa Ta BUCOKUM TeMMepaTypHUM pexxmMmoM [3-
5].

MopyweHHs npaBuA CiBO3MIH NpM3BOAUTbL A0 3abyp'siHEHHS,
MOLWMPEHHA  WKIAHMKIB | XBOpP06, CNOCTEPIraETbCsi  3HUXKEHHSA
epeKTUBHOCTI XiMiyHMX 3aco6iB 3axucTy pocnuH [6]. Hanpuknapg, BucisHa
MweHnUs o3MMa 3a nonepegHWKoM o3uMa nuweHuua y 1,4-1,7 pasu
CUJIbHiLIE YPaXXYETbCA KOPeHeBWUMMU rHunamu, y 1,5-2 pasu 6byporw i
>KOBTO ipxeto, y 1,3-4 pa3u — cHiroeow nnicHAsoto [7]. 3abyp’aHeHicTb
nocigiB 3poctae y 10 pasie. BapTo 3a3HauunTH, WO MOHOKYIbTYpPa 03UMOI
MWeHNLi HA YeTBEPTUN PiK XapaKTEPU3YETbCA 3HUXKEHHAM YPOXKANHOCTI
y 2-3 pa3un. BipHe 3acTocyBaHHA CiBO3MiH 3abe3nevyye 3poCTaHHSA
ypoxkauHocTi Ha 7,5-26,0% [8; 9], nokpalyloTb MikpoknimaT
CiJIbCbKOrOCNoAapCbKOro Mosisl, CNPUAE aKyMynsUil MaKpoesieMeHTiB Ta
BOJIOrN y PPYHTIB, NiABULLYIOTb aKTUBHICTb GOTOCMHTETUYHUX NPOLECIB,
NPOAYKYBaHHA BMICTy xnopodiny y nucTi, 36inbwyoTe naowy
GOTOCMHTETMYHOI NOBEpPXHi BNPOAOBX BereTauil, 3HWXYE PpiBEHb
BUNApOBYBAaHHSA BOMOrN i3 TFPYHTY, CNpUSAIOTb aKyMynsuil Bonorn y
pPOCNMHAaXxX Ta CAPUSE IX CTPECOCTINKOCTI B yMOBAaxX BUCOKUX TeMnepaTyp.

AHani3 ocTaHHix pocnimkeHb Ta nybnikauin. Y pocnigKeHHaX
BYEHUX OOBEAEHO ONTMMAJbHICTb 4-MiNbHOI CiBO3MiIHU (NpU BapitoBaHHI
Big 3-x 0o 5-minbHOI). 3a YMOBW BMPOLLYBaHHA JIbOHY, JIOMUHY,
COHSILLHMKA, KanycTu Ta GawTaHHUX ciBo3MiHa Mae bytn 5-Tm abo 8-
ninbHoto [10]. Bucoki Bpoxkai 06yMOBNOOTLCA AOTPUMAHHSAM YepryBaHHs
KynbTyp, OCKiNIbKN NonepeaHuK CNpUsie NIATPUMLI BOAHOMO PEXUMY, L0
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ocobnmBo Baxknueo B ymoBax Cteny. BctaHoBneHo, wo B 30Hi Cteny Ha
yTBOPEHHS 1 TOHHW CyXOro ypo)akt KYKypyA3u Ha 3epHO Ta copra 3a
nepiog BereTauii 3 FPYHTY pocaMHaMu cnoxusaetbcs 550-700 m3
BOSiorn, o3mmoto 3epHosoo — 800-1100 m3, ropoxom — 1000-1300 m3,
coHsiWHUKOM — 1100-1500 m3 Bonoru [11; 12]. CamuMm edpeKTUBHUM no
AKyMynsiuil BOSIOMN y FPYHTI € YOPHWUM nap, TOMY y 30HiI eKCTPEMANbHOMo
3eMepobcTBa, Y NPOrHO30BaHi NepiogM HU3bKOrO PiBHSA aTMOChepHUX
OonagiB, PEeKOMEHAO0BAaHO BBEAEHHS Y CiBO3MiHY YOPHOro napy, SKumu
CnpuATMME MiABULLEHHIO NPOAYKTUBHOCTI arpoueHosis [13].

PekoMeHOoBaHO 3acTocyBaHHa ciBo3MiH 3 50% 3epHoBuUX
KonocoBux, 25% 6060Bux (kopMoBMMY) | 3epHO6060BMX, 25% NpocanHmx
KynbTyp [14]. MpaBunbHe YepryBaHHA KynbTyp Yy CiBO3MiHax CTBOPHE
CNPUATINBI YMOBM OIS XXWUBMEHHSA POCAMH, a GionoriyHi ocobnmeocTi
KynbTyp CTalTb OCHOBHOK YMOBOK cTanoro 3emnepobctBa. HaykoBo
06rpyHTOBaHEe 4YepryBaHHS KyNlbTyp CiBO3MiHW MiaBULLYE ePEeKTUBHICTb
arpoTexHiYHUX 3axOAiB, CMpUsiE 30EpeXXeHHK PpoaKYOCTi  FPYHTY,
3abe3neyvye BUCOKI i cTabinbHi Bpoxkai [15; 16].

B 30Hi Creny YKpaiHM CiBO3MiHM MEPEBA)>XHO MalTb TPU OCHOBI
HanNpPsAMW: BUPOLLYBAHHA 3€PHOBUX, OMiMHUX, 6060BUX Ta 3epHO6060BMX
KynbTyp [17]. HacuuyeHicTb ciBo3MiHM 3epHOBUMYK KynbTypamu carae 70-
80%, B TOMYy u4ucni nNweHUUs 03MMa, KyKypya3a Ta iHWi KOMOCOBI
KynbTypu [18]. ToMy BUHMKAE HeObXigHICTbL BBEAEHHSA YopHOro napy a6o
3aciBaHHsA 6060BMMK Ta 3epHOB060BMMU KyNbTypaMMu.

MeTa, Martepianu i MeToaM pochigXeHb. MeTow cTaTTi €
NPOCTOPOBO-4YacoBe AOC/IAXEHHSA BNJAWBY NonepefgHUKiB Ha BereTtauito
Ta MPOAYKTUBHICTb 03MMOI MWEHMUI ANA YTOYHEHHS OOrpyHTYBaHHS
CiBO3MiHW, BCTaHOBNEHHS e(dEeKTUBHOCTI nonepegHMKa Ta pPiBHA
arpoTexHONOriYHUX 3axofdiB B [PYHTOBO-KAIMAaTUYHMX YMOBAX 30HMU
Creny.

Tepuropis [OCAIgXEHb T3 [PYHTOBO-K/JIMATUYHI  YMOBMU.
Hdocnig)XeHHs pPO3BUTKY Ta MNPOAYKTUBHOCTI 03MMOI NWeHuui y
NPUPOAHO-KNIMAaTUYHMX YMOBaX 30HM CTeny 3anexHo Big NnonepeaHuUKiB
npoBoAunu B nepion Beretauil kynbTypy 2021 pik (ociHb) i 2022 (3uMa,
BeCHa, No4aToK JiTa). [locniaHe nosie 3HaXoAUTLCA Y 3€MIIEKOPUCTYBaHHI
depmepcbkoro rocnopgapctea «CBiTnaHa» Ha TepuTopii EnaHeubKoro
panoHy MwukonaiBcbkoi obnacTti YkpaiHu. 3aranbHa nnowa Aochigis
cTaHoBuna 46,64 ra (puc. 1), y ToMy uucni: ginaHka 1 — nonepegHuK
ropox, nnowa 14,20 ra; ginfiHka 2 — nonepegHUK SYMiHb SpUKA, Naowa
12,20 ra, pinsiHka 3 — nonepeaHuK COHAWHMKK, nnowa 20,24 ra. Jocnign
nposBoaunnca 6e3 3pOLIEeHHS, Ha NPUKNaAi 03MMOI NWEeHUUi CcopTy
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Puc. 1. Micue 3Haxop KeHHS [OCNIQHOMO Noss i NOpsSA0K po3TalyBaHHSA NOCIBIB
03MMOI nweHuui copty Opiaga 1 BignoBigHO 40 NnonepenHUKIB:
1 - ropox; 2 — A4MiHb ApUN; 3 — COHSLLHUK

HocnigHe none po3TaloOBaHO Ha NECOBMX FPYHTAX, YOpHO3eMax
3BUYANHMUX MaSIOTYMYCHUX CepefAHbOo- Ta MaNo3MUTUX NIEFKOTNTMHUCTUX.
BmicT rymyc y rpyHTax Bapitoe Big 2,25% po 3,45%, rnnbuHa rymycosoro
ropusoHty - 50-60 cM, winbHicTe rpyHTy 1,0-0,2 r/cm®. Peakuis
'PYHTOBOrO PO34YMHY HabnuykeHa Ao HeutpaneHoi (pH 7,0), cyma
yBibpaHux ocHoB cknapae 34-38 mr ekB. Ha 100 r rpyHTy, CTynmiHb
HAaCMYEeHHSI OCHOBaMu CTaHOBUTb — 95,7 %. 3a BMICTOM pyxomux
MAKpOEesIeMEeHTIB FPYHT AOC/IAHOrO Mons XapaKTepU3yeTbCA CEepeaHiM
BMICTOM HiTpaTHOro as3oty B wapi rpyHty 0-20 cm - 86,0 mr/kr Ta
pyxoMoro ¢occdopy — 58 Mr/Kr i gy>ke BUCOKUM BMiCTOM 0OMiHHOIO Kanito
— 160,0 Mr/kr rpyHTy. CepegHin BMIiCT MiKpOeNeMeHTiB CKNaaae:
MapraHuw — 4,6 mr/kr, umHky — 0,32 Mr/kr, kobanbty B Mexax — 0,02-
1,15 mr/kr, migi — 0,08-0,59 mr/kr, kagMito — 0,084-0,756 mr/Kr, cBUHLIO
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—-0,52-5,57 mr/kr, ptyTi — 0,012 Mr/Kr rpyHTy.

Y pocnigXeHHi BUKOPUCTAHI (PaKTUYHI 3HAYEHHS NPU3EMHOI
Temnepatypu nositpa (7, ° C), cyma atMocdepHux onagis (P, MM) 3a
BeretauinHmm nepiog ociHb 2021 poKy Ta 3MMa, BecHa, MOYaToOK NiTa
2022 poKy (MeTeoponoriyHa cTaHuig Mukonais).

ArpoTrexHonoriyHa XapakKTepucTuKa BUPOLLYBAHHSA O3UMOI
nweHuyi. TexHONOoris BMPOLWYBAaHHA 03MMOI MNWEHWULi B Mexax
AOCNIAHOMO Nons NnpeAcTaBiieHa B Tabnumus.

Tabnuus
TexHonoria BupowyBaHHS 03uMoto nweHuui Apiaga 1 B ymosax Cteny
YKkpainum (2021-2022 pp.)

Etann ArpoTtexHonoriyHi| HingaHka 1 LinaHka 2 OinaHka 3
3axogn, (nonepenHuk | (nonepegHuK (nonepegHunk
ocobnnsocTi ropox) AYMiHb SpUN) COHSILLIHWK)
06pobiTok | Bua 3axony, e NyWiHHA Ha rAn6uHy | e nicns 36upaHHa
FPYHTY | TPOKW, BUMOTK 5-6 cM (nicna 36upaHHA flonepeaHuMKa, 3-a
(rnnéuHa), nonepegHuKka 2-in pekapdipekapa cepnHs,
npuMiTKa YepBHs); npoBoaunocs
e [IUCKYBaHHA Ha rMUBMHYy BUCKYBaHHSA Ha rnubuHy
16-18 cM (nepwa pexapaBo 18 cM 3 ogHoYacHUM
cepnHs); MPVMKOUYYBAHHAM FPYHTY
® KynbTWBaUif Ha rnbuxy pafIa noro
7-8 oM (3-8 pekapa YLWiNbHEHHSM nepeq
cepnHs); Cis60t0 NieHnLi 031MoT;
e nepepnocieHa e nepeanocieHa
KynbTWBaLis Ha rnMGMHyKyﬂbTMBaLI,iFI Ha FNBUHY
5-6 cM (3-1 pmekaga b-6 cM (3-a pekapa
BepecHs). BepecHs).
MigprotoBka | Xapaktepuctuka: |lNociB NpoBoAMAM KOHAWMLINHMM HACiHHSM COPTY
HaCiHHA | penpopyKuis, Opiaga 1 nepwoi penpoaykuii, NociBHI sIKOCTi 3a
CXOXICTb, LepKaBHUMKM cTaHpapTamu Ykpainu (OCTY 3240-93.
COpTOBa YNCTOTA, | HaciHHA cinbcbKorocnopapcbKMx KyJbTyp COPTOBI Ta
BOJIOTICTb, NocCiBHi SKOCTi).
NPOTPYEHHS, 06pobKy HaciHHS nweHuui o3uMoi npoeoamnau 3a 10
HOpMa BUCiBY OHIB [0 nociBy MONbLOBOro AOCAiAYy MpenapaTtoM, Lo
MiCTWUTb gitovy pevyoBunHy TebykoHason 750 r/kr.
Cisba CTpok cibu, Cieby npoBoaunu cyuinbHUM crnocobom 3epHOBOIO
cnoci6 cisbwu, ciBankow 3 wupuHolo Mixpaab 15 cm (C3-5,4)
3Hapsaaas, ctaHoM Ha 29.09 coptom [piapa 1, opuriHatopom
rnmbuHa akoro € HB® «[piaga JITO» M. XepcoH, YkpaiHa.
3aropTaHHA HopMa BuciBy cknagana 3,5 MAH CX0XMX HaCiHMH Ha
HACiHHA rektap. FnmbuHa 3aropTaHHA HaciHHA cknapgana 5-6
cM.
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NPOAOBXEHHA Tabnuui
Hornsap | OciHb: 6opoTbba |OciHHIM gornsg 3a nociBamu nepepnbavas 60poTbOy 3

3a 3 rpu3syHamu, Muwe-nofibHUMN FPU3yHaMU LIAAXOM PO3KUOYBaHHA

nocisamu | 06NpPUCKYBaHHA. |NpuMHaaW, NPOTPYEHOI  POAEHTULMAOM,  Ailo4oto
BecHa: peuyoBMHoIO AKOI € BpoaidakyM (Brodifakum), 0,25%.
Nig>XUBJEHHSA BecHaHunM KOMMNeKc  gornagy  3a nocisamu
(Bua pobpusa, nepenbauvas:
HopMa), CTpoK ® pPaHHbOBECHSIHE MiAXXWUBMEHHS POCAUH MLEeHUUi
NifXNBIEHHS. 03UMOI  MiHepanbHMMKM  pob6puBamu  (amiauHoio
O6pobka cenitpoto) no30t0 N3g y nepiog nodyaTKy BifHOBNEHHS
(xBopobu, BECHSIHOT BereTauir;
rep6iunan), e BHeceHHs repbiumay Ans 60poTbbu 3 OAHOPIUHUMY
CTPOK 06POBITKY, | npononbHUMM Byp'sHamu B arpoueHosi (miioua
npenapar, pedoBuHa — TudeHcynbdypoH-metun, 300 r/kr +

3HapaARs, cnocib | rpy6eHypon-metun, 300 r/kr + pnopacynam, 100 r/kr)
06pobKy nposoannu y dasy po3suTKy pocanH BBCH 30-34;

® yCi iHCEeKTUUMAHI 06pobKM arpoueHo3y NpoBOAWM
BiQNOBiAHO MPOrHo3iB po3BUTKY eHToModaris (y ¢asy
MOJIOYHO-BOCKOBOI  CTUIMIOCTI  3€pHa  NpOBOAWUAM
iHCeKTULMOHUN 06pobiTok nocisy CUCTEMHUM
npenapaToM,  [LilO4O0  PEYOBUHOK  SIKOFO €
xnopnipudoc — 500 r/n Ta umnepmeTpuH-50 r/n ans
60poTbOM i3 KNOMOM LWKIANMBOK YepenawKkow -
Eurygaster integriceps Fut.).

36upaHHs | CTpok 36MpaHHs, | 30MpaHHA MWeHULi 03MMOI NPOBOAWAM B nepLlly
cnocib 36MpaHHg, | AeKany NUMNHA 3a A0CArHeHHs BosnorocTi 3epHa 15%.
AKICTb 3epHa 06nik ypoxato Ta WMOro CTPYKTYpy NpoOBOAWUM
MeXaHiYHMM CcnocoboM, LUSIAXOM CKOLWYBAHHA POC/WH
3 obnikosoi nuowi koMbanmHom Claas Lexion 760 Ta
nepepaxyHKy BoJlIorocti 3epHa Ha 14% Ta cMmiTTeBOI
JoMiwkn 2%. Mnowa o6nikoBUX [INAHOK cKiapana
4500 m2,

Merogn pewmngpyBaHHs KOCMIYHUX 3HIMKIB Ta MPOCTOPOBOIo
aHanizy. lNpoctopoBo-yacoBa andepeHuiauisa Beretauil 03MMOI NWeHNL
copty [Hpiapa 1 Bu3Ha4anacs Ha oOcHOBiI po3paxyHKy Normalized
Difference Vegetation Index (NDVI) [19-21] 3a paHumn gewndpyBaHHsA
KOCMi4YHMX 3HiMKiB Sentinel 2 i3 npocTopoBMM [O03BOSIOM MiCLEBOCTI
10x10 M Ha nikcenb. Beretauia copty [piapa 1 Bigobpakae TWUMNOBI
npouecu BereTauil Ans COpPTiB 03MMOI NWEHULI, WO BUPOLLYIOTLCA B 30Hi
Creny Ykpainw.

3HaveHHa NDVI Bim 0 po 1,0. Bigkputmn TrpyHT nons
XxapakTtepu3yeTbca 3HadeHHamu NDVI Big 0,05 po 0,10. 3HayeHHsa NDVI
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Ha noyaToK ciB6bu pocnigkeHHa cTtaHoBuno 0,10. Y pocnigXeHHax
BMKOPUCTAHO KOCMiYHi 3HIMKM y 0e3xmapHui nepioa. YacrtoTa
onpautBaHHA 3HiMKiIB cknana 10-16 fgHiB, WO Hagano MOXIMBOCTI
BU3HayeHHS 3Ha4yeHHa NDVI gnsa makpodas po3BUTKY 03MMOI NLWEHMLI, a
came: npopoctaHHa (BBCH 00-09), possutok nwuctie (BBCH 10-19),
KywiHHa (BBCH 20-29), nogosxeHHsA ctebna (BBCH 30-39), TpybKyBaHHS
(BBCH 41-49), nosea konocy (BBCH 51-59), usiTiHHA (BBCH 61-69),
MonoyHa cturnicte (BBCH 71-79), BockoBa cturnicte (BBCH 81-89),
Ao3piBaHHA 3epHa (BBCH 92-99). BianosigHicTb KoXHoro 3HadyeHHa NDVI
NeBHIN Makpodasi [03BONSE CTEXWUTM 32 PO3BMTKOM MOCIBIB 03UMOI
NweHuUi y BiANOBIAHOCTI 00 Pi3HUX NOMNepenHMKIB.

IOna Bi3yanisauil KapTorpaM mNpoCTOPOBO-4acOBOr0 po3noginy
3HayeHb NDVI, niaBuweHHA AOCTOBIPHOCTI iHTepnpeTauil BeretTauinHoro
IHOEKCY B MEeXXaX OKpPeMWX AINIAHOK Ta XapaKTepUCTUK HEOOHOPIAHOCTI
Beretauil 03uMMoI nweHuui, 6yno 34iMCHEHO IHTEPMOJIIOBAHHA 3HAYEHD,
OTPUMAHMX Ha OCHOBI AewundppyBaHHA KOCMiIYHMX 3HiIMKiB Sentinel 2.
IHTEpNoONOBaHHS 30iNCHEHO i3 3aCTOCYBaAHHAM MeTony
reocTaTUCTUYHOrO aHanisy pagianbHo-6asucHol ¢pyHKUil [22; 23]. NaHun
OEeTEePMIHICTUYHUN meTon  3abe3neuus BCTAaHOBJIEHHS TOYHOI
iHTenopnsuinHoi noBepxHi 3MiHK 3Ha4yeHb NDVI i3 36epe)xXeHHAaM BXigHMX
pacTpoBux AaHux. KopensuinHo-perpeciinHuii Metod [24] BUKOpUCTaHO
AN po3p0o6KM GYHKLIM NPOrHO3yBaHHSA YPOXKAMHOCTI 03UMOT MWEeHULi B
3aNeXHOoCTi  Bi4  NPOCTOPOBO-4acoBol  AgudepeHuiauil  3HAYeHb
BEreTauinHoOro iHgekKcy.

O6pobka KOCMiYHMX 3HiMKiB, nobyaoBa KapTorpaM, MPOCTOPOBO-
4YacoBMW Ta KOpensiuiMHO-perpecinHnMnM aHania 34incHBanuca i3
3aCTOCYBaHHSAIM NiLEH3iInHOro nporpaMHoro npoayKTt ArcGis 10.6 Ta
Microsoft Excel 2010.

Buknap 0CHOBHOMO Matepiany AOCAIAXKEHHS

AHaniz KAIMATUYHUX YMOBU [OC/IgXEHb. 30HaNbHI YMOBU
LOCNIOXKEHHS XapaKTepusylTbCs CepeaHbo-NocyLWIMBUMN NPUPOAHO-
KNiMaTUYHMMKN yMoBaMu. CepeaHbOCTAaTUCTUUYHE 3HAYEHHA TeMMepaTypum
nosiTpa (T, ° C) 3a BereTauinHnin nepiod o3umMoi nweHuui copTy Opiaga 1
ctaHoBuno 11,4° C (puc. 2, &), cTaHOapTHe BigXMEHHSA MaJio 3HAYeHHs
8,4° C, piBeHb Bapiauil cknaB 74,8%. 3HauyHMM piBeHb Bapiauil
TeMnepaTypu MOBITPA XapaKTEPU3YETbCA CE30HHUMU KOJIMBAHHAMMU.
Cyma atMmocdepHux onagis (P, MMm) 3a BeretauinHuin nepiod 03uMoI
nweHuuyi ctaHoBuna 303 MM (puc. 2, 6), cTaHpapTHe BiOXUNEHHA -
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14,1° C, piBeHb Bapiauii — 4,7%. OciHHin nepiog 2021 poky BereTtauii
KyJIbTYPU XapaKTepu3yBaBCS AOCTATHIM piBHEM BOJIOMM Ta MOMIipPHUM
TemMnepaTypHuM pexxuMmomM ans 3oHm Cteny. Cyma atMocdepHuMx onagis
cknana 125 MM, cepegHbOMICAYHA TeMnepaTypa NOBITPS BapitoBana Big
20,4° C y BepecHi po 4,8°C y nuctonapi 2021 poky. Y uen nepiog
TeMnepaTypa NOBITPA Mana CUHXPOHHI KONMBAHHSA i3 aTtMocdepHUMmn
onapamu, Wo 3abe3neynnio BUCOKY EHEPrilo MPOPOCTaHHSA Ta aKTUBHUMM
POTOCUHTETMYHUMN  MNpoLecCaMU pPO3BUTKY POCJNHM [0 MOYaTKy
31MMOBOrro aHabio3y.

25 T 60 P

T =-0.071t3 + 2.1052t2 - 15.419t + 35.232 /— P =-0.1898t> + 3.8124t2 - 25.074t + 77.773
20 A

”=0.97 r\ 2=0.74
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a 6
Puc. 2. KnimaTnuHi yMmoBK nepiogy Beretauii o3umMol nweHunui (2021-2022 pp.):
a- cepefHboMicayHa TeMnepatypa nositpsa (T, ° C);
KinbKicTb aTMochepHux onagis (P, Mm)

3UMOBMM Nepiof  XapaKTepulyBaBCSA M'SKUMWU  KNIMAaTUYHUMMU
yMOBaMMU i3 cepegHboMica4yHUMK TemnepaTypamum 1,0-4,4° C Ta pobpum
3BOJIOXKEHHAM, CyMa aTMocdepHuMx onagiB cknana 85 Mm. Y ppyrin
nonosuHi rpygHa 2021 poky Ta BnpomoBXx ciyHa 2022 poky Ha
CYNnYTHMKOBMX 3HIMKax Hag TepuTopiel pocnigHoro nons ¢ikcyBaBcs
BUCOKUMA piBeHb XMapHocTi B Mexax 85-100%. Ui M™icaui
XapaKTepu3yBanucs  BIQHOCHO  BUCOKUMA  piBEHb  aTMoOCdepHOro
Bosloro3abesneyeHHs, y TrpyaHi cyMa aTMocdepHMX onagiB cknana
31 MM, y ciyHi — 32 MM. M'ski TeMnepaTypHi YMOBW Ta [AOCTATHE
BoJioro3abesneyeHHs y 3MMOBWUI Mepiof CTBOPUAWN CNPUSTANBI YMOBU
ANS 3MMOBOM0 aHabio3y 03UMOT NWeHUL,.

BecHsiHO-NiTHIN nepion xapakTepu3yBaBCSA TUMNOBUMW YMOBU AN
30HM Crteny y nepiog Beretauil o3uMoi nuweHuui. CepeaHboMicsYHa
TeMnepaTypa noBiTps y Oepe3Hi cknana 4,4°C, 3abe3neyeHHs
aTMOChEPHMMM OnagaMn Mano HU3bKUN piBeHb — 13 MM. BigHOBNEHHS
BereTauil 03MMOI NWeHMLi po3MnoYanocs y Apyrii NonoBuHi 6epesHs npu
cyMmi BionoriyHo-akTUBHUX TeMnepaTyp noHag +5° C. KeiteHb 2022 poky
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XapaKTepu3yBaBcsA TMOMipHO TemnepaTtypowo - 9,4°C, Ta cymow
atMocdepHux onapgie y 18 MM, WO CTano MPUYUHOK 3HUMKEHHS
AKTUBHOCTI  POTOCUMHTETMYHUX MpPOLECIiB | MNPOAYKYBAaHHA BMICTY

xnopodiny y pocnuHax Yy Makpodasi BBCH 30-36. TpaseHb
XapaKTepu3yBaBCA CNPUSATIMBUMK  KJiIMAaTU4HUMKM  yYMOBaMu  ans
Beretauil 03MMOI MLWEHULi: CcepedHbOMICAYHA TeMmnepaTtypa CKhana
16,3° C, cymMa npoAyKTMBHMX onapie cTaHoBuna 29 MM. 30KpeMa,
BiAHOCHO CMpUATAMBI YMOBM [pas BereTauil pociMH Oynun y 4epBHi,
cepegHboMicAiYHa TeMnepaTtypa cknana 22,3°C, cyMa nNpoayKTUBHUX
onagis ctaHoBuna 30 mMM. 36ip ypoxkat 3epHoBux Bigdyecs 07.07.2022
POKY, nepwa Aekaga JIUMNHSA  XapaKTepu3yBanacsa  BUCOKUMU
TeMnepaTypamm Ta BiACYTHICTIO aTMocepHUX onagis.

LocnimxeHHs Bererayii nociei 03umoi nwenuyi. lNepebir
BereTtauil 03MMOI MWeHMUi, aKTUBHICTb (OTOCUHTETUYHUX MNPOLECIB,
NPoOAyKYBaHHA  BMICTY xnopodiny, 3aknagka Ta  ¢$OpMyBaHHS
CTPYKTYPHUX eJIEMEHTIB BPOXak 3anexaTb Big FPYHTOBO-KJiMaTUYHUX
YMOB TEPUTOPIl, CIBO3MIHWN, XapaKTEPUCTMK nonepeaHnKa, ebeKTUBHOCTI
arpotexHonorin. dewndpyBaHHS CYyNnyTHUKOBMX 3HIMKIB Ta pO3paxyHOK
3HayeHb NDVI (puc. 3, 4) HapmalTb MOXIMBOCTI  BU3HAYEHHSA
ocobnmBocTen BereTauil pocavH, cneundikm ix po3BUTKY Y BU3HAYaANbHI
MiKpoda3n ¢GOpMyBaHHS YPOXAMHOCTI, WO [O03BONAE 34INCHIOBATH
KOPUIyBaHHA arpoTexHONOriyHMX onepauin, 3a PaxyHOK 4Oro Moxe
NiABULMTUCSA MPOAYKTUBHICTb CiIbCbKOrOCMOAAPCbKUX KynbTyp Ha 40-
60%.

[MporpaMyBaHHA YPOXXAWHOCTI 03MMUX KYNbTyp 3AINCHIOETLCA Ha
eTani perynoBaHHA HOPM BUCIBY, PpEKOMEHAOBaHA HOPMa BUCIBY 03UMOI
MWeHULi Yy 30HI O0CNIAXEeHHA CTaHOoBMTb 3,5 MJIH HAciHWMH Ha rekTtap.
36iNblIEHHS HOPMM BUCIBY HACiHHSA MOXXe OyTWM MPUYMHOK KOHKYpeHLUil
POCNIMH 33 Pecypcu pPoCTy, 3HUMKEHHS CTIMKOCTI A0 XBOPOO, 3MEHLUEHHS
PiBHA MPOAYKTUBHOMO KYLLIHHS Ta NPOAYKTUBHOCTI POCAMH B LiNOMY.
29.09.2021 poky, Ha no4aTok Bucisy copty Opiaga 1 (BBCH 00), cepeaHe
3HauyeHHs NDVI BigkpuToro rpyHTy Ha gocnigHomy noni ctaHosuno 0,10.
CraHoM Ha 06.10.2021 pik (puc. 3) 3adikcoBaHO HEOAHOPIOHICTL CX0AiB
o3umoi nweHuui (Mikpodasa BBCH 09), MakcuManbHi piBeHb 3Ha4YeHb
NDVI ctaHoBue 0,17-0,27, wo cnocTepiranocs Ha ginadui 1 (nonepegHuk
- ropox) (puc. 3, puc. 5, a). lipwi yMoBK cxofiB pocnnH 3adiKCOBaHO Ha
AinaHui 2 (nonepegHuK — A4YMiHb apui) (puc. 4, puc. 5, 6) Ta ginaHui 3
(nonepepHuK — coHAwHMK) (puc. 3, puc. 5, B). Ha 80% nnowi gindHoK
3HayeHHsA NDVI Bapitosanu Big 0,16 oo 0,19.
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06/10/2021 14/10/2021 26/10/2021 31/10/2021

1
560m

L e e e L B S
] 140 280 560 m

10/11/2021 13/11/2021 01/02/2022

e e B ]
o 140 280 560 m

21/02/2022 15/03/2022 23/03/2022 07/04/2022

NDVI [710.20-0.25 9 0.35-0.40 I 0.50-0.55 M 0.65-0.70
[ 1<0.15 71 0.25-0.30 W 0.40-0.45 . 0.55-0.60 M >0.70
[C10.15-0.20 9 0.30-0.35 I 0.45-0.50 M 0.60-0.65

Puc. 3. Ce3oHa andepeHuiauia 3HayeHb NDVI o3uMoi nweHunui copty dpiaga Ha
nocnigHoMy noni y nepiog makpodas BBCH 00-30
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NDVI I:IOZO025-035040-050055-065070
[ 1<0.15 [710.25-0.30 59 0.40-0.45 M 0.55-0.60 M >0.70
[C10.15-0.20 59 0.30-0.35 ¥ 0.45-0.50 M 0.60-0.65

Puc. 4. Ce3oHa audepeHuiauis 3Ha4yeHb NDVI o3uMoi nweHuui copTy
Opiapal Ha pocnigHoMy noni B nepiog Makpodas BBCH 31-99

BusHauyeHo, Wo nepiof OCiHHLOI BereTauil y MakpocTagil po3BUTKY
nucta (BBCH 10-19) i kywidHa (BBCH 20-29) 3anexatb Big
nonepegHuka. Ha pinaHui 1 3adikcoBaHo cnpuATAMBI YMOBM Ans
OCiHHbOrO PO3BUTKY pPOCAWH, 3Ha4vyeHHs iHAekcy NDVI y makpocrtagil
BBCH 10-19 nigeuwysaeca Big 0,19-0,53 go 0,32-0,56 (3 07.10 no
27.10.2021 p.). BpaxoBytouu HepoCTaTHIN piBeHb BOMOMY, WO 06yMOBIIOE
eKCcTpeManbHi yMoBM 3emnepobcTBa B 30HI Cteny, TepMiH MakpocTagil
OCiHHbOrO KYLLiHHS Ha AOCNIAHOMY noni TpuBaB Ao nepioay GopMyBaHHS
yeTBepToro naroHy KyuiHHa (BBCH 20-24). Cnig BiA3HauuTH, Wo piBeHb
GOTOCUHTETMYHUX MPOLECIB Y POCNMH Ta ryctota ctebnoctow y nepion
OCIHHbOFO Ta BECHSAHOM0 KYyLWiHHSA, MAalTb aKYMYNSATUBHUN edeKT
dopMyBaHHS NPOAYKTUBHOCTI 03UMOI nweHuui. Y makpodasi BBCH 20-
24, Ha pinsHui 1, 3adiKCOBaHO BMCOKWUM piBEHb NMPOAYKYBAHHS BMICTy
xnopodoiny, 3HadeHHa NDVI y nepiog KywiHHs nigBuwmnocs Big 0,36—
0,67 0o 0,53-0,90.3 12.11.2021 p. no4yanocs NPUNUHEHHSA OCIHHbLOT
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BereTauil, WO NiATBEPAXKEHO 3HAYEHHAM 3HUXKEHHAM 3HadeHb NDVI
T06TO, NOYaBCSA NPOLEC BXOLAXKEHHA POCAMH B 3MMOBUI aHabio3.
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Puc. 5. Ce3oHHMI po3nogin NDVI o3umoi nweHuui copty Opiapga 1: a— ginaHka
1 (nonepeaHuK ropox); 6 - pinAHka 2 (nonepegHWK A4YMiHb SpUiA); B — AinAHKa 3
(nonepedHMK COHAWHUK); r— cepenHi 3HayeHHs NDVI

Ha pinaHui 2 3adikcoBaHO NpUrHiYeHHs BereTauil, Wo NPOL4OBXKUIIO
Makpodasu po3sutky nucta (BBCH 10-19) B nopiBHAHHI 3 iIHTEHCUBHICTIO
PO3BUTKY MWEHMUi Ha nepwoMy noni. TepMiH BereTtauil PoOCAWHK Y
makpodasi BBCH 10-19 crtaHoBuB 30 pgHiB (07.10-07.11.2021 p.).
3HaueHHa NDVI y ¢a3y po3sutky nucta BapitoBano Big 0,14-0,46 po
0,28-0,45 (puc. 3, puc. 5, 6). B nepioa 3umoBoro aHabio3y pocinHU Ha
AoinaHui 2 Bxoaunu y Mikpodasi BBCH 21 (noyaTok KyLiHHA Ta
dopMyBaHHS Mepworo naroHy KyuiHHA). CtaHoM Ha 10.11.2021 pik
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3adiKcoBaHO MaKcuManbHe 3HayeHHa NDVI B oCiHHIO BereTauito 03uMol
nweHuui konueanocs B mexax 0,39-0,69.

Ha pinsHui 3, 33  KynbTypu-nonepegHMKa  COHSLIHMUK,
cnocTepiranocs NpUrHiYyeHHs GOTOCUHTETUYHMX MPOLECIB Ta 3HMKEHHS
NPOAYKTMBHOCTI 03UMOI nweHuui copty [Hpiaga 1. BigMitnmo
YNOBINbHEHHSA Ta NPUrHIYEHHSA BereTauil, Wo NiATBEPAXKYETbCA HU3bKUM
3HayeHHaM NDVI (puc. 5, B), TpuBanicTio nepiogy OCiHHbLOI BereTauii y
MaKpodasi PO3BUTKY JIMCTa Ta BXOOXKEHHS B 3UMOBMM aHabio3 y
Mikpodasy BBCH 18.

Y nepiog 31MMoBOro aHabio3y 3HMXKYETbCSA TyCcTOTa POCAUH Ta
doTocuHTEeTUYHI npouecn. Y rpyaHi 2021 poky Ta ciyHi 2022 poky
3a¢piKCOBAHO BUCOKWK piBEHb XMAPHOCTI Hag AOCAIAHMM MoneM, Wo
YHEMOXJIMBUIO pO3paxyHok 3HayeHb NDVI. [Ons pocnigxeHb 6yno
BMKOPMWCTAHO OaHi Ha3eMHOoI MeTeoCcTaHuil MuKkonais, y BignoBigHOCTI 00
AKUX BCTAaHOBJIEHO BWUCOKWM piBEHb BOJIOro3abe3neyeHHs Ta MJIHOCOBI
3HaYeHHS TemMnepaTyp, WO CTBOPUIO CNPUATAMBI YMOBU 3UMIBJI 03UMOI
nweHuyi. Ha noyaTKy NOTOr0O CMOCTEPIraeTbCA pPi3Ke 3HUKEHHS
3Ha4vyeHHA NDVI Ha pocnigHux OinsHKax, piBeHb BigMoOBigaB 3HAYEHHSM
Big 0 po 0,22.

BinHoBNneHHA BecHAHOI BereTauil 03MMOI MWEHWULi noyanocs
15.03.2022 poky i TpuBano po 07.04.2022 poky, 3HadeHHs NDVI
BapitoBano Ha ginaHui 1 B mexax 0,17-0,38, ginsanHui 2 B mexax 0,13-
0,21, pinsanui 3 Big 0,12-0,17. Cnig Big3HA4YMTH, WO NEpioa OCIHHbLOIO i
BECHSIHOTO KyLiHHA Ta no4aTok Buxogy Yy Tpybky BBCH 30 matoTtb
Ba)/IMBE 3HAY€HHS NPV 3aKNagui NPoAYKTUBHUX cTeben, eneMeHTiB
KOJIOCY Ta BEJSIMYMHU MaNBYTHbOI YPOXKAMHOCTI KynbTypu. 30KpeMa,
npouec 3aknagaHHA Ta QOpMyBaHHSA nNJ0AOENEMEHTIB Kosioca Ta
KiNTbKOCTI 3€pHMH Y HbOMY PO3MNOYMHAETLCHA HANPUKIHUI KywWwiHHA. B
nepiog Mikpodasn BBCH 30 sipnbyBaeTbca BUTANYBaHHS i CerMeHTaulis
KOHYCY HApOCTaHHS ApYyroro nopsAaKy, TPMBAE 3aKNlaAKa CTPUIKHS
KOJI0Ca Ta KOJIOCKIB Y HbOMY. Lle € 03HaKow nepexoay Big BeretaTUBHOI
0O reHepatMBHOI $a3n PO3BUTKY 3€pHOBUX KynbTypu. CTaHOM Ha
07.04.2022 poky Kpalyi CTapToBi YMOBM HapoLwyBaHHA POTOCUHTETUYHOI
NOBEPXHi Manun POCAWHU O03UMOI MLIEHULi pPO3TalloBaHi Ha ginsaHui 1,
3HaueHHa NDVI cknapann B Mexax 0,19-0,38. lipwumn ymoBamm
BiA3HAYanuca POC/NHM Ha AinaHui 2, 3HadeHHs NDVI - 0,13-0,23, i
pinadui 3, 3HayeHHa NDVI - 0,12-0,17.

3 nouatkoM Buxoay B Tpybky (Makpodasza BBCH 30-34)
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BiAOYBAETbCA 3aKNafKa KBITOK Yy KOJIOCKax Ta aKTUBHE 30iNblUeHHSA
Konoca y po3Mipi. Le € BM3Ha4yanbHMM nepiogoM poCcTy | PO3BUTKY
3EepHOBUX KOJIOCOBMX KynbTyp. ToMy, Yy ueW nepiog 3AINCHEHO
pPaHHbOBECHAHE BHECEHHS aMiayHol cenitpu go3ot Ni3g Ta nnaHose
3acTocyBaHHA repbiumay 3 Aitoyol pevyoBuHOW TudeHcynbpypoH-
metun, 300 r/kr + TpubeHypoH-meTun, 300 r/kr + ¢pnopacynam, 100 r/kr.
TakMM YMHOM, YXMUTIi arpoTexHiyHi onepauii cnpusTb 36iNblIEHHIO
KiNbKOCTI >XUTTE3QATHUX MPOOAYKTUBHWUX MaroHiB, WO MOMNepemxywTb
BiAMMPaHHA BXe CPOPMOBAHMX MNPOAYKTUBHUX CTeben, MNo3UTUBHO
BMJIMBAOTb HA iHAMBIAYaNbHY MPOOYKTUBHICTE POC/INH Ta ONTUMAasbHY
ryCTOTY CTOSSHHS POCJINH, 3aXMLLAKTb NOCIBU Bif XBOPOO i WKIAHMKIB nig,
yac BMXogmy POCNWH y TpybKy, B pe3ynbTaTi NPOAYKTUBHOCTI Kojsloca B
3epHOBUX 36inblIyETHCS.

Ba>knMBMMKM arpoTexHONOTiYHUM 3aBAAHHAM € 30epeXeHHs NucTa
3EepHOBUX KyNbTyp 3acobamMu XiMIYHOro 3axuUcTy, OCKIiNIbKM XBOpo6wM
NUCTS € MNPUYUHOK 3MEHLWEHHS nnaowi @OTOCMHTETUYHOI MOBEpPXHi
BNPOAOBX BereTtauil, WO € MNPUYNHOK NepenyacHoOro MnpPUNUHEHHS
POTOCUHTETMYHUX MPOLECIB, 3HMKEHHS QaKTUBHOCTI MPOAYKYBaHHSA
BMIiCTy xsopodiny, NPOAYKTUBHOCTI Ta YPOXXAWHOCTI KynbTypu. Tomy,
ebeKTMBHE MNOrMMHAHHA (POTOCMHTETUYHOI pajiauil Ta aKTUBHe
HapoLLyBaHHA 6GioMacu 3epHOBUX KyNbTyp PO3MNOYMHAETLCS i3 NOSIBOI
TpeTboro nucta (BBCH 32) i TpuBae Ao 3aBeplueHHA MOMOYHOI CTUIIOCTI
(BBCH 79). ToMmy, y uew nepion peanisauil reHeTMYHOro noTeHuiany
03UMOI MWEeHNLI 3anexuTb Big edeKTUBHOCTI arpoTexXHONOMYHUX
onepauin no 3axuMcTy POC/AMH Big XBOPOO, PeXuMy MiOXUBJEHHA Ta
36epexeHHs Bonorn. 3okpeMa, y Makpodasu noaosxKeHHsA ctebna (BBCH
30-39) Ta TpybkyBaHHa (BBCH 41-49) Ba»nMBUM € cTaH NPOAYKTUBHUX
MaroHis, Lo 3abe3neuye BUCOKOMNPOAYKTUBHE dopMyBaHHSA
GOTOCMHTETMYHOI NOBEPXHi nociBiB. BuaHayanbHMMM MNOKA3HUKaAMM
YPOXaMHOCTI 03UMOI MWEHULi € KiNbKiCTb MPOAYKTUBHMX cTeben Ha
oavHUL nnouwi (M?), KiNbKicTb KOMOCKIB i 3epHUH Y Konoci, maca 1000
HaciHWH (HaTypa 3epHa). Ha pgocnigHux pinaHkax 6yno oTpMMaHO TakKi
pe3ynbtatu: pgingHka 1 -  ypoxawHicte 4,65 T/ra, KinbKicTb
NPoAyKTMBHUX cTeben cTaHoeuna 390 wt/m2, maca 1000 HaciHuH -
42,5 1, KinbKicTb 3epeH B Konoci — 30 wT., Mmaca 3epHa B Konoci — 1,27 ;
LOiNsiHKa 2 — ypoxauHicTb 3,24 T/ra, KinbKiCTb NPOAYKTUBHUX cTeben
ctanosuna 320 wt/M?%, maca 1000 HaciHuH — 39,0 r, KinbKicTb 3epeH B
Konoci — 27 wt, Maca 3epHa B konoci — 1,05 r; ainsgHka 3 — ypoXKanHicTb
2,98 t/ra, maca 1000 HaciHuH — 39,0 r, KinbKiCTb NPOAYKTUBHUX cTeben
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ctaHosuna 305 WT/M?, KiNbKiCTb 3epeH B Konoci — 26 wWT., Maca 3epHa B
konoci—1,01r.

BctaHoBneHo, wo nicna konociHHa (BBCH 37-39) y npanopueBomy
Ta nignpanopuesoMy nuctax (BBCH 31-33), a Takox y konoci (BBCH 59)
CUHTE3YITbCSA 3anacHi pPevyYoBMHW, SKi MOTIM TPaAHCNOPTYHTbCA |
HaKOMUYyTbCA B €HAoCnepMi 3epHiBOK. Big edekTtnBHOCTI nepebiry
Luboro ¢izionoriyHOro npouecy 3anexuTb Maca 3epHuMHM Ta Maca 1000
3epHUH. PopMyBaHHA 45% 3aranbHol Macu 3epHMHM 3abe3neyvyTbes
aCUMINsSAHTaMK,  AKi  yTBOPKWOKTbCA Yy  MNpanopueBOMy  JIACTY.
MignpanopueBui, opyrun, TpeTin i YeTBEPTUN NNCTN GOPMYIOTb 3EPHUHMU
Ha 35%, pewta 20% ¢opMyeTbCA 3 HAKOMUYEHUX ACUMINSAHTIB i
CUHTE3YETbCS Y KONOCI.

B nepiog ¢popMyBaHHSA npanopueBoro nucta ctaHom Ha 07.05.2022
poKy (puc. 4, puc. 5) 3HayeHHs NDVI nocisie Ha ainaHui 1 BapitoBano Big
0,32 po 0,55, Ha pinaHui 2 B Mexax — 0,21-0,37, pinaHui 3 — Big 0,18-
0,30. BctaHoBneHo, wo y nepiog ¢opMyBaHHS NpanopLeBOro uUCTa
HaAXOMXXEHHSA aCUMINSAHTIB A0 Konoca Ha pinaHui 1 y 1,8-2,0 paswu
nepeBuLLYE BIAMNOBIAHI npouecu Ha AinsHKa 2 i 3, wo obymosnte
POopMyBaHHA BMCOKOI MPOAYKTUBHOCTI KOJNOCa 3a nonepegHuUKa
ropox. B nepiog makpodasu TpybkyBaHHs BBCH 41-49 36epiranacs
TeHAeHUia niaBuweHHa NDVI Ta Kpawux ymoB GOPMBAHHHSA HaA OiNSAHLUI
1. BaxxnuBa Makpo¢asa y ¢opMyBaHHi 20% ypoxkanHocTi 03uMol
nweHuui € nepiog nosiem konocy (BBCH 51-59) Ta cMHTe3y acuMensHTiB
y caMoMmy Konoci. B uenm nepiog 3adikcoBaHO MaKCuMManbHe
HapowyBaHHA GOTOCUMHTETUYHOI NOBEpxXHi nocieiB. MakcuManbHa
AKTUBHICTb (GOTOCUMHTETUYHMX MPOLECIB Ta MNPOAYKYBAHHSA BMICTY
xnopodiny nocieie 03MMoI nweHuLi pikcyBanocs Ha AinaHui 1, 3Ha4YeHHs
NDVI ctaHom Ha 27.05.2022 pik B Mexax 0,39-0,60. Huxk4i 3Ha4eHHSA
NDVI cnoctepiranucs Ha ginsanui 2 — Big 0,24 po 0,44, i pginaHui 3 - B
mexax 0,23-0,38. HanpukiHui Makpodas nosiBM KOJIOCY Ta NOYATKYy
uBiTiHHA (BBCH 61-69) dikcyBanocs 3HMXKEHHSA aKTUBHOCTI GOTOCUHTESY,
3HauyeHHa NDVI Ha pinaHui 1 ctaHosuno Big 0,34 po 0,55, pinaHui 2 — B
mexax 0,23-0,38, ginaHui 3 — 0,22-0,35. LBiTiHHA € BaXX/IMBMM eTanom
opraHoreHesy, Konu BiAbyBaeTbCcsA nepexig Big reHepaTMBHOI ¢dasmu
PO3BUTKY POC/SIMH [0 PENPOAYKTUBHOI, NPOXOAUTb 3aMUIEHHS KBITOK Yy
KOJIOCKax i pPO3NOYMHAETbCS npouec ¢GOpMyBaHHS 3epHiBKU. ToMmy,
ypaXKeHHss B LUen nepiog xBopobamu, 30Kkpema ¢y3apio3oM, Ta
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MOLWKOMXKEHHA  WKIAHWKaMK, SBNAKOTbCA MPUYUHOK  3MEHLLEHHS
KiNIbKOCTi 3epeH Yy KoJioci, IX Macu Ta AKocTi (BMIiCT KNeNKoBUHN).

Y nepui TMXKHI nicna UBIiTIHHA BigbyBaeTbCcA GOPMYyBaHHS 3epHIBOK
B KONOCIi, IKe TPUBAE [0 3aBepleHHSA MiKpodasm MOSIOYHOI CTUFNOCTI
(BBCH 79). Came y uen nepiog cuHTe3yeTbca 50% opraHiyHoOT peyoBUHM
Ta BinOYBA€ETbCS HAOAXOOXKEHHS 1i A0 3€epHiBKW, TOMY MOAOBXEHHS
TEPMiHY QKTMBHOCTI (POTOCMHTETMYHMX TMPOLECIB Ta MaKCUManbHe
36epeXKeHHs acUMINAUINHOT MOBEpPXHi NINCTa € HeobxigHOK YMOBOK
OTPMMAHHSA BMWCOKOI YpOXaWHOCTi. 3abe3nevyeHHs UUX nNpoueciB
MOX/IMBE 33 PAaxXyHOK YyAOOpeHHs Ta 3axucTy pocauH Big xBopob. Ha
nepiog 3aBepweHHA MonoyHol cturnocti (BBCH 79) Ta nouatok
Makpodasn c¢opMyBaHHA BocKoBoi cturnocTti (BBCH 81), ctaHoM Ha
21.06.2022 poky, 3Ha4yeHHa NDVI 6ynu cxoxxnMu, Ha AinsHUi 1 3Ha4YeHHS
Bapitoeano Big 0,16 no 0,29, Ha gingaHui 2 — B mexax 0,12-0,20, ginanHui 3
- Big 0,12 po 0,26. Ue Buctynuno iHOMKaTopoM MPUNUHEHHS Mpouecy
NOrAMHAHHA (OTOCMHTETUYHOI pagiauil pocnMHaMM Ta MOYATKOM
[03piBaHHA 3epHUH. Y Makpodazy BBCH 92-99 3HaueHHs NDVI Ha
pocnigHomy noni ctaHom Ha 01.07.2023 poky cknano 0,11-0,19. CraHn
nocieie Mikpodasm BBCH 93 «3epHo cnabko TPMMAETbCSA B KOJOCKY B
OEHHUM Yac» CTaB MOKAa3HMKOM HeobXigHOro novaTtky 36opy ypoxato.
36ip ypoxatw npoeegeHo 07.07.2022 poky. CepenHsi YypOXXaWHOCTI
03uMoI nweHuui copty Apiaga 1: Ha pinaHui 1 — 4,65 T/ra, ginaHui 2 -
3,24 1/ra, pinanui 3 - 2,98 1/ra.

B pe3ynbTaTi NpoOCTOPOBO-4acOBOro Ce30HHOro AewndpyBaHHS
CYNYTHMKOBUX 3HIMKIB Ta po3paxyHKy 3HayeHb NDVI BcTtaHoBneHo, wWwo
BereTauis poCAMH nNOCiBiB 03UMOI nNWeHuUi Ha AaingaHui 1  3a
nonepenHMKoOM ropox BigbyBanacsy 1,6 pasun aKTUBHILLE HiXX Ha AiNsSHUi
2 (nonepedHuK sAuYMiHb sApui), Ta y 1,7 pa3m HiX Ha ginadui 3
(nonepeaHUKy COHAWHUK). TakuM 4YMHOM 3adiKCOBaHO MiABULLEHHS
YPOXKAaNHOCTI 03UMOI NWeHuUi Ha AinAHUi 1 NOPIBHAHO i3 ypOXKaMWHICTIO
Ha AginsHkax 2 i 3 y 1,43 T1a 1,56 BiANOBiAHO. XapaKTepPUCTUKM
npeacTaBfeHO Ha puc. 6.

PesynbtatamMn pocnig)eHb BNAWBY KynbTyp MNOMEpegHuKIiB Ha
Cce30HHi 3MiHn NDVI o3uMol nweHuui y BiANOBIAHOCTI A0 YHidikoBaHOI
wknun BBCH poBemeHo 3anexHicTb BereTauil 03UMOI  MLEHWL,
POpMYBaHHA MNPOOYKTUBHOCTI (POTOCUHTETMYHOI MNOBEPXHI POC/VH,
AKTUBHOCTI X GOTOCUMHTETUYHMX NPOLECIB Ta MPOAYKYBAHHA BMICTY
xnopodiny 3a 0gHaKOBUX YMOB KJliMaTy Ta arpoTeXHOJNONYHMX 3axoniB
BMPOLLYBAHHS KyNbTYpPW Bif KYNbTYpU-nonepegHmKa.
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BucHoBkuK. [ocnigXeHHA pPO3BUTKY Ta MPOAYKTUBHOCTI 03UMOI
MWeHULi B NPMPOAHO-KNIMaTUYHNX YMOBax 30HM CTeny B 3a71€XHOCTI Bif
KyJbTypu-nonepeaHnKa NpoBoguan B nepion Beretauil 03MMOI NLWEHNL
(ociHb 2021 poKy Ta 3uMa, BecHa, no4aTtok nita 2022 poky).
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Puc. 6. 3mina NDVI (a) Ta Bizyanisauis (6) po3BUTKY 03MMOI NLIEHNL Y
BiANOBIAHOCTI 00 yHidikoBaHoil wkann BBCH

Ha ocHoBi paHux pewundpyBaHHA cepil CynyTHUKOBUX 3HIMKIB
KocMiyHoro anapaty Sentinel 2 Ta po3paxyHKy 3HauyeHb NDVI,
AOCNIOXKEeHO MPOCTOPOBO-4acoBi NMpouecu Beretauil 03MMOI NweHuui y
BiANOBIAHOCTI A0 YHidikoBaHo! wkanu BBCH. BctaHoBneHo, wo nociem
03UMOi  nweHuui Ha AaingHui 1 (nonepedHMK ropox) BereTauis
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BinbyBanaca y 1,6 pa3u aKTMBHille HiX Ha AinaHui 2 (monepefHuK
AYMiHb apui) Ta y 1,7 pa3un aKTUBHiWe HiX Ha pinaHui 3 (nonepegHuK
COHAWHMK). TakKMM UYMHOM, aKTUBHICTb BereTauil cTana MPUYUHOIO
NigBULLEHHS YPOXAaMHOCTI 03UMOT NWeHUUi Ha ginsHui 1 y nopiBHSAHHI 3
YypOXaKnHicTio Ha pinsHkax 2 i 3 y 1,43 T1a 1,56 pa3u BignosigHo.
YpoxanHicTb 03MMOI MNWeHUUi Ha gingHui 1 3a nonepedHMKOM FOpoOX
CTaHoBMNA 4,65 T/ra, Ha AiNsHUi 2 33 NONepeaHUKOM AYMiHb apun 3,24
T/ra, Ha AinsHUi 3 33 nonepegHMKOM COHAWHUK 2,98 T/ra. OTpuMaHi
pe3ynbTaTu AOCMIOXEHb € BAaXKIMBUMU ONS YOOCKOHANEHHA METOAUKMK
JOCNiOXeHHS BereTauil CiJIbCbKOrocnoaapCcbKux KYyJbTYyp,
OOrpyHTYBaHHS CiBO3MiHM Ta KynbTypu-nonepenHuKa, BU3HAYEHHSA
ebEeKTUBHOCTI  arpoOTEXHOJNIOMNYHMX  3axo[iB  Ta  MPOrHO3yBaHHSA
YPOXKAaNHOCTI 03UMOI MWEHULi Y FPYHTOBO-KAIMAaTUYHUX YMOBAX 30HWU
Creny Ykpainw.
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PATTERNS OF WINTER WHEAT PRODUCTIVITY FORMATION
DEPENDING ON ITS PREDECESSOR IN ACCORDANCE WITH BBCH
SCALE IN THE STEPPE ZONE OF UKRAINE

Application of crop rotation is an effective strategy to increase
the resistance of soil systems to abiotic and biotic stresses, as well
as increase the sustainability of land use in the moisture deficit
zone. In line with the need to improve agrotechnological measures,
it is important to substantiate the choice of a precursor to increase
nutrient elements in the soil, ensure good microclimatic conditions
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of vegetative development of plants, accumulate and preserve
moisture in the soil and leaf cells, high photosynthetic capacity of
plants and productivity of agrocenoses. Therefore, the purpose of
the studies has been to establish spatiotemporal patterns of the
influence of precursors on the vegetation and productivity of winter
wheat in accordance with the unified BBCH scale in the soil-climatic
conditions of the Steppe zone. Based on the decryption of a series
of satellite images of the Sentinel 2 spacecraft, the calculation of
NDVI values and field observations, the spatio-temporal processes
of vegetation and winter wheat productivity depending on the
predecessor in accordance with the unified BBCH scale were
investigated. It was found that crops of winter wheat on the site on
the predecessor of peas vegetation occurred 1.6 times more active
than on the site on the predecessor of spring barley and 1.7 times
more active than on the site on the predecessor of sunflower. This
has led to an increase in winter wheat yield by 1.43 and 1.56 times,
respectively. The yield of winter wheat on the site behind the
predecessor peas has been 4.65 t/ha, on the site behind the
predecessor grain crop (spring barley) 3.24 t/ha, on the site behind
the predecessor sunflower 2.98 t/ha. The obtained research results
are important for improving the method of studying crop vegetation,
soil crop rotation and precursor culture, determining the
effectiveness of agrotechnological measures and predicting the
yield of winter wheat in conditions of moisture deficiency.

Keywords: winter wheat; predecessor; productivity; climate;
NDVI.
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