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YK 631.484
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Memoto daHoi cmammi € 6cmaHO8eHHs 8MUGy MIKOpuU3auyii KOpeHesol cucmeMu 3/1akosux bioeHepa2emuy4yHUX KyJb-
myp — MiCKaHmycy eizaHCbK020 i poca npymomnodibHo20 Ha 3pOCmaHHs HaKonu4yeHHs cyxoi 6iomacu. 3a 0aHumu docri-
0XeHb 8CMaHO8USIU, WO BUKOPUCMaHHS 8e3UKysspHo-apbockynsapHux epubie Tuber melanosporum VITTAD. i Trichoderma
harzianum RIFAI (npenapamu MikogopeHd i Mikogiman) ma 6akmepiti Bacillus subtilis Cohn. (npenapam ®nopobayusiH)
3a rnepedrnocigHO20 iX BHECEHHS CNPUSIE ICMOMHOMY 3pOCMaHHI0 HaKonu4YeHHs1 Cyxoi 6iomacu poc/uH 3nakosux bioeHepae-
MUYHUX Kyrbmyp, makux sik npoco npymorno0ibHe (Panicum virgatum L.) i mickaHmyc eizaHmcbkuli (Miscanthusxgiganteus).
Sokpema, y eapiaHmax 3 npenapamom MikogppeHd (2pub Trichoderma harzianum RIFAI) epoxatiHicmb cyxoi 6iomacu poc-
nuH npoca npymonodibHo2o cmaHosuna 10,57 m/z2a, wo Ha 29,3 % binbwe Hix y KoHmporii. Y eapiaHmax 3 npenapamamu
®nopobayunid (6akmepii Bacillus subtilis Cohn.) i Mikogiman (2pu6 Tuber melanosporum VITTAD.) ui noka3Huku 6ynu
8i0r0eidHo Ha 13,1 i 22,8 % binbwumu 3a KOHMPOrbHI. YpoxalHicmb Cyxoi bioMacu pOCIUH MicKaHmycy eieaHmcbKoao
y eapiaHmax 3 nipenapamom MikogppeHd (2pub Trichoderma harzianum RIFAI) cmaHosuna 34,9 m/za, wjo Ha 21,0 % 6inbwe
HiX y KoHmpori. Y eapiaHmax 3 npenapamamu ®@nopobayunid (bakmepii Bacillus subtilis Cohn.) i Mikogiman (epu6 Tuber
melanosporum VITTAD.) ui nokasHuku 6ynu 8idrnogioHo Ha 6,0 i 14,2 % binbwumu 3a KOHmMPOrbHI. BucHosku. Bukopu-
CMaHHS MiKopu30ymeopiogasbHux 2pubig i asomebikcysarnbHux bakmepili 3a MPUKOPEHEB020 iX BHECEHHST CrIPUSIE 3HAYHOMY
3poCcmaHHK HaKomMuyeHHs1 Cyxoi bioMacu pOCuH 3rakosux bioeHepaemuyHUX Kynbmyp rpoca npymonodibHo20 i MicKaH-
mycy eiegaHmcbKo20. Y docnidax mikopuzoymeoprosanbHux epubig i asomebikcysanbHux bakmepili 3a MPUKOPeHe8ozo ix
BHeCeHHs1 (homocuHmemuyHul nomeHuian 6ye binbwum 3a koHmporb Ha 4,0-21,9 %. Y docnidax mikopu3oymesopro-
sanbHux epubie i asomaikcysanbHux 6bakmepili 3a MPUKOPEHEB020 iX BHECEHHS Yucma MPoOyKMUBHICMb ¢homocuHmesy
6yna 6inbwa 3a KoHMposb Ha 3,6-22,0 %. Y docnidax MiKkopu3oymeoptogasbHUX epubig i asomeikcysanbHux bakmepiti 3a
MPUKOPEHEBOZ0 iX BHECEHHS Mniowa SIuCcmKoeoi nosepxHi byna binbwa 3a koHmporb Ha 4,2—19,0 %. Y docnidax mikopu-
30ymeoprosarnbHUX epubie i azomebikcysanbHUX bakmepili 3a MPUKOPEHEB8020 iX 8HECEHHSI Maca fiucmkie byna binbwa 3a
KoHmporsb Ha 7,8-28,6 %.

Krroqoei criosa: 8e3uKynspHo-apbUCKyspHI epubu, bakmepii pociuHU, ypoxatHicms, npenapamu, MPUKOPEHESe BHECEHHSI.

DOI https://doi.org/10.32845/agrobio.2021.4.1

Betyn. [ins YkpaiHu akTyansHUM € NOLyK HeTpaguLinHnX
BIJQHOBMIOBANbHUX [HKEpen eHepril, cepen skux Ha 0cobnmBy
yBary 3acnyroBytTb €HEPreTUYHi POCANHK, SKi € FONOBHUM
abcopbeHTOM BYrMEKMCNOro rasy, yTBOPHOTL BUCOKI BpoXai
Biomacu, Ky MoxHa Byno 6 BUKOpUCTaTH Ha eHepPreTUYHi Lini
Ans BupobHuuTea bionanuea (Yastremskaya et al., 2017).

EHepreTuyHi KynbkTypuM — Ue POCAUHK, SKi crieuiansbHo
BUPOLLYIOTLCS AN BUKOPUCTaHHS 6e3nocepeHbO0 Ak nanmeo
abo ans BupobHuuTBa Bionanuea (Heletukha et al., 2014).
[xepenom eHepreTuyHoi CMPOBMHU MOXYTb BYTH Sk NOBIYHI
MPOAYKTY POCIIMHHOTO MOXOMKEHHS (COMOMa, COHSLLHU-
KOBe NyLUNWHHSA, cTebna KyKypyasw TOLWO), Tak i cneuiarnbHo
NpusHaveHi Ons UbOro POCAWHM — MICKaHTYC, CBiTYrpac
(nosonopibHe npoco), Bepba, Tonons (Roik et al., 2013;
Ivakhiv, 2012; Fuchylo, 2009; Shumnyi, 2010).

HanxomkeHHs poCnMHHOT BTOPUHHOT CUPOBWMHW HecTa-
BinbHe | HOCUTb CE30HHUIN XapakTep, L0 HeraTUBHO BMIU-
Ba€ Ha e(heKTUBHICTb pobOTK 3aBOAIB 3 BMPOBHULTBA TBEP-
poro bionanwea.

BicHuk CymcbKkoro HauioHanbLHOro arpapHoro yHiBepcuTeTty

Tomy ocobnuBoi akTyanbHOCTI HabyBae BMPOLLYBaHHS
HOBMX BWAIB BUCOKOMPOAYKTUBHUX GaraTopiyHux eHep-
FETUYHUX POCIIMH, LWO [OO3BOMUTL LLOPIYHO OAEPXKYBaTM
HeobXigHy KinbkicTb 6iomacu. EHepreTuyHi pocnnHn MarTb
BENUKWIA ypoXaW | HEBEnuki BUMOTM A0 BUPOLLYBaHHS.
Y nepepaxyHKy Ha eKBiBaneHT eHeprii BUTPaTV Ha BUPOLLLY-
BaHHS TaKUX KyNbTYp 3HA4YHO MEHLLI, HXX BApTICTb EHEProHO-
CiiB, OTPUMaHWX Bif TPaAMLINHUX xepen.

OpHieto 3 eHepreTM4YHMX pOCnvH € AepeBonogibHa Tpasa
MickaHTyC. 3a KOPZOHOM aKTMBHO BEAYTbCH AOCHIMKEHHS
3 MOXIMBOCTI 1T LLMPOKOTO BUKOPUCTAHHSA ANs BUPOOHNLTBA
Bionanmsa.

Pi3Hi B1aw i copTu LET KynbTypu NPMCTOCOBaHI A0 Pi3HO-
MaHITHUX YMOB BMPOLLYBaHHS. Buay pogy mickaHTyc xapak-
TEpPU3YIOTbCS BUCOKUM YPOXAEM, MOPO3OCTINKICTIO Ta LIBUA-
KuM pocToM. [licns ogHOpa3oBoi NOCaaKu KynbTypy MOXHa
36upaTtu WopiyHo npotarom 15—20 pokiB SK 3 MiHIManbHO0
BpoxawHicTio nopaaky 10-15 cyx. 7/ra, Tak i 3 Makcumarns-
Hoto o 25-35 cyx. T/ra (Heletukha et al., 2014).
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MickaHTyc CTiikuin [o XBOpPOD, TOMY XiMIYHWMIA 3axmcT
He MOTPIOHMIA. Y nepLunii pik BUPOLLYBaHHS 3AIACHIOETHCA
MexaHi4yHe NPonosBaHHA B Mixpsaasx. Bumorn go nobpus
y MiCKaHTYCy BiGHOCHO HEBMCOKI. 3 ypoxaem 20 T cyxoi macu
3 1 ra mickaHTyc BuHoCUTb Bnmabko 60 kr N, 16 kr PO,
80 kr K, O 3a nomipHoro pieHs yaobperHs (Romanchuk etal.,
2014, Taranenko et al., 2019).

Bucoki Bpoxai MickaHTycy MOXyTb OyTu OTpuMaHi
Ha Pi3HMX TWUMax IpyHTY — Bif MillaHWX OO BUCOKOPOAHO-
yux. OnTuManbHWiA nokasHuk pH nepebyBae B Mexax
5,5-7,5, x04a BiH CTilKMI [0 LUMPOKOTO Aiana3oHy KMCNoT-
HoCTi I'pyHTiB. MickaHTyc nobpe pocTe 3a TemnepaTtypu
rpyHTy Buwe 6°C, ToMy NOTEHLiNHMA cinbcbkorocnogap-
CbKUA CE30H 3Ha4HO OinblWiA, HXK ANS iHWKWX KynbTyp
(Romanchuk et al., 2014).

3aBAsKM HU3BKMM eKCrnyaTaliiHuM BUTpaTam Ta BUCO-
Kin TpUBanocCTi XUTTA Buan pogy Miscanthus moxyTe 36a-
raTMT  acCOPTUMEHT  EHEPreTUYHUX KymbTyp  YKpaiHw.
MoxnumBe po3pobneHHsT pecypco3bepirarymnx TEXHOSOTIN
3aBOskM nepepobnsHHio cTeben MickaHTycy riraHTeyca
Ha 6ionanueo, LENono30BMICHY NpodyKLUilo AN LUento-
NO3HO-NanepoBoi, apMaLleBTUYHOI, [depeBonepepodHOI
Ta iHWKX ranysen npomucnosocTi (Tsyganov, & Klochkov,
2012; Barbash et al., 2012).

PocnuHHa Giomaca eHepreTuyHol pocnnHu Miscanthus
€ HanGinbLL ONTUMANLHO Y 3a0e3neveHHi CTanoro po3BuTKy
CYPOBUHHOI ©a3mn B YkpaiHi. fonoBHa nepeeara Takoro Buay
€HepreTUYHOI KyneTypu nepeq iHWUMM — LLOPIYHWIA BUXif,
15-25 T cyxoi 6iomacy 3 1 ra NpoTAroM ABaALATH POKIB.

Csiurpac, abo npoco npytonogibxe (PanicumvirgatumL.),—
TennontobHa pocnvHa, manosubarmvea 4O rpyHTIB. 3a Tpu-
BanicTo XuUTTA Ue OaratopiyHa pocnmHa (go 10-15 pokis)
3i cTanow BpoXanHicTio Giomacu nicns 3 pokiB Beretallii.
BpoxariHicTb cyxoi Giomacy MoXe csratm Ha MarnopogrYmX
rpyHTax go 6-10 T/ra, a Ha poptoumnx — go 25 T/ra i Ginble
(Zhang, 2020).

lMpoco npyTonogibHe B NEBHWX perioHax i kpaiHax 3acTo-
COBYETbCA NS CTPUMYBaHHSA eposiiHux npouecis. Npote
Hanbinblla UiHHICTL Biomacy L€l KynbTypy — BUPOOHMLTBO
Gionanmea y Burns4i Ninetie, OpUKeTIB Ta BUPOOHMLITBO NirHo-
LientorioaHoro etaHony (Mazur et al., 2017).

TexHonoris BUPOLLYYBaHHSA CBIYrpacy Ans pisHuX npupog-
HO-KMiMaTUYHMX 30H YKpaiHW MOBHICTIO He BuBYeHa. [loaat-
KOBOIO BMBYEHHS NOTpebye 06r'pyHTyBaHHS BUOGOpPY cnocoby
ciBOM, a came LUMPUHU MiXpsiab. FK nokasanu npoBedeHi
y nonepeaHi PoKW OOCMMKEHHs, Y pasi By3bKOI LUMPUHU
MDKPsiZb MOKPALLYETLCS aKyMyNATUBHICTb BOAM aTMOCEPHIMX
onafiB BECHSHONO i NITHBOTO NepioAiB, 3MEHLLYETLCS 3abyp’s-
HEHICTb Y NepLUi POKW XUTTS i BiNOBIOHO 3pOCTae BpOXan-
HICTb 1oro Biomacw y nepLui poku BereTaii. Y HacTymnHi poku
MPOCHIAKOBYETLCS 3aTiHEHHS! POCAVH, BHYTPIBUAOBWIA aHTaro-
Hi3M i NPOAYKTUBHICTb POCIIMH MOCTYMAETLCS NociBam 3 BinbLu
wmpokumm (30-45 cm) mixpapaamu (Kulyk, 2012; Roik, 2011).

Martepiann i metogn pocnigxeHb. [ocnigkeHHs
MPOBOAWNMN B [HCTUTYTi GioEHEPreTUYHMX KynbTyp i LyKpo-
Bux Bypskie HAAH Ykpainu B ymoBax Becenonoginbcbkoi
focnigHo-cenekuinHoi ctauii (BMNACC), ska 3HaxoguTbes
Ha JlisoBepexoki [lHinpa B 30Hi TMMoBoro Jlicocteny. I'pyk-
TOBWI NMOKPUB Bi3HAYaeTbCA CTPOKATICTIO — NEPEBAXAOTh
YOPHO3EMW COMOHLIOBATI Ta CraboCOMOHL0BATI.

Ons gocnigis BUKOPUCTOBYBanM rpubu Be3UKynspHO-
apbyckynsipHoi mikopu3sauii Tuber melanosporum VITTAD.
(npenapat Mikositan) Ta Trichoderma harzianum RIFAI
(npenapat MikodppeHa) i G6aktepii Bacillus subtilis Cohn.
(npenapat ®nopobauuni).

Jocnion npoBoaunu y 4-kpaTHii NOBTOPHOCTI, mnoLya
gocnigHux gingHok 25 M2 Y BignoBigHOCTI 40 nporpamu
[JOCMiMKEHHS BU3Havanu OBBOAHEHICTb NUCTKIB Yepes
BM3Ha4eHHs ix macu Ha 30, 60, 90 i 120 gHi ix BereTalii,
Macy KOpeHeBOI CUCTEMM, NMOLLY MMCTKOBOrO anapary, npo-
OYKTUBHICTb (POTOCMHTE3Y 3a 3aranbHOMPUAHATUMU METO-
ankamu (Ermantraut et al., 2014).

Mpenapat 3 MiKOPWM30YTBOPIOBANbHUMK  rpubamu
i asoTdikcyBanbHUMKM Baktepiamm (Mikodppena, ®nopoba-
umnid i MikosiTan) BHOCUNK Y paHHLOBECHSHIN nepiof (KBi-
TeHb) Yy NPUKOPEHEBY YaCTUHY I'PYHTY Ha rmunbuHy 10-12 cm
3a JOMOMOroK CrneLianbHOro MPUCTPOK Y HOpMI BUTpaT
5 n/ra, pozunHeroro y 250-300 n soau.

YpoxanHicTb cyxoi 6iomacu pocnuH 3nakosumx bioeHep-
FETUYHUX KYNbTYp BU3HAYanm nicns 4OCArHEHHS HAMU Tex-
HOMOTiYHOI CTUMMNOCTI | CKOLUYBAHHS BCIX POCIWH, Ha [iNsHL
iX BMCywWwyBanu y npupogHux ymosax o sosnorocTi 30 %
i 3BaXXyBanu y nori 3a 4OoNoMoroto ambapHux Bar.

Pesynbratu. 3okpema, 3 faHux Ha puc. 1 BMAHO, WO
y BapiaHTax 3 MiKOopu3oyTBOptoBanbHUMK rpubamu i a3or-
dikcytoummmn HGakTepiaMu BpoXanHiCTb cyxoi Biomacu poc-
NYH npoca npyTonogibHoro BignosigHo Ha 1,87-2,40 T/ra,
abo Ha 22,8-29,3%, a MickaHTyCy TriraHTCbKOro Ha
1,73-6,05 T/ra, abo Ha 6,0-21,0 %, BinbLua HiX y KOHTpOTI.

BukopucTaHHs  Mikopu3oyTBOptoBarnbHUX rpubis  Tuber
melanosporum VITTAD. ma Trichoderma harzianum RIFAI
i asomepikcyrodux bakmepiti Bacillus subtilis Cohn. gns ix
CMBIO3y 3 KOPEHEBOKD CUCTEMONO 3M1aKOBUX BIOEHEPreTUYHUX
KynbTyp MiCKaHTyC riraHTcbkuin (Miscanthus giganteus) i npoco
npyTonodibHe (Panicum virgatum L.) cnpusie NoKpaLLeHHIo
POCTY Ta PO3BUTKY POCIMH i NiABULLEHHIO NPOAYKTUBHOCTI.

3okpeMma, K cBig4aTh AaHi puc. 2, 06BOAHEHICTb MUCTKIB
LIMX KynbTYp Yepes BU3HAYEHHS TX CyXOi MacK y BCix BapiaH-
Tax gocnigy 6yna Ha 8,1-28,6 % 6inbLUO HiX Yy KOHTPON.

Tak camo Ha 5,5-30,1 % 6inbLLOK NOPIBHAHO 3 KOHTPO-
nem € maca KopeHeBoi cuctemu (puc. 3).

Y BapiaHTax 3 Oionpenapatamu nnowa MCTKO-
BOI MOBEPXHI MepeBuLlyBana MNOKa3HWKM KOHTPOMK Ha
6,9-19,0 % (puc. 4).

3a BuKOpuUCTaHHA rpubiB i BakTepil NPOOYKTUBHICTb
(hOTOCMHTE3Y POCNMH MICKAHTYCY FiraHTCbKOro i npoca npy-
TonogibHoro Byna 6inblwo 3a koHTponb Ha 3,6-22,0 %
(puc. 5).

Takum 4nHoMm, cumbios rpubis i GakTepin 3 KOPEHEBOD
CUCTEMOIO POCMMH MICKaHTYCY FiraHTCbKOro Ta mpoca npy-
TONOAIGHOrO CNpUsie MOKPALLEHHIO eNEMEHTIB POCTY Ta PO3-
BUTKY POCMWH, 3aBASKW YOMY 3pOCra BPOXaWHICTb CyXol
Biomacu LUmx KyneTyp.

OOroBopeHHsl.  3pOCTaHHA  HAKOMUYEHHS  CyXOl
Giomacu pocnuH  3nakoBux  GiOEHEPreTUYHWX  Kyrb-
TYp BIiOOyBaeTbCA 3a paxyHOK MOKPALLEHHsI MOKa3HWKIB
poCTy i pO3BWUTKY POCNWH Yy BapiaHTax 3 BUKOPUCTaH-
HSM  MiKOPU30YyTBOPOBanbHUX PUBIB i a30TikCyoumx
6akTepin (Durczak, 2018; Kulyk, 2018). 3okpema, y gocni-
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[iax Maca kopeHeBoi cuctemu Byna BinbLUOK 32 KOHTPOMb Ha
6,0-29,3 % i Taki X pe3ynsraTv OTPUMaHi IHWUMKU BYEHUMN
(Battaglia, 2019; Shepherd, 2020; Dubis, 2020; Ouattara,
2020). Kpim TOro, 3Ha4yHO KpaLlMMU MOPIBHSIHO 3 KOHTPO-
nem Bynu NpoAyKTMBHICTb hoToCUHTE3Y Ha 3,6-22,0 %, Lo
MiATBEPOXYOTECS iHWUMKU BYeHumn (Ambavaram, 2018;
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Lin, 2021; Zhang, 2020; Taranenko, 2019), nnoLia n1cTKoBoi
nosepxHi Ha 4,2—-19,0 % (Gotgb-Bogacz, 2020; Guan, 2020,
Baute, 2018) Ta maca nucTkis Ha 7,8-28,6 % (Szulczewski,
2018; Tejera, 2019). LLlo i nocny»mno 0CHOBO NiABULLEHHS
MPOAYKTUBHOCTI LIMX KYNbTYP.

BucHoBKkM. BukopuctaHHa Mikopu3oyTBoOptoBasb-
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HUX rpubiB i asoTdikcytounx OakTepii 3a NpPUKOpe-  HEepreTUYHMX KyNbTyp Npoca npyTonomibHOro i MickaH-
HEBOrO iX BHECEHHSI CMpWUsSE 3HA4YHOMY 3POCTAHHK  TYCY FiraHTCbKOro.
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Increase in the accumulation of dry biomass of cereal bioenergy cultures with mycorization of their root system

Purpose. To find out the effect of mycorrhization of the root system of cereal bioenergy crops — giant miscanthus
and switchgrass — on the accumulation of dry biomass. Methods. Field, laboratory, and statistical. Results. According to
the research data, application of vesicular-arbuscular fungi Tuber melanosporum VITTAD. and Trichoderma harzianum
RIFAI (biological products Mycofriend and Mikovital) and Bacillus subtilis Cohn. (biological product Florobacillin) for
seed treatment contributes to a significant increase in the accumulation of dry biomass in cereal bioenergy crops, such
as switchgrass (Panicum virgatum L.) and giant miscanthus (Miscanthus x gigantheus). In particular, in the treatments
with Mycofriend (fungus Trichoderma harzianum RIFAI), the yield of dry biomass in switchgrass was 10.57 t/ha, which
is 29.3 % higher than in the control. In the treatments with Florobacillin (bacteria Bacillus subtilis Cohn.) and Mikovital
(fungus Tuber melanosporum VITTAD.), the yield was higher by 13.1 t/ha (22.8 %) than in the control. The yield of dry
biomass of giant miscanthus in the treatments with Mycofriend (Trichoderma harzianum RIFAI) was 34.9 t/ha, which is
21.0 % higher than in the control. In the treatments with Florobacillin (bacteria Bacillus subtilis Cohn.) and Mikovital (fungus
Tuber melanosporum VITTAD.), the yield was by 6.0 t/ha (14.2 %) higher than in the control. Conclusions. Root application
of mycorrhizal fungi and nitrogen-fixing bacteria contributes to a significant increase in the accumulation of dry biomass
of cereal bioenergy crops — switchgrass and giant miscanthus. In the experiments with root application of mycorrhizal fungi
and nitrogen-fixing bacteria, the photosynthetic potential was 4.0-21.9 % higher than in the control. In the experiments with
root application of mycorrhizal fungi and nitrogen-fixing bacteria, the net productivity of photosynthesis was 3.6-22.0 %
higher than the control. In the experiments with root application of mycorrhizal fungi and nitrogen-fixing bacteria, the leaf
area was 4.2-19.0 % higher than in the control. In the experiments with root application of mycorrhizal fungi and nitrogen-
fixing bacteria, the mass of leaves was 7.8-28.6 % than in control.

Key words: vesicular-arbuscular fungi, plant bacteria, yield, biological products, root application.
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Y cmammi npugedeHo pe3ynbmamu docnidxeHb w000 eniusy 06pobKU HaCiHHSI KyKypyd3u peaynsmopamu pocmy
POCAUH NPUPOOHBO20 MOXOOKEHHST Ha MaKi MoKasHUKU ¢hOmOoCUHMEMUYHOT npodykmugHOCMI POCIIUH KyKypyOsu, SK emicm
homocuHmMemuUYHUX rnizmeHmie i yucma npodykmueHicms chomocuHmesy.

BcmaHoeneHo, wo 3acmocysaHHs nepednocieHoi 06pobKu HaciHHS KyKypyd3u PPP cripusno 3pocmarHio emicmy Xxiio-
pocbinie a ma b, ix cymu ma emicmy kapomuHoidie 8id 6 do 20 % 3anexHo 6i0 misMeHmy ma peaynsmopa pocmy. BioHo-
WweHHs xropocpinig a/b konusanocs y mexax 6id 3,19 do 3,25.

BusHa4yeHHs1 8idHOWeHHs1 xropodinie a/b nokasasno, wo 3a poku 0ocnioxeHb y AoCniOHUX 8apiaHmax 80HO Byr10 Heic-
MOMHO HUXYUM OPIBHSIHO 3 KOHMPOIIbHUM 8apiaHmoM i Konueanocs y 00CiOHUX 8apiaHmax 3anexHo 8i0 eudy peayns-
mopa y mexax 6i0 3,19 8o 3,25 pa3su (3HUXEHHST BIOHOCHO KOHMPOIT0 cmaHosuno 2—4 %).

BusHa4eHHs1 8IOHOWEHHSI cymMu xmopodinie (a+b)/kapomuHoidu nokasano, wio yel nokasHuk y ocniOHUX eapiaHmax
3HUXy8sascsi 00 5,70—6,11 (00 8 %) ropieHAHO 3 KOHMPOTNLHUM 8apiaHmMoM, de 8idHOWEHHS cmaHosurio 6,15 pasu.

Buxodsiyu 3 ompumaHux 0aHux w000 gi0HoweHHs xmnopogpinie a/b ma cymu xnopogpinie (a+b) do kapomuHoidie, MOXHa
cmeepOxysamu, W0 Ui MOKa3HUKU c8id4yamb Mpo crpusmsusi yMosu, siKi CKnanucs y eapiaHmax 0ociidy 3a 06p00OKU HaCiHHS
peaynsamopamu pocmy POC/UH, OCKIbKU 8IOHOWEHHS X1opoginie a/b nopieHAHO 3 KOHMPOSbLHUM 8apiaHmoM Malixe He
3MiHI08anocs, a 8IOHOWEHHS cymMu xropodinie (a+b) Ao kapomuHoidie MPomu KOHMPOILHO20 8apiaHMy 3HU3UOCS.

AHariz ompuMaHux eKcriepuMeHmarbHuUX 0aHux makox npodeMoHcmpysas, Wo 3MiHa 8e/IU4UHU MOKa3HuUKa Yucmoi
npodykmusHocmi ghomocuHme3sy y docnidHux eapiaHmax eidbysanacs npsiMo MponopuitiHo 0o 3MiHU emicmy ¢homocuHme-
MmuYHUX niemeHmie. Tak, 3a 06pobKU HaciHHS Kykypyd3u neped cieboro PPP Biocun (20 mn/m) nokasHuk YI®, nopigHsaHO
3 KoHmponem 3pic Ha 4 %, modi sk 3a aukopucmaHHs bionaHy (50 mn/m) — Ha 11 %. binbw echekmuHUM CMOCOBHO YUCMOT
npodykmueHocmi ¢hbomocuUHmMesy POCUH KyKypyd3u eusisusiocsi 3acmocysaHHsi Pezonmanmy (200 mn/m) ma 3eacmumy-
niHy (20 mn/m). Y uux eapiaHmax docnidy nokasHuk Y@ nepesuujysas pesynbmamu, ompumMaHi y KOHmMpOoIbHOMY 8api-
aHmi, Ha 17 i 16 % sidnosidHo do sudy PPP.

BukoHaHHSI peepeciliHo20 aHanisy 8useuno micHull kopensyitiHul 38’a30k (r?=0,97) mix nokasHukom Y@ emicmom
cymu xnopocpinie (a+b) y nucmkax Kykypyd3u, Wo OnucyemnsCs PIBHSHHAM peapecii: y = 2,477x - 2,3181.

Knrovoei cnoea: Kykypydsa, peaynsmop, nieMeHmu, X0poghin, KapOmuHOiOU, 8iOHOWEHHS, MPOOYKMUBHICMb,
homocuHmes, Kopensuyisi.

DOl https://doi.org/10.32845/agrobio.2021.4.2
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Bectyn. Ha cyyacHoMmy eTani po3BMTKY arpapHoro
BMPOOHMLTBA BUHUKAE HEODXIOHICTb MOLWYKY HOBUX LLUSAXIB
i cnocobiB NigBULLEHHS NPOAYKTUBHOCTI CinbCbkorocnogap-
CbKWX KynbTyp i fKOCTi iX npogykuii. HuHi ogHum i3 ene-
MEHTIB, CNPSMOBaHMX Ha OOCArHEHHS Ljiel METW, € 3acTo-
CyBaHHs1 €K30reHHuX perynsaTopis pocty pocnuH (Rohach
& Rohach, 2015). 3a cBoeto npupogoto PPP € aHanoramm
chiToropmoHiB abo moamdikaTopamy ropMoHanbHoOro cTa-
Tycy pocnuH. Lli pe4yoBMHKM BONOZiOTE LUIMPOKUM CMEKTPOM
BMAMBY Ha POCAMHM, 30aTHi CMPSIMOBAHO BNMBATW Ha
Mobini3aLlito NOTEHLRHNX MOXIMBOCTEN POCNMHHOTO opra-
Hi3My, 3aKnageHWX y reHoMi MpUpOmdol0 Ta Ccenekuieto, a
TaKOX KOPWUryBaTh JOHOPHO-aKLENTOPHi BiHOLLEHHS Y poC-
MMHHOMY OpraHiami BHaCMigoK LUTYYHOTO Mepeposnoainy
MOTOKIB aCUMINATIB 4O TOCMOAAPCHKO BaXNMBKX OpraHis
(Rohach et al., 2020; Musatenko, 2009). Takox Ges3ane-
PEYHO BaXNMBKUM acnektoM fii PPP Ha KynbTypHi pocnnHm
€ MiABULLEHHS CTIMKOCTI OCTaHHIX 4O HECNPUATANBMX YMOB
LOBKINNSA SIK NPUPOAHBOTO, Tak i aHTPOMOrEHHOTO XapakTepy
(Yavors’ka et al., 2006).

OcTaHHiM 4acom cepen perynsiTopis pocty Aenani
OinbLU aKTyanbHUMKM CTaloTb CTUMYNATOPU, @ CaMe HaTUBHI
(hITOrOPMOHM, X CUHTETUYHI @aHaNorM Ta KOMNO3ULiHI npe-
naparu, ki MicTATb 36anaHcoBaHUn KOMMNeKC giToperyns-
TOpiB, GIONOriYHO AaKTUBHMX PEYOBUH i MIKPOENEMEHTIB, LLO
aKTUBHO BKITKOYAKTHCS B OOMIH PEYOBUH i 3OaTHi y HeBenu-
KX KiNbKOCTSAX 34iCHIOBATW BNMB Ha KIOYoBi (pisiono-
ro-6ioximiyHi npouecu y pocnuni (Gaveliené et al., 2007;
Anishyn et al., 2011; Khodanits’ka & Kuryata, 2014). Cne-
umdika il perynsTopis pocTy nonsrae y TOMY, WO BOHM
3[aTHi BNNMBATW HA NPOLECH, HaNpPSIMOK Ta iHTEHCUBHICTb
SKAX HEMOXIIMBO CKOPUryBaTW 3a JOMOMOTOK arpoTexHiy-
HUX 3axogiB. [1oCsArHeHHs NO3UTUBHOIO edpekTy Bif 3acTo-
CyBaHHS PerynsTopiB pocTy MOXI/IMBE NULLE 3a ONTUMarb-
HOI KOHLIeHTpaLii pobo4oro posunHy npenapary, OCKIbKM
BinbLwicTb GIONOMNYHO aKTUBHWX PEYOBWH AjlOTb SK CTU-
MYMNSTOPU Y HW3bKMX [03aX, @ Y BUCOKUX — §IK iHribiTopm
(Kalytka & Yalokha, 2011).

3rigHO i3 cy4yacHUM TEOPETUYHUMMW YSBIEHHSMW NpO
MexaHi3M1 (DYHKUIOHYBaHHSI | B3a€EMO3B’'A3KM [JOHOPHO-
aKLENTOPHOI CUCTEMW Y POCAUHI OCHOBHUMU (hi3ionoro-
GioximMiYHMMK NpoLecam y pOCIIMHHOMY OpraHi3Mmi, Bif KX
3anexuTb 3a6e3neveHHs BENUYMHU NPOAYKLINHOMO NPOLECY,
€ IHTEHCMBHICTb MpOLECiB (DOTOCUHTE3Y, CUHTE3Y | TpaH-
CMopTy MeTaboniTiB. AKTMBALis LMX MPOLECIB, 30Kpema
NPOAYKTUBHOCTI (hOTOCUHTESY, CNpUSIE MIABULLEHHIO pearni-
3auii noTeHuiany pocnuH (Zayets’ & Kysil’, 2019; Buyna et
al., 2018), amxe came hOTOCMHTE3 € OCHOBOK Giompoayk-
TUBHOCTI NPUPOAHMX EKOCUCTEM i (DOPMYBaAHHS BEMUYUHY
BpOXaro nonboBumx Kynstyp (Rudnyk-lvashchenko, 2009).

Mepebir npovecy oOTOCMHTE3Y 3yMOBMOETHCA 0COBNM-
BOCTAMMU (POTOCMHTETUYHOMO anaparty, SKUN € KIYOBUM
MOKa3HUKOM, IO CBIQYMTb MPO peakuito POCNMH Ha YMOBM
JOBKINMsl, 30Kpema Ha arpoTeXHiuHi NPUAOMU BUPOLLYYBaHHS
(Pyda et al., 2014). TonoBHOK 3anopykoK NPOAYKTUBHOI
poboT (HOTOCMHTETMYHOTO anapaTty € 3ereHi NirMeHTn —
Xnopodinu a i b, Wo € YyTnMBUMU iHAMKaTopamu gisiono-
MYHOrO CTaHy POCIIMH | HANBAXIIMBILLMMMK KOMMOHEHTamu
chotocuHTeTMuHOrO anapaty (Haviy et al., 2019). 3a3HayeHi

nirmeHTn 6GepyTb GesnocepenHld yyacTb y (DOPMYyBaHHI
CTPYKTYpM (DOTOCMHTETMYHOMO anapary, BidirpalTb Bax-
nvBe 3HayYeHHs y POTOXIMIYHMX peakuisix, NoB’A3aHMX i3
MOMMWHAHHAM eHeprii COHSYHOro CBiTNa Ta TpaHcdopmaLii
il B XiMiYHYy eHeprito opraHiYHUX pevyoBuH, TO6TO € Geanoce-
peaHiMM nocTayasibHUKaMmn eHeprii Ans POTOCUHTE3YUMX
pocnuH (Shadchyna et al., 2006).

[OvHamika BMICTy NirMEHTIB Y POCIIMHHOMY OpraHi3mi
XapakTepusye MOTEHLiAHY MOTYXHICTb (DOTOCUHTETUYHOTO
anapaty BMpPOLOBX BereTauiiHOro nepiogy, € OAHIel i3
MPOBIAHUX XapaKTEPUCTUK (POTOCUHTETUYHOI aKTUBHOCTI
Ta NPOAYKLiINHOMo NPOLECy CifbCbKOroCnoaapChknx Kymstyp
i, IK FeHETUYHO AeTepMiHOBaHa 03Haka, MOXe 3MiHIoBaTHCA
3aneXHO Bif HW3KW YMOB, y TOMY YWCIi W arpoOTEXHIYHMX
3axopiB, 30Kpema 3acToCyBaHHs! BionoriYHoO akTUBHUX peyo-
BuH (Kalytka & Karpenko, 2013; Scheer, 2004; Karpenko &
Shutko, 2018; Palamarchuk, 2019; Kurylo et al., 2014).

BaxknvBmMM nokasHMKOM acMMInsALiNHOI AisnbHOCTI Noci-
BiB CiflbCbKOrOCNOAAPCHKMX KYNbTYP TAKOX € YNCTa NPoayK-
TUBHICTb (DOTOCUHTE3Y, SKa XapakTepusye eeKTUBHICTb
(byHKLiIOHYBAHHS  acUMINsLIMHOT MOBepxHi, Bigobpaxae
0COBNMBOCTI HarpoMamKeHHs cyxoi Giomacu pocnmHamm
Ta € BaXMMBOK CKMaf0BOK YaCTUHOW (POPMYBaHHS BpO-
xato (Haviy & Pryplavko, 2019).

JocnimKeHHIMN 3 BUKOPUCTAHHSA PerynsTopis pocTy
POCIMH Ha Pi3HMX KyMbTypax MiATBEPOXEHO MO3UTUBHUN
BMMMB LMX MpenapatiB Ha NigBULLEHHS nokasHuka Yl
(Kuryata et al., 2017; Kuryata & Khodanits’ka, 2012; Kuryata
& Polyvanyy, 2015).

3 ornagy Ha BULLEHaBeAEHe, MeTa HaLMX AOCTMKEeHb —
BCTaHOBUTY BMNWB NEPEANOCIBHOI 0OPOOKM HACiHHA peryns-
TOpaMmn poCTy POCANH Ha (DOPMYBaHHS OESKUX MOKa3HWKIB
(hOTOCMHTETUYHOT NPOAYKTUBHOCTI POCAMNH KyKypyaswu. [ns
JOCSITHEHHS! NOCTaBNEHOI METU nNepenbayanocs BUpILLMTK
Taki 3aBOaHHS:

— [JOCNANTM y NNCTKaxX KyKYPYA3W IHTEHCUBHICTb HaKo-
MUYEHHSI OCHOBHMX (DOTOCUHTETUYHMX MIrMEHTIB — a, b, iX
cymu (a+b), KapoTUHOIRiB;

— BCTaHOBWTW BNAMB JOCNIHKYBAaHWX MpenapartiB Ha
BigHOLWeEHHS a/b; (a+b)/ KapoTuHOIAY;

— 3'dcyBaTy [ito perynsTopiB pocTy pOCiMH Ha opmy-
BaHHS BENUYMHM NOKa3HMKa YUCTOI NPOAYKTUBHOCTI (POTO-
CUHTE3Y POCINUH KYKYpya3w;

— BUWSIBUTU KOPENSUiMHI 3B’A3KM MiX nokasHukom Yl
Ta BMICTOM (DOTOCUHTETUYHMX NIrMEHTIB.

Matepianu i metoau pocnigxeHb. [ocnigpkeHHs
BMICTY (DOTOCUHTETUYHMX MIrMEHTIB | YMCTOI NPOAYKTUB-
HOCTi (POTOCMHTE3y BUKOHYBaNMM Ha POCNMHAX KyKypyasu
(Zea mays L.) ribpugy Ooctatok 300 MB (cenekuis IHCTU-
TyTy cpisionorii pocnuH i reHetukn HAH Ykpainu) y nonso-
BKX i nabopatopHux ymoBax kadeapu bionorii YMaHCbkoro
HaLioOHaNbHOTO  YHIBEPCUTETY  CafiBHULTBA  BMPOLOBX
2018-2020 pp. HaciHHs Kykypyasu 3a noby no cisbu 06po-
bnanu perynstopamu pocTy pocnuH Biocun (50 mn/T),
bionan (20 mn/t), PeronnaHt (200 mn/T) Ta 3eacTumynin
(20 mn/T).

[ocnig 3aknaganu cuctemaTyHUM MeTOAOM i3 Nochi-
[JOBHUM PO3MILLEHHSAM BapiaHTiB Y YOTUPMPaA30BOMY MOB-
TOpeHHi. [leTanbHy cxemy gocnigy HaBefeHo y Tabnmui 1.
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Hopmu perynatopis pocTy anst 06pobku HaCiHHS KyKypyasu
pO3paxoByBanu, BUXOAAYM 3 HOPMU BUTpaTK npenaparis
Ha 1 T HaciHHs Ta NoTPebu y HaCiHHI Ha AOCMIAHY AiNSHKY.
O6pobky HaciHHSI BUKOHYBanu 3a AOMOMOrO NpOTpytoBaya
MHL-3 «®epmep» I. 3aranbHa nnowa ofHiel gocnigHoi
JinsiHKK cTaHoBuUna 32 m?, obnikoea — 20 M2,

PyHT Jocnigy — YOPHO3eM OMiA30neHMit Manorymy-
CHUN BaXKOCYITMIMHKOBUN Ha Ieci i3 BMICTOM B OpPHOMY
wapi rymycy 3,5%, pyxomux cnonyk cpoccpopy i kanito (3a
metogom Yupumkosa) — 88 i 132 mr/kr BignosigHo, a3oTy
nerkorigponizoBaHux cnonyk (3a metogom KopHdinga) —
103 wr/kr, pHcon — 6,2, rigponiTMyHa KMCMOTHICTb —
2,26 cmonb/kr r'pyHTy (Poltoretskyi, 2017).

EkcTparyBaHHs nirMeHTiB BUKOHYBanu LUSIXOM PO3TH-
paHHS HaBaXku NUCTKiB Kykypyasu (100 mr) y dapdoposin
CTynui B oxonomxeHoMy 96 %-My eTaHoni y CniBBiAHOLWEHHI
1:10. [Ona HenTpanisauii cepegoBulia gogasany cnigu
CaCO,. l'omoreHar (1 mn) ueHTpudpyrysanu 3a 8 000 06/xs
Ta Temneparypu 4°C npotarom 5 xB Ha UeHTpudysi. OTpu-
MaHWii ocaf NpOMMBanM €TaHoNoM [0 MOBHOro 3Hebaps-
NEHHS Ta 3HOBY 3AINCHIOBaNW LEHTpUdyryBaHHs y none-
penHboMy pexumi. OTpumaHi ekcTpakTu 06’egHyBanm
Y KIHLEBWUI CyMapHWI eKCTPaKT, Lo MICTUB CyMY 3eneHux
i )XOBTWX NIrMEHTIB, | BXE Yy HbOMY BW3Ha4Yanu BMICT Xro-
podiny a, xnopodiny b Ta KapoTUHOIAIB 3a LOMNOMOrOH
cnektpodotometpa Leki SS1104 3a goBXMHM XBuWni, sika
BiOMOBIZAE MaKkCMMymam cCrnekTpa MOrfMHAHHS AOCHimXKY-
BaHUX MIrMEHTIB Y LbOMY PO34MHHWKY. [ns xnopodiny a
B 96 % eTaHoni MakCUMyM MOrNUHaHHSA — 665 HM, AnNs Xno-
podiny b — 649 Hm. KapoTuHoigu BU3Ha4anu 3a LOBXUHU
xBUni 441 HM. Po34mHOM a5 nopiBHsHHA 6yB 96 % eTaHon
(Bessonova, 2006).

Yncty npoayKTUBHICTL (DOTOCMHTE3Y BMpaxoByBanu 3a
topmynoto: Ure = B,-B./0,5(1,+/1,)xn, ge YrNe — uncra
NpOAYKTUBHICTL (hoTocMHTEsy, /M 3a noby; B, i B, — cyxa
Maca pOoCI1H Ha noYaTky 1 y KiHui obrikosoro nepiogy, r; I1,,
I, - nnowwua nnCTKoBOT NOBEPXHI Ha no4aTKy/KiHLi 06nikoBoro
nepiogy, M? n — KinbkicTb AHIB Mix obnikamu (Hrytsayenko
etal., 2003).

Pesynbrati. [onoBHUMU (HOTOCUHTE3YIOUMMU NirMEH-
Tamy BULUMX POCIMH € xnopodinu a Ta b, OCKinbku npo-
LYKTUBHICTb POTOCUHTETUYHOTO anapary TiCHO MoB’f3aHa
3 IX BMICTOM Y (DOTOCUHTETUYHUX OpraHax, SKUMU € fNCTKM
POCIWH, @ BENMYMHA BPOXato Oinblue 3anexuTb Big BMICTY

NirMeHTIB, HiX B NOBEPXHI HaA3eMHUX OpraHiB. Ponb xno-
pochiniB y pOCANHHOMY OpraHi3Mi 3yMOBIIEHO TWUM, LLO BOHM
€ (otoceHcubinisatopamMmm — peyoBUHaAMU, SIKi NOTMNHAKTb
i nepenaloTb CBITMOBY EHEPril0 00 peakuiiHUX LEHTpIB,
e 1 BigbysaloTbCca (HOTOCUMHTETMUHI peakuii (Katsan &
Potopal’s’kyy, 2006).

Hamun BcTaHoBneHo, Wo 3actocyBaHHs PPP 3 metoto
06pobkn HaciHHS nepen ciB6o0 Mano NO3UTUBHWIA BB
Ha BMICT (DOTOCUHTETUYHKX NIFMEHTIB Y NIUCTKAX KyKypya3u.

3okpema, BMICT xnopodiny a 3a 06pobKkn HaCiHHS KyKy-
pyasu nepen cisboto biocunom y cepefHbOMy 3a pOKM
JocnigxeHb 3pic NMOPIBHSAHO i3 KOHTPOMbHUM BapiaHTOM Ha
4%, a 3a pii bionaHy — Ha 6%. BinblWw edekTMBHUM BUSI-
BMNOCS 3aCTOCyBaHHs PeronnaHTty Ta 3eacTumyniHy, y umx
BapiaHTax gocnigy BMICT Xnopodiny a NOPIiBHSHO i3 KOHTPO-
nem nigsuwmeces BianosigHo Ha 13 ta 11 %.

Cxoxa TeHOeHUis npocTexyBanacs i 3a BU3HAYEHHS
BMICTY xriopodpiny b. Tak, AeLlo HUxYa epekTUBHICTb LWoao
NigBULLIEHHS BMICTY Xnopodiny b npocTexysanacs 3a
00pobkyM HaciHHA perynsTopamu pocTy pocnunH Biocun i Bio-
naH — y UMX BapiaHTax gocnify 3HayeHHs Takoro hOTOCUH-
TETUYHOrO MOKa3HUKa NiABULLMIIOCS NOPIBHSHO 3 KOHTPOMEM
y cepefHbOMYy 3a poku JocnimkeHb BianosiaHo Ha 6 i 10%,
TOAI $K BUKOpUCTaHHA PeronnaHTy Ta 3eacTuMyniHy mano
6inbLU NO3UTUBHWIA BNAMB Ha BMICT BMICTY NirMEeHTY — nepesu-
LLLEHHS BiZHOCHO KOHTPOIHO CTaHOBMIO BianosigHo 15 1a 13 %.

Wono cymu nirmeHTiB (a+b) y NUCTKax Kykypyasu, TO iX
BMICT 32 0OpOOKM HacCiHHSI perynstopamu pocTy nepesu-
LLlyBaB KOHTPONbHWI BapiaHT Ha 5—13 % 3anexHo Big Buay
perynsitopa pocry.

ono cymu nirmeHTiB (a+b) y NUCTKax Kykypyasu, TO iX
BMICT 32 0OpOOKM HaciHHSI perynstopamut pocTy nepesu-
LLlyBaB KOHTPOMNbHWI BapiaHT Ha 5—13 % 3anexHo Big Buay
perynsitopa pocty (tabn. 1).

[Nopsg i3 3eneHnMK nirMeHTamm Baxnuey porb Y oTo-
CUHTETUYHUX MpoLecax BigirpatoTb KapoTuHoign. Kpim 36m-
paHHs 1 akymMynaLii CBITNOBOT eHeprii, KapOTUHOIAY BUKOHY-
0Tb OYHKLit0 3axMCTy XNopodinis i Ninigis, Wo BXoAATb 0
cKnagy TUnakoigHMX MemOpaH, Bif MOLIKOMKEHb peaKTuB-
HUMK HOPMaMU KUCHIO, SIKi BUHMKAIOTb SIK MOBGIYHI NpoayKTy
(pOTOCUHTE3y BHACMigOK TpuBanoro 30ymKeHOro CTaHy
Xnopoinis, a TakoX MNONEepPemKEHHS BUHWUKHEHHS TaKuxX
CTaHiB LUNSAXOM PO3CitoBaHHSA HaA MLLKY eHeprii 30ymKeHHS
(Tyutyaev et al., 2015).

Tabnuus 1
BmicT dpoTocMHTETMYHMX NirMeHTIB y NMCTKax KyKypyA3sw 3a aii PPP (cha3a BukupaHHs sonoti, 2018-2020 pp.)
BwmicT nirmeHTiB, Mr/r cupoi pe4oBUHMU
BapiaHT gocniny Xnopo- Xnopo- | Cyma xnopodinis . (a+b)/
din a dinb (atb) KapoTuoiau alb KapoTu-Hoigu
KoHTponb (06pobka Boaoto) 2,59 0,78 3,37 0,54 3,32 6,15

Biocun,

50 /T 2,70 0,83 3,53 0,58 3,25 6,10

BionaH,

20 mn/ 2,75 0,86 3,61 0,59 3,19 6,11
Peronnant 200 mn/t 2,92 0,90 3,82 0,65 3,24 5,70
3eactumynid 20 mn/t 2,87 0,88 3,75 0,63 3,26 5,95

HIP . 0,06 0,02 0,08 0,05 0,05 0,15
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Y Halwwmx OOCMIMKEHHSIX BMICT KapOTWHOILIB Y Pi3HMUX
BapiaHTax JocCnify Takox Pi3HMBCA i 3anexas Bifg 06pobku
HACIHHSA TUM YK iHLIMM PErynsaTopom pocty. Tak, y cepen-
HbOMY 3@ pOKM AOCNIAXeHb 3a BUKOpUCTaHHS Biocuny
MOPIBHSIHO i3 KOHTPOMbHUM BapiaHTOM BMICT KapOTUHOIAIB
3pic Ha 7%, a y BapiaHTi gocnigy i3 3actocyBaHHAM Bio-
naHy — Ha 9%. BukopuctanHs PeronnaHTy cnpusno 3poc-
TaHH BMIiCTY 70 20 % MOPIBHSHO 3 KOHTPOSIbHUM BapiaH-
TOM, Lo ByNo HaMBMLLMM NOKA3HUKOM Cepep YCiX BapiaHTiB
gocnigy. Aewo MeHWw eeKkTMBHUM NOPIBHAHO 3 Peronnax-
TOM BWSIBUIIOCSI 3aCTOCYBaHHA 3eacTUmyniHy, TyT BMICT
KapOTWHOIAIB 3pic NPOTU KOHTpOmo Ha 16 % (Tabn. 1).

TakoX BaXMBUM (POTOCUHTETUYHUM MOKA3HWKOM € Bid-
HOLLEHHs xnopodinie a/b Ta cymu xnopodinis (a+b) Ao kapo-
TWHOIZB, WO XapakTepuaye 304aTHICTb POCAWH MPUCTOCOBY-
BaTUCA [0 Pi3HUX YMOB cepeaoBuLLa. 3a3Buyaii BigHOLIEHHS
xnopodinis a/b Ta cymu xnopodinis (a+b) 4O KapoTUHOIAIB
€ cTabinbHUM, ane 3MIHIETLCS 3i Al HECIPUATIIBIX YMOB
cepefoBuLLA Y Takil 3aneXHOCTI: BigHOLLEHHS xrnopodinis ab
3MEHLLYETHCS 3@ HECMPUATNMBIX YMOB, a CyMa Xopodinis Ao
kapoTuHoipis — 36inbLuyeTbes (Matvyeyeva & Kvasko, 2010).

TakoxX € [aHi, WO BigHOLIEHHS XNopodhiniB a/8 Moxe
KopernoBaT 3 POCTOBMMM NpoLecamyt POCAMH Ha paHHixX
CTafisiX PO3BMTKY, BNMBAOYM Ha MOTEHLian BPOXaWHOCTI
(Kononenko et al., 2015).

BusHayeHHs BigHOLLIEHHS Xopodinis a/b nokasano, Lo
y cepefHbOMY 3a POKM AOCNIMKEHb Y AOCMIAHMX BapiaHTax
BOHO Oyno HEICTOTHO HWXYMM MOPIBHSHO 3 KOHTPOIbHUM
BapiaHTOM i KonmBanocs y OOCMigHUX BapiaHTax 3anexHo
Bi BWAy perynsTopa y mexax Big 3,19 go 3,25 pasu (3Hu-
XXEHHS! BIGHOCHO KOHTPOIIO cTaHoBuo 2—4 %) (tabn. 1).

BusHayeHHs BiHOLWEHHS cymu xnopodinis (a+b)/kapo-
TUHOIAM NOKa3ano, LWO Le NOKa3HKK Yy AOCMiAHMX BapiaHTax
3HUXKyBaBcs Ao 5,70-6,11 (80 8 %) NOPIBHAHO 3 KOHTPOMb-
HUM BapiaHTOM, [e BiJHOLLUEHHSI CTaHOBUMO 6,15 pa3su.

Buxogaum 3 OTpUMaHuX [aHuMX OO BiAHOLUEHHS
xnopodinis a/b Ta cymun xnopodinis (a+b) 4O KapOTUHOI-
[iB, MOXHa CTBEpAXYyBaTH, WO Lii MOKa3HWKKU CBigYaTh npo
CMpUATAMBI YMOBW, SiKi CKnanucs y BapiaHTax gocnigy 3a
006pobKM HACIHHS perynsatopamu pocTy POCIMWH, OCKINbK
BiJHOLEHHS XnopodiniB a/b NOPIBHAHO 3 KOHTPOMNbHUM
BapiaHTOM Maixe He 3MIHIOBaNoCs, a BiAHOLIEHHS Cymu
xnopodinis (a+b) AO KapOTWUHOIQIB MPOTU KOHTPOMBHOMO
BapiaHTy 3HU3MNOCS.

Bu3HayeHHs nokasHuka 4MCTOl NMPOAYKTUBHOCTI (pOTO-
cuHTe3dy (YMNd) nokasano, WO 3miHA MO0 BEMWYMHW
y DocnigHux BapiaHTax BigbyBanacs npsMo nponopLinHo
[0 3MiHV BMIiCTY (POTOCMHTETUYHMUX NiIrMEHTIB.

Tak, 3a 06pobku HaciHHA Kykypyasu nepeg cisboto PPP
Biocun (20 mn/T) nokasHuk YI®, NOpPIBHAHO 3 KOHTPOMEM,
3pic Ha 4 %, Togi sk 3a BUKopucTaHHs bionany (50 Mn/T) — Ha
11 %. BinbL epekTMBHAM CTOCOBHO YUCTOI NPOAYKTUBHOCTI
(hOTOCMHTE3Y POCIUH KYKYPYO3W BUSIBUIIOCS 3aCTOCYBaHHS
PeronnaHty (200 mn/T) Ta 3eactumyniny (20 mMn/T). Y umx
BapiaHTax gocnigy nokasHuk Yrd nepesuilyBaB pesyrb-
TaTu, OTPUMaHi y KOHTPOrnbHOMY BapiaHTi, Ha 17 i 16 % Bia-
nosigHo 1o Buay PPP (puc. 1).

MpoBeneHun perpecinHuin aHania BUSIBUB TICHWUI Kope-
nAUinHMA 38’30k (r?=0,97) Mix nokasHukom YN smicTom
cymu xnopodinis (a+b) y nmcTkax Kykypyasu, LLO OnMwCy-
€TbCS PIBHAHHSAM perpecii:

y=2477x - 2,3181
[e Y — YncTa NpoayKTUBHICTb hOTOCKHTESY, I/M? 3a [oby;
X — BMICT cymu xropodpinis (a+b) Mr/r cupoi pe4oBuHm (puc. 2).

O6roBopeHHs. PopmyBaHHS HOTOCMHTETUYHOI Ta 3€PHO-
BOI NPOOYKTUBHOCTI CiflbCbKOrocnogapChKnx KymnbsTyp Hacam-
nepes 3anexuTb Big YMOB, ki GU cripusnu OnTUMAsbHiN
hoTOCUHTESYIOMIN AisnNbHOCTI pocnuH. OgHUM i3 FONOBHUX
3aBaHb Cy4aCHUX TEXHOMNOTIN BUPOLLYBaHHS MOMbOBUX KyIlb-
Typ € 3abe3neyeHHs] HanexHOro piBHA YUCTOI MPOAYKTUB-
HOCTi (hOTOCHHTE3Y — NMOKa3HMKa, SIKUKA Bigobpaxae Harpoma-
[DKEHHS! CyXOl PEYOBMHU POCIMHO 3a J0BY i Bif 3HAYEHHs
AKOTO NPSIMO 3aneXuTb BENMYMHA BPOXANHOCTI KyNbTYpU.

MepLuoyeproBuit BNAMB Ha PiBEHb YUCTOI NPOOYKTUB-
HoCTi choTocuHTe3y (HINP) Mae NirMEeHTHUI KOMMNEKC poc-
NWHK, @ came BMICT XJI0poghiniB a, b, KapoTUHOIZIB iX cyma
Ta CniBBIOHOLLIEHHS, afke caMe Ha Ui nirMeHTn npunagae
(hyHKLiS NOrNMHAHHS Ta NEPETBOPEHHSI COHSYHOT eHeprii, Ti
nepenaya. Po3BMHEHWI NiIrMEHTHWUIN KOMMMEKC € OCHOBHUM
YMHHUKOM GionoriyHOI NPOAYKTUBHOCTI POCAMH. 3acTocy-
BaHHA [OCNIIKYBaHUX perynsatopis pocty pocnuH (bio-
naH, biocun, PeronnaHt, 3eactumyniH) 3abesnevye Hag-
XOMKEHHS O POCIIMH EK30TEHHUX CTUMYITIOUMX PEYOBWH,
TM CaMUM CrpUsie akTMBI3aLlii HarpoOMaKeHHs1 POTOCKH-
TETUYHUX NIrMEHTIB i3 IX ONTUManbHUM CMiBBiAHOLIEHHSM.

Cxoxi pesynsratv gocnigpkeHs otpumaro O.l. ByiHoto
3i cnisaBTopamu (Buyna et al., 2018). 3a aii pictperyntoto-
YMX PEYOBWH, 30KpEMA XIOPMEKBAT-XJI0puay, AOCTOBIPHO
3pocTana KoHLUeHTpauis xnopodinis y nuct-
kax TomartiB. AHanorivHi 3MiHV y BMiCTi OCHOB-
HOro (hOTECUHTETUYHOTO NirMeHTY Bynn Hamu
paHiLe 3adikCoBaHi i B IHLLINX OBOYEBUX KYIlb-
Typax.

[Hwumn  gocnimkenHamu  (Haviy et al.,
2019) BCTaHOBMEHO, WO 3a 3aCTOCYBaHHS
GionoriyHnx npenapatiB Ana NepeanociBHOI

7,50
P
€ 700
8
g
< 650
6,00 | oo |

1 2 3 4

BapianT nocniny

Puc. 1. Yucta npoayKTUBHICTb hOTOCUHTE3Y POCIUH KYKYPYA 3N
3a gii PPP (da3a BukmpaHHa Bonoti, 2018 — 2020 pp.)
1. KoHTponb (06pobka Bogoto); 2. bionax 50 mn/T; 3. Biocun 20 mn/T;

2. Peronnant 200 mn/T; 3eactumynin 20 mn/T.

06p0o6KK HACIHHSA KYKYpYA3W BMICT CyMW XNno-
poghiniB (a+b) y dasi 3-5 nucTkiB y KOHTpONi
cTaHoBMB 1,28 Mr/r cMpoOi pPe4oBMHK, XIOPO-
ciny a — 1,03 mr/r cupoi peyoBuHU, XI10po-
ciny b — 0,25 mr/r cupoi pe4oBUHN.
36inbLUEHHs BMICTY (DOTOCUHTETUYHUX Mir-
MEHTIB 3a X OMNTUMarnbHOMO ChiBiBiAHOLIEHHS
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Yy KOMMNEKCi Mae MO3UTMBHUIA BMMB Ha
3pOCTaHHS NOKa3HWKa YMCTOI NPOAYKTUBHOCTI

>
POCIMH KYKypya3W, SIKWA y BapiaHTax gocnigy & § 125 y=2,477x - 2,3181 e
i3 BUKOpUCTaHHAM PPP 3poctas nopisHsHo is £ & 7,00 r2=0,97 T
KOHTPOrbHUM BapiaHToM A0 17 %. E = 675 .
3pocTtaHHs nokasHuka YlNd 3a nepen- %’; e '
nociBHOi  0BPOBKM HACiHHS  perynsaTopom E ‘g 6:50 e
pocTy pocnuH [0 6% BiA3HAYEHO TaKOX 58 62 - P
Y DOCMIIKEHHSAX, BUKOHAHUX Ha KymnbTypi & g 6.00 .
copuay, o, 4K i KyKypyasa, Mae C4 wnax ’ 33 34 35 3,6 3,7 3,8 3,9
dorocuHTesy (Karpenko & Shutko, 2018). Bwmict cymu xnopodinis (a+b) mr/r cupoi peuoBunu
BucHoBku. Ortxe, nepeanocisHa
00pobka HaciHHS kyKypyasu perynsitopamm Puc. 2. KopensuiitHa 3anexHicTb Mk YNCTOK NPOAYKTUBHICTIO
POCTy POCNMH Crpusie GinbLL  aKTMBHOMY choToCcuHTE3y Ta BMicTOM cymu xnopodinis (a+b), 2018-2020 pp.

MOPIBHSIHO i3 KOHTPOMBHUM BapiaHTOM HaKo-
MUYEHHIO Xnopodinis a, b, ix cymn Ta kapo-
TWHOIQIB Yy NWUCTKax KynbTypu. TOPIBHSHHA 3aCTOCYBaHHS
pisHux PPP nokasano, Wo cepen ycix BapiaHTiB gocnigy
HanBINbLUMN edhekTMBHUM BYNo BUKOPUCTaHHS PeronnaHTy

(200 mn/T). Oewwo Hwk4y edheKTUBHICTb Mano 3acToCyBaHHS
3eactumyniny (20 mn/T). MpsiMo NPOMOpPLIAHO A0 3MiHX BMICTY
Y NINCTKAX KYKYPYA3M (DOTOCUHTETUYHUX NIrMEHTIB Y AOCRIAHMX
BapiaHTax BinbyBanocs i 3pocTaHHs nokasHuka Yro.
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Pigment content and net photosynthetic productivity of maize when using plant growth regulators

The article deals with the results of studies on the effect of treatment of maize seeds with the plant growth requlators
of natural origin on such parameters of photosynthetic productivity of corn plants as the content of photosynthetic pigments
and net productivity of photosynthesis.

It was found that the use of pre-sowing treatment of corn seeds with plant growth requlators contributed to the increase
in the chlorophyll a and b content, their amount and carotenoid content from 6 to 20 % depending on the pigment and growth
regulator. The chlorophyll a/b ratio ranged from 3.19 to 3.25.
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Determination of the chlorophyll a/b ratio showed that over the years of research in the experimental variants it was not
significantly lower compared to the control variant and varied in the experimental variants depending on the type of regulator
in the range from 3.19 to 3.25 (decrease relative to the control was 2-4%).

Determination of the ratio of the amount of chlorophylls (a+b)/carotenocids showed that this index in the experimental
variants decreased to 5.70-6.11 (up to 8 %) compared to the control variant, where the ratio was 6.15.

On the basis of the obtained data concerning the ratio of chlorophylls a/b and the amount of chlorophylls (a+b) to
carotenoids, we can state that these indices testify to favorable conditions developed in the experimental variants of seed
treatment with plant growth regulators, since the chlorophyll a/b ratio compared to the control variant was almost unchanged,
and the ratio of the amount of chlorophyills (a+b) to carotenoids decreased against the control variant.

Analysis of the experimental data also showed that the change in the net photosynthetic productivity index in
the experimental variants was directly proportional to the change in the content of photosynthetic pigments. Thus, when
corn seeds were treated before sowing with the Biosil PGR (20 mlft), the net photosynthetic productivity index increased by
4% compared to the control, while when using Biolan (50 mi/f) — by 11 %. The use of Regoplan (200 mi/t) and Zeastimulin
(20 ml/t) appeared to be more effective for net photosynthetic productivity of corn plants. In these experimental variants
the NFP index exceeded the results obtained in the control variant by 17 and 16 % according to the type of PGR.

The regression analysis revealed a close correlation (r’=0,97) between the NFP index of chlorophyll content (a+b) in
maize leaves, which is described by the following regression equation: y = 2.477x - 2.3181.

Key words: maize, requlator, pigments, chlorophyll, carotenoids, ratio, productivity, photosynthesis, correlation.
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BUPOLLYBAHHA TA NEPCMNEKTUBMW CENEKLIWHOIO NOMNIMWEHHSA BIBCA FONIO3EPHOIO B YKPAITHI

KpaBueHko Anna IBaHiBHa
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Y cyyacHux ymosax nepeopieHmosaHocmi nrodcmea Ha 300posull Criocib Xummsi 08eC € UiHHOK CUPOBUHO Ors Xap-
yoeoi npomucriogocmi. Osec 201103epHUL 8IOKPUBAE HOBI Nepcrekmusu U020 BUKOPUCMaHHSI y nepepobHil npomucnosocmi
3a805IKU 3MeHWEeHHI0 sumpam Ha nepepobky ma nokpaweHomy i 36anaHcoeaHOMy 8Micmy MOXUBHUX pevosuH. Copmu-
MeHm fpodykmie 05 diemu4yHO20, CIOPMUBHOZ0, OUMSYO020 Xapdy8aHHsI PO3WUPIEMLCS WOOHS, MOMUM Ha SKiCHY cupo-
8UHY pocme, 00HaK rPyHMOBO-KIliMamuyHi yMo8U Hawoi KpaiHu pisHoMaHIimHi, momy Orisi 3abesrneyeHHs1 mompeb eupob-
HUKi8 HeObXiOHOK CUPOBUHOK HeobXiOHe ernposadeHHs BifbLWOi KilbKOCmi copmie gigca 20103€PHO20 PI3HUX HarpsiMie
guUKopucmaHHs, siki 6u npucmocosysarnucsi 0 yMo8 8upoulysaHHs ma bynu 6u cmilikumu 00 abiomuyHux i GioOMUYHUX
YUHHUKi8 HagKomMUWHL020 cepedosuua.

Lns yeniwHo2o 8ukoHaHHs A0CIOXEHHS 3 BUBYEHHS Ma CMBOPeHHS 8UXIOHO20 Mamepiary igca 20/103epHO20 8 yMO8ax
JlisobepexHozo Jlicocmeny HeobxidHo byro docnidumu biomoeidHi ocobrugocmi yiei Kynbmypu, 8niug PisHUX eKomo2ivyHuX
YUHHUKI8 Ha (i0e0 picm i po38umoK ma nepcrnekmusu cenekuii 8 Ykpaii. [Ina npoeedeHHsi docnioxeHb byno npoaHarni3o-
8aHo nlimepamypHi 0xepena 3apybixXHUX | 8imYU3HSHUX aemopie. BecmaHoeneHo 8i0HOWEHHS POCIIUH 8iéca 20/103ePHO20
00 ymMo8 cepedosuuia 30HU BUPOLWLYBaHHS, 3MIH KriMamy, sKi 3yMOG/IHMb 10518y MOCYX | Cyx0siig, Wo cmanu yacmumu
8 ymosax flisobepexHoezo Jlicocmeny YkpaiHu y eecHsiHO-nimHil nepiod. Kpim moeo, 8id3HaqyeHo, wo 0esiki MopghornoaiyHi
ocobnusocmi 6y0osu Koocka, a came HelinbHe npurnseaHHs Keimkosux fycok 00 3epHieku pobumb 3epHieKy eigca 20110-
3epH020 binbw 8pa3snueoro 00 MOWKoxXeHb nid Yac obmoriomy ma 3bepicaHHs. Lia mopghonoaiyHa ocobnusicmb 30amHa
3HU3UMU pieeHb MPOpOCMaHHs 3epHieKuU ma npu3eodums 00 3pidXeHHs rocigis. Bee ye mae 6esnocepedHill ernue Ha picm
i pO38UMOK POCIUH 8igCa 20/103ePHO20, @ omxe, U Ha pigeHb ypoxaliHocmi. BpoxaliHicms gigca — documb ckradHa Kirb-
KiCHa 03HaKa, i 20/103epHi COpmuU 3Ha4YHO MOCMYNarMmMbCA naig4acmuM copmam 3a Ujero 03Hakor. HuHi momeHuitiHa epo-
XaliHicmb copmig gieca 20103€pHO20 cmaHosumsb 5,0 m/2a ma Ha npakmuui cepedHs 8poxalHicmb HUX4a y 0ea-mpu pa3u
3arnexHo 8i0 N0200HUX yMO8 POKy sUpoulysaHHs. ToMy Halbinbw yiHHUMU Orisi cenekuitiHoi pobomu € suxidHUl Mamepiarn,

AKUU 8i03Ha4aembCS K 8UCOKUM pigHEM MPOOyKmMuUBHOCMI, mak i cmilikicmio 00 Hecripusmaueux ymos cepedosuuja.
Knrovoei cnoea: osec 20/103epHull, copm, cenekuisi, 8UXiOHUU Mamepiar, ypoxalHicmb, sSIKiCmb 3epHa.

DOI https://doi.org/10.32845/agrobio.2021.4.3

Bctyn. OBec — ogHa 3 HaMBaXnMBIWMX i HaMbinbL
noLumpeHmx 3epHoBmx Kynbtyp (Akimova & Kozlova, 2012).
Y TBapUHHWLITBI IOTO BUKOPWUCTOBYHOTb i3 METOK OfepPXaHHS
BUCOKOMNOXMBHOTO kopMy (Arendt & Zannini, 2013), y xap4o-
BilA ranysi — ans BupobHuUTBa Kpyn, BopoLuLHa, ranert, kaBo-
BMX HamMoiB, AIETUYHOMO Ta AMTAYOrO xapyyBaHHS (Sots et
al., 2011; Kurjatnikova & Kirasirov, 2009).

HesBaxarum Ha picT NonuTy Ha BIBCSHY CUPOBWHY
B YCbOMY CBITi, T€BOBA YacTka, 6nun3bko 74 %, — KOPMOBOTO
npusHaYeHHs, i nuwwe 6nmnabko 14 % BUKOPUCTOBYETHCS BE3-
nocepeaHbo Ha xap4yosi uini (Webster & Wood, 2011).

OnHWM i3 OCHOBHUX YMHHVIKIB, SIKIA CTPUMYE BUKOPUCTAHHS
BiBCa, € NniBKa, sika LLifbHO 3B’si3aHa i3 3epHiBKO. BMICT nniBku
craHoBUTb 20-30%. Y TBapUHHWLTBI Lie# NOKa3HUK noripLuye
AKICTb KOPMIB, 3HVDKYHOUM EHEpreThyHy Ta XapyoBy LHHICTb
3epHa (Webster & Wood, 2011), y nepepobHiii npoM1cnoBocTi —
YCKIMaZHIOe TEXHOMONYHMIA npouec nepepobku Bisca (Sots et
al., 2013). Kpim Toro, BHaCriZoK NyLLEHHS yTBOPIOETLCS BEMMKa
KiNbKICTb MOGIMHMX NPOAYKTIB i BiXOMiB, LIO 3HAYHO 3MEHLLYE
BVIXif, FOTOBOI NMpoayKLii, 36inbLuytou ii cobiBapTiCTb.

CknapgHicTb nepepobku Ta HeQonNikv TPaAULiHMX COpTIB
BiBCa Npu3Benu 4O NOLUYKY HOBUX pilleHb. BueHi-cenekuio-
Hepw 3BepHynucs Jo 3abytoro 6e3nniBkoBoro BiBca Avena
nuda (oBec rono3epxuin) (Batalova, 2010).

lonosepHuii oBeC 3aliMae BaxnuBe Micue cepep ycix
¢hopm BiBca (Sots et al., 2011). HaibinbL npuabnmei rono-

3epHi hopMM NOCIBHOrO BiBCa NOXOAATb i3 MPCbKUX pano-
HiB 3axigHoro i LieHTpansHoro Kutato (Gorash et al., 2017).
BigomocTi npo MOro BUKOPUCTAHHS Y EBPOMENCHKMX Kpa-
iHax patytotbes XVI ct. A.C. MutpodpaHoB (Mitrofanov &
Mitrofanova, 1972) 3a3HauuB, LU0 KpYNHO3EPHWIA FONunii 0BeC
BUPOLLYBanu Ha HEBEMUKMX MMowax, a Aeski CenekuinHi
yCTaHOBM BXe TOAj NpaLoBanu 3 rorio3epHMMmn hopmamu.

MounHaroum 3 60-x pp. XX CT. y4eHUMU Benncs crnpobu
BBECTMW rono3epHi COpTu BiBCa Yy KynbTypy, OOHaK BOHU He
Habynn LUMPOKOrO MOLUMPEHHS Y BUPOOHWULUTBI Y 3B'A3KY
3 HU3bKOK BPOXaMHICTIO 3epHa (MOpPIBHSIHO i3 NiB4acTmm)
(Batalova, 2010; Lisova et al., 2014; Kabashov et al., 2019).

Pesynbratn. OBec ronosepHuii, 06e3ymMOBHO, MOXHa
BBaXaTW OJHIEI0 3 NEpPCNEeKTUBHNX 3epHOBMX KynbTyp. Woro
BIAMIHHICTb Bif, NMiBYAcTOro nonsrae y MOPMONOrivHii
Oynosi konocka. No-nepLue, ronosepHi opmm BiBca MatoTb
HaraToKBITKOBI KOINOCKM, Y HUX MICTUTLCS TPU-M'SATb KBITOK,
TOAi K nniB4acTi COpTM MatoTb ABI-TPW KBITKW, NO-Apyre,
KBITKOBI INyCKU rono3epHoro BiBca, K i KOMOCKOBI, M'siKi,
HELLINbHO NpunsralTb 40 3epHiBkM Ta nig vac obmonoty
MOBHICTIO Big4iNATLCA Bif 3epHa.

OkpiMm BiACYTHOCTI XOPCTKOT KBITKOBOI MyCKM, LLO noner-
wye npouec nepepobkn (Mukoid et al., 2009), oBec ronose-
HUA Mae 3HaYHy KinbKiCTb NepeBar, Takux §K: CTiKKICTb 10
BUNsAraHHs, ocunaHHs (Lisova et al., 2014) i BUCOKy CTiliKiCTb
[0 I'pyHTOBMX rHUMen i wkigHukis (Biel et al., 2014; Yusova,
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& Vasyukevich, 2014). Ta HaironosHiLue Te, O 3ePHO BiBca
rofio3epHoro mae GinbL Hacu4YeHUn | 36anaHcoOBaHWM XiMiy-
HUI CcKnag 3epHa NopiBHSAHO i3 mnie4acTum BiBcoM (Biel et
al., 2014; Vargach et al., 2017). 3a BMiCTOM NOXMBHUX peyo-
BUWH Cepef, 3epHOBYIX KyNnbTyp oMy HeMae piBHUX (Loskutov,
2007; Klose & Arendt, 2012).

Binkn, Byrmesogn Ta XMpW — TrOMOBHI CKNagHUKW Xap-
yyBaHHs. Big ix BMicTy, KinbkocTi Ta 30anaHCOBaHOCTI
3anexarb CMakoBi SIKOCTi, apomar i KopucTb. Bmict Ginka
Y 3epHi BiBCa rofl03epHOro, 3a AaHUMK Pi3HUX NiTepaTypHUX
mxepen, konueaetbcs Big 14 go 21% (Sots et al., 2011).
[onoBHOW ocobnumBicTio € Te, Wo BiH Ha 70-80% cknaga-
€TbCs i3 rMobyniHy rpynu avenalin (Klose & Arendt, 2012;
Batalova et al., 2018).

Huskoto BueHnx (Sots et al., 2011; Batalova, 2018) Bia-
3HaYeHO HasBHICTb y OINKOBOMY CKMafi «HE3aMiHHUX» ami-
HOKWCMOT — Ri3uHY, TPUNTOaHY, METIOHIHY, TPEOHIHY, BaniHy,
doeHinanaHiny, nenumHy, isonenumHy. B. bienb 3i cniaBTopamu
(Biel et al., 2014) y cBOiX AOCHIIKEHHSX BCTAHOBWNK, LLO aMi-
HOKMCIIOTW BiBCa rOMO3epHOro MatoTb BinbLL BUCOKY LiiHHICTb
MOPIBHSIHO 3 aMIHOKMCINOTaMM iHLUMX 3€PHOBUX KYTETYP.

Kpoxmanb — OCHOBHa pevoBMHA BYrMEeBOLHOMO KOMM-
nekcy (Isachkova & Ganichev, 2012). BmicT kpoxmanto
y 3epHi BiBCa ronosepHoro konueaeTtbcs Bia 36 80 67 %
(Vargach et al., 2017). ®i3uko-xiMi4yHi BRacTMBOCTI Kpo-
XManw 3anexarb Bi [ABOX MOr0 KOMMOHEHTIB: aminosu
 aminonektuHy (Borisova, 2007). CniBBiZHOWEHHS MK
HUMKU BU3HAYA€E KOHCUCTEHLK Kaw i iX po3BaptOBaHiCTb
(nigBULLEHMI BMICT aminosu Hagae po3cunyacTicTb, a ami-
NONEKTUHY — B’A3KICTb).

Bucoka B'A3KiCTb BIBCSHMX BiBapiB 3yMOBMEHA TaKOX
HasIBHICTIO B 3€pHi Xap4OBMX BOMOKOH [B-rntokaHa 1 apabi-
HOKCMNaHu, isionoriyHo BaXNMMBMX OIETUYHUX KOMMOHEH-
TiB. [ono3epHi hopmmn BiBCa MatoTb OINMbLUMIA BMICT LbOMO
nonicaxapmay nopiBHaHO i3 nnis4actumm (Harland, 2014;
Andreev et al., 2019), ogHak Hackinbky B-TMoKaHN KOPUCHI
ans 3nopos’s noguHn (Chu, 2014), HacTinNbKy X BOHW He
BaxaHi B kopmi Ans xynHux TBapuH (Polonskij, et al., 2019),
OCKiNbKM MaloTb HEraTUBHWIA BMSIMB HA MEPETPaBIIEHHS
Ta 3aCBOEHHS DKi. TOMy MpU CTBOPEHHI COPTiB KOPMOBOIO
YM Xap4oBOro Hanpsimie 000B’sI3KOBUM € J00ip 3a BMICTOM
B-rniokaHy B 3epHi (Zhu et al., 2016). Y pasi BUKOpPUCTaHHS
BiBCa Ha KOPMOBI Liini 4o6ip BeAyTb HA HU3bKWUI BMICT B-r1to-
KaHy Ta BUCOKUI BMICT Binka Ta xwupy (Polonskiy et al, 2019).

YKUpn MalTb BaXnMBe 3HaYeHHs. Ix BMICT y 3epHi
BiBCa rofio3epHoro konmeaetbes Big 5,6 4o 9% (Akimova
& Kozlova, 2012; Polonskij et al., 2019), iHkonu Moxe
cara™m 11%. Xup BIBCAHOrO 3epHa Cknagaetbcs nepe-
BaXXHO 3 HEHacu4eHux — oneiHosoi (18:1) i niHonesoi (18:2)
Ta HacuyeHoi nanbMmiTuHoBOI (16:0) kncnoT (Batalova,
2018). Ix BMiCT y 3epHi BiBCA rONI03EPHOTO € HABULLIM Cepeq
BCix 3nakoBux kynetyp (Webster & Wood, 2011).

OkpiM OCHOBHUMX NOKa3HUKIB BiOXiMIYHOrO ckraay, 3epHO
BiBCa rOM03epHOr0 MICTUTb aHTUMOKCUZAAHTW — TOKOobepon,
TOKOTPieHON Ta aBeHaHTpamia, barate Ha BiTamitu A, E, K,
B1, B2, B3, B6, B7, B9, xoniH, cTepuHm, CTEPOIHI CanoHiHw,
OpraHiyHi KUCOTK, KYMapWH, CKOMONETUH, TUPO3UH, ediipHa
onisl, LyKOp, TPUroneHuH, miHepanbHi comi — dhocdopHi,
KanbLieBi MiKpo- Ta MiKpOenemeHTH (Cronyku 3anisa, Kasb-
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uito, docdopy, MapraHut, Migi, monibaeHy) (Loskutov,
2007). 3a BmicToM BiTamiHiB rpynn B 3epHo BiBca ronosep-
HOro He MOCTYNaeTbCs rpeyli Ta NpogoBonsYuM 6060BUM
KynbTypam.

[ocnimkeHHst GaraTboxX BYEHWMX CBigYaTh, LIO MOKa3-
HUKWU SKOCTi 3epHa 3anexarb Bif COpPTY, POAIOYHOCTI I'PyHTY
Ta MiHepanbHoro xwBneHHs (Isachkova & Ganichev, 2012;
Andreev et al., 2019). t0.C. IsaHoBa (lvanova et. al., 2018)
y CBOiX Aocnigax BCTaHOBUMA 3HAYHUN BMMB YMOB BUPO-
LyBaHHS Ha BMICT Binka, skun ctaHoBuB 69,4 %, y CBOK
Yyepry, Ha BMICT XUpY Ta KpOXMarto, yMOBU HaBKOMULLHLOO
cepefoBulla Manu MeHWun BnuB i ctaHoBunu 35,7 %
i 32,4 % BignosigHo.

BigsHaueHo, Lo y pOKM 3 NOCYLLNMBUMU YMOBaMU BMICT
6inka nigmwyetbes (Yusova & Vasyukevich, 2014). Hako-
MUYEHHS KNPy Ta KPOXMarto, HaBnaku, BifOyBaeTbCS Y POKM
3 ONTUMArbHORK KifbKICTIO OnagiB i 3@ NOMiIPHUX CEpeaHbO-
pobosux Temnepatyp nositps (lvanova et al., 2018).

IcTopryHO Cknanocs, Lo OCHOBHE BMPOBDHWMLTBO BiBCa
6yno 3ocepemxeHo ansa TeapuHHMLTBa (Akimova & Kozlova,
2012). Matoum Takui yHikanbHU XiMiYHWIA CKnag, OBEC rono-
3epHWii € HanWnpyBabnuBilLMM KOMMOHEHTOM KOMBiKOpMIB
i KOPMOBWX CyMiLLeV AN MOMOAHSKY TENST, CBUHEW i NTUL.

OBec rono3epHUn MOXHa BUKOPWUCTOBYBATW Ha 3erne-
HU/A KOpM, CiHO Ta CMNIOC, 0COBMMBO y CyMmilWi 3 OAHO-
piyHMMU 6060BMMKM  KynbTypamu  (Kubarev, 2015). [Mpm
CYMIiCHMX MOCiBax OTPUMYHOTb BUCOKOSIKICHUAM KOPM, SKWiA
fobpe nepeTpaBniETbCA Ta 3aCBOKETLCH TBapUHAMMU
(Kardashina & Nikolaeva, 2018). Kpim Toro, oBec mMoxHa
BMPOLLLYBaTK K OAHOPIYHY NACOBMLLHY KySbTYpY, B yMOBax
3 JOCTaTHLOMO KiNbKICTIO onagis i 3 TpBanMm Tennum nepio-
[OM BiH 3gatHun obpe BigpocTatyt npu 3—4-x KpaTHOMY
CTpaBmMBaHHi.

I3 noyatkom XXI CT. novanaca epa 34OPOBOrO Cro-
coby XWTTS, MEPeOpiEHTOBAHICTb MIOACTBA HA KOPUCHE
doyHKLiOHanNbHe Xxap4vyBaHHS. BopgHouyac 36inbLyeTbes
iHTepec [0 HaTypanbHUX Ta €KOMOMYHUX MPOLYKTIB
(Sharshunov et al., 2016). Lii 3MiH1 cnoHyKkatoTb BUPOBHUKIB
NPOAOBOIILYOT MPOMUCIIOBOCTI HA PO3PO6KY BiNlbLL LIMPOKOTO
COPTUMEHTY MPOAYKTIB i3 BUKOpUCTaHHAM BiBca. Ocobnmeo
L0 TEHOEHL MOXHA NPOCTEXUTU Y KpaiHax €BPOCOH3Y,
CLA, KaHagi (Ryan, 2011). | came B LibOMy HanpsiMi 0BeC
ronosepHuii — 6esnporpaluHui BapiaHT. 3aBasku GinbLu 36a-
NaHCOBaHOMY BMICTY MOXMBHWX PEYOBWH FON03epHi hopmMu
[alTb MOXIMBICTb BiMbll LUIMPOKOTO BUKOPUCTAHHS, HiX
TpaguuinHniA nni4actun osec (Ahadova & Kurkiev, 2017).

I3 3epHa BiBCa rOMNO3EPHOTO0 CbOTOAHI BUIOTOBMSAKTH
MYKY, TONIOKHO, nnacTiBui, BUTspkkuM (Kurjatnikova & Kirasirov,
2009). Ha 1oro ocHOBi BUrOTOBMAKOTE fanLuy, X6, neuuso,
NPSHUKK, Kalli LIBMAKOTO MPUrOTYBAHHS, MIOCHI, KMCiflb,
KaBOBWI Hanii, BIBCAHE MOMNOKO, NOrypTW. HuHi gyxe nony-
NSIPHUM € NPOPOLLYBaHHS 3epHa Ta BUPOLLYBAHHSA CyMiLli
mikporpiH (Sharshunov et al., 2016). OBec ronosepHumn
Yy4OBO MiAXOAUTb ANS MPOPOLLYBAHHS 3aBASKW BigCYTHO-
cTi TBepaoi obonoHku. Cnig Big3HaYMTK, WO NPU BXMUBAHHI
MPOPOCTKIB BiBCa rOfI03EPHOM0 B OPraHi3aMi NOKpaLLyoThCs
0OMiHHI npouecK, BiOOYBAETLCA OMOMOMKEHHA TKAHUH
OpraHiamy Ha KniTMHHOMY piBHi, NigBULLYIOTbCS 6aabopiCTb
Ta aKTUBHICTb.
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Y kpaiHax CkaHauHaBii BIBCSHI 3epHOBI BUTSKKM AoOa-
t0Tb Y MOJIOYHI, M'SICHI Ta KOHOMTEPCbKI BUPOOK OIETUYHOTO
Ta nikyBanbHoro npusHadeHHs. Y LWeewii ipma Oatly Bupo-
Gnsie BiBCSIHE MOMNOKO Ta MOpo3nBo. Cepes yCboro pisHoMa-
HITTS npoaykTiB cipma Sinebruhoff Bupobnsie nueo «Kauray
(Loskutov, 2007). Y ®iHnaHaii oTpumaHo aHanor m’sca i3
BiBca Ta kBacori — pulled oats, Wwo Ha BUrIsg i cMak He Bigpis-
HSIETBCS Bif M'sica CBUMHWHYM Ym sinosuymnHuW (Batalova, 2018).

MonynapHum € BunikaHHSA xniba 3 JodaBaHHAM BiBca.
B IHpii BiBCAHE GOpOWHO AOAAlOTb Y BEPLUKOBE Macro
Ta maprapuH (Batalova, 2010). BiBcsiHi ekcTpakTu BUKO-
PUCTOBYIOTECS K anbTepHaTVMBa XenaTuHy Ans BUroTOB-
neHHs coycig, canatis i cyniB (Mukoid et al., 2009).

Y CLWA Ta KaHagi nonynspHuMu € BiTaMiHHi nnacTisLi,
Hanischabpukatn Ta MigKapku, rOTOBI [0 CHOXMBAHHS
(Loskutov, 2007), KOPUCTYOTbCH 3HAYHUM MOMUTOM KOK-
Tewni Ta foGaBkuM ONS CXYAHEHHS, 30Kpema LUOKOMagHi
GaToHuMKM 3 fodaBaHHsAM BiBca ronosepHoro. LoaHs cnu-
COK NPOAYKTIB i3 BUKOPUCTAHHSM BiBCa rofi03epHOro nomnos-
HIOETHCA HOBUHKaMMW.

OkpiM TpaaULINHOTO BUKOPUCTAHHS HA KOPMOBI Ta XapYoBi
Liini, OBEC roMo3epHUIA KOPUCTYETLCA MOMUTOM B IHLLIMX rany-
3x. OBEC € rapHOK0 CUPOBMHOKO AMSt KOCMETUYHIX NPOJYKTIB
(Broeck et al., 2016): kpemis, Macok, ckpabis, Muna, renis 4ns
AyLLy, WamnyHto Ta koHguuioHepy ans sonocces (Urbanchik &
Galdova, 2021). Y xiMmiuHOMY cknagi 3epHa BiBCa HasiBHi aBe-
HaHTpamign — peHOMbHI CNONYKK 3 aHTUOKCUMAAHTHO Ta Gio-
noriyHoto aktueHicTio (Chu et al., 2014), siki MaroTb NpoTUanep-
FiiHy Ta 3acrokinnmBy Aijto Ha LuKipy noguHm (Loskutov, 2007).
Y4eHnMn pisHMX KpaiH oBeAeHO, Lo 3acobu Ans LKipU Ha
OCHOBI BiBCa MOSErLUYTb MNPOSIBU EK3EMU.

3aBasKM CBOEMY YHIKanbHOMY XiMiYHOMY cKknagy Ta niky-
BanbHUM BMAacTUBOCTSIM OBEC CbOMOAHI € LiHHOK CUPOBU-
HOK AN1a hapmaLeBTUYHOT NPOMMUCIIOBOCTI i, 3BUYANHO X,
LIMPOKO 3aCTOCOBYETLCA Y HapoaHin MeauuumHi (Cermak &
Moudry, 1998).

Y HapoaHin MeauLMHI OBEC 3aBHa BUKOPUCTOBYETLCS SIK
KopucHuUK i wintowwmin npogykt (Daou & Zhang, 2012). Hasea
Avena (0Bec) noxoauThb Bif NATUHCLKOTO crioBa Avere, LIO
03Hayae «byTn 300pOBUMY. BvBaHHs BiBca € EEKTVBHUM
ANA NiKyBaHHS Ta NpoinakT!k1 cepLeBo-CyaNHHUX 3aXBO-
PrOBaHb, 3HWXKEHHS xonectepuHy B kpoBi (Harland, 2014),
MPOTMNYXNWUHHOI Tepanii, 3anobiraHHs OXMPIHHIO, LYKpO-
BOMy AaiabeTy, apTpo3sy, XBopobaM LUMYHKOBO-KULLIKOBOTO
TpakTy (Biel et al., 2009; Daou & Zhang, 2012; Clemens &
van Klinken, 2014). Y4eHi BBaxatoTb, L0 paHHE BBEEHHS
B Xap4yBaHHsi HEMOBNAT (i3 6 MicALIiB) NPOAYKTIB HA OCHOBI
BiBCa MOCWIIOE 3aXWCHWIA BMNMB, 3anobiratoydm po3BUTKY
aneprivyHnx peakLin i 3HUXKYIUM PU3NK NPOSIBY acTMMU.

OcHoBHe cBiTOBE BMPOOHMLTBO BiBCa 30CEPEmKEHO
y Pocii, CWA, Kanapi, ®iHnanaii, Asctpanii. Jligepamu
BMpOGHMUTBa BiBca € Pocis, kpaiHm €C, KaHaga. Hessa-
XKatoun Ha CTPIMKMI PO3BMTOK BUKOPUCTAHHS BiBCa, MOCIBHI
Mnowi y CBITOBOMY 3eMnepobCTBi Mifg L€ KynbTyporo
MatoTb TEHAEHLIt0 4O 3MEHLLEHHS, a CTaTUCTUYHI AaHi Woao
BMPOBaKEHHS y BUPOOHULTBO BiBCA rofo3epHoro Baarani
BidcyTHi (Batalova, 2018).

YkpaiHa BXoAUTb 40 AECATKM KpaiH — BUPOOHWMKIB BiBCa.
Y 2020-2021 pp. nnotya nig nocisamu BiBca B YkpaiHi cTa-

HoBuna npmbnusHo 200 TuC. ra, a BUPOOHMLTBO BiBCa 3Ha-
xoanTbes Ha piBHi 511,3 Tuc. ToHH (AMK, 2020). OcHOBHUMM
perioHaMu BUpoOHMLITBa 3anuLatotbes [Monices Ta JlicocTten.

3a paHumu  «ATK-lHopm», HaMBULLY BPOXaMHICTb
y 2020-2021 pp. oTpumanu cinbrocnenpobHukn CymLLMHM,
XmenbHuyumHn T1a 3akapnatta — 3,3 T/ra. HanHmxuui
nokasHuk otpumanu arpapii Ogewwnn (1,0 T1/ra) i Jlyran-
wwHy (1,7 T/ra). 3a obcsarom 3ibpaHoro BiBca neplue micue
B YkpaiHi nocigatotb XmenbHuupka (96,9 tic. T) i KuiBcbka
(96,1 Tuc. T) obnacri. HanmeHwe 3i6panu Ha PiBHEHLLMHI
(0,94 Tuc. ) i TepHoninbLwmHi (1,62 Tuc. T).

B «AlK-IHdopm» BigsHavatotb, wo y 2020-2021 pp.
€KcnopT BiBca B YKpaiHi cTaHOBMB 6nn3bko 13 TUC. TOHH
3epHa, WO Ha 56 % 6inble, HiX y nonepegHboMy poLi.
OcHoBHuMKM mokynuamu € IHais (58 %), Mapokko (6 %)
i HimewumHa (5 %).

COpTMMEHT KynbTypy 3HAYHO BNMBAE Ha piBeHb i CTa-
BinbHiCTb BUPOBHMLTBA Y KpaiHi. [lo [lepxaBHOro peectpy
COpTiB POCNVH, NPUAATHUX ANS NOLUMPEHHS Ha TepuTopii
Ykpainu, ctaHom Ha 2021 p. 3aHeceHo 37 copTiB BiBca NOCiB-
HOro i 7 COpTIB BiBCa rof103epHOr0 Pi3HUX HanpsiMiB BUKOPW-
CTaHHS1, OHAK, HE3BaXatouM Ha HasIBHICTb Cy4acHUX COpTIB,
OBEC rONO3ePHNIN HE MA€E LUMPOKOrO NOLUMPEHHS B YKpaiHi,
OCKiNbKW KyrnbTypa HeoCTaTHbO BUBYEHA Y TEXHOMOMYHOMY
nnakni (Isachkova et al., 2011). BiH posrnsgaeTbcs arpapi-
AMU SIK ApYropsiaHa Kynetypa, i ToMy BUPOBHUKM YacTo Hex-
TYlOTb TexHonorieto oro BupollyBaHHs (I'chenko, 2014;
Gorash et al., 2017; Rusakova et al., 2017). Llei dakr
Y NOELHAHHI 3 HECTIPUATIIMBUMU EKOMOTIYHUMM YHHUKaMK
Ma€e HeraTMBHUI BNAMB SIK HA BPOXAWHICTb, Tak i Ha SKICTb
3epHa (Kabashov et al., 2018).

[0 OCHOBHMX UMHHMKIB, LIO BU3HAYaKTb €(EKTUB-
HiCTb BMPOOHMLTBA BiBCa, MOXHA BigHECTW SIK I'PYHTOBO-
KniMaTU4Hi YMOBW BUPOLLYYBaHHS, TaK i SIKICTb OPHUX 3eMeNb
(Kurjatnikova & Kirasirov, 2009; Yula & Mushyk, 2016).

OBec Mae LUMPOKNUIA apean BUPOLLYBaHHS, MOro nocieu
MOXHa 3yCTPITU SIKy HaniB3acyLLN1BMX palioHaXx, Tak i 4aneko
Ha niBHoui (Loskutov, 2007). Ta Bce » OBEC — pOCIIMHA MOMip-
HOTO Knimarty, sika nomntobnsie Bonory i gyxe yytnuea 2o ii
HecTaui. Y pesyneratax gocnigxeHs |.I. Pycakosoi BigsHa-
YaETbCS, WO Y POKWN 3 HEAOCTATHIM 3BOSIOKEHHAM YpoXaii-
HiCTb BiBCa ronosepHoro gocuTtb HM3bka (Rusakova et al.,
2017). MopyLUeHHs pexMMy 3BOMOXEHHS! 'PYHTY BUKIIMKAE
Yy POCnVH BiBCa 3aTPUMKY PO3BUTKY, HW3bKE HApPOCTaHHS
Giomacy, 3HWKEHHS 3aB’A3yBaHHS 3epHa Ta MOripLUEHHS
nokasHukiB sikocTi 3epHa (Pandey et al., 2013). MoTpeba
POCNWH BiBCA Y BOAI 3MIHIOETLCS 3aMexXHO Big a3 po3BUTKY
Ta pocty. ONTUManbHOrO 3BONMOXEHHS POCMMHM BiBCa rono-
3epHoro noTpebytoTb y NepLuii nonosuHi Beretadii (Patel,
2015), ogHak Nepe3BONOXEHHS Y LEN nepiog Moxe 3rybHo
BNMAMBATW Ha CTaH MOCIBIB, @ MOCyxa CNpUSTUME pPi3KOMY
3HVKEHHIO BPOXaH0.

B3arani npobnema nocyxocTilKkocTi y cenekuii BiBca
3aimae ocobnuee Mmicue. [Mpupoga UbOro sBULLA AyXe
Pi3HOMaHITHa, | Jy)Xe BaXKO LOCAITY CYTTEBOTO MPOrpecy
Yy CTIlKOCTi POCMMH A0 NOCYXW LUNSXOM Bigbopy cenekuii-
Horo matepiany (Batalova, 2010). Ak i nniB4acTvii, oBec
ronosepHwii 6axaHo BUCIBATW Y PaHHi CTPOKMW, SK TiflbKu
I'PYHT gocsrHe isnyHoi CTMrnocTi. BueHMMM BCTaHOBMEHO,

BicHuk CymcbKoro HauioHanbHOro arpapHoro yHiBepcureTty
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LU0 3ani3HEHHS 3i CTpOKaMu CiBOU BiBCa HEraTUBHO BNIMBaE
Ha NpoadyKTUBHiCTb pocnuH (Rusakova et al., 2017).

TpuBanicTb BereTawinHOro nepiogy POCIUH BiBca rono-
3epHOr0 3anexuTb Bif CcepeaHbodoboBOI TemnepaTtypu
nosiTps (Kardashina & Nikolaeva, 2018). BignosigHo, nia-
BULLEHHS1 ab0 3HWXeHHs cepeaHboLoOOBOI TEMNepaTypu
Ha TpvBanui Yac 3aatHe npuckoputy abo 3atpumatn ix
PO3BUTOK.

HaciHHa nouuHae npopoctatu 3a Temnepatypu
1-2°C. MNMigBuLeHHa Temnepatypu o 5-6°C ckopouye Tpu-
BanicTb nepiopgy Bia ciBbu go cxopis. PocnuHm BiBca CTilKi
A0 TVMYaCOBOIO 3HVDKEHHS TEMNEPaTypy Y Nepiog «CXOAiBy»
i BUTPMMYHOTb KOPOTKOYACHi MPUMMOpPO3KK A0 MiHyc 7-8°C,
ofHaK HeoOXiAHO 3a3HaunTK, L0 BUCOKi TeMnepaTypu OBecC
NepPEeHOCUTb 3HAYHO TipLUe, HiXX MeHuus Ta sumidb. ig-
BULLEHHA TemnepaTtypy noBiTps go 30-40°C npusBoguTb
[0 MNOpyLUEHb POCTY i PO3BUTKY pocnuH BiBca. [oBiTpsHa
nocyxa ocobnmeo HebesneyHa Ansi POCMMH BiBCA Y NiTHIN
nepioa, OCKiNbKX OBEC MEeHLL CTiMKMIA NpoTW 3anany nopis-
HSHO 3 iHWwKMuK 3nakamu (Cherchel et al., 2016).

Y BereTauiiHuin nepiog, SKUA XapakTepusyeTbes Ginb-
LUOKO KiNbKICTIO OMajiB, POCMHM BiBCA rONO3EPHOr0 PO3BU-
BalOTbCA Kpalle, ane BMCOTa POCIMH 3HaYyHO Buwa. CTin-
KICTb [O BWNSraHHs TiCHO MOB’si3aHa 3 BWCOTOK POCIMH
(Ahadova & Kurkiev, 2017). JocnigpxeHHs niTepaTypHMX
[PKEpen MokasytTb, Lo BTpaTu BpOXako 3epHa Mpu BUMS-
raHHi NOCIBIB B OKPEMi POKU MOXYTb CTaHOBUTM A0 50 %.

BukopucTaHHsl y BUPOOHMUTBI COpTIB BiBCA 3 MILHOM
i BKOPOYEHOK CONOMUHOK MOXe OyTu Linkom Bunpasga-
HUM, ane 3a yMOB NOZOMaHHS CeNneKLiOHepamm HeraTMBHMUX
03HaK, ki HECYTb Y CO0i reHU «KaprmnKOBOCTI». [JOCNiIKEHHS
BYEHVX NiOTBEPMXKYIOTh, IO KOPOTKOCTEDENbHICTL Crnpuyn-
HSIE 3HWKEHHSI MOKA3HMKIB OKPEMUX EMEMEHTIB NPOayKTUB-
HOCTI poCnuH (KinbKicTb 3epeH y konoci, maca 1 000 3epeH,
maca 3epHa i3 poCIuHu).

lLle oauH, He MeHLl BaxnuBWI MOKa3HWK BiBCa romno-
3epHOro, Ha MpOsIB SIKOTO 3HAYHOK MipOK BMMUBAKTh
YMOBW  HaBKOMULLUHBOTO CEepefoBuLlla, — T[OMO3epHICTb
(Batalova, 2014). CyyacHi ronosepHi copTtv BiBca Maiixe
y NoBHOMY 06¢A3i rono3epHi. BmicT nnisku Moxe BapitoaTy
Big 1 0o 15% 3anexHo Big reHoTuny (Kirkkari et al., 2004),
OfHaK NPOXOMOJHI YMOBM MOXYTb BMIMHYTU Ha (popMy-
BaHHs BinbLUOT KiNbKOCTi MNiBYaCTOro 3epHa. Y CBOIX A0OCHi-
mkeHHsx HO.l. Bopucosa Big3Hauuna BapitoBaHHS MposiBy
nnis4atocTi 3epeH Big 26,0 % 1o 48,0 % 3anexHo Big norog-
HUX YMOB POKY, 30Kpema cymu onagis (Borisova, 2007).

AHanisytoun nitepaTypHi mxepena, HeobxigHO ckasatw,
LU0 OAHWM i3 OCHOBHUX MeTofiB 306irbLUeHHs peHTabernbHo-
CTi BMPOBHMLTBA BiBCa rOfI03epHOM0 MOXeE OyTi CTBOPEHHS
BUCOKOBPOXaNHUX COPTIB i3 BUCOKOH SIKICTHO 3epHa (lvanova
& Fomina, 2017; Kabashov et al., 2020), ane oTtpumaru
COPT i3 BMCOKOI NPOAYKTUBHICTIO Ta BUCOKOSIKICHAM 3EPHOM
pocuTb cknagHo (Varga et al., 2015), ockinbku icHye 3BOpOTHS
Kopensuis Mk UMK o3Hakamu (Batalova, 2010). He MeHL
aKTyarnbHOK HUWHI € Cenekuisa Ha aganTUBHICTb, CTIMKICTb 40
BioTnyHMX Ta abioTnuHux drakTtopis (Yusova et al., 2020).

Pi3Hi  rpyHTOBO-KMIM@TU4Hi  YMOBM  BUPOLLYBaHHS
Ta BMMOTU, LIO BWCYBalOTb BUPOBHMKM OO SIKOCTI 3epHa,
nepenbavaroTb BUKOPUCTAHHS Yy BUPOOHWLTBI LUMPOKOTO

BicHuk CymcbKkoro HauioHanbLHOro arpapHoro yHiBepcuTeTty

Habopy copti (Kubarev, 2015; Batalova, 2018). CopTu
MOBWHHI BigPI3HATCS 3a KOMMIEKCOM BionoriyHmX i rocno-
AaPCbKO-LIiHHNX 03HaK | MaTK Pi3Hi HAaNPSIMU BUKOPUCTaHHS
(Webster & Wood, 2011).

NoTeHuian cy4acHUX COPTIB BiBCa rofI03epHOr0 3HAXo-
AnTbest Ha piBHi 5,0-6,0 T/ra (Batalova, 2010), ane y Bupo6-
HUUTBI MOTEHLjiiHa BpOXaWHICTb peanisyetbcst  cnabo
(Feng et al., 2014), nuwe Ha 25-40% (Rybas, 2016).
A.[l. Kabawwos (Kabashov et al., 2018), nos’a3ye ue 3 bara-
TOKBITKOBICTIO r0Of03epHuX opM. [oChimKeHHsS BYEHUX
MoKa3ytTb MOXIIMBICTb CTBOPEHHS COPTIB BiBCA rO/103€PHOT0
3 YPOXaWHICTIO Ha piBHi NniB4acTux coptis (binbwe 11,0 T/ra)
LUMISIXOM BBEL,EHHS B HBOTO HOBMX FOCMOAAPCHKO-LIHHIX reHiB
i iX KOMNEKCIB. Y CTBOPEHHI TaKMX NEPCMNEKTUBHUX BUCOKOY-
poxanHux copTiB noHag 50 % ycnixy 3abe3nevye BUXiQHUNA
matepian (Kabashov et al., 2020), skuit BUMarae nocTiiHoro
OHOBMeHHs. OCHOBHVMMM TEHETUYHUMW LIEHTpammn Y CBITi
€ CIMMIT (Mekcuka), IKAPOA (Mapokko), BIP (Pocisi), Kemb-
puk (AHrmis). Y Hawin kpaiHi Takum € HavioHanbHUi LeHTp
FEHETUYHUX PECYPCIB POCTIMH YKpaiHu.

OCHOBHMM METOAOM CenekLii BiBCa rofio3epHoro € ribpu-
Au3auis. 3actocyBaHHs il y cenekuii BiBca 4ae MOXMUBICTb
OTpMMaTH BUXIAHWIA MaTepian i3 LMPOKUM CMEKTPOM rocmno-
[apCbKO-LiHHMX 03HaK. 3a3Buyan y ribpuausadii sk mate-
PUHCBKMIA KOMMOHEHT BUKOPUCTOBYIOTb MicLieBi abo cenek-
LIiiHi copTK, 6aTbKIBCbKMIA — 3pa3ku, OTPUMaHI 3 Pi3HMX KpaiH
ciTy (Kabashov et al., 2020). [1na niaBuLLEHHS ypOoxanHo-
CTi 1 adanTWBHOCTI 4O HABKOMULIHBOIO cepefoBuLLa romno-
3epHi COPTM CXPELLYIOTh i3 KpaLLyMu NI1iB4acTMM copTamm
Ta NiHigmu. Hanbinblw UiHHUM Ons cenekuiHoi pobotu
€ BUXIiOHUI maTepian, SKUI Bii3HAYaETbCS BUCOKUM PiBHEM
SIK NPOAYKTUBHOCTI, TaK i CTIKOCTi 4O HECNPUATINBMX YMOB
cepepouya (Lisova et al., 2014; Loskutov et al., 2019;
Kabashov et al., 2020).

AHani3 pxepen cBigumMThb, L0 COPTM BiBCA rONO3epHOr0
Bij3HA4Yal0TbCA MEHLLUOK BPOXKAMHICTIO 3epHa MOPIBHSIHO i3
nnis4acTumu (Lisova et al., 2014). YpoxaiHicTb — NoKa3HUK
Haa3BMYANHO CKMafHWA, BiH BW3HAYAETbCA KOMMIIEKCOM
BIACTMBOCTEl Ta 0COBNMBOCTEN POCIIMH, KOXKEH i3 SIKUX Mae
BMnMB Ha noro nposiB (Akimova & Kozlova, 2012). "A. bata-
noea (2010) BBaxae, L0 Y CTBOPEHHI Cy4aCHMX BUCOKOBPO-
alHWX COpTIB BiBCa rofo3epHoro HambinbLLy ponb Bigirpa-
10Tb hopMK, SiKi XapakTepusyTbCH BUCOKMM PIBHEM NPOSBY
03HaK «MPOAYKTUBHOCTI BOMOTI».

«lNpoayKTVBHICTb BOMOTI» CKNagaeTbes i3 [ABOX KOMMO-
HEHTIB — «KifIbKiCTb 3epeH y BofoTi» Ta «maca 1 000 3epeH».
3a pesynbratamn BaratopiyHux gocnigkeHb O.B. Akimo-
Boi Ta A, Kosnosoi (2012), Ha 03Haku «KinbKiCTb 3epeH
Y BOSIOTI» Ta «KifbKiCTb KOMOCKIB Y BOMOTi» 3HAYHWIA BB
MatoTb MOrOAHI YMOBW POKY BUPOLLYBaHHS. Y pPOKW, SKi
XapaKTepusyTbCs  MOCYLUNMBUMU  YMOBaMM,  KiNbKiCTb
KOMOCKIB i KiNbKICTb 3epeH Yy BOMOTi CKOPOYYETLCH, i Ypo-
XaWHICTb 3epHa Pi3ko 3HMKYETHCS.

KpynHicTb 3epHiBKM BiBCa Bapiloe K ycepeauHi Komo-
cKa, TaK i BcepeauHi BonoTi. Ha nposiB Wiei 03Haku 3Ha4HO
MIpOK BMMMBAKOTb MOTOAHI YMOBW BUPOLLYBaHHS, OfHaK,
HE3BaXalouy Ha 3Ha4Hy BapiaLlilo, «KPYMHICTb 3epHay — Le
copToBa o3Haka. CopTu, siki fobpe 3b6epiratoTb L0 03HaKY
Mg BNIMBOM Pi3HUX YMOB CepefoBuWLLa, Bifpi3HATLHCA
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GinbLL CTabiNbHOK BPOXAMHICTIO,. OOHAK «KPYMHICTb 3epHa»
He 3aBxau € dhaktopom Bucokoi macu 1 000 3epeH. binbLu
TICHUIA 3'930K Y TONO3EPHUX COPTIB BiBCA BiA3HAYEHO MiX
03HaKkaMu «Maca 3epHa 3 BonoTi» — «maca 1 000 3epeH».

Maca 1 000 3epeH — Le He nuLLe eneMeHT CTPYKTypu
BPOXal, a W BaXIMBWUA SAKICHUA MOKA3HWK COPTY, SKUN
BM3HA4Yae 3amac MOXMBHWUX PEYOBUH, CXOXICTb i XWUTTe-
30aTHICTb  HaCiHHS, XapyoBi Ta KOPMOBI nepesaru
(Eliseev et al., 2016; lvanova & Fomina, 2017). B.I. MNonokx-
cbkui Ta iH. (Polonskij et al., 2019) BBaxatoTb, LLO OCHOBHA
npuynHa Hesucokoi «macv 1 000 3epeH» — LWynnicTb eHao-
CMEpMy 3epHa. 3Ha4yHWii BNIMB Ha (DOPMYBaHHSI O3HAKM
«macu 1 000 3epeH» mMae TepMiH 36upaHHs. MNepegyacHe
306MpaHHs Befe 40 YTBOPEHHS LLyNoro Ta HeMoBHOLIHHOIMO
3epHa, a nepecTii 30inbluye piBeHb 0bCHMaHHs, Hacamne-
pen — BinbLMX NepLUMX 3epeH Y KOOCKax BEPXHbOI TPETUHM
BOIOTI, SiKa A03piBaE paHiLe.

BaxnuBum haktom € Te, LIO MOKa3HWKKU SKOCTI 3epHa
BiBCa 1 03HaKW NPOAYKTMBHOCTI BifbLUOK MipO0 € COPTOBMMM
CMaZKOBUMY O3HaKamMm, i Lie MOXe BKa3yBaTy Ha MOXIMBICTb
iX noganbLuoro nokpaleHHs (Batalova et al., 2019). Hanpsamu
CeneKLiNHO-reHETUYHOTO MOKPALLEHHs BiBCa rON03epHOro
nonsaraioTb y MiABULLEHHI BPOXaNHOCTI 3epHa, MiHimanisavii
HEeraTyBHUX TEXHOMOTYHUX O3HAK, TaKMX SIK HU3bKUI BiCOTOK
MNiBOK, NOABIAHWX i MOPOXHIX 3E€PEH, OMYLLEHICTb, PI3HOSIKIC-
HICTb 3epHa 3a KpyrHicTIo Ta nigsueHHs macu 1 000 3epeH.

HuHi y kpaiHax €C, Kanagi, Pocii, binopycii, Kutai
 ABCTpanii akTUBHO BeAeTbCs LinecnpsiMoBaHa poboTa
3 MOKpaLLeHHa Ta CTBOPEHHSA HOBWX COPTIB BiBCA ronosep-
Horo. B YkpaiHi cenekuiiHy po6oTy 3 BiBCOM po3noyaro
y 1886 p. Ha HemepuyaHchkili copToBMNpOoDyBasbHii CTaH-

uii. OcHoBHMMM MeTodamMu cenekuii Toai Bynu iHamBigyans-
HU | MacoBun fobopw, nisHiwe — ribpuansadis. Y nepiog
1948-1954 pp. y4eHUMM 3fjCHEHO crpoby CTBOPEHHS
rofio3epHOro COpPTY METOAOM BereTatuBHOI ribpuamsadii,
OHAK NO3UTUBHUX pe3ynbTaTiB He Byno ogepxaHo.

CborogHi cenekLiieto BiBCa rono3epHoro 3anMatoTbest Ha
HociBcbkin  cenekuinHo-gocnigHin  ctaHuii YepHiriscbkoro
IHCTUTYTY arponpomucioBoro BupobHuuTea YAAH (nepLumi
BiTUM3HAHUI copT Ckapb YkpaiHu, KOTpUN € HaLiOHanbHUM
cTangaptom), y Y «IHCTUTYT 3epHoBMX KynbTyp» HAAH
Ykpainu (copt PogoHiT), y TOB «BceykpaiHCbkuin HayKoBWiA
iHcTuTyT cenekuii» (BHIC), BepxHaubkin gocnigHo-cenek-
LMK cTaHuii IHCTUTYTY BioeHepreTUYHNX KynbTyp i Lykpo-
Bux Oypsikie HAAH Ykpainn (copT LieTnuHui), B IHCTUTYTI
BioeHepreTUYHKX KynbTyp i LykpoBoro 6ypsika HAAH Ykpaiu
(copT Hiockypin), HociBCbkil CenekuinHo-4oCniaHin craHuii
MupoHiBCLKOro IHCTUTYTY NweHuli im. B.M. Pemecna HAAH
Ykpainu (copt Tembp), B IHCTUTYTi 3eMnepobCTBa i TBApPWH-
HUUTBa 3axigHoro perioHy YAAH (copt Asron).

BucHoBku. [NpoBedeHnin aHani3 gaxoBux BuOaHb CBid-
4NTb NPO Te, IO CbOTOAHI piBEHb BUPOBHMLTBA BiBCA rono-
3epPHOM0 [OCUTb HU3bKWIA i HecTabinbHUiA. Ypoxal BiBca
3HAYHO HVXKYMIA MOPIBHSIHO 3 IHLUMMW 3€PHOBUMM KymnsTYpamu,
TOMY 3 €KOHOMIYHOMO MOrMsdy CTBOPEHHS HOBKX MEPCrek-
TWBHWX BMUCOKOYPOXaWHKX COPTIB BiBCA rONO3EPHOO Crpusi-
TUME YCNILUHOMY BMPILLEHHIO Npobrnem peHTabinbHOCTI Ljei
KynbTypu. BpaxoBytoun HaBedeHi pesynbratii JOCHimKeHb,
MOXHa CTBEpKyBaTh, WO B ymoBax Jlicocteny YkpaiHu
MOXHa JOCAITU OAEpXaHHs CTarnoro, BMCOKOrO Ta SKICHOro
YpOXKato BiBCa rofI03epPHOMO Yy BUPOBHMLTBI, MOBHOK MIpOto
BUKOPUCTOBYIOUYM FEHETUYHUIA NOTEHLian LnxX hopm.
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Kravchenko A. 1., PhD student State Biotechnological University, Kharkov, Ukraine

Growing and perspectives in breeding improvement of naked oats in Ukraine

Under the present conditions of human reorientation to healthy life way, oats is a valuable stuff for food industry. Naked
oats ensures new perspectives to be used in processing industry due to expenditure decrease for processing and improved
and balanced nutrient content. Range of diet, sport, children food products expands every day, demand for qualitative stuff
increases. But soil and climatic conditions of our country are diverse. Hence many varieties of naked oats and various
use directions should be applied to meet requirements of producers. These varieties would adapt themselves to growing
conditions and be resistant to abiotic and biotic factors of environment.

It was necessary to research biological peculiarities of the crop, influence of various ecological factors on its growth
and development and breeding perspectives in Ukraine and development to succeed in research and initial base development
of naked oats source material under the conditions of the Forest Steppe Ukraine. The foreign and native literature sources
were analyzed to carry out the researches. As a result the response of naked oats plants to the environment conditions
of a growing area, climatic changes, causing frequent droughts, hot dry winds under the conditions of the Left-Bank Forest
Steppe Ukraine in spring and summer. Besides it is noted that some morphological peculiarities of ear structure viz not close
adjoining of flower scales to seeds makes naked oats more vulnerable to damage when seeds are threshed and stored. This
morphological peculiarity can reduce the level of seed germination and crops. All these factors have influence on growth
and development of naked oats and therefore crop capacity. Oats productivity is a complicated quantitative sign and naked
varieties are inferior to in filmy varieties as to this sign considerably. At the present time the potential crop capacity of naked
oats varieties is 5,0 t/ ha and in practice an average crop capacity is two-three times lower depending on climatic conditions
of growing year. Hence the source material is the most valuable for breeding work. The source material is characterized by
a high productivity level and resistance to unfavourable conditions of the environment.

Key words: naked oats, variety, breeding, source material, crop capacity, seed quality.
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O3ume Xumo € nepcrieKmusHoK Kynbmyporo 0515 30HU [Toniccs Ykpaitu, momy nowyk ma pospobka echekmusHux i 6e3s-
ne4Hux nioxodie i 3acobie dmisi cmumMynsayii pocmy ma po3gumKy uiei Kynbmypu € akmyanbHuM. Mamepianom 00CiOXeHHS
6yno HaciHHs 03uMo20 xuma (Secale cereale L.) copmie CuHmemuk 38 i 3abasa ma komnosuyii MemaboniyHO akmueHuX
peyosuH, makux siK: eimamiH E (10 M), napaokcubeHzotiHa kucrnoma (IMOBK) (0,001 %), memionir (0,001 %), ybixiHoH-10
(10° M) i MgSQ, (0,001 %), siki sukopucmosyseanucs y noedHaHHsix: simamin E+[TOBK+memioHit, simamit E+[TOBK+me-
mioHiH+MgSO,, eimamiH E+y6ixiHoH-10. [Mpogodusniu nepednocieHy 06pobKy HaciHHs Q0CiOXysaHUMU KOMIO3UUiSMU.
LocnidxeHHs1 npo8odunucss y makux ¢hbasax po3gumKy Xuma: KyUliHHS, mpyOKyeaHHSI, KOMOCIHHS, USIMIHHS ma MOMOYHOI
cmuenocmi. [JocnioxysaHi KoMno3uyii MemaboniyHO akmugHUX CroyK eGheKmUBHO CMUMYITOMb Picm POCUH 03UMO20
x)uma copmig CuHmemuk 38 i 3abasa npomsi2om gheHono2iyHUx a3 po3gumky. Halibinbwul cmumyntorduli egoekm crio-
cmepieaembcs y ¢hasi KywiHHs. binbwe crnocmepizaembcs npupicm macu cmebra nopigHAHO 3 8UCOMOIO y 2pyrax POCUH
i3 nepedrnocieHoto 06pobkoro komnoauuismu eimamit E+MOBK+memioHiH+MgSO, ma eimamiH E+y6ixiHoH-10. [pomszom
docnidxysaHUx ¢heHoo2iYHUX (ha3 po38UMKY y epynax pociuH 0b6ox copmig i3 nepednocieHo 06pobkoro AocidxysaHUMU
KOMMo3uyisiMu 3pocmae 008XUHa, Maca ma KinbKicmb KopeHig. Halbinbwut cmumysoduli echekm 0eMOHCMPYeE KOMIIO-
suyis eimamit E+IOBK+memioniH+MgSO,. OmpumaHi pesynbmamu Moxyms ceidyumu npo 3p0CmaHHs egekmueHocmi
¢byHKUiOHYy8aHHs1 KOpeHeasoi cucmemMu, Wo i 3abesnedye picm pocnuHu. Y pobomi ernepiue docidxeHo 8rnnue KoMno3uyil
mMemaboriyHO akKmugHUX CriofyK, a came simamity E, yBixiHOHy, napaokcubeH3olHoi kuciomu, memioHiHy ma MgSO, Ha
fpouecu pocmy Had3eMHOI ma nid3eMHOI YaCmUuH POCuH 03uUMo20 Xuma copmie CuHmemuk 38 i 3abasa ma npPodemoH-
cmpoeaHa Halibinbwa egekmusHicms komnosuyit E+INOBK+memiori+MgSO, ma simamit E+y6ixiHoH-10 wodo cmumy-
nauii pocmy sik Ha03eMHOI, mak i nid3eMHOI YacmuH pociuHU 060x 00CTiOXKy8aHUX copmis.

Knrovoei cnoea: osume xumo, nepednocigHa 06pobka, eimamiH E, ybixiHOH-10, napaokcubeH3olHa Kucrioma,
memioHiH, MgSO,.

DOI https://doi.org/10.32845/agrobio.2021.4.4

BceTyn. O3vme XUTO € OfHI€EH i3 HAMNOLIMPEHILLMX 3ep-
HOBUX KynbTyp y BinNbLIOCTI arpokniMaTnyHnxX 30H €Bponu.
Ons 3oHu MNonicca YkpaiHu 03uMe XWUTO € JyKe nepcnek-
TWBHOIO KyNLTYPOIO, L0 NOB’A3aHO 3 10ro 6ionoriYHMMmM 0co-
BnmMBoCTSIMM, 30KpeEMa 3 JOCTaTHbO BMCOKOK afanTUBHOM
3paTHicTio hopmyBaTh Bpoxai Ha JOCUTb BiHMX IpyHTaX.
Cepen 03MMUX KynbTyp O3WME XUTO XapaKTepuyeTbes
BICOKOK MOPO3O0CTIlKICTIO, MEHLI BUMOMMBE OO BOMOrY,

BicHuk CymcbKkoro HauioHanbLHOro arpapHoro yHiBepcuTeTty

€(heKTNBHO BUKOPUCTOBYE OCIHHBO-3MMOBI OMaau Ta Kpalle
BUTPUMYE BECHSHI NOCYXW 3aBAsku [0Ope pO3BMHEHIN
kopeHeBin cuctemi (Kunah et al., 2018).

OpHuM i3 HaMBinbL NEPCNEKTUBHMX HAMPSMIB Cy4YaCHMX
arpoTeEXHONOri € BMKOPUCTAHHS GionoriYHMX npenaparis
i ctumynaTopie pocty (Jiang & Asami, 2018; Kuzminyih &
Pashkova, 2016; Calvo et al., 2014; Szczepanek, 2018;
Horobets et al., 2021). CborogHi 3acTOCOBYKOTHECS pi3Hi
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mMeToam 06pobKM HACIHHS 3 BUKOPUCTaHHAM Be3neyHux npe-
napariB Ans nogen, TBapuH i Komax, I'pyHTOBOrO MOKPUBY.
Cepep umux npenaparis HanexHe MicLe 3anMarTb CTUMYIS-
TOpW POCTY, edpekT Big Aii aknx ByB NPOAEMOHCTPOBaHWI Ha
Garatbox KynbTypax. BHacnigok 3actocyBaHHs Takux mpe-
napartiB crnocTepiraeTbCcs MogynsLis npoLecy oTOCUHTESY,
ONTUMI3aLisi TPAHCMOPTY MOXMBHWUX PEYOBWH i 3POCTaHHS
Giomacu Ta BpoxanHocTi kynbTyp. Kpim Toro, ui npenaparm
MOXYTb TakOX BUKOHYBaTV 3aX1CHY (DYHKLtO Ta 3anobiratu
po3BuTky xBopob y pocnuH (Kurepin et al., 2014; Khalid et
al., 2016; Tubic et al., 2016; Yakhin et al., 2017; Zymaroieva
et al., 2019). Kpim TOro, cTMynsaTopu pocty MOXyTb BRu-
BaTW Ha iIMyHHY CMUCTEMY POCHWH, 30iMblUytUM CTilKICTb
POCAVH J0 Al HeCnpUATAMBUX PaKTOPIB 30BHILLHLOIO cepe-
gosuwa (Sharma et al., 2014; Asami & Nakagawa, 2018;
Docker & Hansson, 2015; Khafagy et al., 2017).

CTumynaTopy pocTy 3paTHi BigHOBMOBaTU AediuunTt
KOPUCHUX PEYOBMH, LLIO BMNMBAE Ha aKTUBHICTb (hepMeH-
TiB i, BiANOBIAHO, Ha 6araTo OOMiHHKX NPOLIECIB B OpraHiaMi
pocnmHu. Moxe 36inbllyBaTUCA MNPOHUKHICTD  KNITUHHOT
MeMOpaH/ KOpeHIiB i MOKpaLLeHHs HaOXOMKeHHs 4O poc-
NUHW MiHepanbHWUX eneMeHTiB i3 rpyHTy. BogHoyac npwu
3aCTOCYBaHHI CTUMYNATOPIB POCTY MOXE MPUCKOPHOBATUCS
MOIMMHAHHS KUCHIO POCIIMHAMK, Lo 34aTHe MPU3BECTH 40
aKTUBi3aLii )OTOCUHTESY i, SK HACMioK, O 3POCTaHHS BPO-
xanHocri (Korotkova et al., 2021; Alexopoulos et al., 2017;
Kumar & Sahoo, 2011). Kpim BNiMBY Ha pocinHu, CTUMyns-
TOPU POCTY MOXYTb MO3UTMBHO BMAMBATK Ha Mikpodropy
CaMoro r'pyHTy.

MeTolo [OCRigXeHHs € OLiHKa BMMWBY nepeanocis-
HOi 06pOBKM HACiHHS 03UMOro *wuta copTiB CuHTeTUK 38
i 3abaBa KomnosuwisMy MeTaboniyHO aKTUBHUX PEYOBUH
Ha MOPCOMETPUYHI NMOKA3HWKLA POCMUH Ha Pi3HUX (haszax
OHTOreHesy.

Marepianu i metToan pgocnixeHnb. Matepianom gocni-
[DKeHHs1 Byno HaciHHsa o3umoro xuTta (Secale cereale L.)
coptiB CuHTeTuk 38 i 3abaBa Ta Komnoauuii MeTaboniyHo
aKTMBHMX pevoBuH: BiTamiH E (108 M), napaokcnbeH3onHa
kucnota (MOBK) (0,001 %), meTioniH (0,001 %), ybixiHoH-10
(10® M) i MgSO, (0,001 %).

Copt CuHtetuk 38 (3asiBHMK — HociBcbka cenekuin-
HO-JocnigHa cTaHuig  YepHiriscbkoro  IHctuTtyTy  AlB
HAAHY, pik peectpauii — 2006) — 3epHOBOro Ta KOPMOBOTO
Hanpsmy, O3MMWRA, CTINKUA OO BWUNSAraHHSA, 3acyXu, ocu-
NaHHS, 3MMOCTINKICTb BULLIE CEPEAHbOIT; Ma€E BUCOKMNIA NOTEH-
Lian ypoxanHocTi (MakcuMarnbHa BpoXamnHicTb — 79,8 u/ra),
Lo6pe pearye Ha MiHEpasibHe XUBMEHHS, BUCOKOCTINKWIA [0
rPMOKOBMX 3aXBOPIOBaHb, Ma€ KpPymnHe 3epHO, JOBMUIN KOSOC
i Bucoke ctebno (115-120 cm), BereTauinHunim nepiog cTaHo-
BUTbL 282-305 nib.

Copt 3abaBa (3asiBHMK — HociBCbka cenekuiHo-go-
cnigHa ctaHuis YepHiriscbkoro IHcTutyTy ANB HAAHY, pik
peectpauii — 2010) — 3epHOBOrO Ta KOPMOBOIO HanpsiMy,
O3UMWIA, CTIMKUA OO BWNSFAHHS, 3acyXu, OCWMNaHHSA, Mae
BVCOKMI MOTeHLian ypoxainHocTi (44,5 u/ra), nobpe pea-
rye Ha MiHepanbHe XUBMEHHS, BUCOKOCTINKUIA OO rpubko-
BMX 3aXBOPIOBaHb, Ma€ KpPynmHE 3€pHO, KOMOC HamiBrnoxu-
WA, cepeaHboi AOBXWHMW, HELiNbHUIA, BMCOTA POCIIMHM
115-120 cwm.

MonboBi gocnian NpoOBOAMIM Ha TepUTOpii HaBYasb-
HO-ZO0CMiAHOI arpobiocTaHuii HXMHCBKOrO AepXaBHOrO YHi-
BepcuTeTy imeHi Mukonu lorons snpogoex 2019-2021 pp.

Cxema pocnimxeHb nepenbavana 4 BapiaHTu:

1. KOHTpOnb (HeobpobreHe HaCiHHSA);

2. HaciHHs, 0OpobneHe KOMMO3NLIE PEYOBUH: BiTamiH
E (108 M) + napaokcubeHsoitHa kucnota (0,001 %) + meTio-
HiH (0,001 %) (EMM);

3. HacCiHHA, 0bpobrneHe KOMMO3NLIEID PEYOBUH: BiTaMiH
E (108 M) + napaokcubeHsoitHa kucnota (0,001 %) + meTio-
HiH (0,001 %) + MgSO, (0,001 %) (EMMMg);

4. HaciHHg, obpobneHe KOMNO3ULIE PEYOBMH: BiTaMiH
E (108 M) + y6ixiHoH-10 (10 M) (EQ).

Micns 06pobkn KOMNO3ULAMM MeTaboniYHO aKTUBHUX
PEYOBUH HACIHHSA 03VMMOTO XWTa BUCIBaNM PSAKOBUM CrOCO-
6om. I'pyHTOBWMIA NOKPUMB AOCTAHOTO NOMS — YOPHO3EM Onia-
30MeHUN, ManoryMycHun.

JocnimKkeHHs NpoBoAnnMCa Y Takmx dpasax po3BUTKY
XWTa: KyLLiHHS, TpyOKYBaHHS, KONMOCIHHS, UBITIHHS Ta MOMOY-
HOI CTUIMOCTI.

AHani3 edeKTUBHOCTI Ail AOCNiAXyBaHUX KOMMO3WLii
MeTaboMniyHO aKTMBHUX PEYOBWMH MPOBOAUMM 3a TaKUMMK
MoKasHWKamu, K OOBXWHA, Maca Ta KiflbKiCTb KOPEHIB,
BUCOTA Ta Maca cTebra, mMaca Cyxoi pe4oBuHUM cTebna
i KOpeHiB.

CratncTmuHy obpobky MaTepiany NpOBOAMIM i3 3aCTO-
CYBaHHAM METOAIB MaTeMaTUyHOi CTaTUCTUKM LUMSIXOM
BUKOPUCTaHHS CTaHZapTHMX BOyOQOBaHWMX peaakLii naketa
cnevianisoBaHoro nporpamHoro 3abeanedeHHs MS Office
Excel 2010. [Ina nepeBipkM CTAaTUCTUYHWUX FNOTE3 BUKO-
puctoByBanu t-kputepin CtbtogeHTa. Yucnosi gaHi npen-
CTaBneHi y opMi cepegHbOi BENWYUHK 3i CTaHZAPTHOK
nomunkoto (Mtm). [JocToBipHuMy BBaxanu BiAMIHHOCTI 3a
piBHS 3HauyLwocTi p<0,05.

Pesynkratu. KopeHeBa cuctema Bifirpae BaxmBy porb
y MiHEpanbHOMY XWBMEHHI pocnuHW. 3aBasku Jobpe po3su-
HEHI KOPEHEBI CUCTEMI XUTO MOXE 3aCBOHOBATU MOXMBHI
enemeHTH i3 rmubLUMX LuapiB rPyHTY, a TakoX Ti, WO 3HAXo-
OATbCS Yy BaXKOAOCTYMHUX chopMax. 3aBAsKM PO3BMHEHIN
KOpeHeBI cucTeMi NiaBULLYETLCS MPOAYKTUBHICTb XUTa.

Pesynbratv gocnimKkeHb MNOKa3HWKIB KOPEHEBOI CUC-
Temu 03uMoro xwuta coptiB CuHTeTuk 38 i 3abaBa npea-
cTaBneHi y Tabn. 1 i 2. HaliiHTeHCKBHILLE 3pOCTaHHS Macy
KOpEHIB i3 haau KyLLiHHA 0 hasu LBITIHHS crnocTepiraeTbes
y POCNWH i3 rpynn nepepnociBHoi 0OpobKu KOMMO3MLIED
EMMMg, pocsaraioum makcuManbHUX 3HaveHb Yy ¢asi LBi-
TiHHS Y rpynax poCnyH i3 nepeanociBHo 06pobKo kKommno-
3uuieto ENMMg (Ha 38 % nepeBuLLye 3HaYEeHHS Y KOHTPONI)
(tabn. 1). Y dasi MONoYHOI CTUIMOCTI Maca KOPEHIB 3MeH-
LUYETHCA B YCIX AOCMIAXKYBaHWX rpynax NOPIiBHSHO 3 KOHTP-
ornem, nNpoTe y rpyni POCnvH i3 NepeanociBHo 06pobKo
komnosuuieto ENMMMg maca kopeHiB 3anuwaetbes Ha 26 %
BYMLLIOIO MOPIBHAHO 3 KOHTponem (Tabn. 1). MogibHa agnHa-
MiKa 3MiH Macu KOpeHiB CNoCTepiraeTbCs y POCIMH 031UMOro
xwuTa copty 3abaBa, NpoTe B AELLO0 MEHLIOMY CTYrMeHi nopis-
HSHO 3 pocnuHamu copty CuHteTuk 38 (Tabn. 2). Tak, Mak-
CVMasibHe 3pOCTaHHS CMOCTEpPIraeTbCs Yy POCAMH i3 rpynu
nepeanocisHoi 0bpobkn komnosuuieto EQ (Ha 22 % nepe-
BULLYE KOHTPOMbHI 3HaYeHHs1). HanbinbLue 3pocTaHHs Macu
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KOPEHIB i3 hasm KyLLiHHS 40 (ha3u LBITIHHSA CriocTepiraeTbes
y rpyni POCNUH i3 NepeanociBHO 0OpPOBKO KOMMO3MLED
EMMMg (Tabn. 2).

HaibinbLe 3pocTaHHs JOBXUHM KOPEHIB Y POCIMH 03U~
Moro xwuta copTy CuHTeTrk 38 i3 hasu KyLliHHS 00 hasu
MOMOYHOI CTUIMOCTI CMOCTepiraeTbes Yy rpyni 3 nepeanocis-
Hoto 06pobkoto komnoauuismm EMMMg i EQ. Y dasi monou-
HOI CTMINOCTI JOBXMHA KOPEHIB € HanbinbLow, npuvomy
HamnbinbLLe 3poCTaHHA Mae Micle y rpyni poCcnuH i3 nepea-
nocisHoto 06pobkoto komnosuuismu EMNMMMg i EQ, wo Ha
13% i 12% nepeBULLMIIO NOKA3HMKM KOHTPOMHO BiaNOBIAHO
(tabn. 1). Y pocnuH xuta o3umoro copTty 3abasa crocre-
piraeTbca nogibHa TeHaeHuis (tabn. 2). Y dasi MonoyHoi
CTUINOCTi OBXWHA KOPEHIB € OiNbLUO MOPIBHSHO 3 KOH-

Hoto 0bpobkoto komnoaumuisimu EMM i EMMMMg, nepeuLy-
toumn nokasHuku Ha 19 % i 26 % BignosigHo (Tabn. 2).
KinbKicTb KOpeHiB y pocnmH 03umoro xuta copty CuH-
TeTuk 38 3pocTae i3 pasm KyLiHHA [0 hasn LBITIHHS Y BCiX
JOCnifKyBaHWX rpynax, OKpiM rpyny pocnuH i3 nepeanocis-
HO 06pobKOK HaciHHs komnoauuieto EMNMMg, vy sikin mak-
CUMarbHa KinbKiCTb KOPEHiB CrnocTepiraeTbes y hasi Monouy-
HOI CTUIMOCTI Ta € BiNbLUOK 3a NOKa3HWKK KOHTPOIH Ha 60 %
(tabn. 1). Y pocnuH o3umoro xwuta copty 3abasa crnocTe-
piraeTbcsl NofibHa TeHAEHLs — KifNbKiCTb KOpPeHiB 3pocTae
NPaKTUYHO Y BCIX JOCMIAXYBaHWUX rpynax y asu KyLiHHS
[0 (a3 LBITIHHS, OKpiM rpynu 3 nepeanociBHOW0 06po6koo
HaciHHA komno3uuieto EMNM; makcMManbHi 3Ha4eHHS LbOro
nokKasHuKa y Uin rpyni nepebinbluye 3Ha4eHHS KOHTPOSTbHMX

TPOMBbHUMM BENMYMHAMM Y Tpynax POCHWH i3 nepeanocis-

Benn4uH Ha 75% (Tabn. 2). Hanbinblue 3pocTaHHs y ¢asi

Tabnuuga 1

[oBxuHa, Maca Ta KinbKiCTb KOPEeHiB POCIIMH 03UMOro XuTa copTy CuHTeTMK 38 Ha pi3HUX ha3ax OHTOreHe3y
3a nepeAnociBHOI 06pOOKM HaciHHS KOMNO3ULIAMU MeTabonivYHO akTUBHUX cnonyk, 20192021 pp.

Fpyni ®da3u oHTOreHesy
KYLLiHHA | BuUXia BYTPYOKY | KONOCiHHA | UBITiHHA | MOIOYHOI CTUFNOCTI

[oBxunHa KopeHst (cm)
KoHTpons 21,70x0,86 24,27+1,13 24,80+1,46 36,03+2,11 39,1743,35
EMV 15,23+0,92* 26,001,11 28,37+2,32 38,70£3,03 39,40£3,47
EMVMg 12,23+0,81* 26,63+1,39 39,27+3,48* 41,57+4,03 44,33+3,39
EQ 13,20+0,92* 30,57+1,07* 39,50+1,83* 42,563+2,37* 43,97+3,10

Maca kopeHs (r)

KoHTporb 0,58+0,03 12,27+0,52 17,17£1,13 27,37+1,81 14,10+1,49
EMV 0,84+0,07* 13,27+0,46 24,63+1,68* 27,67x1,91 16,00+1,42
EMMMg 0,67+0,03 13,47+0,49 35,37+1,95* 37,83+2,86* 26,40+1,68*
EQ 0,74+0,06 12,26+0,54 34,93+2,34* 34,60+2,49* 17,47+1,39

KinbkicTb kopeHiB (LT.)
KoHTponb 11,5740,62 25,77+0,83 24,43+1,11 35,37+1,95 31,07+1,65
EMV 11,80+0,57 26,10+0,91 31,23+2,53* 36,67+2,49 34,03+1,75
EMNVMg 10,93+0,62 26,40+0,80 48,53+3,34* 43,27+3,88* 49,63+2,50*
EQ 11,07+0,61 31,27+1,16* 36,23+1,42* 44,23+3,25* 38,00+1,87*

lpumimka: * — pisHuysi docmosipHa nopieHsHO 3 KoHmponem, p < 0,05.
Tabnuugs 2

[oBxXuHa, Maca Ta KinbKiCTb KOPeHiB POCIIMH 03MMOTO XuTa copTy 3abaBa Ha pi3HMX ha3ax OHTOreHe3y
3a nepeAnociBHOi 06PO6KMU HAaCiHHA KOMNO3MLiAMMU MeTaboniYHO aKkTUBHUX cronyk, 2019-2021 pp.

Fpyni da3u oHTOreHesy
KyLLiHHA | BUXia y TPyOKy | KOMNOCIHHA | LBITIHHA | MOJIOYHOI CTUFTOCTi

[loBxunHa kopeHst (cMm)
KoHTponb 7,33+0,25 12,27+0,98 37,77+1,83 40,3042,34 39,43+2,65
EMM 9,53+0,46* 16,20+0,76* 50,63+3,18* 49,50+3,53" 46,77+3,09*
EMNMMg 9,33+0,37* 16,40+0,71* 58,33+2,89* 50,83+3,02* 49,77+3,29*
EQ 10,07+0,53* 28,37+1,54* 48,73+2,86" 47,57+3,48" 45,47+2,58

Maca kopeHs (r)

KoHTporb 0,89+0,06 24,30£1,43 23,73£1,25 27,57+1,80 12,7341,01
EMM 1,03+0,67 24,27+1,63 24,07+1,33 24,93+1,57 18,57+1,39*
EMNMMg 0,87+0,06 24,03+1,80 26,40+1,80 30,20+2,27 15,2741,39
EQ 1,38+0,08* 26,13+1,29 27,57+1,82 33,60+2,24* 14,07+1,06

KinbkicTb KOpeHiB (LUT.)
KoHTpornb 7,3310,26 18,03+1,04 32,53+1,78 32,80+1,79 30,371,77
EMM 10,5010,40* 22,27+1,56* 41,8343,34* 48,50+3,35" 53,27+3,32*
EMVIMg 9,07+0,31* 22,58+1,45* 61,0042,48* 56,43+3,48* 42,10+3,18"
EQ 9,73+0,38* 28,87+1,87* 42,83+3,27* 41,10+3,06™ 35,87+2,09*

lMpumimka: * — pisHuys docmosipHa nopieHAHo i3 koHmponem, p < 0,08.
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LBITIHHS cnocTepiraeTbCs y rpyni pOCHuH i3 NepeanociBHO
06pobkoto HaciHHS komnosuuieto ENMMMg (nepeBuLlye KoH-
TPOSbHI BENWYMHK Ha 63 %) (Tabn. 2).

Maca cyxol pe4OBMHM KOPEHS Y POCIIMH 03UMOrO XuTa
coptie CuHTteTnk 38 i 3abaBa nepeBaxHO 3pocTae 3 dasu
KYLLiHHA A0 dasm UBITIHHA (Tabn. 3). Tak, y pocnuH copTy
CwuHTeTnk 38 HambinbLue 3poCTaHHs CrnocTepiraeTbes y rpy-
max pPOCIMH i3 NepeanociBHOK 0BPOOKOK HACiHHA KOMMO-
auuiamm EMMMg i EQ ta y ¢asi MOnoyHoI cTurnocTi nepe-
BULLIYE MOKA3HUKM KOHTPOIO BignoBigHo Ha 232 % i 156 %.
Y pocnuH copTy 3abaBa Haiibinblue 3pOoCTaHHS Macu Cyxoi
PEYOBUHWU CrOCTepiraeTbCsa y hasi UBITIHHA Y rpyni poc-
NWH i3 NepeanociBHOW 0OPOOKOI HACIHHA KOMMO3MLIED
EMNMMg (Ha 147 % nopiBHSHO 3 kOHTponem). Y rpyni poc-
NWH i3 NepeanociBHO 0OPOOKOI HACIHHA KOMMO3MLIED
EMM Hanbinblue 3poCTaHHS Macy Cyxoi PEYOBMHU KOPEHS
CrnocTepiraeTbes y hasi MONOYHOI CTUIOCTI Ta NepesuLLye
KOHTPOIbHi BENuUMHK Ha 74 % (Tabn. 3).

[HTEHCMBHICTb PO3BUTKY KOPEHEBOI CUCTEMU BU3HAYaE
PIiCT i PO3BUTOK HA3EMHOI YaCTVHM POCIIMHM.

MNepennocieHa 06pobka HaCiHHS KOMMO3uLisiMi MeTa-
OOMiYHO aKTMBHWMX PEYOBMH MO3UTVBHO BMIMBAE Ha picT
POCIIMH MOPIBHSIHO i3 KOHTPOIbLHO rpynoto (Tabn. 4). Tak,
BUCOTa cTebna pocnmnH 03MMOro xuta copty CuHTeTMK 38
npu obpobui komnosumuismm EMM, EMMMg i EQ 3pocTae

BianoBigHo Ha 15%, 21% i 22% nNOpPIBHSHO 3 KOHTPOIb-
HUMW BeNnYMHamu y gasi KyLLiHHS. [JoOCTOBIpHE 3pOCTaHHS
BESIMYMHM LbOrO MOKa3HMKa CMOCTepiraeTbCsl TakoX i Ha
¢hasax UBITIHHA Ta MOMOYHOI CTUIMOCTi. Hanbinbwwii npu-
PICT BENMUYMHM NOKa3HWKa BUCOTU cTebna crnocTepiraeTbes
y hasi KyLiHHS. MNogibHa TeHaeHUia cnocTepiraeTbes i Ans
pocnuH copty 3abasa. Tak, HanbinbLIe 3pOCTaHHS BUCOTH
cTebna nopiBHAHO 3 KOHTPOIIbHUMI 3HAYEHHSIMU CMNOCTEPI-
racTbCs y asi KyLiHHA. Y ¢asi MONOYHOI CTUIIOCTI Hal-
BinbLUie 3pOCTaHHS BUCOTM CTEGMa POCNMH O3MMOr0 XuUTa
copty CuHTeTuk 38 cnoctepiraeTbCs y rpyni nepeanociBHoi
06pobkn komnoauuieto EMMMg, wo Ha 15% nepesuLliye
MOKa3HUKW KOHTPOMO, a pocnuH copty 3abaea — y rpyni
nepeanocieHoi 06pobku komnosuuismn EMNMMg i EQ Bia-
noBigHo Ha 10% i 12% nopiBHSHO 3 KOHTPOSILHOK FPYMOK
(Tabn. 4). OuHamika pocTy cTebna pocnvMH 03MMOro XuTa
060X copTiB y rpynax nepeanocisHoi 06pobku Bcima gocni-
IDKYBAHUMU KOMMNO3WLIMM MeTaboniyHO akTVBHUX CMOMyK
i3 pasmn KyLiHHS [0 ha3n MOSOYHOI CTUINOCTI HE NepeBu-
LLyBana KOHTPOIIbHWX BEMUYMH.

Pesynkratv gocnimkeHHs mMacu ctebrna pocnuH o3u-
moro xwuta coptiB CuHTeTuk 38 i 3abaBa npencraBneHo
y Tabn. 5. MNokas3aHo, WO MPaKTU4HO Ha BCIX AOCMIXKY-
BaHUX (basax PO3BWTKY POCAMH O3MMOrO XuTa 060X cop-

TiB CMOCTepiraeTbCs [0OCTOBIPHE 3pOCTaHHS Mack cTebna

Tabnuus 3

Maca cyxoi pe4oBMHM KOpPEHIB (r) pocnunH o3umoro xura coptiB CuHTeTuk 38 | 3abaBa Ha pi3HMX ha3ax
OHTOreHe3y 3a nepeAnociBHOi 06POOKM HACiHHA KOMMNO3ULIAMM MeTaboniYHO akTMBHMX cnonyk, 2019-2021 pp.

Fpynu da3u oHTOreHesy
KYLLiHHA | TPYyOKyBaHHs KONOCiHHSA | UBITIHHA | MOJI04HOI CTUFNOCTI
CuHTetnk 38
KoHTponb 0,16+0,04 9,90+0,62 12,70+0,83 15,87+1,04 8,07+0,82
EMM 0,16+0,02 9,50+0,59 16,47+1,24* 15,43+1,34 12,97+1,22*
EMNMMMg 0,19+0,0,3 8,13+0,43" 16,00+0,98* 21,03+2,70* 26,83+2,86*
EQ 0,14+0,01 8,27+0,67 16,13+1,22* 16,63+1,12 20,70+1,69*
3abaBa
KoHTponb 0,89+0,09 6,33+0,45 8,97+0,65 9,00+0,70 12,10+1,03
EMNM 0,94+0,71 17,17+1,07* 11,98+0,88" 17,83+1,10* 21,0741,75*
EMNMMg 0,80+0,06 11,57+0,82* 18,60+1,36™ 22,27+1,55* 13,73x1,74
EQ 1,20%0,09* 17,4011,23* 13,23+1,12* 17,07+1,38" 12,10+1,10
lpumimka: * — pisHuys docmosipHa nopieHsIHO 3 KoHmMponem, p < 0,05.
Tabnuus 4

Bucota ctebna (cm) pocnuH o3umoro xuta coptiB CuHTeTnk 38 i 3a6aBa Ha pi3HMX ¢ha3ax oHTOreHe3y 3a
nepeanociBHOi 00PO6KMU HAaCiHHA KOMNO3MLIIAMU MeTabonivyHO akTUBHUX cnonyk, 2019-2021 pp.

da3u oHTOreHesy
pynu - - — - -
KYLWiHHA | TPYOKyBaHHA | KOMOCiHHA | UBITIHHA | MOJIOYHOI CTUFNOCTi
CunHteTnk 38
KoHTponb 12,96+0,48 34,68+1,73 47,62+0,93 68,60+1,52 1223,73+36,42
EMM 14,93+0,73* 38,31+2,44 50,34+1,45 74,2613,09* 1323,33+40,16*
EMNMMMg 15,66+0,77* 38,05+2,37 49,74+1,40 76,48+3,36* 1405,37+28,96*
EQ 15,77+0,58* 37,40£1,98 48,77+0,96 73,42+2,31* 1308,93+33,76
3abaBa
KoHTponb 12,75+0,45 34,28+1,88 45,50+1,04 69,50+1,58 1280,03+44,82
EMM 15,65+0,60* 38,83+2,39* 49,73+1,04* 74,66+1,52* 1365,20+24,39
EMMMg 14,46+0,54* 34,92+1,74 46,71+1,01* 81,07+1,50* 1402,30+13,84*
EQ 15,60+0,48* 37,14+2,14 51,32+1,07* 76,96+ 1,44* 1438,00+19,90*

lpumimka: * — pisHuys docmosipHa nopieHsIHO 3 KOHMposem, p < 0,05.
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Yy POCIUH LOCRiZXYBaHWX TPyn MOPIBHAHO 3 pOCnMHaMK
KOHTpOMbHOI rpynu. MakcumanbHe 3pocTaHHs Macu ctebna
crnocrepiraeTbCa y dasi UBITIHHA Y POCIUH O3UMOT0 XuTa
copty CuHTeTnk 38 y rpynax i3 nepeanociBHow 06pobkot
HaciHHa komnoauuiamn EMNMMg i EQ, wo Ha 44% i 52%
NepPeBULLMIO MOKa3HWKM KOHTPOM BignosigHo. [Mpupict
macu ctebna 3 asm KyLiHHSA 80 asn UBITIHHSA came Y LnX
rpynax € AOCTOBIPHO BinNbLWMM MOPIBHSAHO 3 KOHTPOSBHOM
rpynot Ta rpynor 3 NepefnociBHOK 0OPOOKOK HaCiHHS
komnoauuieto EMM. Y pocnux o3umoro xwuta copTty 3abasa
HaMBINbLLKIA NpupicT Macu ctebna 3 dasm KyLLiHHS 40 dhasm
LBITIHHSI cnocTepiraeTbes y rpyni 3 nepeanociBHow obpob-
KOW HaciHHg Komnosuuieto EQ (nepesullye KOHTPOIbHI
3HayeHHs Ha 91 %). Y ¢asi monoyHoi cTurnocTi Maca ctebna
POCIUH 03UMOro xwuTa copTy CuHTeTrk 38 pewo 36inbLuy-
€TbCA Y BCIX JOCMIOHMX Tpynax, NpoTe y rpynax i3 nepegno-
CiBHOIO 06p06KOI0 HaciHHA komnoauuismu EMMMg i EQ BoHa
€ BinbLUIOK MOPIBHAHO 3 KOHTPOMBHMMW 3HAYEHHAMU BIgMO-
BiaHO Ha 34 % Ta 41%. Mpwupict macy cTebna pocnuH o3u-
MOrO uTa copTy 3abaBa 3 hasu KyLLiHHA A0 (hasu LBITIHHS
HanbINbLWMA y rpyni 3 NepeanociBHO 0OPOOKOK HACiHHSA
komnoauuieto EQ NopiBHAHO 3 KOHTPOMBHO rPYMOH.

Y Tabnuui 6 HaBegeHO pesynkTaTi BUMIPIOBAHHS Macu
CyXOi peyoBMHK CTebna poCnuH 03MMOro xuTta copTiB CuH-
TeTuk 38 i 3abaa. HanbinbLumin NpMpIiCT Macu cyxoi pevo-

BUHM cTEONa POCNNH 03MMOrO XuTa copTy CuHTETUK 38 i3
as3n KyLiHHA OO0 a3 MOMOYHOI CTWUINOCTI cnocTepira-
€TbCA Y rpynax i3 NepeanociBHOK 06POBKOK HACIHHS KOM-
noauuismu ENMMg i EQ NOpiBHAHO 3 KOHTPOMBHOK FPYMoK
Ta rpynoto 3 nepegnocisHot 06pobkoto komnoauuieto EMNM.
Y ¢hasi MOMOYHOI CTUIMOCTI Maca Cyxoi peyoBuHM cTebna
y rpynax i3 nepeanociBHol 0Bpo6KOI HaCiHHA KOMMO3u-
uiamn EMNMMg i EQ spoctana, nepesuLLytodm nOKa3HUKM
KOHTponto Ha 47 % i 36 % BignoBigHO. Y POCNMH 03UMOro
xwuTa copTy 3abaBa HanbinbLUWA MPUPICT MacK Cyxoi peyo-
BUHM cTebna NpoTsroM JocnigpKyBaHnx a3 po3BuTKy Cro-
CTepiraetbCs y rpyni 3 nepeanociBHo 06pobKOK HACIHHS
komnosuuieto EMMMMg Ta y casi MonoyHoi cTurnocTi nepe-
BULLLYE KOHTPOIbHI 3Ha4eHHs Ha 53 % (Tabn. 6).
O6roBopeHHs. Perynsuis pocTy Ta 3MEHLLEHHS BNIUBY
(haKkTopiB HaBKOMNMWLLHLOIO CEPEAOBULLA HA OpraHiaM poc-
MUHW € BaXKNUBMMMW (pakTopamm, SKi BU3HAYalOTb NPOayK-
TuBHiCTb KynbTypu (Yakhin et al., 2017). CtumynsTtopu
pOCTY 3AaTHi cnpuaTU 36inblUeHH0 Giomacu, onTumizyBaTm
3pOCTaHHSA POCIMH, CKOpOYyBaT¥ BereTauiiHuiA nepiog,
aKTuBidyBaTn poTtocuHTeTMYHI npouecn Towo (Yakhin et
al., 2017; Korotkova et al., 2021). Y poboti focnigxytotbes
KOMMO3uLii MeTaboniyHO aKTUBHMX CMOMyK, siKi € NMpUpoa-
HUMK meTabonitamu. JocnigpxysaHi komnosuuii metabo-

MiYHO aKTMBHMX CMONYK eheKTUBHO CTUMYMIOTL PiCT poc-

Tabnuusa 5

Maca cte6na (r) pocnuH o3umoro xuta coptiB CuHTeTuk 38 i 3a6aBa Ha pisHUX dra3ax oHTOreHe3sy 3a
nepeAnociBHOi 06pO6KN HAaCiHHA KOMNO3MLiAMU MeTaboniYHO akTUBHUX cronyk, 2019-2021 pp.

®a3un oHTOreHe3y
Mpynu - - — - -
KYLWiHHA | TPYOKyBaHHA | KOJOCIHHSA LBITIHHA | MOJOYHOI CTUIMOCTI
CuHTeTuk 38
KoHTponb 4,56+0,20 41,1742,05 68,37+3,99 89,03+4,16 97,27+4,35
EMM 6,16+0,34* 50,1042,19* 84,50+4,32* 89,7346,57 94,9316,77
EMMMg 5,17+0,26* 58,63+3,25* 85,33+4,24* 127,83+10,55* 130,40+10,30*
EQ 5,50+0,31* 44,63+2,06 89,87+3,96* 135,5049,05* 136,7048,11*
3abasa
KoHTponb 4,11+0,26 58,63+3,74 68,83+2,95 97,57+5,92 100,4345,91
EMM 6,49+0,34* 80,37+4,13* 90,63+3,51* 106,9745,85 109,4045,34
EMMMg 5,68+0,25* 80,17+4,41* 102,0344,29* 100,3346,10 105,3346,61
EQ 6,99+0,41* 77,5043,97* 109,60+3,99* 151,4319,16* 156,93+8,87*
lpumimka: * — pisHuus docmosipHa nopieHsIHO 3 koHmMposem, p < 0,05.
Tabnuus 6

Maca cyxoi pe4oBuHM cTebna (r) pocnuH o3mmoro xuta coptiB CuHTeTUk 38 i 3a6aBa Ha pisHUX hasax
OHTOreHe3y 3a nepeanociBHOI 06PO6KM HACiHHA KOMMO3ULiIMM MeTaboniyHO akTMBHUX cnonyk, 2019-2021 pp.

®da3u oHTOreHesy
Mpynu : : — - -
KYLLiHHSA | TPYOKyBaHHSA | KOMNOCiHHA | UBITIHHA | MOJI0YHOI CTUFNOCTi
CuHteTuk 38
KoHTponb 1,0910,07 13,47+0,91 29,90+1,87 31,17+1,90 39,60+2,84
EMM 1,34+0,07* 13,37+0,87 32,77+2,85 33,50+3,24 48,37+3,08"
EMMVIMg 1,30+0,08* 14,23+1,10 33,73+2,22 43,50+3,42* 58,07+2,82*
EQ 1,30£0,08" 38,57+1,62* 37,07+2,17* 31,40+1,81 53,70+2,98*
3abasa
KoHTponb 0,86+0,05 11,2740,63 32,13+2,59 31,37+2,18 39,80+2,60
EMNM 1,16+0,07* 11,7040,89 37,4312,91 39,87+2,60 47,00+3,06™
EMMVIMg 1,030,06 18,43+0,89* 46,03+3,06* 50,83+3,19* 60,87+3,04*
EQ 1,33+0,10* 13,63+0,89 36,03+2,67 42,93+2,98" 43,97+2,43
lMpumimka: * — pisHuus docmosipHa nopieHsIHO 3 koHmMposem, p < 0,05.
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NYH 03umoro xuTa copTiB CuHTeTMK 38 | 3abaBa npoTarom
tbeHonoriyHmx a3 po3BuTKy. HanbinbLWmnin CTUMYmMOYMIA
edhekT cnocTepiraetbes y asi KyLwiHHs. binbwe cnoctepi-
raeTbCs MPUPICT Macy cTebna NopiBHAHO 3 BUCOTOK Y Tpy-
nax POCMWH i3 NepeanociBHOK 0BPOOKOK KOMMO3ULSMM
EMMMg i EQ.

3 OoTpUMaHKX JaHuX BUMMMBAE, LLO KOPEHEBa CUCTEMA
POCIH 03MMOrO XuTa copTiB CuHTeTUK 38 | 3abaBa Takox
MO3UTMBHA pearye Ha BnMB AOCHISKYBaHWUX KOMMO3WLi
MeTabomMiYHO aKTMBHUX PEYOBUH. Tak, MPOTAroM [Ochi-
IDKyBaHUX (DEeHOMorivyHMX a3 po3BUTKY Yy rpynax pochuH
060x copTiB i3 nepegnociBHo 06pobKOK AOCTIAKYBaAHUMM
KOMMNO3WLisMK 3pocTae AOBXMHA, Maca i KiNbKiCTb KOPEHIB.
Hanbinbwmin cTumyniolounii edpekT AEMOHCTPYE KOMMO3u-
uis ENMMMg. OTpumaHi pesynstatv MOXYTb CBIQYMTW MPO
3pOCTaHHs eheKTUBHOCTI (PYHKLIOHYBaHHS KOPEHEBOI CUC-
Temu, Wo i 3abesnevye picT POCIMHY.

Tpeba Big3HauMTK, WO edeKTU UMX KOMMO3ULIN MeTa-
GOMiYHO aKTMBHWMX CMONyK € ManosuByYeHUMM. OTpuMaHi
pe3ynsTaTtyt Y3rofXKyTbCs 3 nonepegHiMyM AOCILKEHHAMM
edheKTiB KOMNO3ULIN Y perynsuii pocTy i po3BUTKY POCIUH
coi (Kostouko Ta iH., 2020). MNMpogemoHcTpoBaHi edekTy
JO0CHioKyBaHMX KOMMO3NLIA MOXYTb OYyTW 3yMOBMEHi edhek-
Tamn OKPEMUX KOMMOHEHTIB, iX B3AaEMOZIE0, a TakoX Crno-
cobom 06pobku pocnuH. Ockinbku 3acTocoByBanu came
nepeanociBHy 0OpoOKy HaciHHSl, TO MPOAEMOHCTPOBAHI
edekT MOXyTb BM3HA4aTUCS BMIIMBOM OOCHILKYBaHWUX
CMonyk Ha MeTaboniam HaciHMHWU. Tak, napaoKkcnbeH3oHa
KMCnoTa 3aBAsikM CBOIM @HTWOKCWAAHTHUM BMacTUMBOCTSM
MOXe MPOSIBAATY 3aXWUCHY Ai0 LIOAO HACiHHS, MOAOBXKY-
k04K IX KUTTE3OaTHICTL. KpiM TOro, BoHa 3aaTtHa eheKT1BHO
BMNMBATW Ha POCTOBI MPOLIECK 1 OKUCHMIA MeTaboniam (Cho
et al, 1998; Barkosky & Einhellig, 2003). Ockinbkn pecni-
paTopHWIA MeTaboniamM € OfHIE0 i3 BaXMMBILLKMX CUCTEM
perynsuii 06MiHHUX NPOLECIB Y KMiTUHAX, (DYHKLOHYBaHHS
OKpemux ii KOMMOHEHTIB MOXe e(EeKTMBHO BMMBaTK Ha
Pi3Hi MeTaboniyHi WAsSXK i, TAKUM YMHOM, Ha i3ioNoriyHi
MOKa3HWKM POCTY i PO3BUTKY pOoCnuHM 3aranom (Skrypnik et
al, 2021).

BitamiH E 1 yGiXiHOH € MOTY)XXHUMW aHTUOKCUOAHTaMM
Ta 3afjisHi y POCMMHHOMY OpraHi3Mi 40 3axucTy iX Big Had-
MipHOI aKTuBaLjii OKMCHMX npoueciB. BitamiH E 3nateH B3ae-
MOAIATK i3 (DITOFOPMOHAMU Ta iHLUMMM AHTUOKCUOAHTAMM.
HainBuwa KoHUeHTpauis BiTamiHy E crnoctepiraetbes came
Yy HaciHHi, fie BiH Oepe y4acTb y npouecax npopocTaHHs. Ha
nopanbLUMX eTanax po3BUTKY POCHWHM BiTamiH E 3abe3nevye
3axXuUCT Bifg 3ryOHOI Aii HaAMIPHOI KiNbKOCTi NPOAYKTIB OKMUC-
NeHHs, ki YTBOPOKTLCS BHacnigok nepebiry Garatbox Gioxi-
MiyHUX npouecis (Miret & Munné-Bosch, 2015; Sattler et al.,
2004; Mokroshop, 2014). YBixiHOH TakoX BOMNOAIE NOTY>XHUMM
aHTUOKCMAAHTHUMM BNACTUBOCTAMM Ta Bidirpae LeHTpanbHy
porb y eHepreTmyHoMy Metaboniami knituHu (Miret & Munne-
Bosch, 2015; Liu & Lu, 2016). Kpim Toro, y po6oTax (Rozhnova
& Gerashchenkov, 2014; Stahl et al., 2019) npogemMoHcTpo-
BaHO IMYHOCTUMYIIOKOMY, aHTUDITOBIPYCHY W aHTMbakTepi-
anbHy BMacTVBOCTI BiTamiHy E (a-Tokodbepony) i1 yBixiHOHY.

He MeHL BaxnuBYy ponb y perynsii pocToBMX NpoLeciB
Yy POCIUWH BifirpaloTb amiHOKUCIOTH Ta MiHepanbHi peyo-
BUHW. AMIHOKMCIIOTa METIOHIH | coni MarHito cynbdary Bidi-
rparTb BaXnMBY posb y 6araTbox MeTabonivyHnx npoLecax
y KMiTMHax. 3oKkpema, akTMBHI hOPMU METIOHIHY CryrytoTb
[OHOpaMW METUIbHUX TPyN i CipKkW, BiH HeobXigHwi y Bio-
cuHTesi Binkis, 6epe yyactb B 06MiHi BOAW Yy POCIMHHOMY
opranismi (Hildebrandt, 2015). MarHiin siK KohepMeHT BXO-
AMTb Ao cknagdy GaraTbox (hepMeHTIB i perynoe npouecu
pocTy Ta po3suTKy pocnuH (Maathuis, 2009).

BucHoBku. Y poboTi BnepLue AOCMiAKEHO BNAUB KOM-
nosuuiin MeTabomniyHO aKTUBHUX CMOIMYK, @ came BiTaMiHy
E, yObixiHOHY, MNapaoKCUOEH30MHOI KWUCMOTW, METIOHIHY
Ta MgSO, Ha npouecn pocTy Haa3emHoi Ta nia3eMHol
YaCTWH POCNMH 03MMOTO XWuTa copTiB CuHTETUK 38 | 3abaBa.
MpogeMoHcTpoBaHa Hanbinbwa eeKTUBHICTbL KOMMO3NLIN
EMNMMg i EQ wogo ctumynsauii pocTy sk Haa3emHoi, Tak
i Mig3eMHOI YaCTMH pocnnHM 060X AOChiMKyBaHUX COp-
TiB. Pesynsratn npoBeAeHOro AOCHIMKEHHS MOXYTb MaTy
MPaKkTU4He 3HaYeHHs Ans NoJanbLUOro BWUBYEHHS BRMMBY
LIMX KOMMO3ULLIA Ha POCIMHHI OpraHiaMun 3 METOK 0BrpyHTY-
BaHHS X BUKOPUCTAHHS Y POCMINHHULTBI.
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Influence of presowing treatment of seeds with compositions of metabolically active substances on morphometric
indexes of winter rye varieties synthetic 38 and Zabava at different stages of ontogenesis

Winter rye is a promising crop for the Polissya region of Ukraine, so the search for and development of effective and safe
approaches to stimulate the growth and development of this crop is relevant. The material of the study was the seeds of winter
rye (Secale cereale L.) varieties Synthetic 38 and Zabava, and compositions of metabolically active substances: vitamin
E (10° M), paraoxybenzoic acid (POBA) (0,001%), methionine (0,001 %), ubiquinone-10 (10° M) and MgSO, (0,001 %),
which were used in the following combinations — vitamin E+POBA+methionine, vitamin E+POBA+methionine+MgSO,,
vitamin E+ubiquinone-10. Presowing treatment of seeds with the studied compositions was performed. The research was
conducted in the following phases of rye development: tillering, tubing, earing, flowering and milk ripeness. The studied
compositions of metabolically active compounds effectively stimulate the growth of winter rye plants of Synthetic 38
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and Zabava varieties during phenological phases of development. The greatest stimulating effect is observed in the tillering
phase. At the same time, there is a greater increase in stem mass compared to height in groups of plants with presowing
treatment with compositions of vitamin E+POBA+methionine+MgSO, and vitamin E+ubiquinone-10. During the studied
phenological phases of development in groups of plants of both varieties with presowing treatment with the studied
compositions increases the length, weight and number of roots. The composition of vitamin E+POBA+methionine+MgSQO,
shows the greatest stimulating effect. The results obtained may indicate an increase in the efficiency of the root system,
which ensures the growth of the plant. The influence of compositions of metabolically active compounds, namely vitamin E,
ubiquinone, paraoxybenzoic acid, methionine, and MgSO, on the growth processes of aboveground and underground parts
of winter rye plants of Synthetic 38 and Zabava varieties was investigated for the first time and the highest efficiency of vitamin
E+POBA+methionine+MgSO, and vitamin E+ubiquinone-10 to stimulate the growth of both aboveground and underground
parts of the plant of both studied varieties.
Key words: winter rye, presowing treatment, vitamin E, ubiquinone-10, paraoxybenzoic acid, methionine, MgSQO,,
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Y cmammi gucsimneHi pedynbmamu ekcriepuMeHmarsnbHUx 00cnioxeHb 8Mugy PidHUX crocobig i efubUuHU 0CHO8HO20
06pobimky rpyHmy Ha hOHI mpbox cucmem yOOOpeHHsT y CiB03MIHI Ha ypoxalHiCmb CirbCbK020CM0OapChKUX Kybmyp
ma eHepaemuyHy egheKmugHiCmb MexXHOo2ill iX 8UPOULYBaHHS.

Memoto cmammi 6yri0 ecmaHo8eHHs 8rugy MiHiMi308aHO20 0CHOBHO20 06p0BIMKY U Op2aHiqHUX | op2aHo-MiHeparb-
Hux cucmeM yOobpeHHsI Ha (hopMy8aHHsI azpoghisuyHUX enacmueocmel, 800HO20 pexuMy rpyHmy ma npodyKkmueHocmi
4-n1inbHOI ciB03MIHU 8 yMOoBax 3poweHHS Mie0Hs Ykpaitu. Memodu: nonbosud, KirbKicHo-ea2o8ud, 8idyanbHull, nabopamop-
Hull, PO3paxyHKOBO-MOPIBHAMbHUU, MameMamuyHo-cmamucmuyHul MemoOu 3 BUKOPUCMAHHSAM 3a2afibHOBU3HaHUX
8 YkpaiHi memoOuk i MemoduyHux pekomeHdauit. Cucmema 0CHOB8HO20 dughepeHyiliogaH020 06pPO6IMKY, Wo b6asyembcs
Ha 6e3nonuyesomy Minkomy 06pobimky, moedHaHOMy 3 OOHUM WM08aHHSIM 3a pomauiro Cieo3MiHU Ha enubuHy 38—40 cm,
3abesneyquna 3HUXEHHST eHep2eMUYHUX 8Umpam rnopieHSIHO i3 Pi3Ho2nubUHHOK opaHKoto Ha 53,5 % i crnipusina onmumizauyi
aspohi3uyHux ernacmusocmeli i BOOHO20 PexUMy rpyHmy, cmeopuswu ymosu 05151 peanisauii 2eHemuyHo 06yMo8IeHo20
nomenujany npodykmugHocmi copmie i eibpudis.

Y cepedHbomy 3a poku docnidxeHb (2016-2020 pp.) 6cmaHoBIEHO, WO HalBULLY ypoxalHICMb Kyrbmyp Cie03MiHU 3ab6e3-
neyyearo eHeceHHsi dobpug do3oro N, P, v pospaxyHKy Ha 00UH 2eKmap CiB03MIHHOI MIOW], Ha ¢hOHI PI3HORIUGUHHOI MOsU-
uesoi ma AughbepeHyjitiosaHoi-1 cucmem 0CHO8HO20 06pobimKy. TakK, ypoxaliHicmb 3epHa KyKypyd3u 8idrnoeiOHO cmaHosuna
14,44 ma 14,82 m/za, coi — 4,31 i 4,34 m/2a, nweHuui o3umoi 6,81 ma 6,90 m/za ma copao 3epHo8o20 — 7,09 i 7,70 m/ea.

HadliHuxyi mexHonoaiyHi gumpamu ecmaHosreHi y gapiaHmi 3 QUCKO8UM po3nywlysaHHsaM Ha 12—14 cm y cucmemi 6e3-
M0/1UYE8020 Mirlko2o 00H02IUBUHHO20 OCHOBHO20 06POBIMKY IpyHMy 6e3 8HeceHHs MiHepanbHUx dobpus — 53,2 [[x/za.

Hadisuwy npodykmueHicms 8,43 m/ea 3epHa U eHepa0oMICMKICMb 8POXaK0 CiflbCbKO20Crn00apChKuX Kynbmyp Cie03MiHU
159,5 '[]x 3abesneyquna dughepeHuitiogaHa-1 cucmema 0CHO8HO20 06PO6IMKy 3 00HUM wWintoeaHHsM (38—40 cm) 3a poma-
yito Ha GhoHI opaaHo-MiHeparbHOI cucmemu yOoOPEHHS 3 BUKOPUCMaHHAM MOBIYHOI MPOdyKUii Kyribmyp Cigo3MiHU ma po3-
paxyHkoeoi 003u MiHepasnbHux dobpue N, P, Ha 2ekmap Ci603MiHHOI MIoWi 3 OKYMHICMI0 eHepaemuyHux eumpam 2,05.

Knrovosi cnoea: cucmema, cnocib i 2nubuHa obpobimky rpyHmy, WinbHicmb cknadeHHs, 8000MPOHUKHICMb, eHep2o-
EMHICMb.

DOl https://doi.org/10.32845/agrobio.2021.4.5
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Bcetyn. Cinbcbkorocnogapcbka ranysb — ogHa 3 nposia-
HUX B eKOHOMIL YkpaiHw, Big ii pO3BUTKY 3anexuTb PiBEHb
3a0e3neYeHoCTi  HaCeneHHs  MPOAyKTaMu  XapyyBaHHS
Ta BaX/MBWX rany3en nNpoOMUCMOBOCTI — CMPOBUHOW. YAO-
CKOHamneHHs1 TEXHOMOri BUPOLLYBaHHS, CTillke HapoLly-
BaHHs 0bcariB BUpOOHMULTBA, CTBOPEHHS HAZINHOMO hOHAY
MPOLYKTIB XapyyBaHHS — FOMOBHI YMOBU YCRILUHOTO BWKO-
HaHHS couianbHOI nporpamy LWOZO MNiABULLEHHS PIBHS
XUTTS rpoMagsH Ykpainu (Bezuhlyi & Prysiazhniuk, 2012).

MpoTarom ocTaHHix AecaTupiy Bigdynucs cyTTeBi 3MiHU
YMOB BefleHHs1 3eMnepobceTBa Ha 3poLlyBaHux 3emnsix [lis-
denHoro Cteny YkpaiHu, cnoctepiraloTbCs TeHAeHUil 40
apvau3sadii knimaty, 3MiHUANCS opraHisaLiiHi yMOBW rocno-
JaptoBaHHS, y BUPOBHULTBI 3aCTOCOBYIOTb HOBI BUCOKOMPO-
OYKTUBHI copTW Ta ribpuan KynsTyp, IO BUKMKUKAE Heob-
XigHICTb Nepernaay niaxoais 40 OpMyBaHHS iIHTEHCUBHOI
CUCTEMM 3pOLLYyBaHOro 3emnepobcTsa B YkpaiHi 3 ypaxy-
BaHHSIM BCbOrO KOMMIIEKCY TEXHOMOMYHMX Ta arpobionoriy-
Hux Bumor (Pysarenko, 2010; Vozhehova et al., 2013).

BaratopiyHUMK JOCHIgKEHHAMU ePEKTUBHOCTI TEXHO-
MOTiN  BUPOLLYBAHHS CiflbCbKOTOCMOAAPCHKUX KYMNbTYp Ha
3pOLLYBaHMX 3eMIISX BCTaHOBMEHO 6e3nepeyHy nepesary
HaZ HEMoNMBHUMMW 3eMMASIMU HaBiTb 3@ MiHIMabHOTO PiBHS
3aCTOCYyBaHHS arpopecypciB. Tak 25-piuHi gocnigpkeHHs 133
HAAH cBiguatb, LIO NPUPICT ypoxato 3aBASKN 3POLUEHHIO
CTaQHOBMB: MpY BUPOLLYBaHHi nweHuui o3umoi — 30,7 u/ra;
KyKypyasu Ha 3epHo — 27,3; coi — 18,7; Kykypyasu Ha
cunoc — 457 u/ra (Bazaliy et al., 2009; Lavrynenko et al.,
2016; Parajuli et al., 2013; Kokovikhin et al., 2009).

3oHa Cteny YkpaiHu xapakTtepHa HecCTilkuM npupoa-
HUM 3BOMNOXEHHSIM, a Lie He Jae MOXNMUBOCTI B MOCYLUMMBI
POKV MOBHOK MipOK BMKOPWUCTOBYBATW MOTEHLINHY POAHO-
yicTb rpyHTiB (Baliuk & Romashenko, 2006). Tomy ygocko-
HaNEeHHs HasiBHWX Ta €KOHOMIYHE W eHepreTuyHe obrpyH-
TYBaHHS HOBMX CMocobiB i CUCTEM OCHOBHOMO 0BPOBITKY
IPYHTY B KOPOTKOPOTALiHMX CiBO3MIHAX Ha 3pOLLyBaHWX
3eMnsIX € akTyanbHuUM i notpebye nornmbrneHunx ekcnepu-
MeHTarnbHWUX AOCNIIKEHD.

OCHOBHWI1 06POBITOK I'PYHTY € OOHUM i3 HANBaXIIUBILLINX
arpoTEeXHIYHMX 3axX0fiB Yy TEXHOMOriSAX BUPOLLYBAHHS, SKUN
Bepe yyacTb y hopMyBaHHi arpodi3nuyHKUX BIacTUBOCTEN,
BOOHOMO i MOXMBHOMO PEXUMY F'PYHTY Ta MPOAYKTUBHOCTI
cinbcbkorocnogapcekunx  Kynetyp (Ahmed Abed Gatea
Al-Shammary et al., 2018; Gathala & Timsina, 2014).

MeTa gocnimxeHb nonsrana y BU3HaYeHHi BMBY opra-
HIYHWX | OpraHo-MiHepanbHUX CUCTEM YAOBPEHHS 3a MiHIMi-
30BaHOr0 OCHOBHOTO 06POBITKY Ha 3aKOHOMIPHOCTI hopmy-
BaHH$ arpocisaMyHKX BNAaCTMBOCTEN, BOAHOTO Ta NOXUBHOMO
PEXUMY I'PYHTY, YPOXaMHOCTI CiflbCbKOroCnoaapChkux Kyrb-
TYp i NPOOYKTUBHOCTI 4-MinbHOI NpocanHoi B ymMoBax 3po-
LUEHHS NiBAHS YKpaiHW.

Matepianu Ta MmeToam aocnipkeHb. Y cTauioHapHOMY
gocnigi IHctuTyTy 3poLuysaHoro semnepobersa HAAH Ykpa-
THY npotsarom 2016-2020 pp. y 4-ninbHii npocanin ciso-
3MiHV Ha IHrynewubKil 3poLlyBanbHii CUCTEMI NPOBOAUMNCS
eKcrnepuMeHTanbHi JOCMIAKEHHS 3i BCTAHOBMNEHHS edek-
TUBHOCTI 3aCTOCYBaHHS MiHIMI30BaHWX CUCTEM YU3ENBHOTO,
JOMCKOBOTO | AnbepeHLiioBaHOrO OCHOBHOMO 0BPOBITKY
3 BUKOPUCTaHHAM I'pyHTO0BPOBHMX 3HapsAb i3 Pi3HOK KOH-

CTPYKLUiE0 pobounX OpraHiB, siki BiApi3HANIMCA MK coB0t0
rMUBMHOK  PO3NYLLIYBaHHS, BUTPaTaMy HEMOHOBMIOBAHOI
eHeprii Ta MaTtepianbHUX PECYPCiB Ha X BUKOHAHHSI.

3emni ekcrnepuMmeHTansHoi 6asn IHCTUTYTY 3pollyBa-
Horo 3emnepobctea HAAH, oe npoBogmnmcst OCHOBHI AocCHi-
[DKEHHS, po3TalloBaHi Yy CXigHii YacTuHi Binosepcbkoro
paioHy XepCoHcbkoi obnacTi. Teputopis panoHy posTaLlo-
BaHa Y MiBHIYHIK YacTuHI MpUYOpHOMOPCHKOI HN30BWUHU Ha
npaBomy Gepesi p. [HINpo y Mexax BepXHbOMNMiOLEHOBOI
Tepacu (Morozov, 2013).

I'PYHT AOCTIAHOTO NOMS TEMHO-KALLTAHOBMIA, CEpPEHLOCYT-
NHKOBMI, B OPHOMY Lapi MicTuTbes rymycy 2,06 %, 3aranb-
Horo asoty — 20,0, cbocdopy — 40,0 Ta kanito — 300,0 mr/kr
'PYHTY, HaMeHLWa BOMoroemMHictb — 21,2%, BOMOricTb B's-
HeHHs1 — 9,1 %, piBHOBaXkHa LLINbHICTb cknaaeHHs — 1,41 r/cv®,
LWinbHicTe TBepaoi asm 2,61 r/icm® (Vozhehova et al., 2017).

Ha pogatodicTb BNnMBatThb YLLINbHEHICTb IPYHTIB, HU3bK
BOAHO-Pi3NYHI BNACTMBOCTI, COMOHLIOBATICTb. KaluTaHoBi
'PYHTU € 06’eKTOM 3poLuyBanbHUX Meniopadin (Ushkarenko
etal.,, 2010).

Y nonboBYX Aocnigax BUCiBanNu paoHOBaHi Ans cTeno-
BOI 30HM COPTY Ta riGpUAM CiNbCbKOroCnogapChKux KymnbTyp,
3aHeceHi [0 «[lepxaBHOro peecTpy CopTiB POCNWH, Npuaat-
HUX NS nowmpeHHs B YkpaiHi». (https://minagro.gov.ua/ua/
file-storage/reyestr-sortiv-roslin).

3aknagaHHs BapiaHTiB [ocnigy OCHOBHOrO 06pobiTky
BWKOHYBanu I'pyHTOO06pPOBHUMU 3HapsaAsMu B arperari i3
Tpaktopom T-150 K: nonuuesui pisHOrMUOUHHWUIA — NYrom
nemiwHuM HadinHum — IMJ1H-5-35; 6e3nonuuesuii pisHornu-
OUHHWIA — NNyroM YnsenbHUM — M4-2,5; auckoBuia i KOMBIHO-
BaHUN (QWUCKOBUI i3 I'PYHTONOIMMUONEHHSIM) BaXKOIO AMCKO-
Boto 6opoHoto BIBI1-3,0-01.

ArpoTtexHika y gocnifax 3aranbHOBU3HaHa ANs KynbTyp
CiBO3MiHV OKpIM (paKTopiB, LLO CTABUMNUCS Ha EeKCnepUMeH-
TanbHe AocnigxeHHs. OBTOpHICTL y gocnigi 4-pasosa.
MnoLua nociBHoi AinaHkn — 742 m?, obnikosoi — 50,0 m?

Y ciBo3MiHi AocnigpKyBanuM M'sTb CUCTEM OCHOBHOMO
006pobiTky r'pyHTY (PakTop A) 3 pisHMMK cnocobamu, Npuino-
Mamu Ta rMUBKMHO po3nyLUyBaHHS Ha (OOHI OAHIET opraHiy-
HOI Ta 4BOX OpraHo-MiHepanbHUX CUCTEM YOOOPEHHS.

®akTop A (06pobITOK I'PyHTY):

1. Cuctema pi3HOMMMBUHHOTO OCHOBHOMO 0BpPOBITKY
'PYHTY 3 06epTaHHAM CKMBY i3 IMBNHOI PO3NYLUYBAHHS Bif
14-16 no 25-27 cm.

2. Cuctema pi3HOrMUBUHHOMO OCHOBHOTO  0BPOBITKY
rpyHTY 6€3 06epTaHHs CKUOY 3 YM3ENbHUM PO3NYLLYBaHHAM
Ha Taky camy rnubuHy.

3. Cuctema ofgHornMubMHHOrO Minkoro 6e3nonuueBoro
06pOBITKY 'PYHTY 3 AMCKOBUM PO3NYLLYBAHHAM Ha IMUBUHY
12-14 cwm.

4. Cuctema audpepeHuiroBaHoro-1 obpobiTky FpyHTY
Ha (oHi Minkoro o6pobiTKy Big 8 0o 16 cM i3 ogHUM LWinto-
BaHHSM 3a poTaLito CiBO3MiHM Ha rnubuHy 38—40 cwm.

5. Cuctema pgudpepeHuiioBaHoro-2 o6pobiTky FpyHTY
3 OfHi€0 OpaHKOK 3a pOoTalilo CiBO3MIHW Ha MUOUHY
18-20 cm.

®akTop B (cuctema ynobpeHhs)

1. OpraHiyHa cuctema yooBpeHHst — 3 BUKOPUCTAHHSM
noBiYHOI NPOAYKLIT CiflbCbKOrOCNOAAPCHKMX KYNETYP CIBO3MIHM.
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2. OpraHo-MiHepanbHa cuctemMa yoobpeHHs i3 BHe-
CEHHAM 3aranbHOBU3HAHUX [03 BHECEHHS MiHepanbHUX
A06pwvB: Nig Kykypyasy Ha 3epHo — N, P, ; nig copro 3ep-

120" 60’
HoBe — N.,P.; nig cowo — N, P . nig nwexno osumy —
Ng,Pyo» LIO Y PO3PAXYHKY Ha OAUH reKTap CiBO3MIHHOT MIOLi

craHoBuTb Ny, P, + nobiuHa npogykuis.
3. OpraHo-MiHepanbHa cuctema yooOpeHHst — i3 BHe-
CEHHAM pO3paxyHKOBMX [03 MiHepanbHux [obpus: nig

Kykypyasy Ha 3epHo — N, P. : nig copro 3epHose — N P

180" 60’

120" 60’
nig coro — NP, ; nig nwennyto osumy — N, P, 3 nosoto
Yy PO3paxyHKy Ha OAMH rekTap ciBoamiHHoi nnowi N, P, +

no6iyHa npogyKLis.

Bonorictb wapy rpyHty 0-50 cm nigTpumysanacs Ha
piBHi 70% HB BereTauinH/umMy nonueBamm, Bogamu BUCO-
KOi MiHepanisauii 3 HecnpuATAMBKAM  CMiBBIgHOLIEHHSM
OfHO- Ta [ABOBANEHTHUX KaTiOHIB (MONMBHI Boau IHryneupb-
Koi 3poluyBanbHoi cuctemn 3a ACTY-2730:2015 (DSTU
2730:2015, 2016).

Mig Yyac ekcnepuMeHTy 3acTOCOBYBanu NONbOBUHN, Kiflb-
KiICHO-BAroBWi, Bi3yanbHWUA, nabopaTopHWIA, PO3paxyHKo-
BO-MOPIBHATNBHWIA,  MATEMaTUYHO-CTaTUCTUYHWUIA  METOaAM
3 BMKOPWUCTaHHSAM 3aranbHOBM3HAHWX B YKpaiHi mMeToguk
i meToamuHKx pekomeHaalin (Vozhehova et al., 2014).

LLinbHicTb cknageHHs OPHOro LWapy BCTAHOBMOBANM 3a
metogoMm pixkyuux kineus (DSTU 4362:2004, 2004), Bozo-
MPOHUKHICTb — METOAOM 3aNnMBHUX MaWOaHYuKIB y TPUro-
JOVHHIN ekcno3uuii 3 noganblMM BU3HAYEHHSIM MUOUHK
npomouyBaHHs (DSTU 4362:2004, 2006). CymapHe Bogo-
CMOXMBaHHS NOCIBIB BM3HAYan1 MeTogoM BOAHOrO 6anaHcy
0e3 ypaxyBaHHS MiMKMBIMEHHA ['PYHTOBMMM BOZaMM
(Vozhehova et al., 2013).

MNopucTicTb IpyHTY BM3Ha4Yanaca y Lluapax rpyHTy
0-10 cm, 10-20, 20-30, 30-40 cm 3a chopmyrnoto:

M= (1-Wul_ ) se

T — nopucrtictb, %;

L] — WinbHICTb CKNageHHs rPyHTY, r/cme;

u_ 6 WinbHicTb TBepZOi dasu rpyHTy, r/'cm®.

Pesynbratn. EkcnepyMeHTanbHi CUCTEMM OCHOBHOTO
00pobiTky iCTOTHO BMNMBaNMM Ha MPOAYKTMBHICTb MpaLi,
BUTPATV HEMOHOBIIOBAHOI, $K MaTepiani3oBaHoi, Tak
i @aHTPOMOreHHOI, eHeprii. 3a cMCTEMATUYHOrO NPOBEAEHHS
Mig yCi KynbTypy CiBO3MIHW Pi3HOMMUOWHHOI 1 OQHOIMUONH-
HOI MIfIKOI CMCTEMU OCHOBHOTO 0OpobiTKY 6e3 obepTaHHs

CKMBU BUTPATW Ha iX BMKOHAHHA OynM MEHLMMU MopiB-
HSHO i3 CMCTEMOIO PI3HOMMMBMHHOI OpaHKW BiAMOBIAHO Ha
41,5 i 66,7 %. OudepeHuinosaHi 3a cnocobamu Ta rmubu-
HOK CMCTEMU OCHOBHOTO 0BPOBITKY 'PYHTY 3 OOHUM LLjiftO-
BaHHSIM Ta OAHIEI0 OPAHKOK 3a poTaLito CiBO3MiHM 3abes-
MEYNNM 3MEHLIEHHSI EHEPreTUYHUX BUTPaT BIgMOBIOHO Ha
53,5146,7% (Tabn. 1).

3acrocyBaHHs anst 0BpobiTky rpyHTY 3Hapsdb i3 pisHOH
KOHCTPYKLiEO pobOYMX OpraHiB MEeBHOK MipOK BrnMBae Ha
BECb KOMMIIEKC arpodiisuiHNX BRaCTUBOCTEN FPYHTY, Y TOMY
YUCni i Ha LLNbHICTb CKMaAeHHs!, MOPUCTICTb | BOOOMPOHUKHICTb.

JocnigpkeHHsIMM BCTaHOBIEHO, WO Crnocobu, npuinomm
Ta rmubuHa obpobiTKy Manu iCTOTHWIA BNNMB Ha LiNbHICTb
cknageHHs. Tak, Ha noyaTky BECHSHOI BereTauii HanbinbLu
6nm3bkuMK [0 ONTUMANbHUX NMOKA3HMKIB NS KynbTyp CiBO-
3MiH1 BOHM Bynu 3a pisHOrMUBMHHUX i AndepeHLinoBaHoi-1
cuctem 06pobitky (Tabn. 2). [lo 36upaHHs Bpoxato Bigby-
BAETbCS 3aKOHOMIPHE YLUINbHEHHS I'PYHTY B YCiX BapiaHTax
gocnigy, BogHoYac HanbinbLl icTOTHUM BOHO OByno y Bapi-
aHTi 0gHOrMMBKMHHOIO Minkoro 6e3nonuueBoro o6poBITKY.

BusHayeHHs  LWINbHOCTI  CKNadeHHs Lapy rpyHTY
0-40 cm nig BNAYBOM Pi3HWMX CUCTEM OCHOBHOMO 0OPOBITKY
IPYHTY B CiBO3MiHi Jano MOXMWBICTb BCTAHOBUTW KOMU-
BaHHSA 4OCNIiAKYBaHOMO NokasHuka y mexax 1,26—1,32 r/cm®
y nepiog cxopis. Hambinbl posnylieHuMm BUSIBUBCS LIap
rpyHTy 0-40 cm y BapiaHTax gudepeHuinosaHoro-1 i pisHo-
rMBUHHOTO OCHOBHOTO 0OPOGITKY 3 0bepTaHHAM Cknbu, e
LL[iINbHICTb CKNageHHsa cTaHosuna 1,26 r/cm?®,

3acTocyBaHHs ogHOrMMBUHHOrO minkoro (12—14 cm) guc-
KOBOro 06pobiTKy I'pyHTY B CIBO3MiHi MPMU3BENO 40 3POCTaHHS
LinbHOCTI cknaaeHHs Ha 0,06 r/cm?, abo Ha 4,8 %.

lNMonibHa 3akoHOMIpHICTb Big3Ha4anacs i nepen 36upa-
HAM ypoxato. TyT Takox 3bepernacs TEHAEHLS A0 YLinb-
HEHHS1 HWXHIX LuapiB IPYHTY, 3@ paxyHOK Skux i dhopmyBa-
nmesa NiaBMLLEHi NOKa3HUKM LUINbHOCTI CKNadeHHs Liapy
rpyHTy 0—40 cm y mexax 1,28-1,34 r/cm®.

lNpoTarom BereTadii pisHoOrnMMbuHHa nonuuesa Ta aude-
peHUinoBaHa-1 CUCTEMM OCHOBHOTO OOPOBITKY IpyHTY
3abe3neunnn [ocTaTHbO OMM3bKUIA 3a LLIMbHICTIO Cckna-
JEHHS OpHWMIA wap, a 6e3nonuueBa Minka npusBena mo
PO3MEXYBAHHS OPHOTO LWapy Ha GifbLL PO3MyLIEHY BEPXHIO
(0-15 cm) vioro yacTuHy 1 yuwinbHeHy (15-40 cm) HWXHIO,
L0 MOSICHIOETECA KOHLIEHTPALiE MICMSHKHUBHUX PELUTOK

Tabnuug 1

PecypcHo-eHepreTMyHa oLiHKa CUCTEM OCHOBHOIO 00pO6iTKy TEMHO-KaLWITaHOBOIO IPYHTY
y 4-ninbHiA NpocanHii ciBO3MiHi Ha 3poLUeHHi

3atpat npaui Butpatu Butpat HenoHoBNIOBaHOI eHeprii,
OcHOBHuUI 06pobiITOK ’ nanbHoro, . iani i
rpyH'ryp noa.rogira -O;O /ra krira )I(Ifgb)?drroa, aHTponoreHHoi, MIx/ra MaTe%a")::;?:a"o"
(] % 0, o 0,
° o V3
Monuueswuin 1.0 204 1501.6 60.0 14416
Pi3HOTNMOMHHMIA 100 100 100 100 100
Besnonuuesuit 0.58 151 871.6 41,2 8304
Pi3HOTMUOWHHUI 58,0 74,0 58,5 68,7 57,6
Besnonuuesuit 0.33 9.8 4994 241 4753
OJHOIMUOUHHNIA 33,0 48,8 33,3 40,2 33,0
i . 0.47 12.6 697.7 334 664.3
[undbepeHuino-saHwii-1 4—'7—0 6_1‘7 WS_ %7 m
. . 0,53 135 800,0 38.7 7613
OudepeHuino-saHnii-2 530 66.1 53,3 64,5 52,8
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Y BEPXHIill YaCTUHI OpHOro Lapy 3a 06pobiTky 3HapsaasMu
[MCKOBOIO TUMYy.

Y npsMii 3aneXHOCTi Bif LLiNbHOCTI CKNageHHs OpHOro
Luapy 3Haxogunacst Moro MopUCTiCTb. Ynm BinbLL yulinbHe-
HU BYB I'PYHT 3a BapiaHTamu Jocnigy, TUM Hk4oro Byna
i0ro NOpUCTICTb, L0 YCKnagHoBano BoupaHHs i ginstpa-
LIit0 BOAM Y 30HY pO3TallyBaHHS KOPEHEBOT CUCTEMU.

PesynbraTtn ekcnepuMeHTanbHWUX 4oCimKeHb, OTPUMaHI
y gocnidi, ceigyaTb npo Te, WO Yy ¢asy CXOAiB NMOKa3HUKM
3aranbHoi nopuctocTi wapy rpyHTy 0-40 cm Bynu npak-
TUYHO OOHAKOBMMM, X04a i cnocTepiranacs TeHaeHLUis ao ii
NiABULLEHHS Yy BapiaHTax nonuuesoro i 6e3nonmuesoro pis-
HOMWBMHHUX | AudepeHLinoBaHoro-1 0CHoBHOro 06pobiTKy
rpyHTY. PisHnus mix BapiaHTamu ctaHosuna 1,3 %.

Mepen 30upaHHSM ypoxalo Mamke B YCIX BapiaHTax
Jocnify BiA3HA4YaETbCA 3HWXKEHHS MOPUCTOCTI. Y BapiaHTi
Pi3HOMMOMHHOIO MOMMLEBOTO OCHOBHOMO OBPOBITKY I'PyHTY
3aranbHa NopucTiCTb Byna y Mexax onTuMarnbHUX napameTpis
i ctaHoBuMna 51,2 %, Todi sk y BapiaHTi 6e3nonmuUeBoro Mifikoro
opHornubuHHoro obpobiTky BoHa 3Hu3unacs 4o 48,7 %, abo
Ha 4,9 BiZHOCHWX BiACOTKM MOPIBHSHO 3 KOHTPOIEM.

PesynbraTtu gocnimkeHb cBigyaTth nNpo Te, WO Ha BOAO-
MPOHMKHICTb MatoTb BMSIMB CNOCOBU OCHOBHOTO 0BpOBITKY
'PYHTY Ta rmubyHa po3nyLuyBaHHS.

BinbLL BYCOKOK BOOOMPOHUKHICTL dhopmyBanacs y Bapi-
aHTax 3acTocyBaHHs c1cTeM audepeHuinosaHoro-1 i nonuue-
BOrO Pi3HOMMMUBUHHOMO OCHOBHOMO 0BpOGITKY IPYHTY Ta CTaHo-
Buna 4,3 Mm/xB. 3amiHa OpaHK1 PiSHOMMUBUHHUM YU3ENBHUM
PO3MyLUYBaHHSAM MpU3BENa OO0 3HWXEHHS BOLOMPOHWKHOCTI
Ha 11,6%, a minkum auckoBum — Ha 30,3 % i3 nokasHukamm
BianogigHo 3,8 i 3,0 Mm/xB. Ha KiHeLpb BereTaLii KynsTyp CiBo-
3MiHW MOKa3HUKA BOAOMPOHUKHOCTI 3HU3WMMCS MOPIBHSIHO i3
MOYaTKOBMMM, LLO NOB'S3aHO 3 YLLNbHEHHSM IPYHTY Nig dieto
aTMOCChepHMX onagiB, MOMBHOI BOAW, XOLOBUX CUCTEM Tpak-
TOpiB i poBouMX OpraHiB rpyHTOOBPOGHMX 3HaPSAb.

AHaniaytoum KinbKiCTb BMKOPUCTAHOI BOMOMM 3anexHo
Big cnocobiB, NpWitomiB, rMnbrUHM OCHOBHOIO 06pPOGITKY nia

OKpeMi KynbTypu Ta CUCTeM OCHOBHOro o6pobiTKy r'pyHTy
B CiBO3MiHi, He0DXiZHO 3a3HAYNTK, LLIO 3aCTOCYBaHHS gude-
peHLioBaHoro-1 06pobiTKy rpyHTY cnpusno HanGinbLwomy
BMKOPUCTaHHIO Bonoru 3 rpyHTy — 1075 m3/ra Ta cymapHoro
BozocnoxvBaHHs 5329 m¥/ra y poapaxyHky Ha 1 ra CiBo3miH-
HoOi mnowi (tabn. 3). 3a cuctemu AndepeHLinoBaHoro-2
00pobiTKy I'PYHTY 3 OAHIE0 OPaAHKOI 3a POTaLLito Lie Nokas-
HWK 3HU3MBCS 10 5192 m¥/ra, a 3a MINKOro 0AHOMMMGVMHHOTO
£0 5093 m¥/ra, abo BianosigHo Ha 3,6 Ta 4,4 %.

AHani3 CKnagHUKIB CyMapHOro BOZOCMOXMUBAHHS CBif-
4yuTb Npo Te, Wo notpeba y Bogi 3a BapiaHTamu 06pobiTKy
rpyHTy 3abesnevyBanacs Ha 18-22% 3a paxyHOK npogyk-
TWBHUX 3anaciB BOMNOMU y I'pyHTi, Ha 23-24 % 3a paxyHoK
aTMocepHux onadis i Ha 55-58 % 3a paxyHOK MOnMBHOI
Boau. HanbinbLu echeKTMBHO BUKOPUCTOBYBaNacs Borora Ha
CTBOPEHHS OAHiEl TOHM NPOAYKLIT y BapiaHTi cuctem gude-
peHuiioBaHoro-1 06po6iTky 3 nokasHukom — 1064 m3/1, Topi
AK 9K 3a 6eanonuuesoro minkoro (12—14 cm) Butpaty Boan
3pocTaroTb A0 1644 m¥/T, abo Ha 56,4 %.

3MiHW arpoi3nyHMX BNacTUBOCTEN i BOOHOMO PEXUMY
3yYMOBWIW CTBOPEHHS Pi3HWX YMOB NS POCTY Ta PO3BUTKY
C.-T. KynbTyp i (hOPMYBaHHS BpOXalo.

Y cepenHbOMY 3a POKW OOCHIMKEHb BCTAHOBIIEHO, LLO
HaMBULLY YPOXaMHICTb KymnbTyp CiBO3MiHM 3abesnedvyBarno
BHECeHHs [obpus fo3o0 N, P,y pospaxyHKy Ha OAuH
rektap CiBO3MIHHOI NMOLLi, Ha YOHI Pi3HOrMMBUHHOT nonuue-
BOI Ta AMEpEeHLiNoBaHOI-1 CUCTEM OCHOBHOIO 06POBITKY.
Tak, ypoxanHiCTb 3epHa KyKypyasu BignoBigHO CTaHoBUNa
14,44 i 14,82 T/ra, coi — 4,31 1a 4,34 1/ra, nweHnwi o31uMoi
6,81 Ta 6,90 T/ra Ta copro 3epHoBoro — 7,09 Ta 7,70 T/ra
(Tabn. 4).

3acTocyBaHHs 6e3nonuueBOi  MIfNKOI  OQHOMMUOUHHOI
Ta AndepeHLinoBaHoi-2 CUCTEM OCHOBHOTO 0BpPOBITKY
'PYHTY (BapiaHT 3, 5) Np13Beno 4o iCTOTHOMO 3HUXXEHHS YPO-
XaWHOCTI BCIX KyNbTyp CiBO3MIHMW.

Minke (12—14 cm) po3nyLUyBaHHS y CUCTEMi TPUBAMOro
3acTocyBaHHS OgHOMMMBUHHOMO Ge3nonuueBoro obpobiTky

Tabnuus 2

ArpodianyHi BNacTMBOCTI I'PyHTY 3a Pi3HUX CUCTEM OCHOBHOFO 06pOOBITKY B CiBO3MiHi Ha 3pOLLEHHI,
cepenHe 3a 2016-2020 pp.

Cuctema o6po6iTKy IpyHTY
] Y Y
« ) = g 2
o I L EE: g &
m s = = © S o o
Moka3Hukm CTpOK BU3HauYeHHs ge Se 2 = =
=E 8 E JE 7 )
g =} o E ) 9 @
c I 8 = oI o o
9 O -2 == [ O
o S @0 Ry k=3
© S )
LLinbHicTb cknageHHs, riem® cxom 1,26 128 132 1,26 1,30
A ’ 30MpaHHs 1,28 1,29 1,34 1,29 1,31
Cxogm HIP_, rlcm® — 0,04; 36upanhns HIP , r/em®— 0,03
MobncricTs. % cxoau 51,9 51,2 49,3 51,9 50,3
P 7 36MpaHHs 51,2 50,5 48,7 50,5 49,7
Cxogn HIP__, % —1,2; 36upanna HIP ., % - 1,0
BogonpoHuKHICTL, MM/XB cXomu 4,3 38 30 4.3 35
Aonp » MMIX. 36MpaHHs 3,7 32 2.4 3.9 2.9
Cxogu HIP ., mm/xB. — 0,5; 36upannsa HIP ., mm/xs. — 0,3
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Tabnuugs 3

Moka3HWKM BOOHOrO PeXUMy IFPYHTY 3a Pi3HUX CUCTEM OCHOBHOrO 0OpOGITKY B CiBO3MiHi Ha 3pOLLEHHI

CHUCTEMM OCHOBHOIO 0OPOGITKY I'pYHTY
MokasHukm nonuuesa b6e3snonuueBa Gesnonuuesa . o
pi3HOrMMOUHHA | pi3HOrMUOWHHA | oAHOrMUOMHHA AndepeHuitoBana-1 | AndeperLiioBaHa-2
Cymaphe BOAOCTONUBAHHA, 5294 5218 5093 5329 5192
mélra
Cknaposi 6anaHcy:
BukopucTaHa Boriora 3
3 1040 964 839 1075 938
"pywTy, wita 20 18 16 20 18
Onaau, m¥ra 1254 1254 1254 1254 1254
% 24 25 25 24 24
3poluyBanbHa Hopma, M¥ra 3000 3000 3000 3000 3000
% 56 57 59 56 58
KoediuieHT
BOAOGNOXHMBAHHS, MYT 1134 1222 1664 1064 1242
CepenHbonobose
BUNAPOBYBAHHS, MY/ra 46,4 45,8 446 46,8 455
Tabnuugs 4
YpoxanHicTb CinbCbKOrocnogapcbLKUX KynsTyp KOPOTKO-pOTaLiMHOI CiBO3MiHM
3a pPi3HMX CUCTEM OCHOBHOIO 0BpPOGITKY I'PYHTY Ta [,03 BHECEHHSA A06puB, T/ra
. Kynbtypa ciBo3minu
Cuctema ocHOBHOro o6pob6itky | Cuctema ygobpeHHs c
nweHuua | KykKypyasa copro epenHe
FPyHTY (dhakTop A) (tpakrop B) o3uma Ha 3epHO con 3epHoOBe
Oprakiiia - (poH 3,15 4,26 2,76 2,89 4,00
Monuuesa pisHOMMBUHHA (koHTpOnb) : : : : :
(koHTpOMb) don+ N, P, 6,01 11,43 3,68 6,90 7,01
¢oHt+ N, P, 6,81 14,44 4,34 7,09 8,17
opraHiyHa 3,01 3,81 2,48 2,51 2,95
Besnonuuesa pizHOrnMMbnHHa don+ N, P, 5,53 10,81 3,34 6,58 6,57
¢oH+ N, P 6,25 13,64 3,98 6,81 7,67
Besnonvuesa opraHiyHa 2,70 3,05 1,77 2,04 2,39
oaHornubuHHa doH+ N, P 5,26 8,16 2,41 4,59 511
Minka ¢or+ N P, 5,91 10,08 2,83 4,76 5,90
opraHiyHa 3,24 4,46 2,81 3,03 3,39
OundepeHuiosaHa-1 don+ N, P 6,08 11,81 3,79 7,51 7,30
doH+ N, P 6,90 14,82 4,31 7,70 8,43
opraHiyHa 2,89 3,73 2,40 2,54 2,89
[ndepeHuinosaHa-2 don+ N, P, 5,34 10,28 3,37 6,28 6,32
¢oH+ N, P 6,13 13,01 3,94 6,43 7,38
A=0,08 A=0,32 A=0,13 A=0,09
HIP,T/ra B=011 | B=023 | B=015 | B=0.25

Ta 6e3 BHEeCEHHs MiHepanbHUX 4o6pmB Npu3Beno 4o hop-
MYBaHHSI HAMMEHLLIOT BPOXaNHOCTI KyNbTyp CIBO3MiHM (Big
1,77 1/ra coi go 3,05 T/ra kykypyaaw).

HamsuLli TexHonoriyHi BMTpaTW BCTaHOBMEHI Yy Bapi-
aHTi CMCTEMM MONMLEBOrO OCHOBHOTO OOpPOBITKY IPYHTY
3 OPaHKOI0 Nif, KyNbTypy CiBO3MIHW Ha rMnbuHy Big 14-16 go
25-27 cMm i BHECeHHI MiHepanbHux fobpue gosowo N, P kr/
ra — 79,7 [x/ra, Togi $K HaWMeHLWi BWTpPaTW eHeprii
(53,2 IOx/ra) Gynu Ha BapiaHTi 3 AUCKOBMM PO3MYLLYBaHHSAM
Ha 12-14 cm y cuctemi 6e3nonMuUEBOro MInkoro ogHOru-
BGUHHOrO OCHOBHOrO OBPOBITKY rPYHTY 6e3 BHECEHHS MiHe-
panbHUX fobpus.

OuiHiooun  eHepreTUyHy  eeKTUBHICTb  TEXHOMOTIN
BUPOLLYBaAHHS KYNbTYp Y CIBO3MiHi Ha 3pOLLUEHHI, MOXHa 3p0-
OVTW BUCHOBOK, LLIO BOHU BCi 4OCTATHBO €OEKTMBHI, BOAHO-

BicHuk CymcbKkoro HauioHanbLHOro arpapHoro yHiBepcuTeTty

Yyac MakCcMMarbHWi eHepreTUYHU KoediLieHT Ha piBHI 2,05
Ofiep>KaHO MPU BMPOLLYBaHHI KynbTyp CIBO3MiHM 3a gude-
peHLuinoBaHoro-1 oCHOBHOrO 06POBITKY I'PYHTY Ta BHECEHHI
Aobpus posoro N, P . MiHimanbHum (0,86) uen nokasHuk
BUSBMBCS 3@ OPraHiYHOi CUCTEMU YAOOPEHHS y BapiaHTi
ofHornMubmHHoro 6GesnonuueBoro 06pobITKY Ha rMUbKHY
12-14 cwm (1abn. 5).

O6roBopeHHs. [Ana BUpilleHHs npobnemu onTuMi3a-
Uil piBHIB NPOAYKTUBHOCTI CiflbCbKOrOCNOAAPCLKUX KyNbTyp
Yy KOXHOMY noni CiBo3MiHW HeobxigHO BcebiuHO BMBYATM
BMMNB 3POLLUEHHS Ta iHLIUX €NEMEHTIB TEXHOMOrIN BUPOLLY-
BaHHS Ha CTaH LWTY4HMX arpoekocuctem (Aleksandrov et al.,
2000; Saiko & Malieyenko, 2007; Boiko et al., 2004).

BukopuctanHa ans BMpOBHWMUTBA eHeprii  NepeBaxHO
BUKOMHOIMO OPraHiYHOro manvea Mae Hacnigkom 30iMbLUEeHHS
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Tabnuus 5

EHepreTnyHa eheKTUBHICTb TEXHOMOTiT BUPOLLYBaHHA CiNlbCbKOroCNoAapChbKuX KynsTyp
3a pi3HNUX cucTemM o6pOBITKY I'pyHTY 1 yAO6pPEHHA

Ne CucTema 0BpoGiTky rpyHTy Moka3HukM eheKTUBHOCTI
3.M. 3aTpatu eHeprii, [x | BuXig BanoBoi eHeprii, [0x | EK
OpraniyHa (nobivHa npoaykuis)
1 Monuuesa pisHOrNMMBUHHA 57,8 62,9 1,10
2 Besnonuuesa pisHOrNMMOUHHa 56,4 57,0 1,01
3 Besnonuuesa minka 53,2 46,2 0,86
4 IudepeHuiioBaHa-1 55,1 66,0 1,20
5 OudepeHuinoBaHa-2 55,9 55,3 0,99
OpraHo-MiHepanbHa (nobiysa npogykuis +N,, P, )
1 Monuuesa pisHornnbuHHa 68,7 134,4 1,95
2 Besnonuuesa pisHornmbuHHa 67,9 126,1 1,86
3 Besnonuuesa minka 66,1 98,2 1,49
4 OudpepeHuinosaHa-1 67,0 135,6 2,02
5 [undepeHuinoaHa-2 66,8 121,3 1,81
OpraHo-MiHepanbHa (nobivHa npogykuis N, P )
1 Monuuesa pisHOrNMMBUHHA 79,7 156,8 1,97
2 Besnonuuesa pisHOrnMMbuHHa 78,2 147,6 1,89
3 Besnonunuesa minka 77,0 113,4 1,47
4 OudepeHuinosaHa-1 77,9 159,5 2,05
5 IudepeHuinoBaHa-2 77,7 1417 1,82

BUKMAIB LUKIANMBMX PEYOBMH i MAPHMKOBMX rasiB, LIO MOXe
NPUBECTU [0 KaTacTpod eKOCUCTEM HaLLOi NnaHeTW. ToxX Hawi-
BaXXIMBILLM HaMpPsiMOM, PO3BUTOK SIKOTO 34aTHUI CTPMMYBATK
3pocTatoye 3abpyaHEHHS! HABKOMULLHBOTO CepefOBHLLA BiaXO-
Jamun eHepreTvkK, € eHeprosaollamkeHHst (Hrigorov, 2010).

OCHOBHWM HanpsiMKOM pO3BUTKY 3emrnepobcTtsa y nis-
[EHHOMY PErioHi Ha Hanbrnux4y nepcrnekTMBy € po3pobka
arpo3axopis, CMPSMOBAHUX Ha HAKOMWYEHHS, 36epexeHHs
Ta pauioHanbHe BUKOPUCTAHHS BOMOMU I'PYHTY 11 OMagis, Sk
OCHOBW cTabinisauii BMPOOHULTBA POCIIMHHULBKOI NPOAYK-
Ui Ha niBaHi. 3HaYHUM pe3epBOM MiABULLIEHHS EKOHOMIYHOT
edeKTUBHOCTI 3pOLLYBaHOrO 3eMrnepobcTBa € onTuMisaLis
MOMNMBHMX PEXUMIB 3 ypaxyBaHHAM BionoriyHMx ocobnmneoc-
Tel pOCnnH, MeniopaTMBHOIO CTaHy 3eMerb, MOTOAHNX YMOB
BereTavjiHoro nepiogy Ta iH. (Zhuikov & Dymov, 2004).

Pesynbratn GaraTopiyHMx €ekcrnepuMeHTanbHUX [0Chi-
[DKeHb cBig4aTb Mpo Te, WO B YMOBax 3pOLUEHHS Ha niB-
OHi YKpaiHn Hanbinbll eKOHOMIYHO BMrigHa M eKOmorivyHO
GesneyHa cuctema paudepeHuiioBaHoro o6pobiTky, Lo
BKMOYae BNPOOOBXK poTaLii CiBO3MiHM Minkui Ge3nonuue-
BUIN 0OPOBITOK IPYHTY Nig CinbCbKorocnogapchki KynsTypu
CTEMNOBOro eKoTUNy (03uMi, Spi 3epHOBI, BaratopiyHi 6060BI
TpaBW i OQHOPIYHI KyNBTYpY Y NPOMiXHKX NociBax) i3 rmunbo-
kUM, 6e3nonuueBmm 06poBiTKOM I'PYHTY Mig NpocanHi Kysb-
Typn (Markovs’ka, 2010).

Baxnuneoro 3Ha4yeHHst HabyBatOTb TAaKOX NUTaHHS pecyp-
CO30EPEXEHHS B IHTEHCUBHUX TEXHOMONiSX BUPOLLYBaHHS
MONbOBMX KyNbTyp: cnocobiB i rMubuHM ocHoBHOro 06po-
BiTKy I'pyHTY, cucTeM yaobpeHHs i3 BUKOPUCTAHHAM Mobiy-
HOI NPOAYKLT KyNnbTyp CiBO3MIH ANS NiATPUMAaHHS PiBHOBAX-
HOro GanaHcy rymMycHOro CTaHy IpyHTY, Cy4acHUX nigxogis
[0 cucTemm obpobiTky I'pyHTY, 3anpoBakeHHs BionoriyHo
ONTUMAnbHUX PEXUMIB 3POLLEHHS, 30Kpema ix mogento-
BaHHS Y LiMICHIN TeXHOMorii, Ska 403BOMSE iCTOTHO 30inb-

LUMTWN MPOAYKTUBHICTb POCIMH 38 3MEHLLEHHS (DiHAHCOBMX
Ta eHepreTnyHKx BuTpaT (Kravchuk et al., 2013).

Mo3nTuBHMI BNMB 6E3MONMLEBOTO | NONMLEBOMO 06PO-
6iTKy Ha NPOOYKTMBHICTb CiNbCbKOrOCMOOAPCHKMX KYMbTYp
BUSIBIIEHO y DaraTbOx HaykoBMX yCTaHOBax. 3a MiHimisavii
00pobiTky I'PYHTY BPOXaWHICTb CiNbCbKOrOCNOAapPChKMX
KYMbTYp He NULe He 3HWXKYETbCS, ane W Noaekonu HaBiTb
36iMbLUYETLCA 32 3arabHOrO 3MEHLLEHHSI eHeproBuTpaTt
Ha o6pobitok (Kosolap & Krotynov, 2011; Bomba, 2007;
Gathala et al., 2014).

EkoOHOMIYHI acrnekTn edeKTUBHOCTI cuctem 0BpobiTky
I'PYHTY B KOHKPETHWX arpapHuX nignpueMcTBax AOoChigKyBanm
FO.J1. ®inimonoB i B.M. Haraes (Filimonov & Nagaev, 2011),
ofHakK y BinbLUOCTi BifOMMX HaM AOCHIMKEHb 3a3BKYaii BiacyT-
Hi KOMMNEKCHWUI NigXig 4O OLIHKM eKOHOMIYHOT €DEKTUBHOCTI
came UiniCHOI HyrbOBOI TEXHOSONI BMPOLLYBaHHS CiflbCbKO-
roCroJapChKuX KymnbTyp, @ He MuLLe OKPEMMX ii CKNaaHUKIB.
£k nokasanu HaratopivHi gocnimkeHHs (Hospodarenko, 2002;
Hudz’ et al., 2007) 3acTocyBaHHS1 3aKOPAOHHOI TEXHIKK 3abe3-
rneyye eKOHOMIlD KOLWTIB Mig Yac BupoLlyBaHHs 54 %, a i3
3aCTOCYBaHHSAM BITUM3HAHOI TeXHIKM — 9,1% Big BUPOOHMYMX
BUTPAT 3a TPaAULIIHOK TEXHOMOTIEHO.

BUKOpUCTaHHS IPYHTO3axMCHOrO 3eMrnepobCcTBa MoXe
MPUBECTW [0 YLiNbHEHHS I'PYHTY, 0COBNMBO Lie CTOCYEThCA
TWX T'PYHTIB, A€ OO LbOro 3aCTOCOBYBANWUCA HenpaBUMbHI
metoan 0b6pobiTKy Ta ciBbu. PeryntoBaHHsI CTpokKiB CiBOW,
crnocobiB 0BpoBITKy, YepryBaHHA KynmbTyp, 3HaHHA peakui
IPYHTY Ha pi3Hi cuctemmn Ta rmmbuHy obpobiTky, a Takox
BUKOPUCTaHHS 6e3nonmueBmx abo umsenbHMX poboumx
OpraHiB MOXe CnpusTh JOCATHEHHIO YCMiXiB I'pyHTO3aXuc-
HOro 3emrepobCTBa. BMKOpWCTaHHA MOKPUBHKX KyMbTyp
i CiBO3MIH i3 NPOMiKHUMK (NICASYKICHAMM Ta MNiCASHKHUB-
HUMKM) nociBamMu 3abe3nevye 3HKEHHS LWiNbHOCTI ckna-
aeHHs rpyHTy (Hrabak, 2003; Shykula et al, 1998).

BicHuk CymcbKoro HauioHanbHOro arpapHoro yHiBepcureTty
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3 ogHoro 60Ky, MiHiManbHK1I 06POBITOK A03BONSIE CKOPO-
TUTW BUPOOHWYI BUTPATK Ha MOro npoBefeHHs Ha 15-20 %,
y TOMy uuchi BuTpaTth nanbHoro Ha 30-35%, niasuwmuTy
MPOAYKTUBHICTb Npaui Ha 25-30 %, 3aXMCTUTU I'PYHT Big BIT-
POBOI Ta BOAHOI epo3ii Ta Aerpagadii, niaBMLLMTI BMICT Opra-
Hi4YHOT pe4oBUHYM y BepxHboMY wapi (0—10 cm) i 3abeaneunTu
OHaKOBY BPOXaMHICTb CifIbCbKOrOCNOAAPCHKUX  KYNbTYp
MOPIBHSIHO i3 TPAAMLiAHOK OpaHKOoH. 3 HLIOro — HeOOI'pyH-
TOBaHe 3acTOCyBaHHs Minkoro (12—-16 cm) i NOBEPXHEBOMO
(6-8 cm) ocHoBHOro 06pOGITKY i3 TPMBANMM 3acToCyBaH-
HSM 3Hapsidb AMCKOBOMO TWUMY BUKMUKAE Pi3ke NigBULLEHHS
LWiNBHOCTI CKMafeHHs Ta 3MEHLUEHHS MOPUCTOCTI IPYHTY,
IO MPU3BOAUTL 4O NOTiPLIEHHS BOLOMPOHUKHOCTI Ta 3HU-
XEHHS1 3anaciB NpOodYKTUBHOI BOMOr y KOPEHeBMiCHOMY

Luapi 'pyHTY 3a paxyHOK CTOKY BOAM Bif aTMOC(EpHUX ona-
4is i 3powwenHs (Maliarchuk, 2012).

BucHoBku. [ncbepeHuiioBaHa cucTemMa OCHOBHOMO
00pO6ITKY I'pyHTY B 4-MinbHii NpocanHii CiBO3MiHi Ha 3po-
LUyBaHMX 3eMnsX, 3a SKOI NPOTAroM poTauii Minmkuid guc-
KOBWI 0BPOBITOK NMOEOHYETHCA 3 OOHMM LLUiSIIOBaHHAM Ha
rmubuHy 38-40 cM Ha hOHI opraHo-MiHepanbHOi cUCTEMM
yoobpeHHs 3 BHECEHHSIM MiHepanbHUX [00puB [030t0
N,,,Pg, ¥ PO3paxyHKy Ha 1 ra ciBO3MIHHOI NoLLi Ta BUKOpUC-
TaHHAM BCiei NoBiYHOT NpoAyKLii KynbTyp CiBO3MiHM, 3a6e3-
nevyye GopMyBaHHS ONTUMAmnbHUX ANS POCTY i PO3BUTKY
POCMUH arpodisnyHUX BRACTUBOCTEW, BOQHOIO PEXUMY
I'PYHTY Ta NpomykTuBHOCTI — 159,5 [DX. i OKynHiCTb BUTpaT
i3 eHepreTMyHUM KoediuieHtom — 2,05.
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Productivity of the row crop rotation at different systems of basic tillage and fertilizer in the conditions
of irrigation of South of Ukraine

The results of experimental studies of the influence of various methods and depth of basic soil tillage against the background
of three fertilization systems in crop rotation on the productivity of agricultural crops and the energy efficiency of technologies
for their cultivation are covered in the article.

The purpose of the article was to define conformities to law of forming of agrophysics properties of dark-chestnut soil,
productivity of agricultural cultures of 4-fields crop rotation, to economic and power efficiency of technologies of their growing
on a background the minimized systems of basic tillage and fertilizer in the conditions of irrigation of South of Ukraine.
Methods: field, quantitative-weight, visual, laboratory, computational-comparative and mathematical-statistical methods
using generally recognized in Ukraine methods and guidelines Results. System of the basic differentiated tillage which is
based on plowless shallow tillage which combines with one slotting on 38—-40 cm for a rotary press on a background provided
the power cost cutting as compared to the different depth ploughing on 53,5% and assisted optimization of agrophysics
properties and water mode of soil, creating terms for realization of the genetically conditioned potential of productivity
of sorts and hybrids.

On average, over the years of research, it was established that the highest yield in crop rotation was ensured by
the application of fertilizers with a dose of N, P, per hectare of crop rotation area, against the background of plowing on
different depths and differentiated systems of basic tillage. Thus, the yield of grain corn was, respectively, 14,44 and 14.82
t/ha, soybean — 4,31 and 4,34 t/ha, winter wheat 6,81 and 6,90 t/ha and grain sorghum — 7,09 and 7,70 t/ha
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The lowest technological costs were established in the version with disc-tillage by 12—14 cm in the system at the single-
depth basic tillage without mineral fertilizers — 53,2 GJ/ha.

Conclusion: the highest productivity on the energy capacity of harvest of crops of crop rotation was provided by
differentiated - 1 system of basic tillage with one slotting (38-40 cm) for a crop rotation on a background the organo-mineral
system of fertilizer with the use of side products of cultures of crop rotation and dose of mineral fertilizers of N, P, with
an index 159,5 GJ and power coefficient 2,05.

Key words: system, method and depth of soil tillage, bulk density, water permeability, energy intensity.

Lama Hadxo0xeHHs1 Ao pedakuii: 16.12.2021 p.

BicHuk CymcbKkoro HauioHanbLHOro arpapHoro yHiBepcuTeTty

41
Cepis «ArpoHomist i Gionoris», Bunyck 4 (46), 2021




Y[1K 639.1.053:630.181

OWHAMIKA KONMUTHUX TBAPUH 3A CYHYACHOIO AHTPOMOIrEHHOIO HABAHTAXEHHA
B NICOMUCNUBCBKUX TOCNOAAPCTBAX CYMCbKOI OBJIACTI

MenbHuk AHApin BacunboBuy

[OKTOp CiNbCbKOrocrnogapcbkmx Hayk, npodecop

CyMcCbKuii HaLioHanbHWA arpapHui yHiBepcuteT, M. Cymu, YkpaiHa
ORCID: 0000-0002-8606-6750

melnyk_ua@yahoo.com

ToBctyxa Onekcanap BonogumupoBuy

KaHAUAAT CiNbCbKOroCMoAapChKnX HayK, AOLEHT

CyMcbKuii HaLioHanbHWiA arpapHui yHiBepcuteT, M. Cymu, YkpaiHa
ORCID: 0000-0002-9925-3029

kafedra_spg@ukr.net

MenbHuk TeTiHa IBaHiBHa

kanauaat BionorivHmx Hayk, npodecop

CyMcbKuii HaLioHanbHWA arpapHui yHiBepcuteT, M. Cymu, YkpaiHa
ORCID: 0000-0002-3839-6018

tatmel72@ukr.net

KpemeHeubka €BreHis OnekciiBHa

KaHAWAAT CiNbCbKOrOCMoAapChKMX HayK, AOLEHT

CyMcbKuii HaLioHanbHWiA arpapHui yHiBepcuteT, M. Cymu, YkpaiHa
ORCID: 0000-0001-5581-7868

e.kremenetska@gmail.com

Tpoubka CeiTnaHa CepriiBHa

kaHauaat 6ionoriYHmx Hayk, CT. BUKNagad

CyMcCbKuii HaLioHanbHWA arpapHui yHiBepcuteT, M. Cymu, YkpaiHa
ORCID: 0000-0003-2089-5780

s.s.trotska@gmail.com

3a cyyacHux kniMamuyHUX 3MiH ma nid8ULEHHS aHMPOMNO2EHHO20 HaBaHMAXEHHS Ha HaBKOMUWHE cepedosuule HeMu-
Hy4YUMU € 3MIHU y meapUHHOMY C8imi, 30Kpema ceped MUCTUBCHKUX MEapuH. AHMPONO2EHHE HaBaHMAaXeHHS aupaxa-
embCs 8 36inbWEHHI BUKOpUCMaHHS necmuyudie ma iHwux normaHmig y 0oensadosux 3axodax CiflbCbkoaocrnodapcbkozo
ma nicogoeo 2ocnodapcmea. 3MeHWEHHS oW, MPUPOOHUX flyK CKOPOmUIIo KopmMosy 6a3y mpagoiOHux meapuH. Posopro-
8aHHS MPUPYCI08UX y2idb, OcywysaHHs 60JiMm maKoX HeaamueHO 8rIUeae Ha PO3MHOXEHHSI KOMUMHUX meapuH, 0cob-
JIUB0 3a CrIeKOMHUX JimHix ymos. TeHOeHUii wodo cymmesoao 3MeHWeHHs MpupodHux biomonie 051 meapuH cnocmepi-
2arombCcs o 8citi mepumopii Ykpaitu.

LosedeHo, wo mucnuechKi y2idds YKkpaiHu nOpieHSIHO 3 yei0dsiMu [HWUX €8ponelicbKUX KpaiH Xapakmepu3ytombCsi
He3Ha4yHow npodykmusHicmio. Tak, WinbHicmbs KOMumHux Ha 1 muc. ea cmaHosums nuwe 0,06 2omo8u, Wo 8 decsimku
pasie MeHWwe HiX y kpaiHax €eporu. Y eudo8oMmy pi3HOMaHimmi MUCIUBCHKUX KOMUMHUX OOMiHyto4e Micue 8 y2id0sx
Ykpaitu satimae ko3dynsa (167,7 muc. 2onig), wjo cmaHosums 75,2%. [pyee micye 3a nOWUPEHHSIM KlacuyHo 3alimae
Oukul kabaH — 28,5 muc. eonig. YucenbHicmb oneHsi 6r1a2opo0HO20 (WIIXemHo20) ma OfeHs MASMUCMO20 CMaHo8UMb
13,7 ma 4,3 muc. 2onig. locmyrnoso Hapowyembcs nozosnig’s nani (1,3 muc. 2onie) ma mygbnora (0,9 muc. eonis).

AHarniz QuHaMIKU KirlbKOCmi MUCITUBCbKUX meapuH 8 yeiddsix CyMcbKoi obracmi useus, Wo, He3gaxar4u Ha CyyacHe
aHMPOIo2eHHe HaBaHMAaXeHHs, HasisHa Mo3umueHa meHAeHuii 0o 36iNbWEHHS YucernbHoCMi ocmaHHix dea poku (2020—
2021 pp.). Cnid gid3Ha4yumu, wo 3azanbHa Kifbkicms konumsux y 2021 poyi cmaHosuna 8839 eonis, wjo dopigHroe «dero-
nynayiaHumy 2010-2011 pokam. lNpocnidkosyembcsi meHAeHuiss Ao 8idHO8MeHHS nomnynsayit Oukoz2o kabaHa. 3a pesynbma-
mamu makcauii 2021 poky tio2o YucesnbHicme 3pocna 0o 1233 2onig no obnacmi, wo Ha 298 eonie binbwe, HiX y MUHyIOMYy
2020 poui. Takox no3umusHo 8id3Hayumu, wo rnomnynsayis 3ybpie Ha mepeHax CyMcbkoi obriacmi 3a MUHynul pik 36irb-
wunack Ha 10 ocobuH i cmaHosumb 64 20m08u. Bazomy ponb y ubomy gidiepae pauioHanbHa opaaHidauis 8e0eHHs f1ico-
mucnugecbko2o eocnodapcmea Cymcokum OYSIMIT ma 3pocmaroda porb nidnpuemcme iHwux ¢popm enacHocmi. BooHo-
yac HasiHi MOKa3HUKU 3anuliarombCsl HUXYUMU 3a €8ponelchbki, Wo mae bymu epaxosaHo 8 rpiopumemHux 3ag0aHHSIX
8e0eHHs1 NICOMUCUBCLKO20 20crnodapcmea pezioHy.

Knroyoei cnoea: KonumHi MUCIUBCHKI MBapUHU, YUCENbHICMb, aHMPOMO2eHHE HaBaHMaXXEeHHSI, MUCIIUBCHKI y2id0s.

DOI https://doi.org/10.32845/agrobio.2021.4.6
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Betyn. NontoBaHHA 3 AaBHiX YaciB BBXaNocsi OCHOBHO
hopMOt0 AIANBHOCTI NHOAWHA | TONOBHUM HKEPErioM ii iCHy-
BaHHA. 3 pO3BWTKOM LMBINi3aLlii GionoriyHe 3Ha4YeHHsI MUC-
NVBCTBA ANS NHAWMHY BTpaTunocs. Ha cborogHi M1cnmecebke
rocnogapcTBo € TpaauLinHUM BUOOM AisnbHOCTI HACENEHHS
Ta cy0’ekTiB rocrnofaptoBaHHs, NOMOBaHHA — BUOOM aKTUB-
HOTO BiAMNOYMHKY Ta CMOPTY, L0 3aranom (opmye BaxMBUI
CKIafHvK nicokopuctyBarHs (Bondarenko & et al., 1993).

AHani3 gaHux odiliiHOi CTaTUCTUKX CTOCOBHO AMHAMIK
YMCENbBHOCTI OCHOBHUX BMAIB MUCIMBCHKOI dhayHU YpoaoBXK
OCTaHHiIX AecATUpIY CBIAYMTb NPO CTUXIVHE | He AOCUTb edoek-
TVBHE BE[EHHS MUCMMBCLKOTO rOCNo4apCTBa MpaKkTUYHO
B yCix perioHax YkpaiHu. Heapaxatoun Ha MiHiManbHi obcsrm
[00yBaHHS OCHOBHUX MUCIMBCLKUX TBApPWH, YNCENBHICTb iX
MONyNALIN 3amuLLaeTbCs Malxe Ha OQHOMY PiBHi, @ OKpEMMX
BMAIB HaBiTb 3MeHWwyeTbea (Muraviov, 2019).

[uiki TBAPUMHU Y CEepefioBMLLi CBOMO NPOXMBAHHS NOCTINHO
nepebyBatoTh Mig BNIMBOM Pi3HOMaHITHUX dhakTopiB — abi-
OTWYHWMX, BIOTUYHMX | AHTPOMOrEHHMX, SIKi BU3HAYaOTh CTaH
nonynsuin sBugis. Takui BNnue 6e3nocepenHbO YM onoce-
peaKoBaHO 3MIHIOE YMCENbHICTb, NAIGHICTb i CMEPTHICTD,
CE30HHI NepemilleHHs, MirpaLii Ta iMmirpauii, 3axBoptoBa-
HICTb, (i3NYHMI Ta i3iONOriYHUN CTaH MUCIIMBCbKUX TBa-
puH (Sobol, 2021).

AHTpOMOreHHe HaBaHTaXEHHS Ha HaBKOMULLHE cepe-
[OBULLE MPOCTEXYETbCA Y TpaHcdopMmaLii 0CHOBHMX abi-
OTWYHKX (haKTOPIB, OCOONMBO KNiMaTUYHMX (Temnepartypa,
CBITNO, BOMNOrCTb, pagialiiHWiA PexuM, TUCK), SKi € Han-
Binbw MiHMMBMMK. TiOBULLEHHS TeMNepaTypHOro pexumy
Ta 3MEHLUEHHSI KiNbKOCTi OMmagiB CrpusiioTb 30iMbLUEHHI0
4aCTOTW BUHWMKHEHHS CyXOBIiB, CMEKM Ta Pi3kux nepenagis
Temnepatyp npotsrom fobw (Adamenko, 2006). Temnepa-
Typa 3aranom BMNVBaE Ha NOLUMPEHHS AeSKUX BUAIB Yepes
kopmoBy 6aay.

AHTPOMOrEHHWI BNIUB NPOSIBISETLCA Yepe3 iHTEHCU-
hikawito  CinbCbKOrocnogapcbkoro  BMPOBHMLTBA  (BMKO-
PUCTaHHA XiMiYHMX NpenapaTiB BUCOKOI TOKCUMYHOCTI Ans
6opoTbbM 3 HebaxaHWMK OpraHiamamm), BWUCOKY pO30-
PaHICTb 3eMeflb, MeNiopaTuBHI 3axoaM, WO B KiHLEBOMY
pe3ynbTaTi NPUBENO 40 3HWKEHHS KOPMOBOi 6a3n KOMUTHMX
Ta MiCLb iCHYBaHHS IHLUMX MUCIIMBCbKUX TBapUH. HIHi po3o-
paHicTb 3eMenb B YKpaiHi € HanbinbLLO B CBITi i cArae 56 %
3aranbHoi TepuTopii, @ CiflbCbKOrOCNOAAPCHKUX Yridb —
80% (Apostol, 2020; FAO).

TeHpeHUiT LWoAo CYTTEBOrO 3MEHLUEHHS MPUPOLHUX
GioToniB Ana TBApWH CrMOCTEpIiralTbCs MO BCI TEpUTO-
pii YkpaiHu, wWo Big3HavyeHo B poboTax B.M. Bonoxa,
I.LA. Hakoneunoro, B.M. Cmarons;, O.M. Cob6ons no Cre-
noBii 3oHi (Smahol, 2003; Volokh, 2014, 2015; Sobol ,
2021). Ha TepuTopii Moniccs nopibHi gocnimkeHHs npo-
Bogunu O.J1. Kpattok (Kratiuk, 2018), FO.M. Hiauk (Didyk,
2006), B.O. MNenko (Pepko, 2017). 3axigHui perioH BuB4anu
MN.B. Xoeupbkuii (Khoietskyi, 2009), M.I. Xenisko, PI1. MNapa-
Hak, B.M. KanuH (Zhelizko & et al., 2016), J1.A. TMoTiww
(Potish, 2016).

A.B. [Homuiyem, 1.O. CwmiprHosoto, [0.0. Byrno,
B.B. MNetpuyeHkom (Domnich, 2010; Smirnova et al., 2011)
6ynu BUBYEHi ocobnmBocTi TpaHchopmaLii NpUpoaHNX Bio-
TOMB MUCNMBCLKOI (hayHu. Y JlicocTenoiii 30Hi NogiGHi

BicHuk CymcbKkoro HauioHanbLHOro arpapHoro yHiBepcuTeTty

pocnioxeHHs nposogunu O.M1. Kopx (Korzh & et al.,
2006), C.B. Katuw (Katysh, 2016).

[ii nioguHn y npupogHOMY cepefoBuLLi, CBIAOMI UM He
CBIJOMi, HEPIAKO CMPUYMHIOTb CTPECOBWIA CTaH y AWKUX
TBapWH, YHACMIOK YOro Y TBAPWMH MOXYTb MaTh MiCLLe 3HAYHi
pisionoriyHi 3pylueHHs. Tak 3BaHWi haktop TypOyBaHHS
B MUCMMBCbKUX YrigasX BUHMKae 34e0inbluioro y 3B’A3ky
3 MPUCYTHICTIO B HWX 3HAYHOI KiNbKOCTI Ntofeit: NpOBeAeHHS
PI3HOMAHITHWUX NiCOrOCNOAAPCLKMX i NicoekcnnyaTaLinHmux
pobit, 36upaHHs Arig i rprbiB, TyprU3Mmy TOLLO.

Matepianu i metogu pocnigxeHb. Mema docrii-
OXeHb — CTaTUCTUYHUIA aHani3 [AUMHaMIiKU YUCEnbHOCTI
KOMWUTHUX MWUCIBCBKMX TBAPWH 3aNeXHO Bi aHTPOMOreH-
HOro HaBaHTaXeHHS B yMOBax MiBHIYHO-CXigHoro Jlicocteny
Ykpainu (Cymcbka obnactb).

06’ekm QocCrniOX)eHHA — YUCENbHICTb KOMUTHUX MMC-
NUBCbKMX TBapWH, 30Kkpema, 3ybpa esponeincbkoro (Bison
bonasus L.), nocs eponeicbkoro (Alces alces L.), onexs
onaropogHoro (Cervus elaphus L.), oneHss nasMWUCTOro
(Cervus nippon n. Temminsk), ko3yni (capHu) €BpPONeNcbKOI
(Capreolus capreolus L.), kabana gukoro (Sus scrofa L.).

Memodu docnidxeHHs1 — NOPIBHASbHUN aHani3 Ta MaTe-
MaTuyHa cTatucTuka. [na aHanidy BUKOpWUCTaHi MaTepianm
CTATUCTWYHOI 3BITHOCTI Ta obnikis [epXaBHOMO KOMITETY
CTaTUCTMKK, [lepkaBHOro areHTCTBa NMiCOBUX pecypciB Ykpa-
HM, CyMcbkoro o6racHoro ynpaeniHHs nicOBOro Ta MUCHNB-
CbKOTO TOCMOAApCTBa, MiTepaTypHi Kepena, pesynsraTtu
BnacHux focnimkeHb. CTaTMCTUYHWIA aHania pesynsraTis
[OCNimKeHb MPOBOAWIM 3a JOMOMOIO ANUCMEPCINHOM aHa-
ni3y 3 BUKOPUCTaHHAM KoMM'toTepHUx nporpam Statistica-8.0
(Ermantraut et al., 2007; Carenko et al., 2000).

PesynbraTtu. 3rigHo 3i CTaTUCTUYHUMU AaHUMK 33 aHa-
ni3oBaHWin Nepiof, 3aranbHa NnoLla MUCAUBCHKUX Yridb
B YKpaiHi ctaHoBuTb 38779,9 Tuc. ra (tabn. 1). Ha Cym-
LUMHI BoHa cTtaHoBuTh 2053,6 Tic. ra (5,3 %) i nogineHa mix
40 xopuctyBavamu. [epxaBHi nignpuemctBa CymCbKOro
o6nacHoOro ynpaeniHHsI NiCOBOrO Ta MWUCIIMBCHKOTO Tocro-
fJapctea 3anmarotb 12% (237,8 Tuc. ra), pewTta nnowli
(1571,4 Tvic. ra.) po3nogineHa mix 17 ocepegkamm paoHHNUX
opraHisauin YkpaiHCbKOro ToBapucTea MUCIMBLIB i pubanok
(YTMP) 1a 10 iHWMMKM KopuCTyBavaMu, SIKUM NepeaaHo
228,7 TMC. ra MUCIMBCbKMX Yrifb. 3aranoM MUCAUBCHKUM
rocnoAapcTBoM 3anmaetbest mamke 1150 topugnyHmx ocib.
B YkpaiHi 3apeectpoBaHo noHag 800 Tucsay mmucnmsLis.

3rigHo 3 Tabn. 1, Cymcbka obnacTb Mae cepefHi nokas-
HUKW 3@ NITOLLE MUCNMBCBKUX Yrifb, HAaZaHUX Yy KOPUCTY-
BaHHA Ta OXOMMEHUX MUCAMBCBLKAM YNOpPsSAKYBaHHSAM (Ha
piBHi 3 lNonTaBcbkolo 0bnacTio). MiHiManbHi 3Ha4YEHHS LnX
MOKa3HWKIB Mae XapkiBcbka 0bnacTtb, a MakcumarbHi — Yep-
HiriBCbKa.

LWinbHICTb KONUTHUX MUCNMBCHKUX TBAPWMH Ha BiaBeae-
HUX MWUCIMBCbKMX TepuTopisax B Cymcbkii obnacTi € Haml-
HKYOK SIK 32 LLINbHICTIO 0COBUH Ha 1 TuC. ra, Tak i 3a
3aranbHO KinbKiCTO Y MUCIMBCHKUX FOCMO4APCTBAX.

Cnig BiA3HA4YMTM HAaNBULLMIA NMOKA3HUK LLLINbHOCTI KOMUT-
HUX MUCNMBCLKMX TBApWH Ha XapkiBLwmHi — 7,0 0cobuH/Tuc.
ra, Lo BULLMIA Ha 1,2 0COBMHY 3a cepepHi no Ykpaii (5,8
0cobuH/Tuc. ra). dmHamika YncensHOCTI KONMUTHUX MUCTIMB-
CbKMX TBapUH Mo YkpaiHi BNPOAOBX aHanizoBaHoro nepiogy
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(2010-2022 pp.) HaBedeHa B Tabnuui 2. OTxe, MOXEMO
CrocTepiraTM BapitoBaHHS 3arafibHOi KiflbKOCTi OCHOBHWX
BMAIB MWUCIMBCBbKMX KOMUTHWX TBApWH 3a OCTaHHi OecsTb
pokiB Big 217,1 (2018 p.) po 244,4 tnc. ocobuH (2011 p.).
CepefnHst YMCEenbHICTb KOMUTHUX MWUCIUBCHKMX TBapuH 3a
Lewn nepiog ctaHoBuna no Ykpaidi 252,48 tuc. ocobuH, a
KinbkicTb o6y TUX — 15,1 TUC. 0COBUH. MNOKa3HUK BUMYYEHHS
ZopiBHoBaB 6,58 % i BapitoBaB Mo pokax Bif HaMMEHLLOro
5,1% y 2010 p. 50 8,0% y 2015 p.

BunyyeHHs TBApMH Mano 3HauyHi BigMiHHOCTI NO BMAax
i no pokax. Tak, MacoBa 3arnbenb Ta MigBULLEHWIA Bigco-
TOK BUIy4eHHs kabaHa gukoro B 2015-2018 pp. 3ymoBunu
iCTOTHE 3HWKEeHHS 3aranbHoi KinbKOCTi NonynsLii B HACTYMHI
poku nopiHsHO 3 2011 p. Y 2020 poui noyYanu cnocTepiratu
TEHAEHLiI0 [0 30inblEeHHS YMCENbHOCTI drayHU KOMUTHUX
Y MUCNMBCLKMX rocnofapcTeax Ykpainu i Cymcbkoi obnacrTi

(Tabn. 3). Y po3spisi BuAIB cepen KOMUTHUX MUCIIMBCLKUX
TBapuH YkpaiHn JoMiHytode Mmicue nocigae Kosyns eBpo-
nencoka (167,7 Tmc. 0cobun), wo craHoBuTb 75,2 %. Opyry
CXOMHKY 3a MOLUMPEHHSIM KMacu4yHO 3aiMae OMKun kabaH
(28,5 TnC. 0COOWH). YncenbHiCTb oneHs GnaropogHoro
Ta oneHst NnSMMCTOro ctaHoBuTb 13,7 Ta 4,3 TUC. 0COBKH.
MocTynoBo HapoLlyeTbCs NOroMiB’s naHi  €BPONENChKOT
(1,3 TMC. ocobuH) Ta mydrnoHa esponeicbkoro (0,9 Tuc.
0COBUH).

Ocobnumeoi  yBaru 3acnyroBye MOKa3HWK 3POCTaHHS
nonynsuin nocs esponeicekoro, crago skoro y 2020 podi
HapaxoByBarno 6,2 Tuc. 0cobuH, Ta 3ybpa eBponencLKoro.
Lle yHikanbHun BUA [oBpe nodyBaeTbes Nif 3axucTom
«YepBOHOI KHUMN» | YNCESNBHICTb NOrofiB’s HUHI CTAaHOBUTb
noHag 300 ocoOuH.

3a3HayeHi BuMLle TeHAeHLil KonuBaHb YUCENbHOCTI

Tabnuus 1

Mnowa MMCNMBCLKMX YriAb Ta KiNbKiCTb KOMUTHUX TBApWH 3a perioHamm Ykpaitmn (2019 p.)

Mnowa MUCNUBCLKUX Yrigb, TUC. ra 3aranbHa KinbKicTb . .
LLinbHicTb KONUTHUX
PerioH HafaHUX y oxonnexunx KONWTHUX MUCTINBCBKAX | 1 uBCLKMX TBApUH
MUCITUBCLKUM TBapWH Y MMUCIIUBCLKUX 0COBUHITHC. ra
KOPUCTYBaHHsA YNOpSAKYBaHHAM rocrnogapcrBax, TUC. 0COOUH )
Bcboro no YkpaiHi,

y T4, 32 oBnacTAMM: 38779,9 38060,9 221,0 58
[MonTaBcbka 2092,0 2086,0 9,0 43
Cymcbka 2026,4 20214 7,7 3,8
XapkiBcbka 1494,0 1494,0 10,5 7,0
YepHiriBcbka 2768,2 2731,8 13,6 5,0

Tabnuus 2

[vHamika YncenbHOCTi MUCIIMBCLKMX TBApWH, KiNbKiCTb Ta BifCOTOK AOBYTUX Y MUCITMBCLKUX rocrnogapcTBax YKpaiHu

Pik KinbkicTb KonMTHUX Kinbkicte BobyTHx BipgcoTok Buny4eHHs
TBapWUH, TUC. OCOOUH (BUNyYeHUX) KONUTHUX TBAPUH, TUC. OCOBUH TBapuH, %
2010 239,0 12,3 5,1
2011 2444 13,3 54
2012 239,6 12,8 53
2013 238,3 12,8 5,4
2014 233,6 13,9 6,0
2015 231,3 18,6 8,0
2016 220,2 14,7 6,7
2017 221,0 13,3 6,0
2018 2171 13,0 6,0
2019 2174 13,1 6,0
2020 2229 13,2 59
Duncan test 22,5 1,7
Tabnuuga 3

YucenbHICTb KONMMTHMX MUCIIUBCLKUX TBAPMH Ta ix fobyTok (2020 p.), TMC. 0COOMH

Haasa BWaY KOMMTHIX MACTMBCHKAX TBADMH | \oniumuu wncRmBGeR TaapHH oot Tosbm

3y6p €BPONENCHKMI 0,3 0
NOCb EBPOMENCHKNIA 6,2 0

oneHb BnaropoaHui 13,7 0,4

OneHb NNAMUCTUIA 43 0,2

naHb eBponemncbka 1,3 0,1

KO3yns €BpONenchbka 167,7 10,4
MYdIIOH €BPONENCHKUI 0,9 0

kabaH AnKun 28,5 2,1

Bcboro 2229 13,2

BicHuk CymcbKoro HauioHanbHOro arpapHoro yHiBepcureTty
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TBapWH B YKpaiHi Biga3epkaniolTbcs y cTatucTuui goby-
BaHHs TBapuH 2020 poky. Hainbinblwe 6yno fobyto kosyni
esponelicbkoi (10,4 Tuc. ocobuH) Ha pisHi 78,8 % (puc. 1)
Ta gukoro kabaHa (2,1 Tuc. ocobuH) Ha piHi 15,9 %. Big-
COTOK [ODYTUX OCOOWH OMneHst MNsIMUCTOroO Ta oneHst bna-
ropogHoro ctaHoBuTb 1,5 Ta 3,0 Big 3aranbHOI KinbKOCTI
BUNYyYEHNX KOMUTHMX. [pomucny Ha 3ybpa eBponenchKoro,
10Cs €BPOMNECbKOro, MydrioHa EBPONENCHLKOrO Ha TepuTo-
pii Ykpainu 3a nepiog 2020-2021 pp. He NpoBOAMIOCS.

3a pesynsratamu aHanisy AMHaMiku WinbHOCTI MONynsAuin
KOMUTHWUX MUCIMBCLKUX TBApWH B yriaasax Cymcbkoi obnacTi
BUSIBNEHO MO3UTUBHY TEHAEHLO A0 30iNbLUEHHS YNCENBHO-
CTi 3a ocTaHHi ABa poku (2020-2021 pp.) (Tabn. 4).

Cnig Big3HauMTW, WO 3aranbHa YUCENbHICTb npea-
CTaBHUKIB KOMUTHUX MUCNMBCLKOI TepiotayHn B 2021 poui
craHoBuna 8839 ocobuH, Lo BignoBigae piBHIO «4enomny-
nauinamx» 2010 ta 2011 pokis (Tabn. 4). 3aranom Haw-
Ginbw yncensHum 6yB 2013 p. — 2986 ocobuH Sus scrofa
L. Y mexax BuUAiB AMHaMiKa 4MCENbHOCTI Monynsuin 3a
nepiog 2010-2021 pp. 3Ha4HO KonmMBanacs.

FAK BMOHO 3 JaHuxX Tabn. 4, Ha MWUCIMBCBKMX Yriggsx
Cymcbkoro OYJIMI™ y 2021 poui BusiBneHo 228 0cobuH nocs
esponencbkoro. Hanbinbwa kinbkicts (35 ocobuH) byna
Big3HayeHa B yrigasx A KoHotonceke JII. Lle rocnopap-
CTBO € TaKOX Migepom 3a noronis’am oneHs GnaropogHoro
(94 ocobuHnm).

W 3y6p

H nocb

= 0/1eHb BnaropoaHuit
M 0/1eHb NAAMUCTUI

|_WELT

D Kosyna
O mydnoH
[0 kabaH
A
KabaH 15,9
KO3yns 78,8
NaHb '0'8
oNeHb 1,5
NAAMUCTUIA
oneHb 3,0
6naropoaHuin
0,0 20,0 40,0 60,0 80,0
b

Puc. 1. Bigcotok Buay (A) Ta gobytux (B) KonuTHUX
TBapwuH, % (no Ykpaini, 2020 p.)

BicHuk CymcbKkoro HauioHanbLHOro arpapHoro yHiBepcuTeTty

Tabnuugs 4
[OuHamika YncenbHOCTi KONUTHUX MUCITMBCLKUX
TBapuH 3a Bugamu Cymcbkoi obnacTi (2010-2021 pp.)

Hasga sugy Poku
KOMMTHUX
MUCIMBCLKUX | 2010 | 2013 | 2016 | 2019 | 2020 | 2021
TBapUH
3y6p
€BPOMENCHKI 40 | 42 | 44 | 52 | 54 | 64
1och
eponeiicokn | 177 | 221 | 255 | 239 | 226 | 228
oneHb
€BPONECHKMIA 778 | 807 | 821 | 793 | 779 | 777
oneHb nnamucTuin | 182 | 186 | 196 | 197 | 203 | 204
ko3yns
€BpONelichka 5097 | 5489 | 5844 | 3117 | 6296 | 6333
kabaH aukuin 2489 | 2986 | 828 | 626 | 965 | 1233
Bcboro 8723 | 9731 | 7988 | 5024 | 8523 | 8839

OneHb MAAMWUCTUI HaW4acTille 3yCTPiYaeTbCsl B MUC-
nuecbkux yrigasx AN KpacHoninbceke NI (49 ocobwH), O
KoHotonceke JT" (5 ocobuH) Ta [l JlebegmHebke JT. Beboro
X B 00MacTi, BPAXOBYHOUM iHLLMX KOPUCTYBaYiB MUCIIMBCLKUX
yrigb, BusiBneHo 204 ocobnHM LbOTo BUay.

3a uncenbHiCTIO NoMynALii KOCyni EBPONENCHKOI nepLue
micLe nocigae mucnmecbke rocnogapctao «Cymny (540 oco-
6uH), opyre — KoHotonceke nicose rocnogapctao (335 oco-
6uH) Ta TpeTe — KponeBeLibke NiCOMUCIIMBCHKE FOCMOAAPCTBO
(273 ocobmHu). 3aranom y MucinBCbKMX yriaasax Cymcbkoro
OVYJIMI" obnikoBaHo 2267 0COBUH KO3yri EBPOMNENCHKOI.

[pocTexytoTbCA NO3UTUBHI 3MIHW Y BIQHOBMEHHI nony-
nsuin gukoro kabaHa. 3a pesynstatamu Takcauii 2021 poky
yucenbHicTb BUAY 3pocna ao 1233 ocobuH no obnacri, wo
Ha 298 ocobuH Binble 3a 2020 pik. BogHouac go npose-
[EeHHs MacoBoi «aenonynsuii» B 2013 p. noronis’s AUKoro
kabaHa B MWUCMMBCHKMX yripasax obnacti ctaHoBuno 2986
0COOWH.

YHikanbHUM NpeacTaBHUKOM NiCOBOI NPUPOAHOI hayHU
CymuwmHn € 3y6p eBponelicbkuin. Lis yepBOHOKHWxXHA TBa-
puHa 3yCTPIYAETbCA Yy MUCIMBCLKMX yrioasx KoHoton-
CbKOro nicosoro rocnogapctea. YucensHictb 1i nonynsuii
y 2021 poui cTaHoBuna 64 ocobuHm i 3a octaHHi 10 pokis
3pocna Ha 24 ocobuHu. CepedHin npupicT OOpiBHIOBaB
+2,4 ocobuHm 3 mikom y 2019 poui.

Y nicOMUCRNBCLKMX rOCNOAAPCTBAX iHWMX dopM nigno-
PSAKYBaHHS Ta BMACHOCTI TaKOX MOXHA BiA3HA4UTH CTiiike
30iNbLUEHHA MONYNALiA KOMUTHUX MWUCIUBCHKUX TBapUH.
Haibinblwow 4YnCenbHICTIO KOMUTHUX  XapakTepuayeTbes
mucnvecbka ayHa TOB CMI «Jlebigb» (1158 ocobuH),
TOB MPI" «Jlicn CymwmHm» (350 ocobmH) Ta TOB «Tpoc-
TaHeubke CMIM» (313 ocobuH). 3anopykoto Takoi No3nTmB-
HOI AMHaMIKM € BignoBigHI BIOTEXHIYHI 3ax0au, perynboBaHe
MOMoBaHHS Ta AMYEPO3BEAEHHS.

BupoBa cTpykTypa YniCcenbHOCTI KOMUTHUX MUCTIMBCHKMX
TBapuH CyMmcbKoi obnacTi npefcTaBrneHa Ha pUCYHKy 2.

Nipepom y wujn rpyni € kosyns esponenceka (71,6 %),
MK kabaH ctaHoBUTb 13,9 %, oneHb WnsaxeTHuin — 8,8 %,
orneHb NnamMnUcTui — 2,3 %. Ha 3abopoHeHnx 40 NomntoBaHHS
1ocsi €BPOMENCLKOrO Ta 3ybpa €BpOMencbKOro mpunagae
2,6 % T1a 0,7 % sinnosigHo.
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Puc. 2. lMpepcTtaBneHicTb BUAIB KONUTHUX TBapUH
y MucnmBcbkin cayHi Cymcbkoro OYJIMI™ (2021 p.)

O6roBopeHHsA. 3MiHM kniMaTy Ha nnaHeti, 0cob-
NVBO NiABULLEHHS TemnepaTypu, BXe BMUHYNW Ha HWU3KY
METEOPOSIONiYHNX XapaKTePUCTUK MPAKTUYHO BCiX PEriOHIB
3emHoi kyni (Adamenko, 2006). Taki 3MiHM TOPKHYNWCb
i YMOB niBHIYHO-CXiOHOI 4YacTuHu Jlicocteny YkpaiHu
(Cymcbka obnactb).

Tak, NopiBHAHO i3 cepenHiMu GaraTopiyHuMK 3a nepiod
1994-2020 pp. Big3HayeHO 36inbLUEHHS CyMU TeMnepaTyp
3a BereTauiiHui nepiog Ha 198°C, 3MEHLUEHHS KinbKOCTi
onafiB Ha 26,8 mm. Ak Hacnigok, 'TK 3aminmeesa 3 1,18 oo
0,95, wo cBigYUTL NpPo (POPMyBaHHA YMOB, XapakTEPHWUX
ANA UeHTpanbHWX Ta MiBAEHHUX PErioHiB kpaiHu (niBgHs
Xapkiscbkol, [JHinponeTpoBcbkol, 3anopidbkoi Ta Mukona-
iBcbkol obnacrten) (Melnyk & et al., 2020).

Llina H13Ka cyvacHMX HayKOBLIIB Haronowuye Ha Heobxia-
HOCTI IHTpOAYKUIi Ta aganTauii BUAIB MUCNMBCHKOI dhayHm
B TaKUX peanisix kniMaTuyHMX yMOB Ta 3pOCTaKHOro aHTpo-
noreHHoro HasaHTaxeHHs (Volokh, 2015; Katysh, 2016;
Pepko, 2017; Kratiuk, 2018). 3okpema, BupinTh npobnemy
MOXHa LINSAXOM 36ifblUEHHST YMCENbHOCTI MUCIMBCLKMX
TBapuH. Ocobnuey yBary npuainsioTb HambinbL  CTin-
KOMy BuOY — OWMKOMY kabaHy, SKOMY npuTaMaHHi LBuake

HacTaHHA CTaTeBOl 3pifoCTi, 3HaYHa MMOAKYICTb, eKono-
riYHa NAaCTUYHICTb, WO AA€ 3MOrYy B KOPOTKUM TEPMIH CyT-
TeBO 36inbLwmMTK noronie’s (Kozlo, 1975; Khoietskyi, 2009).
3a OoTpMMaHHS 3axodiB 3 OXOPOHW, BIATBOPEHHS Ta paui-
OHanbHOrO BMKOPWCTaHHSI Pecypcy BUAiB oneHst brnaropoa-
HOTO Ta ONEHS1 MASAMWUCTOrO TAKOX MOXYTb OYTW 3HAYHO
30inblUeHi.

BinblicTe gocnigkeHb, MNPUCBAYEHNX BU3HAYEHHIO
AMHAMIKL YMCENBHOCTI, BUOAOBOrO CKnagy Ta BMA0OYBaHHIO
KOMWTHUX MMUCMMBCbKMX TBapWH, MpoBOAMIMCb  Ykpa-
iHi, 3okpema B 30Hi Cteny (Smahol, 2003; Volokh, 2014,
2015; Sobol, 2021) Ta Ha 3axogi Ykpaiuu (Zhelizko & et al.,
2016; Potish, 2016; Khoietskyi, 2009). MeHWw gocnigXeHi
ui nutaHHsa B 30Hi Jlicocteny (Korzh & et al., 2006; Katysh,
2016). AKTyanbHiCTb NPOBEAEHUX HAaMK OOCMiAKEHb MOB’'S-
3aHa Hacamnepes 3i 30epexeHHsIM Biopi3HOMaHITTS MUc-
NMBCBKOI (hayHuW, 3arposu KoMy Habynum iCTOTHOro mactu-
Taby, Ta pO3BUTKOM MUCIIMBCLKOO rOCMOAAPCTBa B PETiOHI.

BucHoBkuW. 3Baxaloun Ha NPOBEAEHWI aHani3, CyvacHi
3arpo3n  BionoriyHOMY PiBHOMAHITTIO  KOMUTHUX MMUCIIMB-
CbKMX TBApPWH Habynu cyTTeBoro maclutaby. OgHuM 3 Knto-
4OBMX (HaKTOPIB BNIMBY € aHTPOMOrEHHWI BNANB, SKUIA NPO-
ABMSAETLCA Yepes BiaYyTHI 3MiHM KniMaTy. 3a pesynsratam
[0CnigXeHb BCTAHOBIEHO, IO B YMOBaX NiBHIYHO-CXiAHOMO
Nicocteny YkpaiHm (Cymcbka o6nactb) CnocTepiraeTbecst
TeHAEHLiS NiABULLEHHS! aHTPOMOTEHHOrO HaBaHTAXEHHS Ha
NPUPOAHI Yriaas i, 9K HacMigoK, Ha YNCENbHICTb KOMUTHUX
MWUCNMBCbKMX TBapwH. BogHoyac cnif Big3Hauut nosu-
TUBHY OWHaMIKy BiATBOPEHHS MOMyNAUii OKpeMux npesd-
CTaBHUKIB MUCIMBCBKOI hayHu, 30kpema Kosyni Ta kabaHa
avkoro. Baromy ponb y LUbOMY Bifirpae pauioHansHa opra-
Hi3auis BefeHHs MuUcnMBCbkoro rocnogapctea CyMCbKUM
OYINMI™ Ta 3poctatoda posnb MigNPUEMCTB iHWMX DOpM
BnacHocTi. BogHo4ac HasiBHI MOKa3HMKM 3anuLLIATbCS HUX-
YMMU 3a EBPONENCHKI, LU0 Mae ByTu BpaxoBaHO B NpiopuTeT-
HUX 3aBOaHHAX BEAEHHS NICOMUCIMBCLKOMO rocrnogapcTea
PErioHy.
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Dynamics of ungulates in terms of modern anthropogenic load under the forestry facts Sumy region

With current climate change and increasing anthropogenic load on the environment, inevitable changes in the animal
world, in particular among game animals, occur. Anthropogenic load is expressed in the increased use of pesticides and other
pollutants in agricultural and forestry care activities. Reducing the area of natural meadows has reduced the food supply
of herbivores. Plowing up of lands situated near river channels and drainage of swamps also undermine the reproduction
of ungulates, especially in hot summer conditions. There are tendencies of a significant reduction in natural habitats for
animals throughout Ukraine.

It has been proved that Ukrainian hunting areas are characterized by insignificant productivity in comparison with
the areas of other European countries. Thus, the density of ungulates per thousand hectares is only 0.06 heads, which is ten
times less than in European countries. Concerning the species diversity of game ungulates, the dominant place in Ukrainian
areas is occupied by roe deer (167.7 thousand heads), which is 75.2%. The second place in terms of distribution is for wild
boar — 28.5 thousand heads. The number of European red deer and sika deer is 13.7 and 4.3 thousand heads. The number
of fallow deer (1.3 thousand) and mouflons (0.9 thousand) is gradually increasing.

The dynamics analysis of the number of game animals in the areas of the Sumy region revealed that despite the current
anthropogenic load there is a positive trend of an increase in the animal population over the past two years (2020-2021).
It is worth noting that the total number of ungulates in 2021 was 8839 heads, which is equal to the “depopulation” ones
of 2010-2011. There is a tendency to restore roe deer and wild boar populations. According to the results of the taxation in
2021, its population has increased to 1233 heads in the region, which is 298 heads higher than in 2020. A positive trend is
that last year, the population of bison in the Sumy region increased by 10 units and is now 64 heads. Significant contribution
to this tendency is done by rational forestry management arranged by Sumy OULMG and a growing role of enterprises
of other forms of ownership. Concurrently, the available indicators are even lower than the European ones and should be
the priority task of forestry management in the region.

Key words: anthropogenic load, hunting areas, ungulates, population dynamics.
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Y[IK 633.358

3ATANIbHUA | AKTUBHUX CUMBIOTUYHUIA NOTEHLIAN FOPOXY NOCIBHOIO
3ANEXHO BIA TEXHONOIYHMUX NPUAOMIB B YMOBAX NICOCTENY 3AXIAHOIO

He6ab6a KatepuHa CtanicnaBiBHa

KaHOUAAT CiNbCbKOrOCMoAapChKMX HayK, acCUCTEHT

3aknag BuLLOT OCBITW «[TOAINbCHKNIA AepXKaBHWIA yHIBepcuTeTY, M. Kam'siHeub-oginbcbkuii, YkpaiHa
ORCID: 0000-0002-4529-3623

agronebaba@gmail.com

Y cmammi eucgimnieHo pesynbmamu w000 (hopMyeaHHsI 3a2a/ilbHO20 i aKmugH020 CuMbiomuU4YHO20 rnomeHuyjasnie
20pOXY M0CIBHO20 3aexXHO 8i0 pigHs yA0bPEHHS pisHUMU 003amu MiHepasbHUX 00bpug ma peaynsmopie pocmy 8 ymo-
eax Jlicocmeny 3axidHo020. ®akmopu, ski sugyanucs enpodoex 2016—2018 pokie, Manu Mo3umMueHUl 8rue Ha PO38UMOK
i bopmysaHHs1 HOOYNAUIUHO20 anapamy 8 POCIUH 20POXY CyYaCHUX copmie.

Mema ekcriepumeHmarnbHux 00CniOXeHb rofisieana y eusieneHHi ocobnueocmel ennugy pisHUX 003 MiHepanbHUX
0obpus ma peaynsmopie pocmy Ha (hopMysaHHST HOOYAUILIHO20 anapamy Ha KOPEHsIX POC/IUH 20POXY MOCIBHOZO.

BcmarosneHo, wo cumbiomuyHa cucmema 3epHO60608UX Kyrbmyp 3anuwiaemsCs akmueHOK MPOMsi2oM ycix ¢has
pocmy ma po3sumky. bionoaiyHuli a3om, sIKUl 3aC80HEMbCS KOpeHaMU yrpodoex nepiody sezemaujii 60608uUX Kynbmyp,
30Kpema U 20pOXy M0CI8HO20, €KOM02iYHO be3rneyHuUl ma 3Ha4yHo noninwye poddicmb rpyHMY.

lMonboei docnidu 3aknadanu Ha YopHO3eMax Mmurosux 2fuUbOKUX Mario2yMyCHUX 8aXKOCY2llUHKOBUX Ha 11eCco8UOHUX
CcyernuHKax, y decamuninbHil cigo3miHi HagyanbHo-eupobHu4020 ueHmpy «llodinns» 1odinbcbko20 AepxagHo20 azpap-
HO-mexHIi4H020 yHigepcumemy. Yrpodoex pokie docnioxeHb gugdarnu 0ito ma 83aemo0ito mpbox ghakmopis, sk-om: A —
copm (Fomiecbkuli (koHmponb), ®apeyc ma Yekbek), B — ydobpenns (P, K,  (koHmpons), N P, K, ., N, P, K, N, P, K.)
C — peaynamopu pocmy (koHmporsib — 6e3 06pobku, [MnaHmanee — 25 a/2a, Emicmum C — 30 mr/2a, Bumnen — 30 mr/2a).

[losedeHo, wWo 8HeCeHHsT Hegennukux 003 MiHepanbHUX a3omHux 006pug Ha hoHi hocghopHO-KaniliHuX MokKpaulysano
6ionoaiyHy chikcauiro asomy 8 poCuH, siKi 06rpUCKysanu peaynsmopamu pocmy.

Y Hawux 00criOXeHHsIX NOKa3HUKU 3a2alibHo20 CUMbiomu4H020 rnomeHuyiany rnepesuulysanu nokasHUKU akmugHoeo,
adxe 3aeanbHa Kinbkicmb 6yrnbb04oK ma ixHsi Maca 6ynu binbwumu 6i0 Kirbkocmi i Macu akmugHuUX 6ynbbo4ok. Hatigu-
WUMU Ui MoKasHUKU 3agbikcysarnu Ha KOPEHSIX POCIIUH 20poxy copmy Yekbek, Oe eHocunu miHepanbHi dobpuea 8 dosax
N,,P,K.,sy Komnnekci 3 peaynsgmopamu pocmy. Haleuwi do3u miHepasnbHo2o azomy N, He2amueHo eniueasnu Ha pieeHb

4 . . . . . -
3aearibHOo20 U akmugH020 CUMbiomu4yHO20 MomeHujarnis, Wo 8 KIHUesOoMYy pesyribmami rpu3eesio 00 3HUXEHHS 8POXauHo-

cmi 3epHa 20pOXy.

Knrovosi crnoea: 2opox, copm, MiHeparnbHi 0obpuea, peaynsmopu pocmy, HOOynsayitHUl anapam, cumbiomuyHul

rnomeHujarn.
DOI https://doi.org/10.32845/agrobio.2021.4.7

Beryn. Cumbio3 cyyacHux iHTEHCUBHUX copTiB 6060-
BMX KynbTyp Ta WTamiB Oynb604koBMX GakTepi 3yMoBMtoe
nigBuLLeHHs: npogykTueHocTi pocnH Ha 10-30%. Cumbi-
OTWYHA CUCTEMA POCAMH FOPOXY 3anULLAETbCS aKTUBHOK
npoTsarom ycix a3 pocty. bionoriyHuin asor, sKuii 3acBo-
lOETbCS 3a nepiog Beretauii 6060BKX KynbTyp, 30Kpema
i TOPOXy MOCIBHOrO, €KOMoriYHo 6e3nevHuin Ta nosinwye
poatovicTb rpyHTy (Mazur, 2020; Bakhmat, 2020; Lenssen,
2018; Khan, 2016).

BionoriyHnin a3oT y IpyHTi yTBOPIOETLCS B pesynbraTi
CUMBIOTUYHOT 1 acouiaTMBHOI asoTdikcaLli, HaaXOmKEHHS
3 onagamu abo nonuey Ta BHeceHHs fobpue (Hybl, 2014;
Jyoti Kumari, 2015).

AKTUBHICTb a3oTdikcaLii B nociBax 3epHO6060BYX KyIb-
TYp NOB’AI3aHa 3 HWU3KOK YMHHWKIB: i3 I'PYHTOBO-KMiMaTUY-
HUMW YMOBaMW, COPTOBUMI OCOOMMBOCTSIMM, arpOTEXHiy-
HUMK MpUiOMaMK, ane Hacamnepern, i3 BOMOrICTI0 IPYHTY,
ockinbku BynbboukoBi GakTepii cnabo PO3MHOXKYHTLCS
3a Hectaui Bonorn. OcobnmBo HeobxigHa Bonora y rpyHTi
B MepLLUiii NONOBMHI BereTawii pocnvH ropoxy, konwu Biadysa-
tOTbCS AKTUBHUIA PiCT Ta po3BUTOK BynbboYkoBMX BakTepin
(Burstin, 2015).

He Bci Bynbbouku, siki hopMyHOTLCS Ha KOPEHSIX POCIVH,
€ a30TiKCytouMMmn, TOBTO aKTUBHUMU. FAKLLO BOHM MatoTb
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poxeBe 3abapBneHHs, TO X MOXHa BIiOHECTW [0 Tpynu
aKTMBHMX. FAKWo x Oynbboykn 3eneHkysatoro abo ciporo
Konbopy, To a3oTdikcalis B HUX He BigbyBaeTbcst (Nebaba,
2020; Coman, 2019).

[okasHuKOM, Lo Yy3aranbHOE BEMUYMHY aKTUBHOCTI
CUMBIOTMYHOTO anaparty, € aKTUBHWUA CUMOBIOTUYHUIA NOTEH-
uian (gani— ACIT). MeTop BusHaveHHs ACI 3acHoBaHuii Ha
BiHOCHIV cTanocTi Macy 6ynb6o4ok 3a NeBHUI Nepiog pos-
BUTKY POCMMH Ta 3amnexHoCTi aKkTUMBHOCTI 6060B0-pn306i-
anbHOI cucTemm Big Mack BynbBbo4oK, Lo MICTSATL nerreMor-
no6iH (Duhan, 2017; Elemike, 2019, Savranchuk, 2015)

Marepianu i metoam pocnigxeHb. [lonbosi gocni-
[DKeHHs nposogunucb ynpofoex 2016—-2018 pp. Ha gocnia-
HoMy noni HaeyanbHO-BUpPOBOHMYOrO LeHTpY «[lloginnsay
lNoainbCbKOro AepxaBHOrO arpapHO-TEXHIYHOMO YHiBepcu-
TeTy (gani — MAOATY) i Bynu 3aknageHi B HayKoBO-4OCHIAHIN
OecATUNINBHIN CIBO3MIHI.

I'PYHT [OCMIAHOMO MOMSt — YOPHO3EM TUMOBMIA rMMBO-
KAA  MamnoryMyCHUN BaXKOCYIMMHKOBUA Ha NECOBMOHUX
cyrnuHkax. 3a pesynbratamu JOCMigKeHb kadeapu 3em-
nepobcTBa, rpyHTO3HABCTBa i 3axucTy pocnuH [logink-
CbKOr0  [IepXXaBHOrO — arpapHO-TEXHIYHOTO  YHIBEPCUTETY
BCTAHOBIIEHO, WO AOChigHa [AinsHKa XapaKkTepusyeTbes
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Cepis «ArpoHomist i Gionoris», Bunyck 4 (46), 2021

49



IPYHTY: WinbHiCTL TBeppoi asn wapy rpyHty 0-30 cm
cTaHoBuTbL 2,55-2,62 r/m®%, pH BogHe y BepxHbOMY Lapi
CTaHOBUTb 6,8 a, rigpomniTM4YHa KWUCNOTHICTb CTAHOBUTb
0,70 mr-eks/100 r rpyHTY. BMiCT rymycy, 3a TiopiHuM, y BepXx-
HbOMy ropu3oHTi — 3,39%. WinbHictb — 1,17-1,25 1/™3;
3aranbHa nopucTictb — 51,6-54,7 %, BmicT a3oty (3a KopH-
dinbaom) — 13,6—14,2, hocchopy Ta kanito (3a YupikoBum) —
15,7-16,4 Ta 22,4-26,3 mr Ha 100 r rpyHTY BigNoBIAHO.

MociBHa nnolwa enemMeHTapHOi AiNsHKM CTaHOBMNA
50 m?, obnikoBoi — 48 M?. MNonepeaHVK — NLleHULs o31ma.

Y pocnigi BuB4anu Jito Ta B3aEMOpil0 TpbOX (haKTopis.,
AK-oT: A — copt (FoTiBcbkuin, Papryc Ta Yekbek); B — yao-
Bpenns (P, K, (koHntporb), N, P, K., N, P, K., N, P, K,.);
C — perynsartopu pocty (KOHTpornb — 6e3 06pobku, MnaHTa-
Mer — 25 r/ra, Emictum C — 30 mn/ra, Bumnen — 30 mn/ra)
(Tabn. 1).

Tabnuugs 1
Cxema nonboBoro aocnigy
dakrtop A: dakTtop B: .
copt yAOBPEHHS ®akTop C: perynsitopu pocTty
A- B,-P,K, C, — Ges perynatopa pocty
[oTiBCbKMIA (KOHTpOJ‘Ib3 (koHTpOnb)
A, —®apryc | B,—N_P, K, C, - Emictum C
A,—Yekbek | B.-N. P, K, C, — MNnanraller
B,— N,P.K. C, —Bumnen

HaciHHa BuciBanu ciBankot, 3BMYaWHUM PSOKOBUM
CnocoboM i3 WMpKHO Mixkpsaab 15 cM, i3 rMrbuHoto 3arop-
TaHHS HaciHHS 5—-6 cM i HOpMOLO BUCIBY 1,2 MITH/ra CXOXUX
HaciHuH. MNicns ciBOu Ha 2-M feHb MIOLLY MOCiBY KOTKyBanm
Kiflb4acTyIM KOTKOM.

Pesynkratu. [gpoTepMiyHi yMOBU 3@ pOKW AOCHIDKEHb
Marnm CyTTEBWIA BMIMB Ha 3aranbHWA i aKTUBHUIA CUMOBIOTWY-
HUI NoTeHUianu. HagmipHa kinbkicte Bonorn y 2018 p. Hera-
TVBHO BMMHYNa Ha hOpMyBaHHSI CUMOIOTUYHOTO anapary —
SIK 3aranbHOro, Tak i akTYBHOrO. 3a rigpoTePMIYHUMM YMOBaMM
2016-2017 pp. 6ynu Binblu cnpuATIMBUMK 45151 (OPMYBaHHS

BMCOKMX NMOKA3HMKIB CMMOBIOTUYHOTO NoTEHLiany.

8,7

YNpogoBxX TPbOX POKiB AOCHIKEHb HAMU BCTAHOBIEHO,
IO MOKa3HWKX 3aranbHOr0 W aKTUBHOTO CUMBIOTUYHOTO
noTeHuianis Hanbinblwmn Bynu Ha BapiaHTax, 4e BHOCUNN
MiHepanbHi gobpusa B aosi N, P, K, Ta 3actocysanu pery-
NATOPU POCTY.

BcTaHOBNEHO, WO BHECEHHS MiHepanbHux fo6puB
y posax N, P. K, i oBnpuckyBaHHs NoCiBiB ropoxy pery-
naTtopaMu pocTy MpWMBENO [0 HaMBULLMX MOKa3HUKIB
3aranbHoOro cumbioTuuHoro noteHuiany (gani — 3CI)
i ACT1. Tak, y ropoxy copTy Yekbek Ha LbOMY BapiaHTi
XUBMNEHHS Li NOKasHWKW BignoBigHo 6ynm 12,5 Tuc. kr*-
aib/ra Ta 6,9 Tuc. kr*gi6/ra, y copty ropoxy loTiBCbkun —
10,0 Tunc. kr*gib/ra Ta 6,9 Tuc. kr*gib/ra, a y ropoxy copty
®apryc — 9,5 tuc. krgib/ra Ta 5,9 Tnc. kr*gib/ra. Hamn-
KpaLle cebe nposBuB perynatop pocty Bumnen, 3a ioro
[l NOKa3HMKKM 3aranbHOr0 W akTMBHOIO CUMOIOTUYHOIO
noTeHuianis 6ynu BULLMMK NOPIBHAHO 3 BapiaHTamu, fe
3actocoByBanu perynaropu pocty Emictum C Ta lMnaHTa-
Mer (puc. 1, 2, 3).

3a pesynbrataMu NPOBEAEHWX [AOCMIAKEHb BCTAHOB-
IeHo, Lo HanBULLi 4031 MiHepasbHoro asoTy N, HeraTuBHO
Bnnueanu Ha piseHb 3CI1 i ACI1, To6T0 cnocTepiranocs
NpUrHiveHHs 6ynb00o4OK, Lo B pesynsTaTi Npu3Beno A0 3HU-
XXEHHS (hOpMYyBaHHSA CUMBIOTUYHMX NOTEHLianiB. Ha BapiaHTi
xuenenHs N, P, K, Ta Ges perynaropis pocty (KOHTPOmb)
nokasHukn 3CI1 i ACI1 BignoBigHO CTaHOBWNM B TOPOXY
copty loTiBcbkuin 6,0 Tuc. kr*gi6/ra Ta 3,6 TuC. kr*gib/ra,
y ropoxy copty Yekbek — 7,7 Tuc. kr*gib/ra Ta 3,8 Tuc. kr*-
aib/ra, a HaMMEHLWWMU Lii MOKa3HUKWM Bynn B POCIMH COPTY
®apryc — 5,3 Tuc. kr*gi6/ra Ta 3,1 Tnc. kr*gib/ra. MMicns
0bnpucKyBaHHS MOCIBIB perynstopaMmu pocTy MOKa3HUKM
SIK 3aranbHOro, Tak i akTUBHOMO CUMBIOTUYHOTO NOTEHLaniB
36inbLumnues B cepegHbomy Ha 35-55%.

CnocTepexeHHs 3a PO3BUTKOM KOpeHeBuX BynbGOoYoK,
iXHBOK Macoto, a 3rofoM — 3aranbHOro i akTMBHOrO cyMBi-
OTWUYHMX MOTEeHLianiB Aano 3mory Ham po3spaxysaTu 6iono-
riyHo hikcoBaHmii a3oT. KinbkicTb GionoriyHo ¢ikcoBaHOro
asoTy — A0BYTOK aKTMBHOMO CMMOBIOTMYHOrO NOTEeHUiany
Ta NMTOMOT aKTUBHOCTI CUMBIO3Y.
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Puc. 1. ImHamika 3aranbHOro 1 akTUBHOro CMMGiOTUYHMX MOTeHLianiB ropoxy
nociBHoro copty loTiBcbkui, Kr*aid/ra (cepeaHe 3a 2016-2018 pp.)
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Puc. 2. IuHamika 3aranbHOro  akTMBHOro CMMGiOTUYHMX NOTeHLianiB ropoxy
nociBHoro copty Yek6ek, kr*gib/ra (cepeaHe 3a 2016-2018 pp.)
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Puc. 3. InHamika 3aranbHOro M akTMBHOro CMMGiOTUYHMX NOTeHLianiB ropoxy
nociBHoro copty ®apryc, kr*gi6/ra (cepeaHe 3a 2016-2018 pp.)

Mutoma akTmBHiCTb cumbiosy (gani — MAC) — ue kinb-
KICTb @30Ty MNOBITPS, O (PIKCYETbCS OOHWUM Kinorpamom
cupux Bynbboyok 3a oby (Mazur, 2019; Pantsyreva, 2019).

AHani3 nokasHWKiB NMTOMOI aKTUBHOCTi cuMbio3y Bnpo-
noex 2016-2018 pp. 3acsiguvs, L0 Lel nepiog cynposo-
[KyBamu onTuMarbHi yMoBM Ans dikcauii GionoriyHoro
a3oTy. 3a 3ragaHyMm NokasHMKamu Havikpalle cebe noka-
3aB copT ropoxy Yekbek, NopiBHSAHO i3 copTamu [OTIBCbKMIA
Ta ®apryc. Ha KOHTpoOnbHOMY BapiaHTi B ropoxy COpTy
OTIBCbKWIA BENWUYMHA MUTOMOT aKTUBHOCTi CMBiO3y CTaHo-
Buna 28,3 kr/ra, y copty Yekbek — 35,5 krira, y copty Pap-
ryc — 25,9 kr/ra. I3 36inbWweHHAM [03 MiHEpanbHUX [oOpuB
Bin N, no N, iHTeHcuBHiCTb GionorivHoi dhikcauii asoty
36inblyBanacs B cepeaHboMy Ha 1,2-3,0 kr/ra, 3anexHo
BiZ copTy (Tabn. 2).

3a poku gocnigkeHb nokasHuku ACI i MAC, kinbkicTb
¢hikcoBaHOro @30Ty MOBITPA Ha BapiaHTax YyOo0OpPeHHs
MiHepanbHumK fobpusamn B aosi N, P, K,  Gynn Haiieu-
wumun. Tak, y KOMMMeKci 3 perynstopom pocty Bumnen
y copTiB ropoxy [oTiBCbkuii Mu 3acpikcyBanu 54,0 krira,
Yekbek — 65,2 kr/ra, ®apryc — 52,8 «kr/ra cikcoBaHoro

BicHuk CymcbKkoro HauioHanbLHOro arpapHoro yHiBepcuTeTty

asoty. Perynsaropu pocty Emictum C ta MnaHTaller MeHLw
aKTUBHO cnpusinu gikcallii a3oTy 3 NoBiTPs, TOMY Li Nokas-
HUKN Bynn HWx4MMK Ha 4,5-8,9 % nopiBHAHO 3 BapiaHTOM
N,,P,K,s + Bumnen.

Hamn BcTaHOBNEHO, IO NiABULLEHHS 403U MiHeparb-
Horo asoty 4o N, P, K, mano HeraTueHuit BrjvB Ha nokas-
HUKW KinbKoCTi ¢hikcoBaHoro BionoriYHoro asoty nosiTps,
ane BoHyn Bynu aeuwo Ginblwmmn 3a koHTponk (P, K, ). Hai-
Kpalle cnpautoBana cumbioTUyHa cuctema B COPTY rOpoxy
Yekbek. 3a noegHaHHa N, P, K . Ta perynatopie pocty poc-
nuHamm ropoxy coprtis oTiBcbkuii, Yekbek Ta Papryc Gyno
3acBoeHo 39,7-44,5 krira, 51,0-56,0 kr/ra Ta 38,1-43,0 kr/
ra BionoriyHoro asoTy BiAMNOBIAHO.

O6roBopeHHs. AHani3 HaykoBux my6nikauiin nokasas
(Batsmanova, 2020; Long, 2006), Lo 3a cnpysTnBmux ymMoB
CUMBIOTPOHOTO XMBMEHHS aKTUBHUI CUMOBIOTUYHWIA NOTEH-
uian y 3epHo6060BKX KynbTyp MOXe Jocsaratn 24—25 Tuc.
OAMHWUB. Y nepiog Big noyatky NNOLOYTBOPEHHS 4O Hanu-
BAHHA HACiHHA B POCIMHW ropoxy noctynae 55-60% Big
3aranbHoi KinbkoCTi a3oTy, (hikcoBaHOro 3a BereTaLito. Pict
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Tabnuus 2

Bnnue perynsaTtopiB pocTy Ha KinbKicTb 6ionoriyHo ¢ikcoBaHOro a3oTy NOBITPA COpTaMu ropoxy NOCiBHOrO, Krira
(2016—2018 pp.)

®dakTop B ®daktop C - - axtop A
loTiBCbKUIA Yekbek Ddapryc

P..K,. (K)* be3 06pobkm () 28,3 35,5 25,9
MnaxTaller 35,6 455 35,5
Emictum C 38,4 47.6 38,8
Bumnen 39,9 49,2 39,8
N,.P..K,. bes 06pobkm (k) 291 37,0 26,7
MnaxTaller 429 52,6 42,3
Emictum C 45,0 54,5 442
Bumnen 46,9 56,8 45,8
N, P..K, Be3 06pobkm () 31,0 38,4 27,3
MnanTaller 49,2 60,2 48,4
Emictum C 51,3 62,1 50,4
Bumnen 54,0 65,2 52,8
N,P. K, be3 06pobkm (K) 28,9 36,4 26,6
MnaxTaller 39,7 51,0 38,1
Emictum C 41,9 53,8 40,4
Bumnen 445 56,0 43,0

HIP . dpaktop A - 0,47

HIP . dpaktop B — 0,54

HIP . daktop C - 0,54

lpumimka * — KOHMPOIk.

BUKOpUCTaHHs hikcoBaHoro asoty (Petrychenko, 2020;
Sukhova, 2012).

AL Twpka, |.O. Tkaniv, K0.A. Cupoperko (Hyrka et al.,
2018), IC. MocunaHos (Andrushko & Andrushko, 2019) goso-
OSTb, WO 3arasibH1i CUMBIOTUYHUIA MOTEHLian XapakTepuaye
craH 6060Bo-pu3obiansHoro cmbiody 3a BereTavinHuin nepiog.
3HavenHs 3CI1 3aBxay BinbLui 3a 3HAYEHHS aKTUBHOTO, aKe
TpUBAnicTb 3aranbHoro cvMBiosy BU3HAYaKOTL Bif, NOSIBX Nep-
Lmx ByrnbBO4OK Ha KOPEHsIX FopoXy A0 MOBHOTO iX po3nagy.

TpvBanictb akTUBHOTO (PYHKLiOHYBaHHA Bynbbo4ok Ha
KOPEHSIX FrOpOXy Ta iXHS 34aTHICTb (pikcyBaTu GionorivyHui
a30T ynpomoBX BereTauiiHoro nepiogy BM3HAYaloTb BENU-
YUHY aKTMBHOrO cumbioTnyHoro noteHuiany (Patyka, 2003;
Nebaba, 2020).

Hesig'emHa ocobnusicTb ropoxy — GionoriyHa ¢ikca-
Lis aTMOCEPHOro asoTy, SKUN HaKOMWUYYETLCH Y I'pyHTax
nig vac B3aemogii pocnuHu 3 BakTepigmu. 3a BigCyTHOCTI
AKTUBHWX CUMOIOHTIB POCIIMHM TOPOXY He 3[4aTHi 3aCBOH-
BaTW aTMOCEPHWIA a3oT, Y TakoMy pasi poCnnHa akTUBHO
BUKOPUCTOBYE a30T i3 I'pyHTY. bionoriyHni a3oT 3abesnevye
MOKPALLEHHS BPOXaMHOCTI Ciflb,CbKOrOCMOAAPCHKUX KYNLTYP
Ta 30epexeHHs pogtodocTi r'pyHTiB (Shang, 2019; Tulbek,
2017; Telekalo, 2016; Vdovenko, 2018).

B.B. Jluxousop, O.M. Awngpywko, M.O. AHApyLiKo
(Andrushko, 2019; Pryshchepo et al., 2018) yBaxatoTb,

WO 3a KOMMOPTHUX YMOB PO3MIpWU CUMBIOTUYHOI a3oT-
(hikcauii pocnMHamu ropoxy Ha OOHOMY rekTapi MOXyTb
caratn 100-200 «kr GionoriyHoro asoty. A.B. YepeHkoBuwm,
M.C. LesyeHkom Ta iHwumu (Cherenkov & Shevchenko,
2017) poBeneHo, WO 3acBOEHUIA a30T BUHOCUTLCS 3 YPO-
xaem, ane 25-40% oro 3anulIaeTbes y rPyHTI 3 OpraHiy-
HUMK peLuTKaMK, 30iMbLLye B HbOMY BMICT ryMycCy 11 a3oTy.

BucHoBKu. [HTEHCMBHE (DOPMYBaHHS KOPEHiB pPOC-
NVH TOPOXY W YTBOPEHHs nerremornobiHy Ha Bynb6ou-
Kax crnocTepiranocs B yCix JOCRiZXyBaHUX COPTIB ropoxy
MOCIBHOTO, YyHacmigok 4oro 3poctana BenuumHa ACTI.
3aranbHuii | akTUBHUI CUMBIOTUYHUIA MOTEHLIann € 4OCUTb
BaXNMBUMM MOKa3HUKaMW, Bif SKUX 3anexuTb GionoriyHa
(hikcauis a3ory.

3a3HayeHo 36inblUeHHS MOKa3HWUKIB aKTUBHOMO cUMBio-
TWYHOTO NOTeHLiany 3a CTapToBMX 03 MiHEPANbHOro asoTy
(N5 N, ), @ Takox 3MeHLLEHHs! i 3a 36inblieHHs 403 a30Ty
(N

15’

).
45PeayanaTm HaLWMX JOCNiMKeHb Nokasanu, Lo B cepea-
HboMy 3a 2016—2018 pp. HanbinbLLYy KinbKiCTb a30Ty 3 NOBi-
Tps hikCyBanm pocnuHu ropoxy copty lotiscbkun — 54,0 kr/
ra, y copty Yekbek — 65,2 kr/ra, @apryc — 52,8 kr/ra, 3a BHe-
CeHHs MiHepasnbHux aobpus N, P, K  Ta perynsropa pocty
Bumnen. MeHL iHTEHCUBHO a3oTdikcallis npoxoauna 3a Aii

npenapartis MNnantaller i Emictum C.
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Nebaba K. S., Candidate of Agricultural Sciences, Podlillia State University, Kamianets-Podilskyi, Ukraine

General and active symbiotic potential of peas depending on the use of mineral fertilizers and growth regulators
in Western Forest-Steppe

The present paper highlights the results on the formation of general and active symbiotic potential of garden peas (Pisum sativum)
depending on the level of fertilization with different doses of mineral fertilizers and growth requlators in the Western Forest-Steppe.
Factors studied during 2016-2018 had a positive impact on the development and formation of nodulation apparatus in peas plants.

The purpose of experimental studies was to examine the influence of various doses of mineral fertilizers and growth regulators
on the formation of a nodulation apparatus on the peas roots. It has been found that the symbiotic system of lequminous crops
remains active for all phases of growth and development. Biological nitrogen, which is absorbed of the peas plant roots during
the growing season of legumes, including peas, is friendly environment and significantly improves of soil fertility.

Field experiments were conducted in the typical, deep, low-humus black soils, heavy-toed loams, in the ten-thousand
crop rotation of the “Podlillia” Educational and Production Center of Higher Educational Institution of Podillia State University.

The interaction between three factors (A — grade (“Hotivskyi” (control), “Chekbek” and “Farhus’); C — applications (P, K,
(control), N P, K., NyP, K, NP, K, C— growth regulators (control — without processing, PlantaPeh — 25 g/ha, Emistym

C — 30 ml/ ha, Wympel — 30 ml / ha) were studied.

It has been proved that the application of small doses of mineral nitrogen fertilizers after of phosphorus-potassium ones
improved of nitrogen biological fixation in plants sprayed with growth regulators.

The study results showed that the indicators of the general symbiotic potential exceeded the indicators of active potential,
because the total number of nodules and their mass were higher than the number and mass of active nodules. The highest
indicators were recorded on the peas roots of Chekbek variety where mineral fertilizers were applied in doses of N, P, K.
in combination with growth regulators. The highest doses of mineral nitrogen of N, adversely affected the level of general
and active symbiotic potentials, which ultimately led to decrease in the yield of peas grain.

Key words: peas, variety, mineral fertilizers, growth regulators, nodulation apparatus, symbiotic potential.
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BMNMB COPTY TA MIHEPAJIbHOIO XXUBNEHHA HA PICT | PO3BUTOK AYMEHIO APOIrO
B YMOBAX MIBHIYHO CXIAHOT YACTUHU NICOCTENY YKPAIHU

PapyeHko Mukona BonogumupoBuy
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CyMCbKuiA HaUioHanbHWiA arpapHui yHiBepcuteT, M. Cymu, YkpaiHa
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YOocKoHaneHHs mexHosoaii 8UpOLWy8aHHs SIYMEHIO 5IP020 — Had38uYyalHO akmyasibHe 3a80aHHsI, OCKIfIbKU Y HUHIWHIX
EKOHOMIYHUX yMogax 30euweseHHs1 8UPObHUYMea 3epHa ma nidsuleHHs1 (1020 peHmabenbHOCMI MoXiuge fuwe y pasi

8M1POBadXKEHHST HOBUX a2POMEXHIYHUX MPULoMIS.

LocnidxeHHamu nepedbadyanocsi 8UKOPUCMaHHs 2eHEMUYHO20 MOMeHyjany copmig SYMEHI0 Spo20 3 8aX/1U8ok Ors
Hb020 ornmuMi3aujero XueneHHs, 8i0 KO 3anexams yMo8U (hopMy8aHHs 8pOXar0 3epHa.

Baza Konocy pocnuH y ssYMeHto sipo2o copmy [Joka3 Ha KOHMPObHOMY 8apiaHmi y cepedHbOMY 3a POKU O0CITIOKEHb
cmaHosuna 0,56 2, 3a 06pobku cmumynssimopom pocmy ['ymichind BP-18- 0,62 e, npu eHecerHi N, P, K. - 0,672, NP, K

16" 16' ‘16 32" 3282

0,70 e. AHaroz2iyHo 0 8nnueoM 8HECEHHST CMUMYIImopa ma MiHepasbHuUx 006pus yeli MoKa3HUK 3pIC i y POCIUH SYMEHI0
Apoeao copmy Cesamozop — 0,70, 0,75, 0,80, 0,90 e, 8idnosidHo.

Hatibinswa kinbkicms 3epeH y konoci 6yna y copmy Cessmoaop i konusanacs y mexax 13,51-15,73 wm. 3anexHo 6i0
MiHeparbHO20 XuerneHHs. Y copmy [Jokas KirbKkicmb 3epeH y Koroci byna HUX4or i kornusanacsi y mexax 13,40—14,65.
Tobmo criocmepizanacsi meHOeHyisi 00 30iNbWEHHS KiTbKOCMIi 3ePeH y Konoci 3i 36inbLieHHsM 003U MiHepanbHUX dobpus

Kinbkicmb 3epeH y Konoci micHo rog’sa3aHa 3 Macor 3epHa 3 00H020 Kosloca. Halisuuwjoro maca 3epHa 3 Koroca byrna

y copmy Cessmoeop 3a éHeceHHs MiHepasnbHo2o dobpusa NP, K.,

— 0,76 2, lymichind BP-18 — 0,73 2 ma Ha koHmpori 0,65 2. Copm [Joka3 xapakmepu3y8ascsi HUXHO0

gHeceHHss N, P K

Macoto 3epHa 3 konoca 0,75, 0,72, 0,66, 0,60 e, 8idrnogioHo.

— 0,81 &, dewo HUXyYa maca 3epHa 3 Korocy byna 3a

BodHo4ac ecmaHoeneHo, wo Halbinbwor macoto 1 000 3epeH 8idpi3HANUCS pociuHu y nocieax copmy Cesamozop. Tak,
Ha koHmpori (6e3 0obpus) maca 1 000 HaciHuH cmaHosuna 48,10 2, 3a 8HeceHHs1 cmumynsamopa pocmy [ymichind BP-18 —

48,50, 3a eHeceHHs1 miHepanbHux dobpue y dosi N P K  — 50,00 e, NP, K

Pk, — 51,50, Hewo meHwa maca 1000 HaciHuH

criocmepizanacsi y copmy [okas — 44,78, 46,32, 49,52, 51,19 e, 8idrnosioHo
MakcumarbHa ypoxatiHicms y cepedHboMy 3a rnepiod docnidxeHb chopmysanacs y copmy Cesmozop. Tak, Ha KOHmMpori
ypoxalHicmb cmaHosunia — 2,28 m/za, 3a 8HeceHHs cmumynsmopa pocmy [ymighind BP-18 — 2,70 m/2a, 3a 8HeCeHHs

miHeparbHux 0obpus y dosi N, P, K.
XatHicmio 2,07, 2,43, 2,97, 3,19 m/2a, 6i0nogioHo.

Copm Cessmoeop 3a do3u miHeparbHozo dobpusa NP K.,

- 3,19 m/ea, N_P. K

32" 32 32

— 3,66 m/ea. Copm [Joka3 xapakmepu3yeascsi HUXHO0 ypo-

3abesneqyus ompumaHHsI MakcumarnbHoi eaau kosiocy 0,90 e,

sazy 3epHa y koroci 0,81 2 ma doexuHy komnocy 5,84 cm. Kinbkicmb 3epeH y koroci cmaHosuno 15,73 wm. 3 macoro 1 000
HaciHuH 51,50 2. MakcumarbHy ypoxalHicmb y cepedHboMy 3a nepiod docnidxeHb ompumaHo 3a do3u dobpus N, P, K

32" 32" °32

y copmy Cesmoeop 3,66 m/2a. Copm [Joka3 npu 0osi dobpue N,,P. K., 3abesnequs ypoxalHicme Ha pigHi 3,19 m/ea.
Knrovosi crioea: copm, cmumynssmop pocmy, MiHeparbHi dobpusa, Komoc, 3epHo, ypoxalHicme.

DOI https://doi.org/10.32845/agrobio.2021.4.8

Betyn. OcTtaHHiMM pokamu 3a 3MiHW KNiMaTU4YHWUX YMOB
i MOCTIMHOrO NOJOPOXYaHHS PECypCiB akTyasrbHOW cTana
npobrnema OTpUMaHHsi CTabinNbHOI BPOXAMHOCTI Ta SKO-
CTi 3epHOBYMX KynbTyp. 3 ornsgy Ha 3a3HadeHe 1y 3B'A3Ky
3 MOPYLUEHHSIM OCHOBHMX CKIMAaZOBWX YaCTUH TPaguLinHKUX
cucTem 3emnepobcTBa, OCHOBHI eNeMEHTMN TEXHOIOTT BUPO-
LLyBaHHSI, X04a BOHM JABHO po3pobreHi BifoMUMM BYEHNMM
Ta BMPOOHMYHMKaMK YKpaiHu, BCe X OOLINbHO cucTema-
TWYHO yaockoHanoBaT (Hamaiunova & Kasatkina, 2019).

YOOCKOHaNeHHs TEeXHOMOrii  BUPOLLYBaHHA  SYMEHH0
SpOr0 — HaA3BMYaWHO akTyanbHe 3aBAaHHS, OCKIfbKM
Y HUHILLHIX EKOHOMIYHUX YMOBaX 3[€LUEBIIEeHHS BUPOOHW-
LTBa 3epHa Ta MiABULLEHHS Or0 peHTabernbHOCTI MOXINBE

BicHuk CymcbKkoro HauioHanbLHOro arpapHoro yHiBepcuTeTty

nviLe y pasi BNpoBagXXeHHs HOBUX arpOTEXHIYHUX NPUIMOMIB
(Shtuherevych, 2018).

BuvkopucTaHHa Kkpalwwx COpTiB | BUCOKOSIKICHOMO HaCiHHS
€ OOHMM i3 Hanbinbl eqeKTMBHUX 3acobiB EKOHOMIYHOMO
3pOCTaHHs1 B arponpomucrioBomy cektopi (Mosiichuk et al., 2021).

Bigomo, Wo BCi cinlbCbkorocnogapcbki KynsTypu pea-
rylOTb HA €NeMEHTU TEXHOMOTIT BUPOLLYBaHHS MO-pi3HOMY,
Le 3anexuTb Big ix OionoriyHnx ocobnmMBocTen i NOrogHMx
YMOB, WO CKMajawTbCs BNpoAoBX Beretauii. Tak, Ans
SYMEHI0 BaXIIMBO NpaBuiibHO obpatu coptu (Yarchuk et al.,
2015; Moisiienko & Podolskyi, 2019).

CopT i HaciHHSA 3anuIaeTbCa OOHUM i3 HaledekTuB-
HiLLMX IHCTPYMEHTIB BNAMBY Ha iHTEHCUiKaLil0 3epHOBOI
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ranysi. Bubip copTiB SUMEHI0 [OCUTH LUMPOKMWIA i LLOPOKY
MOMOBHIOETLCA 3HAYHOK KiNbKICTIO MEPCNEKTUBHUX HOBU-
HOK. [Mpu CTBOpPeHHi copTiB, fKi BigMOBIaOTb Cy4YacHUM
BMMOram, Cnif LykaTh Woro reHeTUYHI Axepena, Wwo ocob-
NBO BAXITMBO ANS I'PYHTOBO-KMiMATUYHUX YMOBM MOCYLLMN-
BUX TepuTOpIn (Zargar et al., 2018).

lNpy BMKOPUCTaHHI Kpallmx COPTiB NiABULLYETHCS BPO-
XaMHICTb, NONINWYeTbCA AKICTb MPOAYKTIB CiNbCbKOrOCMo-
Zapcbkoro BupobHuuTBa. CepefHi NpUpoCTV  ypoxaro
Yy HOBMX COPTIB 3a3BMYaii CTAHOBNATL He MeHLe 2 u/ra, a
iHogi 8—10 wu/ra. BoHW € HOCISIMX HOBMX aAanTUBHUX MOXIU-
BOCTEl COpPTY [0 perioHanbHUX YMOB BUPOLLYBaHHS, Nosin-
LUEHHS SIKOCTi Ta HaNPsIMIB BUKOPUCTaHHS KiHLIEBOI Npoayk-
uii (Kozachenko, 2014; Povilaitis et al., 2018).

Y cyyacHOMy arpapHOMy BUPODOHMLTBI OCTaHHIMK
pokamu 30epiraeTbCsi CTiiKa TeHAEHLis [0 BUKOPUCTaHHS
Pi3HUX BUAIB MiHepanbHMX JobpwB, L0 3yMOBNEHO 36epe-
XKEHHAM 6anaHcy MOXWBHUX PEYOBWH i POAIOHOCTI I'PYHTY
Ta NigBULLEHHS MOKAa3HWKIB PIBHA YpOXaWHOCTI CinbCbKO-
rocrnogapcbkvx Kynmetyp. OnTumarnbHe XXUBMEHHS POCIVH
3abe3neyye 3MEHLUEHHS] CTPECIB Y POCMAMUH, BUKMMUKAHUX
HECNPUATIUBUMM NOTOAHO-KNIMaTUYHUMM YMOBaMK, LLIO, Ha
OyMKy BaraTtbox BYEHMX, € HEBIA'EMHOIO CKMaZoBOK YacTu-
HOK IHTEHCVBHOIO CiMbCbKOrOCMOAAPCHKOr0 BUPOBHMLTBA
(Kren et al., 2015; Begum et al., 2015).

3abesneyeHHs NoTped pocnmnH HeobXigHOK KiMbKICTO
€MEMEHTIB XMBIIEHHS € BUKITIOYHO BaXIMBUM, OCKiNbKM 3
BiACYTHOCTI CiBO3MiH i 3aCTOCyBaHHS HegocTaTHix 0bcs-
ris fobpme, 0cOONMBO OpraHiYHUX, OCHOBHI TUMK I'PYHTIB
YKpaiHu BTpavaloTb CBili MoTeHuian pogtdocTi (Baliuk
et al., 2018; Hospodarenko et al., 2019). Ha 36igHeHnx
FPYHTax HaBiTb y CNPUSATIMBI 3a KiMbKIiCTIO ONagiB poku
OTPMMaTU BUCOKY MNPOAYKTUBHICTb CillbCbKOroCnopap-
CbKMX KynbTyp 6€e3 onTuMi3alii XUBMEHHS HEMOXIUBO.
BogHovac opraHiyHux fobpuB y cyyacHwi nepiog BHO-
CATb AyXe Mano (y ToOMy Ynichi yepes BiACYTHICTb HOI0),
O Npu3BOAWTL A0 30iOHEHHS TPYHTIB Ha rymyc i morip-
LIEeHHS X BOOHO-(i3NYHKUX BNacTMBOCTEN i BOOOYTPUMY-
tovoi 3gaTHocTi. Onaam Ha yLinbHeHWX, He OCTPYKType-
HUX TPYHTax cnabko MornMHaKTLCSA FPYHTOM i NEPEBaXHO
BTpayaloTbCs Ha BunapoByBaHHA (Gamajunova, 2017;
Radchenko et al., 2018).

MiHepanbHux JOOpYB 3acTOCOBYKTb TaKOX HefocTar-
HbO BHACMigOK BMCOKOI iX BapTOCTi Ta 3HAYHO 3pOCTatUOl
nocywnmeocTi. OCTaHHIMW poKamn XWBMNEHHS BinbWOoCTi
pocnuH 6a3yeTbes Ha 3acafax pecypco3bepexeHHs, y Tomy
YMCMi BMKOPUCTaHHI Mo (POHY Kpalmx nonepenHukis abo
HEBWCOKMX 103 OCHOBHOMO BHECEHHSI MiHEpanbHUX fo6puB
(Hrytsaienko et al., 2008; Sepiedeh et al., 2014; Kozlova et
al., 2019; Hamaiunova et al., 2019).

OpHumM 3i WNAXiB NiOBULLEHHS eQEeKTUBHOCTI 3acTo-
CyBaHHSI MiHepanbHUX JOOPWB i MOXIMBOCTI 3MEHLLUEHHS
X HOpPM € BUKOpUCTaHHSA cTuMynsaTopis pocty (Panfilova &
Hamaiunova, 2018).

|3 3epHOBMX KOMOCOBUX SUMiHb iU HAMBINbLL MOCUMIEHO
pearye Ha YMOBW XWBNEHHS, siki HeobXigHO onTumisyBaty,
a OCTaHHIMM poKamu BHacnifoK BWUCOKOI BapTOCTi pecyp-
CiB BOHM Lle MawTb OyTu pecypcooLiagHUMmM, EKOHOMIYHO
N eKonoriYyHo AouinbHUMKU. YnCneHHMK OOChioKEeHHSMM
3 PI3HUMM KyNbTypamu BU3HAYEHO BUCOKY e(eKTUBHICTb
3aCTOCYBaHHSI Cy4aCHUX POCTOPETYMOYMX NpenapariB

(Kolesnikov & Ponomarenko, 2016; Hamaiunova et al.,
2018; Korchova et al., 2018; Hamaiunova et al., 2018).

MpoBeneHHss 06pO0KM NOCIBY POCIMH SUYMEHI0 Nepioay
Beretauii piCTperynowyM pe4oBMHaMM NOCUIIOE iX CTil-
KICTb 1O YMOB CepefoBuLUa i NPU3BOAUTL A0 MiABULLEHHS
€(heKTUBHOCTI BMKOPUCTaHHSA 3anaciB BOforn # onagis
Ha (OpPMYyBaHHA BpOXalo, MOMEPEIKYIOUM  Henpodyk-
TWBHI X BTpaTh Ha BunapoByBaHHsa (Masliiov et al., 2019;
Gamajunova et al., 2020).

Mig ix BNAMBOM B OpraHiaMi pocnuH BigOyBarThHCA
GioximiuHi 3MiHK, 3a4aTHI MoaudikyBaTK BiMbLUICTE YaCTMH
ix Meraboniamy, BHacnigok 4oro OpMYyeTbCS CTilKICTb
i cTabinbHiCTb pocnuHHOro opraHiamy (Shulaev et al., 2008;
Huang et al., 2019).

MeTol [OOCMIAXEHHS € BUKOPUCTAHHS TFEHETUYHOTO
MOTEHLiany CopTiB SA4MEHI0 SPOr0 3 BaXKMMBOK AN HBOTO
ONTUMI3aLliEl0 XMBINEHHS, Bif SKOI TaKOX 3anexarb YMOBW
hopMyBaHHS BPOXatO 3epHa.

Matepianu i metoam gocnigxeHb. [JocnimKkeHHs npo-
BOAMMUCS Ha 6a3i HaBYabHO-HAYKOBOTO BUPOOHMYOrO LiEH-
Tpy Cymcbkoro HAY 3a 3aranbHO NPUAHATAMW METOAMKaMK
(Dospehov, 1985) npotsrom 2029-2021 pp. I'pyHTV Aocnia-
HOTO MOMsi YOPHO3EM TWMOBUM MOTYXHWIA BaXXKOCYTTIMHKO-
BUA CepedHbOryMYCHUN, SKUIA XapaKTepu3yeTbCs TakuMu
MoKasH1Kamu: BMICT ryMycy B OpHOMY Lapi (3a I.B. Tiopu-
Hum) — 4,0%, peakuis rpyHTOBOro po3uuMHy 6mmu3bka [0
HenTpanbHoi (pH 6,5), BMICT nerkorigponisoBaHoro asoty
(3a I.B. TiopuHum) 9,0 mr, pyxomoro cpoccopy i 06MiH-
Horo kanito (3a ®. YupikoBum) BignosigHo14 mr i 6,7 Mr Ha
100 rpyHTy. [IBOhaAKTOPHMI JOCHIA NPOBOAUMN 38 CXEMOLD:

®aktop A — copt: 1) dokas; 2) Cedatorop.

®aktop b — ynobpenHsi: 1) bes pobpus (KoHTponb);
2) Tymicbing BP-18 (pBykpaTHe BHeceHHs no 0,4 n/ra);
3) N16P16K16; 4) N32P32K32.

MonepenHnk — cos. CiBby SYMeEHIO ApOro NpOBOAMMW
B ONTUMasbHi ANst 30HW CTPOKM ciBasnkoto KneH — 1,5 Ha rmn-
OuHy 3—4 cM, 3 HOpMOtO BUCIBY 5,0 MITH. CXOXMX HACHUH Ha
1 ra. MiHepanbHi fobpuBa BHOCUW B NEPeanociBHY KynsTuBa-
uiro y Burnsgi Hirpoamodpocku. Ctumynatop pocty Mymicing
BP-18 BHOCMNO ABOKpATHO 3 HOPMOK BHeceHHs no 0,4 n/ra
0QHOYaCHO 3 necTuumaamm y gasy KyLLeHHS Ta KOMOCIHHS.

3aranbHa nnowa AinsHkM craHosuna 50 M2, obnikosa
30 M2, NOBTOpHICTb Zocniay Tpupasosa. PosMilleHHs ains-
HOK CHCTEMATUYHE.

MNig 4ac cheHomoriYHMX CnocTepexeHb 3a MovaTok
thasm pocTy i po3BUTKY POCIMH SHYMEHIO SPOro MpuMMany
HasiBHICTb ii He MeHwe HixX y 10% pocnuH, 3a NoBHy —
75%. [mHamiky HapOoCTaHHSi HaA3eMHOI MacK BM3Hayanm
B OCHOBHi ha3un pocTy i po3BuTKy wnsxom Bigoopy 10 poc-
NAH Y TUMOBUX MICLAX Ha AiNsiHKaX y ABOX HECYMiCHUX MOB-
TOPEHHSX. YPOXaMHICTb S4MEHI0 Aporo obmikoByBanm mMeTo-
[0M CyLiNbHOrO 36MpaHHS i 3BaXyBaHHS 3 KOXHOT QiNsHKU.

Pesynbrati. Y cepefHbOMy 3a pOKM OOCHIIKEHHS
MonboBa CXOXICTb Ha BapiaHTax KonuBanacs y Mexax
81,5-87,0 Ta 82,4-90,5 % BignosigHo y copriB [Joka3 i Ces-
Torop. BHeceHHs1 MiHepanbHUX [0OOPUB y MepemnociBHy
KynbTUBaLlito Npu3Beno A0 36iMblUeHHS NObOBOI CXOXOCTI
HaciHHa Ha 4,7-5,5% vy copty [okas i 5,3-8,1% y copty
Cagtorop (tabn. 1).

[ycToTa CTOSIHHS POCAWMH  KONMBanacs Yy Mexax
448,0-478,0i453,0-498,0 wT./mM?BignosigHo y copris [Joka3

BicHuk CymcbKoro HauioHanbHOro arpapHoro yHiBepcureTty
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i CsaTorop. Hanbinblua ryctota ctaHoBuna y copty CesTo-
rop 3a BHeCeHHs MiHeparbHoro Aobpusa y 4osi NP, K., -
498,0 wr./M?, wo Ginbiue nopiHaHo 3 N, P, K. - —Ha 15 wr/w?,
Mymiching BP-18 — 26 wwT./m2, koHTponi — 45 wT./m2,

Y copty [oka3 Hanbinblia ryctota ctaHoBMla TakKOX
3a BHECEHHs MiHepanbHoro gobpuea y aosi NP K., —
478,0 wrt./m?, wo Ginbwe Ha 4,0, 8,0, 30,0 wT./m?, Bigno-
BigHO (Tabn. 1).

®opMyBaHHs KiHLIEBOI TYCTOTW CTOSIHHS, SIKe 3YMOBHOE
NPOAYKTUBHICTb MOCIBY, € (DYHKUIEW Aii Ha poChAnHK nicns
3’ABMIEHHS CXOLiB, KOMMNIIEKCY NPUPOAHUX (DaKTOpIB i aHTPO-
MOTrEHHMX 3aXO0f,B.

36epexeHicTb pocnunH 3a nepiog BereTauii no coptam
i MiHepanbHOMY XVBNEHi konmeanacs y mexax 77,0-90,7 %.
Tak, Hanbinblua 30epexeHiCTb POCIMH OTpMMaHa Ha Bapi-
aHTi 3a BHeCeHHs MiHeparbHoro aobpusa NP, K., y copty
Cesitorop — 90,7 %, copty dokas — 88,9 % (1abn. 1).

[aHi Tabnuui 2 xapakTepu3ytoTb 3pOCTaHHS YCiX 3a3Ha-
YEHWX ENEMEHTIB CTPYKTYPU BPOXaK0 32 BHECEHHS CTUMYMS-
TOpa poCTy Ta MiHepanbHux fobpuB. Bara pocnuH y suMeHto
sporo copTy [lokas Ha KOHTPOSILHOMY BapiaHTi y cepefHbOMY
3a poku pocnimkeHb ctaHosuna 0,85 r, 3a 06pobkn cTu-
mynatopoM pocty Iymicping BP-18 — 0,91 r, npy BHECEHHI
N,P.cKs = 0,98 1, N,P, K., — 1,09 . AHanoriuHo nig Bnnm-
BOM BHECEHHSI CTUMYNSTOpa Ta MiHepanbHWUX J06puB AaHui
MOKA3HWK 3piC i Yy POCIMH SSYMEHI0 siporo copTy CesATOrop —
0,97, 1,04, 1,18, 1,34 r, BignosigHo (Tabn. 2).

Bara konocy pocnuH y s4meHio siporo copty [oka3s
Ha KOHTPONMbHOMY BapiaHTi y cepefHbOMY 3a POKU AOCHi-
[keHb ctaHoBuna 0,56 r, 3a 06po6KM CTUMYNSTOPOM POCTY
lymicping BP-18 — 0,62 r, 3a BHeceHHa N, P, K . — 0,67 r,
N,.P,,K,, — 0,70 1. AHanoriyHo nig BNINBOM BHECEHHS CTU-
MynisiTopa Ta MiHepanbHUX AOOPUB AaHWI MOKa3HWK 3pic
i 'y pocnuH aumeHto siporo copty Cestorop — 0,70, 0,75,
0,80, 0,90 r, BignoeigHo (Tabn. 2).

EkcnepuMeHTanbHi gaHi ceigyaTtb npo Te, WO Haigos-
LUWA Komoc y cepeaHbomy 5,84, 5,71 cm manu BianosigHo
y BapiaHTax i3 coptamu Cssitorop i [loka3 3a BHECEHHS
MiHeparnbHoro Aobpusa y aosi NP, K., (tabn. 2).

Haibinbw BusHavanbHUMK Ans hOpMYBaHHSA ypoxan-
HOCTi SIYMEHI0 SIPOTO BBAXAKTbCS Taki €MemMeHTU CTpyk-
TYpW BpoXato, SK KibKIiCTb i Maca 3epeH i3 04HOro komnoca
Ta maca 1 000 3epeH.

HawbinbLa kinbkictb 3epeH y konoci, byna y copty Ces-
TOrop i konueanacs y mexax 13,51-15,73 wt. 3anexHo Big
MiHepanbHOro XuBneHHs. Y copTy [loka3 KinbkicTb 3epeH
y konoci 6yna Huxuoto i konueanacs y mexax 13,40-14,65.
TobTo crnocTepiranaca TeHAEHUiA A0 30iNbLUEHHS KiNbKOCTi
3epeH y Konoci 3i 36inbLIEeHHAM J03K MiHeparibHUX fobpus
(Tabn. 3).

KinbkicTb 3epeH y konoci TiCHo NoB’si3aHa 3 Macoto 3epHa
3 0fHOro komnoca. Hamewuwo Maca 3epHa 3 konoca 6yna
y copty CBsTorop 3a BHECEHHsi MiHepanbHoro gobpuea

N,,P..K,, — 0,81, gewo Hmkya maca 3epHa 3 konocy byna

Tabnuus 1

lycToTa CTOSIHHS! POCIIMH AYMEHIO IPOro 3aneXHo Bif COPTOBMX OCOBGNIMBOCTEN | MiHEpanbHOIO XUBIEHHS
(cepeaHe 3a 2019-2021 pp.)

MNonboBa lycToTa cTOAHHA 30epexenictb pocnuk
Copr fo6pusa CXOXiCTb, % pOCnuH, WT./M? 3a neploa BereTaui
WT./M? %
Bes nobpus
(KorTpons) 81,5 448,0 345,0 77,0
[Jloka3s Mymicing BP-18 85,5 470,0 368,0 78,3
N,.P.K. 87,0 478,0 425,0 88,9
NWPz?Kv 86,2 4740 412,0 86,7
Bes nobpus
(KorTpons) 82,4 453,0 350,0 77,3
CesiTorop Mymiching BP-18 85,8 472,0 370,0 78,4
N, P. K. 90,5 498,0 452,0 90,7
Ny,P K, 87,7 483,0 420,0 87,0
Tabnuugs 2

Bara pocnvHu Ta konocy, AOBXWHA KONOCY POCIIMH AYMEHIO APOro 3aneXHo Bif COPTOBMX 0COGNMBOCTEN
i MiHepanbHoro xuBneHHs (cepeaHe 3a 2019-2021 pp.)

Coprt Ho6puBa Bara pocnuHu, r Bara konocy, r [oBxuHa konocy, cM
Be3 nobpus (KoHTposb) 0,85 0,56 4,85
Mymicping BP-18 0,91 0,62 5,00
Hoxas N_P.K. 0,98 0,67 5,32
NP, K., 1,09 0,70 5,71
Be3 nobpus (KoHTponb) 0,97 0,70 4,91
Mymicing BP-18 1,04 0,75 5,12
Casrorop NP K, 118 0,80 5,40
N, P. K, 1,34 0,90 5,84
HIP,. ., 0,02 0,02 0,04
HIP,. ., 0,02 0,02 0,06
HIP s gy 0,03 0,03 0,08
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3a BHeceHHs N, P, K . — 0,76 r, Tymicping BP-18 — 0,73 r
Ta Ha koHTponi 0,65 r. Copt [Joka3 xapakTepu3yBaBCs HUX-
4ol Macot 3epHa 3 konoca 0,75, 0,72, 0,66, 0,60 , Bigno-
BigHO (Tabn. 3).

BogHovac BcTaHOBMEHO, L0 HabinbLow macoto 1 000
3epeH BIOpPI3HANNCS POCIMHM Yy nociBax copTy CesATorop.
Tak, Ha koHTporni (6e3 fobpue) maca 1 000 HaCiHWH cTaHo-
Buna — 48,10 r, 3a BHeCeHHs cTumynsaTopa pocty ymiding
BP-18 — 48,50, 3a BHeCEeHHs1 MiHepanbHWUX JOOpUB y [03i
N,PsKs = 50,00 1, N,,P. K., — 51,50. [lewo meHwa maca
1 000 HaciHuH cnoctepiranacs y copty [okas — 44,78,
46,32, 49,52, 51,19 r, BignosigHo (tabn. 3).

OCHOBHUMM MOKa3HMKaMW MNPOJYKTUBHOCTI  CifllbCbKO-
rocrnofapcbkux KynmesTyp € X ypoxanHicTb, ska 3 nornsgy
BUPOOHULTBA XapaKTepuaye BenuumHy npogykuii. [Jai
rpacpika csigyaTtb, WO ypOXaWHICTb KOnMBanacs B Mexax
2,07-3,19i 2,28-3,66 T/ra BignosigHo y copTis [Joka3s i Ces-
Torop (HIPy ,,=0,10; HIPy o =0,14; HIP ., =0,20). Makcu-
MarnbHa ypOXanHiCTb y cepeaHboMy 3a Nepiof AOCnigKeHb
dopmysanacst y copty Cesitorop. Tak Ha KOHTpOni ypoxan-
HiCTb cTaHoBuna — 2,28 T/ra, Npu BHECEHHI CTUMYynsATOpa
pocty l'ymicing BP-18 — 2,70 T/ra, 3a BHECEHHS MiHeparb-
Hux gobpws y gosi N, P, K, —3,19 1/ra, N,,P, K., — 3,66 T/ra.
Coprt [JJokas xapakTepu3dyBaBcs HWXKYOL ypoxalHicTio 2,07,
2,43, 2,97, 3,19 T/ra, BignosigHo (Puc. 1).
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Puc 1. YpoxaiHicTb 3epHa SUMEHIO APOro 3anexHo Big
COpPTOBMX 0COONUBOCTEN | MiHepanbHOro XUBMNEHHSA,
T/ra (cepegHe 3a 2019-2021 pp.)

O6roBopeHHsA. BuxigHUM MOKa3HUKOM Yy (DOPMYBaHHI
ONTUManbHOI FyCTOTU POCAUH € CXOXICTb. 3a pesynbTa-
Tamu pocnigis M. bombu nonboBa CXOXICTb HaCiHHA Ha
BapiaHTax, e 403a a3oTHUX JoBpUB y nepeanociBHy Kyrb-
TuBaLilo He nepesuwysana 30-60 kr 4. p./ra, Konueanacs
y mexax 89,5-90,0. 36inbLlweHHs [o3n a3oTHoro fobpusa
y nepegnocisHy Kynbtueaito Ao 120 kr 4. p/ra npu3BoAnno
[0 3HWXKEHHS MOMNbOBOI CXOXOCTi HaciHHA Ha 4,6-5,0 %.
BmxmBaHHA pOCNMH SYMEHIO SiPOro 3a nepiog BereTauii,
HaBnaku, 3i 36iNbLWEHHAM HOPMU MiHEPANbHOIO XUBMEHHS
Bia N, P, K., 4o N, P, K, 3poctana Ha 4,9-6,7 % 3anexHo
Big copTy (Bomba et al., 2019).

3a ganumu t0.M. Wkatyna, Ha ginsiHkax, Ae BHOCUNMCS
MiHepanbHi aobpusa N, P, K. + N, y nimkvenexHs y dasy
MOYATOK KYLLIHHSA SYMEHIO KifbKICTb NPOAYKTUBHMX cTeben
y cepefHbOMYy 3a [Ba POk JocnimkeHb Byna y mexax
420 wr./m2% Haibinblua KinbkKicTb MPOOYKTUBHUX cTeben
AYMeHto Byna BigmiyeHa Ha AinsHKax, 4e BHOCUMIICS MiHe-
panbHi gobpuea N, P, K, + N, B nipxueneHHs y casy
noyaToK KyLliHHa + N, 1o4YaTok BUXOAY POCIMH y TpyoKy,
Ta NPOBOAMIOCH MO3aKopeHeBe NiMHKMBMEHHS kapbamigom
y A03i BuKkopuctaHHs Ny + Mikpogobpnso EKOUCT y HOpMI
BUTpaTV 4 nira'y asy KiHeLb BUXOLY B TPYOKY S4MEHIO, Kiflb-
KICTb MPOAYKTUBHUX NaroHiB copTy ATnaHT MupoHiBCbKMIA
byna B Mexax 461 WT./M2, WO GinbLue HiXX HAa KOHTPOMbHMX
AinsHkax Ha 181 wr./m? (Shkatula & Barskyi, 2021).

Docnigxytoun Bucoty pocnvH A.B. lMaHdinosa BusHa-
yuna, Wo HambInbLLOT BUCOTU Y BCi dha3n pocTy i pO3BUTKY
POCIIMHW SYMEHIO SPOro JOCArMU 38 BHECEHHSI PEKOMEH-
[OBaHOI AN 30HW MepeanociBHOI [03u  MiHepanbHOro
Aobpuea N, P, Ta npoBedeHHs Mo LbOMY (HOHY Mo3aKo-
peHeBMX MifKUBMEHb MOCIBIB Cy4YacHMMK npenaparamu
Opranik [12 Ta Eckoptbio. Tak, BUCOTa pOCNMH CTaHOBWNA
49,9-85,5 i 50,2-86,0 cm, 3anexHo Big asmn pocTy i pos-
BUTKY pocnuH (Panfilova & Hamaiunova, 2018).

Ha ynpaBniHHs BCiMa KOMMOHEHTaMK BPOXato BNANBAE
nporpama 36anaHCcoBaHOTO XWBIIEHHS POCIH, LLO BKNOYae
Makpo- Ta MikpoenemeHTu (Romaniuk, 2019).

Ha pymky KO.M. MamatoHoBa, LiHHOK BacTUBICTIO 3ep-
HOBWX KYMbTYp, 30KpeMa Byab-IKoro CopTy, € MOro penpoayk-
TVBHA 30aTHICTb — MOXNUBICTb (hOPMYBATU KiNbKICTb 3epeH
y KOMoci. Y poChvH SYMEHI0 SpOro, L0 BMPOLLEHi Y KOH-
TponbHOMY BapiaHTi Zocnify 3a 06pobK1 pOCH BOZOH, Liei

Tabnuus 3

CTPYKTYPHi MOKAa3HWUKU POCIIMH SIYMEHIO APOro 3aneXHO Bif COPTOBUX OCOGNMBOCTEN i MiHepanbHOro XXUBMEHHS
(cepenHe 3a 2019-2021 pp.)

Coprt Ho6puBa Yucno 3epeH y konoci, wT. | Bara 3epHa y konoci, r Maca 1000 wr., r
Bes nobpue (KoHTposb) 13,40 0,60 44,78
Mymiching BP-18 14,25 0,66 46,32
foxas N_P.K. 14,54 0,72 49,52
N, P.K, 14,65 0,75 51,19
bes fobpme (KoHTponb) 13,51 0,65 48,10
M'ymicping BP-18 15,04 0,73 48,50
Casrorop N_P.K, 15,20 0,76 50,00
N, P. K., 15,73 0,81 51,50
HIP s oy 0,04 0,02 0,05
HIP,, o 0,05 0,02 0,07
HIP, e 0,08 0,03 0,11
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NOKa3HUK y cepenHbOMy 3a TPU pOKM CTaHoBWB 7,56 cM, TO
3a 06pobkM NOCiBY piCTperynioyYMMmn npenapatamu y ¢asi
KyLLiHHS BiH 36inbwmBesa fo 7,96 cm, ABivi — We i B nepiog
BUXOZY pocnuH y Tpybky 8,34, a 3a TpMpa3oBOro Nimkme-
NEeHHst (Ha noyaTtky KonociHHs) — 8,70 cm. O3epHeHiCcTb
Konoca poCnvH SYMEHI0 SPOro Mif, BMAIMBOM KinbKOCTi 06po-
6ok y cepeiHbOMY 3a pokM AocnimkeHb 3pocna 3 20,9 wr.
3EePHUH Y KOHTPOMI A0 24,4 LWT. 32 TPUPA30BOro MiAKMUBNEHHS
abo Ha 16,7 % (Hamaiunova & Kasatkina, 2019).

lNocyxa Bif KOMOCIHHS 4O JOCTUraHHS 3HUXYE BUNOBHE-
HicTb 3epHa (Markin, 2008).

3pOoCTaHHs X NPOOYKTUBHOCTI CiflbCbKOrOCNOAapChKMX
pocnuH BIOOYBAETLCA BHACMNIZOK BMMMBY TEXHOMOMYHMX
3ax0fiB Ha OCHOBHI CKMafHWKM CTPYKTYpW, Lo 3abesnedy-
l0Tb BENMUMHY Bpoxato. [1ig Yac BUPOLLYBaHHS 3ePHOBUX
KONOCOBUX KYMbTYp A0 EIeMEHTIB CTPYKTYPU HanexaThb Taki:
BeNMYMHa KOMoca, KinbKiCTb 3epeH y Konoci, ix Maca 3 04HOro
konoca i pocnuHu Ta maca 1 000 sepeH (Usyk, 2012).

OcTaHHi  [OCNIMKEHHS  YKPAiHCbKMX BYEHUX OOCUTb
[eTanbHO po3rnagalTe npobnemaTtuky onTuMmisavii xus-
NEHHS CiNbCbKOrocnoaapchkux Kynbtyp. [na sumeHto sporo
eheKTMBHUMM HopMamu 3actocyBaHHs fobpus € N, P, K.,
a 30inblueHHs ix o N, P K.~ Moxe npussectv 4o BuUns-
raHHS NOCIBIB i, TAKUM YMHOM, 00 3MEHLLIEHHS BPOXANHOCTI
(Kalenska et al., 2015; Kalenska & Tokar, 2015).

3a pocnimkeHHsmu A, [laHinoBa, BUKOPUCTaHHS
MiHepanbHUX [J0OpUB MNepeBULLyBano piBeHb ypoxaro
3epHa SYMEHI0 SPOr0 Ha HEKOHTPONbOBaHOMY BapiaHTi Ha
0,71-0,75 T ra/ra abo Ha 26,7-28,2 % (Panfilova et al., 2019).

Y pocnimkenHsx O. BoHpapeBa 3acTocyBaHHA nuLle
MiHepanbHoro fobpuea Ha OOHI rOCTPO MOCYLLNMBKX NOroa-
HUX YMOB [03BOMSE MiABULLMTM BpoXawHicTb Ha 0,69 T/
ra MopiBHAHO i3 KOoHTponem ONTUManbHUA TEXHOMOMYHUNA
NPUAOM NONsirae y BHECEHHI MiHepanbHUX J0OpKB Y HOPMI
N,,P,K,, Ha (OHi Hacu4eHHs nornepenHuka BepMikommo-
cToM. Lle fo3sonsie nigBumTyh BpoxanHicTb 10 4,85 1/ra (Ha
1,44 1/ra abo 42,2 % po koHTponto) (Bondareva et al., 2020).

BucHoBKkuW. [locnigKeHHsIMU BCTAHOBMEHO, LIO Kpali
YMOBW AN POCTY, PO3BUTKY | (HOPMYBaHHS BPOXaK0 SUMEHIO
SIpOro cknanucst Ha BapiaHTi i3 copTom CBATOrop 3a BHe-
CeHHs ao3n MiHepanbHoro aobpusa NP K. Copt Cea-
TOrop 3a Ao3u MiHepasnbHoro aobpuea NP, K., 3abesne-
YMB OTPUMaHHS MakcumarbHOI Barn pocnuHu 1,34 T, Bary
konocy 0,90 r, Bary 3epHa y konoci 0,81 r i LOBXWHY konocy
5,84 cm. KinbkicTb 3epeH y konoci cTaHosuna 15,73 wr. i3
macoto 1 000 HaciHuH 51,50 r. MakcumarnbsHy ypoxanHicTb
y cepegHbOMY 3a nepiof AOCMifKeHb OTpUMaHO 3a 403w
pobpue NP, K.,y copty Cesarorop 3,66 1/ra. Copt [loka3s
3a fosn fobpus N,,P, K., 3ab6e3ne4uns ypoxanHicTb Ha piBHi
3,19 1/ra.
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Influence of varieties and mineral fertilization on growth and development of spring barley under conditions of
the north-eastern part of the Forest Steppe of Ukraine

Improvement of spring barley growing technology is an extremely important task, as in the current economic conditions,
reduction of expenditures on grain production and increase of its profitability is possible only in case of implementation
of new agricultural techniques.

The studies envisaged the use of genetic potential of spring barley varieties with important nutrition optimization, which
influence the conditions of grain harvest formation.

The weight of plant ear of spring barley variety Dokaz in the control variant during the years of research averaged 0.56 g,
when treated with growth stimulant Humifield BP-18 — 0.62 g, with application of N P, K., - 0.67 g, N,,P, K., — 0.70 g.
Similarly, under the influence of stimulants and mineral fertilizers, this index increased in spring barley variety Svyatogor —
0.70, 0.75, 0.80, 0.90 g, respectively.

The largest number of grains in the ear was received in the variety Svyatogor and ranged from 13.51 to 15.73 pieces
depending on mineral nutrition. The variety Dokaz contained lower number of grains in the ear and ranged from 13.40 to
14.65 pcs. That is, there was a tendency to increase of grain number in the ear with increasing dose of mineral fertilizers.

The number of grains in an ear is closely connected with the mass of grain from one ear. The highest weight of grain from
one ear had the variety Svyatogor with application of mineral fertilizer NP, K., 0.81 g, and slightly lower with application
of N P, K., —0.76 g, Humifield BP-18 — 0.73 g. and the control — 0.65 g. The variety Dokaz was characterized by a lower
grain weight from one ear — 0.75, 0.72, 0.66, and 0.60 g, respectively.

However, it was found that the largest mass of 1000 grains had the plants in crops of the variety Svyatogor. Thus, in
the control the weight of 1000 seeds was — 48.10 g, when applying the growth stimulant Humifield BP-18 — 48.50 g., when
applying mineral fertilizers in a dose of N, P, K . — 50.00 g, N,,P, K., — 51.50. Slightly lower weight of 1000 seeds was
observed in the variety Dokaz — 44.78, 46.32, 49.52, 51.19 g, respectively.

The maximum yielding capacity on average during the study period was formed in the variety Svyatogor. Thus, yielding
capacity in the control was 2.28 t/ha, with application of the growth stimulant Humifield BP-18 — 2.70 t/ha, with the application
of mineral fertilizers in a dose of N P, K. .~ 3,19 t/ha, N, P, K,, — 3,66 t/ha. The variety Dokaz was characterized by lower
yielding capacity — 2.07, 2.43, 2.97, 3.19 t/ha, respectively.

With application of mineral fertilizer in a dose of NP, K., the variety Svyatogor provided the maximum weight of the ear—
0.90 g, the grain weight in the ear 0.81 g. and the length of the ear 5.84 cm. The number of grains in the ear was 15.73 pieces
with the weight of 1000 seeds — 51.50 g. The maximum yielding capacity on average during the study period with fertilizer
dose of NP, K., was obtained by the variety Svyatogor— 3.66 t/ha. With application of mineral fertilizer in a dose of NP, K.,
the variety Dokaz provided yielding capacity at the level of 3.19 t/ha.

Key words: variety, growth stimulator, mineral fertilizers, ear, grain, yielding capacity.

[Lama HadxodxeHHs1 do pedakyji: 10.12.2021 p.
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NMPOAB FrETEPO3UCY TA CTYNEHA ®EHOTUNOBOIO AOMIHYBAHHA 3A ENEMEHTAMU
MPOAYKTUBHOCTI TA TPUBANICTIO NEPIOAY BEFETALII Y F, COI

Pu6ansyeHko AHHa MuxaiinisHa

KaHOMAAT CiNbCbKOroCnoAapChKuX HayK

lNonTaBCbKUI AepXaBHWIA arpapHuin yHiBepeuTeT, M. [NonTtaea, YkpaiHa
ORCID: 0000-0002-2308-7853

rybalchenko.am@gmail.com

Y cyyqacHil cenekujii 20/108HOK0 MEMOK € MPUCKOPEHHST MEPMIHI8 yrposadxeHHsT copmie y 8upobHuymeo. s cmeo-
PEHHSI MaKux copmie 8apmo MOHO&Meamu | augdamu Hosull 2eHOGhOHO C€oi, Npodosxysamu nowyk dxepesn i QOHopie
20crnodapChbKo UiHHUX 03HaK, susiensamu 0cobnusocmi ycrnadkysaHHs1 03HaK, onmumidysamu memoodu OUiHI8aHHs | cmeo-
PEHHSI H08020 8UXIOHO020 Mamepiany. OcHogHUl Memod cenekuyii coi — eHympiwHbosudosa 2ibpudusauis 3 nodanbWum
iHOusidyansHuUM dobopom y eibpudHux nonynsayisx. Yenix pobomu 6azamo e YoMy 3anexums gi0 npasunbHo2o nidbopy
b6ambkigcbKux nap 07151 CXpeuly8aHHsl.

Y cmammi gauknadeHo pesynbmamu 0ocnioxeHb (2014—-2016 poku) 3 BUBYEHHS NPOSIBY eghekmy 2emepo3ucy ma xapak-
mepy ycriadKyeaHHs 0CHO8HUX 03HaK PodyKmugHocmi ma mpusanocmi nepiody eeeemauii ¢ 11 2ibpudrHux nonynsyisx (F,)
coi. 3a pesynbmamamu 2i6pudooaiyHo20 aHanisy 8cmaHoeeHo, Wo ycnadKyeaHHs 03HaK HaciHHEOI MpPodyKmugHocmi
8 2ibpudie F,mMae Oocums cKiadHul xapakmep, Mposie K020 3Ha4HOK MIPOI0 3aexums 6i0 2eHemMuyHUX ocobriueocmel
b6ambKiBCbKUX KOMIMIOHEHMIS.

3a macoko HaciHHs 3 POCIUHU, KinbKicmio 606ie ma KinbKiCmio HaciHHs 3 pocuHu 8 binbwocmi 2ibpudie F, eidmidanock
ycrnadKyeaHHsI 3a 2emepo3ucHUM muroM. Xapakmep ycrnadKysaHHs mpusanocmi nepiody eezemauii 8ioMiHHUU 8i0 mury
ycrnadKyeaHHsI OCHOBHUX 03HaK HaciHHESOI MpodykmueHocmi: y binbwiocmi sunadkie crnocmepieanoch npoMixHe ycrnadky-
8aHHs1. 3a He0bXiOHOCMI cmeopuUMU paHHbOCMUaIT (hOPMU y CXpeulysaHHs Kpawe 3anyyamu binbw cKopocmueasi 2eHo-

munu, wob 80HU He3Ha4YHO 8IOPI3HANUCH 3a mpusaricmio nepiody eeeemauii.

Y nepwomy nokoniHHi ycnadkysaHHs1 mpusanocmi nepiody eecemauii 8idbysanoch 3a NpoMiXHUM murnom y 9 eibpudHuUX
kombiHauiti (82 %). 3a macoro HaciHHS 3 pocnuHu y 8 eibpudHux KombiHauit, HaddomiHysaHHs1 — 73 %. 3a kinbkicmio 606ig
ma HaciHUH Ha poCiuHy 8 7 2ibpudHux kombiHauiti cmocmepizanu HaddomiHysaHHs (63 %).

3a 03Hakamu «maca HacCiHHSI 3 POCIIUHUY, «KifTbKICMb HAaCIHUH Ha POCUHY», «Kiflbkicmb 606i8 Ha POCIUHY» 8UCOKUU
pigeHb 2emepo3ucy npocmexysascsi 8 makux 2ibpudHux kombiHauil, sk: 3nama (RUS) / Adamoc (UKR), OAC Vision
(CAN) / Adamoc (UKR); OAC Vision (CAN) / Anmas (UKR); Yems (UKR) / Cnasisi (RUS), LF-8 (POL) / Anma3 (UKR), LF-8
(POL) / KuBiH (UKR); JTada (RUS) / Mpisa (UKR), Gaillard (CAN) / Xeuns (UKR).

Hatibinbw sucokuli piseHb 2emepo3ucy 6 eibpudie mepuwio2o MoKosiHHS 8idmideHul y 2ibpudHux kombiHauiti OAC Vision
(CAN) / AGamoc (UKR); OAC Vision (CAN) / Anma3s (UKR); Yems (UKR) / Cnasia (RUS) 3a enemeHmamu npodykmugHocmi.

Knrovoei cnoea: cos, cenekuis, 2ibpudHi nomynsayji, 2emeposuc, ycrnadkysaHHs, cmyriHb OOMIHY8aHHSI.

DOI https://doi.org/10.32845/agrobio.2021.4.9

BcTyn. l'onoBHa meTa cyyacHOi cenekLii — NiaBULLEHHS
il €ePeKTMBHOCTI i NPUCKOPEHHS TEPMIHIB YNPOBamMKEHHS
COPTIB Yy BMPOBHMLTBO. Y MUTaHHAX MOMIMNWEHHS KynbTyp-
HUX POCAMH Y NPIOPUTETI 3aNULWaETbCA TpaguLiiHa cenek-
uis, wo 6asyeTbea Ha ribpuaumsadii (Orliuk, 2008).

CopToBi pecypcu KpaiHvu NOBWHHI 3abe3nevyBaT Npo-
goBonedi notpebu. OcTaHHIMM pokamMu [OocCUThb 3pocna
KiMbKICTb BIiTYM3HSAHMX cenekuiHnx copTi (Petrychenko,
2010). 36inbwmnaca KinbKiCTb PaHHLOCTUIMNX COPTIB.
BinbLwicTb CyyaCHUX COPTIB CTBOPEHI AN MOLUMPEHHS
B YMOBaX NEBHUX 'PYHTOBO-KMiMaTuyHKX ymoB (Hryhorchuk
& Yakubenko, 2012).

MNMoganbLue 3pocTaHHs BUPOBHMLTBA HACIHHS COi noTpe-
Oye HasBHOCTI | BNIPOBaKEHHS HOBWX COPTIB 3 ONTUMarb-
HUM MOEQHAHHAM EIeMEHTIB NPOAYKTUBHOCTI, CKOPOCTUIIIO-
CTi, CTINKOCTi MPOTM XBOPOD i LKIQHWKIB, 4O eKCTPEManbHNX
YMOB [OBKINMS B Pi3HNX 30HaX BUPOLLYBAHHS, 3 BUCOKMMM
Xap4oBuMK # kopmoBumKM BnactusocTamu (Sichkar, 2010).
[lns cTBOpEHHS Takvx COPTIB BapTO NOHOBMNIOBATY | BUBYATH
HOBWIA reHOHOHA, COi, NPOJOBXKYBATW NOLUYK [Xepen i JOHO-
piB rOCNOAAPCHKO LiHHMX 03HaK, BUSIBMATA 0COBMBOCTI MiH-
NVBOCTI N ycnadKyBaHHS BaXnWBKX O3HaK, ONTMI30ByBaTy

METOAM OLHIOBaHHS i CTBOPEHHSI HOBOTO BUXiQHOTO MaTepi-
any (Krentsiv, 2019).

[eTeposuc, xapakTep YCNafKyBaHHS KiflbKICHMX O3HaK
3anexartb sK Bif )akTopiB reHETUYHNX BNacTUBOCTEN HaTb-
KiB, TaK i Bif ymoB BupoLyBaHHs (Sylenko, 2013). Y npoueci
CTBOPEHHS HOBOTO CENEKLIHOro Marepiany Ans KOHKPEeT-
HOTO PEerioHy BeNuKe 3HaYeHHS Mae 3HaHHS 3aKOHOMIPHOC-
Tell ycnagKyBaHHS OCHOBHMX O3HAK Yy COI 3 ypaxyBaHHAM
B3aEMO3B’A3kiB Mix Humm (Marchenko, 2012).

3HauHy yBary NpuAINsAITb  BMBYEHHI  CTYMEHs
i xapakTepy nposBy reteposucy y ribpuais F, (Biliavska &
Kornieieva, 2012). BuaHayatoTb CTyMiHb ycnagKyBaHHS Bia-
MOBIZHOI KiNMbKICHOI O3HaKM 3a CTyneHeM JOMiHYBaHHS, LUO
XapakTepusye CTyniHb (DEHOTUNOBOrO MPOsiBY OQHOro abo
[EKINbKOX JAOMIHAHTHUX TEHIB, SiKi 3yMOBMIOKOTb AaHy Kifb-
KiCHy 03HaKy. BiH nokasye piBeHb MepeBWLLEHHS BEMUYUHM
O3HaKu B pocrivH F, cepeqHboro 1oro 3Ha4eHHst B POCIIMH
BatbkiBcbkux hopm (Babych et al., 2012).

Y cenexkuji Coi OCHOBHUM [XEPErnoM HOBOMO BUXiAHOMO
maTepiany € BHYTpPILLHbOBWAOBA ribpmam3sais cnewiansHo
nigibpaHmx GaTbKIiBCbKMX Nap i3 noganbluvMM iHAMBIAYanb-
Hum gobopom (Akulynychev, 1995). Y pasi cxpeLuyBaHHs
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COpTiB, SIKi 3HAYHO PI3HATHCA 32 MOXOMKEHHSIM | eneMeH-
Tamy NPOAYKTUBHOCTI, 3pOCTaE WMOBIPHICTb BUAINEHHS
3 ribpuaHMX NONyNsLin TPaHCrPEeCUMBHUX Ta pekoMbiHaLlin-
HMX OOPM i3 KOMMNEKCOM rOCMOAAPCHKO LLIHHUX O3HaK, TOAI
AK OQHOMAaHITHICTb CEenekLiMHOro matepiany Cnpusie 3Hu-
XXEHHIO PIBHS reTepo3uncy, LLIBMAKOMY MOLUMPEHHIO XBOPOG
Ta WwkigHukiB (Dragavtsev, 1978).

Y ribpuais coi nepluioro MOKOMIHHS Bif CXPELLYBaHHS
Pi3HUX 3@ CKOPOCTUIMICTIO KyNbTYPHUX COPTIB Y BinbLUOCTI
KOMGiHaL|ii crnocTepiraBcs NPOMDKHUA NPOSIB TPUBANOCTI
nepiogy Beretauii (Miakushko, 1983). Y Hu3ku ribpugis gomi-
HY€ Ni3HbOCTUIMICTb, B iHWKX — ckopocTurnicTe (Fisenko &
Mudrik, 1978). MosicH00Tb Taku XapakTep NPosiBy O3HAKM
TpuBanocTi nepiofy Beretawii 3 iNOreHeTUYHOro NornsAy:
AKLWO MaTepuHCbka hopma ckopocTurna, a baTbkiBcbka
cepefHbOCTUMA, TO B ribpuaiB AOMIHYE CKOPOCTUMMICTb
(Mykhailov, 1986).

Mpouec wTy4HoOi ribpmamsauii coi notpebye 3Ha4HMX
3atpart npaii, a BuXig ribpuaHoOro HacCiHHS Oyxe HU3bKWIA,
Lo 3Ha4YHO OBMEXyBano NpoTAroM TPUBAmoro 4acy reHe-
TWUYHY pisHOMaHITHICTb copTiB (Lavrova & Sichkar, 2002).

3HaHHS 3aKOHOMIPHOCTEW yCnafaKyBaHHS O3HaK y cuc-
Temi «b6aTbkn — NOTOMCTBOY, SKi AiloTb Y ribpuaHux nony-
nsauisx, gae 3vory 6inbw edgekTuBHO nposoaut 106ip,
BUOPaKOBKY MarnouiHHUX popM i 36epirati BogHOYac nep-
crnekTuBHi reHotunu (Horsun et al., 2014).

CrBopeHHs ribpuais F, sk BuxigHUX dopm ribpuaHmx nony-
NALIA Ans HacTynHOro Ao6opy B HUX TPaHCIPECUBHUX (hOPM
mae 6yt Linecnpsimosanum (Sichkar & Lavrova, 2001).

Bucokui cTyniHb reTeposncy 3a NpogyKTUBHICTIO 3a3Ha-
4eHo y npausx (Kochegura et al., 1994). CtyniHb eHoTH-
MOBOrO AOMiIHYBaHHS SIK MOKA3HWK OIS OLiHKW CEeneKLinHoro
maTtepiany Ha paHHix eTanax BuNpobyBaHHS BUKOPUCTO-
ByeTbC B Baratbox Kynbtypax (Mykhailov et al., 2016).
JocnioxeHHs 3a UMM NOKa3HWKOM NiATBEPAXKYHOTh MOXMN-
BICTb MOro BUKOPUCTaHHA AN nigbopy nap Ans cxpelly-
BaHHSA, @ TaKOX ANS LWUBMAKOI OUiIHKK ribpuaHuX Hallagkis
(Bondarenko & Matushkin, 1985). Y 3B’a3ky i3 UMM akTyarb-
HUM € OOCNIMKEHHS 3 NMTaHb JOBOPY MaTEPUHCLKMX | BaTb-
KIBCbKMX KOMMOHeHTIB ribpuais F, (Ahmad et al., 1977).

TeopeTnyHo MOXNMBOCTI (HOPMOTBOPYOrO NpoLecy 3a
BHYTPILUHBOBMAOBOI ribpuAan3aLii, 3acCHOBaHOro Ha Hesa-
NEXHOMY KOMOIHYBaHHI reHiB, 6eamexHi. OgHak pisHi TMnn
B3aEMOJji reHiB, SBMLLE 34enneHoro yCnaakyBaHHS, reHe-
TUYHI Ta pisionorivHi kopenswii 3HauHo 0OMEXYHOTL NOTEH-
LiNHY MOXMNUWBICTb NEpPeKkoMBiHyBaHHSA O3HaK Y ribpuaHMX
opraHiamis (Vasylkivskyi & Vlasenko, 2002).

Ak cBigyaTb  pesynbTaTM  HAYKOBWMX  OOCHIMKEeHb
H.A. KoBankuyk, y ribpuais BCTaHOBMNEHa NO3WUTUBHA i CYT-
TEBa 3anexHiCTb TPMBANoCTi nepiogy Beretauii i3 npogyk-
TUBHICTIO M iHLLMMM O3HaKaMW, Lo iT 3yMoBntooThb. BogHovac
y ribpuaiB cnocTepiraeTbCs PO3LLENNEHHS Y CMiBBIAHOLLEH-
HsX, 6nmsbkux o 3:1 (Kovalchuk, 1974).

AnensiM «AMKOro TUMY» BRacTuBa CKOPOCTUIICTb. Tomy
B YCiX KOMBIHaLisX 3 y4acTio CKOPOCTUIINX hOpM LOMiHYE
CKOpPOCTMMICTb. AKLWO MaTepuHCbKa popMa CKOpoCTUrna,
a baTbkiBCbKa cepedHbOCTUIMA, TO B ribpuaiB AOMIHYE CKO-
POCTUMMICTb. FIKWO MaTepuHcbka opma Mi3HbOCTUMMA,
a GaTtbkiBCbka — Ayxe Ni3HbOCTWIMa, AOMIHYE TpUBanicTb
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nepiogy BereTaLii GinbLLI CKOPOCTUINOrO KOMMOHEHTA CXpe-
wyBaHHs (Babych & Kokhaniuk, 2014).

BuBYeHHS xapakTepy MiHNMBOCTI 03HaK NPOAYKTUBHOCTI
B CUCTEMi «BaTbky — MOTOMCTBO», Ha OCHOBI ribpugonoriy-
HOro aHanisy, jae 3Mory AaTtu OLiHKY xapakTepy ix ycnagky-
BaHHs (Fedin et al., 1980).

MeTta pocnimkeHb — MpoBecTV ribpuamaavio, Aochi-
ANTU XapakTep ycrnagKyBaHHs TpUBanocTi nepiogy BereTauji
/i enemeHTiB NPOAYKTUBHOCTI y F, Ta BCTAHOBUTY CENEKLinHY
LiHHICTb OTpUMaHWX ribpuais. BueyeHHst edbekTy reteposucy
Ta CTyneHsl SOMIHYBaHHS 3a TaKUMW 03HaKaMmu, sk TpUBasicTb
nepioay BereTawii, KinbkicTb 606iB Ha POCIMHY, KiNbKICTb HACI-
HWH Ha POCIMHY Ta Maca HacCiHHs 3 pOCnHM B ribpuais coi F,.

Marepianu i meToam gocnigxeHb. [JocnimpKkeHHs npo-
Boaunuce ynpogoex 2014-2016 pp. Ha gocnigHomy noni
MNMonTaBcbkoi AepaBHOI arpapHoi akagemii. [Jo cxpeLy-
BaHb 3anyyeHi 14 3paskiB COi pi3HOro ekonoro-reorpadiy-
HOrO MOXOMXEHHS! Ta MPOSIBY LiiHHUX rOCNOAAPCHKUX O3HaK:
3narta (RUS), Agamoc (UKR), Anmas (UKR), OAC Vision
(CAN), Gaillard (CAN), CH 32-15 (BLR), Ycts (UKR), Cna-
Bis (RUS), LF-8 (POL), KuBin (UKR), Xsuns (UKR), MNoema
(SCG), dapearep (UKR), Enbpopapo (UKR).

MorogHi ymoBu 3a nepiog gocnigkeHb 2014-2016 pp.
BiQPI3HANMCS Bif cepenHix GaraTopiyHMX 3HaveHb Ta 3ara-
nom Bynu cnpuaTnmBi Ans hopMyBaHHS efleMeHTIB NpoayK-
TUBHOCTI POCIMH COI.

l6puansadito npoBoaunu B paHkosi Yacy (7—10 roguH),

6e3 kactpauii, 3a metogukoto A.K. JleweHko (Leshchenko,
1978). Mig yac Beretauii npooaunu heHoNorivHi cnocre-
pexeHHs1 ribpuais Ta ixHix GaTbkiBCbkMX hopm (Kobizeva
etal., 2004). [ins aHanisy nokoniHHa F, Bu3Had4anm cTyniHb
iICTUHHOTO reTeposuncy Ta CTyniHb AOMiHyBaHHS. [eTepo3nc
iCTUHHWI (pani — lcT) aae amory BUSBUTY HanBinbLL Curb-
HUIA NposiB 03Hak y F, NOPIBHSAHO i3 KpaLLoto BaTbKiBCLKOO
chopmoto, OLHUTK CenekuiiHy LiHHICTb ribpuga (Singh et
al., 2004). CtyniHb reTeposncy BM3Ha4yanm 3a hopMysoto;
_ F1-Pmax
© Pmax
Ae F, — sHaueHHs o3Hakw B ribpuaa nepiuoro; Pmax — Hai-
Oinblue 3Ha4YeHHst ogHOro 3 6aTbKiB.

CTyniHb [OOMiHYBaHHS [NSi BW3HAYEHHSI XapakTepy
ycnaZKkyBaHHs po3paxoByBanu 3a ¢popmynotwo B. Griffing
(Griffing, 1950):

r %

hp = Fi—Mp ,
P max— Mp

Ae hp — cTyniHb AOMiHyBaHHS; F, — 3HaueHHs O3Haku
B ribpmga; Mp - cepegHe 3HaveHHst 0060x 0aTbkig;
P .o — HaMBINbLUE 3HAYEHHS OAHOTO 3 BaTbKiB.

[pynyBaHHA OTPUMaHKX aHux 3a CTyneHeM (DeHOTUMNo-
BOTO OMiHYBaHHS NPOBOAMNYM BiAMOBIAHO A0 Knacudikaii
G.M. Beil, R.E. Atkins (Beil, Atkins, 1965):

Knac npomiHyBaHHs Yucnose 3HauyeHHs hp
eTeposuc (HapLoMiHyBaHHS) (H>+1)
YacTkoBe nosnTuBHe
JOMiHYBaHHs +0,5<hp <1
MpomixkHe ycnagKyBaHHS -0,5< hp <0,5
YacTkose BinemHe _ _
yCNaAKyBaHHS 1=hp=-0,5
[enpecis hp<-1
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CratcTnuHy 06pobKy OTpUMaHMX AaHuUX NPOBOAMMN 33
[A0MoMoroto nporpamHoro 3abesneveHHs “Microsoft Excel”.

Pe3ynbraTti. YcnagkyBaHHs TpuBamnocTi nepiogy Bere-
Tauii B NepLomMy MOKOMiHHI 3HAYHO He 3MiHIBaNoCs.
Mbpuan nepebyBann B Mexax NposiBy NnokasHuka GaTbkis
i HE3HAYHO yxuUnanmcs B Gik CKOPOCTUIMOCTI.

BuBueHHs ribpuaHux nonynsuin F, nokasaro, wo nepe-
BaXXHa YacTuHa koMbiHaLi ycnagkoByloTb nepion Bereta-
uii 3a npomikHum Tnom: 3narta (RUS) / Agamoc (UKR)
(hp =-0,4), OAC Vision (CAN) / Anamoc (UKR) (hp = -0,1),
Gaillard (CAN) / CH 32-15 (BLR) (hp = 0,1), OAC Vision
(CAN) / Anmas (UKR) (hp = -0,4), Ycta (UKR) / Cnasis
(RUS) (hp = 0,2), LF-8 (POL) / Anmas (UKR) (hp = -0,1),
LF-8 (POL) / KuBin (UKR) (hp = 0,5), Taga (RUS) / Mpis
(UKR) (hp = 0,3), Gaillard (CAN) / Xsuns (UKR) (hp = -0,3).
[JoMiHyBaHHS Ni3HLOCTUIMOCTI BUsBNEHO B kombiHauii CH
32-15 (BLR) / Enbgopago (UKR) (hp = 0,7). HagpomiHy-
BaHH$ Ni3HBOCTUIMOCTI cnocTepiranock y kombiHauii Moema
(SCG) / dapsatep (UKR) (hp = 2,0) (tabn. 1).

Ha ocHoBi oTprMaHux gaHnx 3pobrneHo nonepenHin BUCHO-
BOK NP0 BMKOPUCTaHHS BUXIQHOrO Matepiany 3 pi3HOW Tpu-
BanicTIo nepiofy BereTauii B CENeKUinHUX nporpamax. FKWwo
HeOoBXiaHO CTBOPWUTIN PaHHLOCTUMI (YOPMU, TO Y CXPELLlBaHHS
kpalle 3anyyatu Oinbll CKOPOCTUMMI FeHOTUMM, LIOG BOHM
HEe3HaYHO BiApI3HAMMCH 3a TPUBASICTIO Nepiofy BereTalli.

Big cxpellyBaHb MixX HUMU MOXHA OTPUMATK TpaHcrpe-
CUBHI (hopmu i3 TpmBanicTio nepiogy Beretauii 4o 100 gi6.

Binbwicte ribpuaHMXx KombBiHaUin 3a 03HaKoK Macu
HaCIHHS 3 POCAVHW BUSBUNW TETEPO3NC Y NEPLIOMY MOKO-
NiHHi (Tabn. 2).

HavBuwmnin piBeHb reTepo3ncy 3a O03HaKOK Macu
HacCiHHS 3 pocCnMHU MaB Micue B ribpuaHoi KombiHa-
uii LF-8 (POL) / Anmas (UKR) (hp = 4,9). 3a xapakte-
pOM ycnafKyBaHHS MacW HaCiHHA 3 POCMMHWU HaAAOMi-
HYBaHHS BUSIBMIEHO B Takux ribpuaHux kombiHauin, sk
3nara (RUS) / Agamoc (UKR) (hp = 1,8), OAC Vision
(CAN) / Apgamoc (UKR) (hp = 7,9), OAC Vision (CAN) /
Anmas (UKR) (hp = 3,6), Ycta (UKR) / Cnasis (RUS)
(hp = 10,3), LF-8 (POL) / Anmas (UKR) (hp = 3,7), LF-8
(POL)/KuBiH (UKR) (hp = 2,6), Naga (RUS) / Mpia (UKR)
(hp = 1,1), Gaillard (CAN) / Xsuns (UKR) (hp = 2,9).
MpomixkHun TUN ycnagkyBaHHS cnocTtepiranu B ribpua-
Hux kombiHauin CH 32-15 (BLR) / Enbpopago (UKR)
(hp =0,3), Moema (SCG) / dapeatep (UKR) (hp = -0,2).
YacTkoBe Big'eMHe gomiHyBaHHsA B Gaillard (CAN) / CH
32-15 (BLR) (hp = -0,7).

BinbLicTb ribpuaHux kombiHawin F, manu sHauHo GinbLuy
KifIbKiCTb HaCiHWH i3 pOCIMHK, HixX 6aTbKiBCHKI hopmMu (Tabn. 3).

3 1-n ribpuaHux komBiHauin y F, 3a 03HaKOH «KifbKiCTb
HaCIHHSA 3 POCIMHUY» Yy CEMW CroCTepiranocs HagaoMiHy-

Tabnuus 1

XapakTtepucTtuka riopugis F, Ta ixHix 6aTbKiBCbKMX thopm 3a TpuBanicTio nepiogy Beretauii, 2015-2016 pp.

TpuBanicTtb nepiogy
KomGiHauis BereTauii, Ai6 r % hp
cXpellyBaHHSA ) 72) F.

3narta (RUS) /Agamoc (UKR) 93 104 96 =7,7 -0,4
OAC Vision (CAN) / Agamoc (UKR) 95 104 99 -4,8 -0,1
Gaillard (CAN) / CH 32-15 (BLR) 89 105 98 -6,6 0,1
OAC Vision (CAN) / Anmas (UKR) 95 102 97 -4,9 -0,4
Ycra (UKR) /Cnasist (RUS) 102 122 114 -6,5 0,2
LF-8 (POL) /Anma3 (UKR) 88 102 94 -7,8 -0,1

LF-8 (POL) / KuBin (UKR) 88 105 101 -3,8 0,5
Napa (RUS) / Mpis (UKR) 93 107 102 -4,7 0,3
Gaillard (CAN) / XBuns (UKR) 89 106 95 -10,3 -0,3
CH 32-15 (BLR) / Enbpopago (UKR) 105 120 118 -1,6 0,7
Moewma (SCG) / dapsatep (UKR) 115 121 124 2,5 2,0

Mpumimka: @ — MmamepuHcbka ghopma, & — 6ambkiecbka ghopma, F,—aibpuo, I'— icmurHul 2emepo3uc.
Tabnuus 2

Xapaktepuctuka riopuais F, Ta ixHix 6aTbKiBCLKMX hopm 3a Macoro HaciHHs 3 pocnuHu, 2015-2016 pp.

Kom6iHaujis Maca HaciHHA 3 pocnuHu, r r oo hp
CXpeLlyBaHHA 1) <gz) |:1 it

3nara (RUS) / Agamoc (UKR) 17,5 25,3 28,6 13,1 1,8
OAC Vision (CAN) / Agamoc (UKR) 24,2 25,3 29,1 15,0 79
Gaillard (CAN) / CH 32-15 (BLR) 18,5 22,3 19,1 -14,3 -0,7
OAC Vision (CAN) / Anmas (UKR) 242 27,8 32,5 16,9 3,6
Ycrs (UKR) / Cnasis (RUS) 246 23,5 29,7 20,7 10,3
LF-8 (POL) / Anmas (UKR) 221 27,8 35,4 27,3 3,7
LF-8 (POL) / KuBin (UKR) 221 28,4 33,5 17,9 2,6
Naga (RUS) / Mpist (UKR) 13,4 24,2 248 2,5 1,1
Gaillard (CAN) / Xsuns (UKR) 18,5 27,6 30,5 10,5 29
CH 32-15 (BLR) / Enbpopazo (UKR) 22,3 28,7 26,4 -8,1 0,3
Moema (SCG) / Papsatep (UKR) 24,6 30,8 271 -12,0 -0,2
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Tabnuugs 3

Xapaktepuctuka riopuais F, Ta ixHix 6aTbKiBCbKMX (hopM 3a KinbKicTIO HaciHHA 3 pocnuHu, 2015-2016 pp.

Kom6iHauis KinbKicTb HaciHHA 3 POCNMHMY, LWT. roo% hp
cXpellyBaHHSA 1) 32) F, ict
3narta (RUS) / Agamoc (UKR) 103,5 121,6 132,4 8,9 2,2
OAC Vision (CAN) / Agamoc (UKR) 126,2 121,6 1447 14,7 9,1
Gaillard (CAN) / CH 32—-15 (BLR) 109,8 135,4 117,3 -13,3 -0,4
OAC Vision (CAN) / Anmas (UKR) 126,2 132,5 151,6 14,4 71
Ycrs (UKR) / Cnasgist (RUS) 120,2 116,8 132,0 13,4 7,7
LF-8 (POL) / Anmas (UKR) 114,7 132,5 155,6 17,4 3,6
LF-8 (POL) / KuBin (UKR) 114,7 172,3 183,0 6,3 1,4
Napa (RUS) / Mpisa (UKR) 91,6 116,7 113,8 -2,5 0,8
Gaillard (CAN) / Xsunsa (UKR) 109,8 137,2 158,4 15,4 2,5
CH 32-15 (BLR) / Enbgopano (UKR) 135,4 128,6 1227 -9,4 -2,7
Moema (SCG) / dapsatep (UKR) 113,5 125,8 115,0 -7,6 -0,6
Tabnuusa 4

Xapaktepucrtuka ribpuais F, Ta ixHix 6aTbKiBCbKMX (hOpM 3a KinbKicTio 606iB i3 pocnunu, 2015-2016 pp.

iHaLi KinbkicTb 606iB, WT.

okoutivonls e e I L.

3narta (RUS) / Agamoc (UKR) 37,2 71,4 75,6 5,8 1,2
OAC Vision (CAN) / Agamoc (UKR) 58,3 71,4 78,0 9,6 2,1
Gaillard (CAN) / CH 32-15 (BLR) 52,1 63,7 55,6 -12,7 -04
OAC Vision (CAN) / Anmas (UKR) 58,3 72,3 84,0 15,9 2,6
Yeta (UKR) / Cnagist (RUS) 67,4 74,3 87,5 17,8 48
LF-8 (POL) / Anmas (UKR) 55,2 72,3 83,0 14,9 2,2
LF-8 (POL) / KuBin (UKR) 55,2 73,2 88,7 21,1 2,7
JNapa (RUS) / Mpist (UKR) 31,7 66,5 59,8 -10,1 0,6
Gaillard (CAN) / Xsuns (UKR) 52,1 74,5 86,3 15,8 2,1
CH 32-15 (BLR) / Enbaopago (UKR) 63,7 68,4 58,0 -15,1 -3.4
Moema (SCG) / dapsatep (UKR) 64,3 69,1 65,2 -5,8 -0,6

BaHHa osHaku: 3nata (RUS) / Agamoc (UKR) (hp = 2,2),
OAC Vision (CAN) / Agamoc (UKR) (hp = 9,1), OAC Vision
(CAN) / Anmas (UKR) (hp = 7,1), Ycta (UKR) / Cnasis
(RUS) (hp=7,7), LF-8 (POL)/ Anma3 (UKR) (hp = 3,6), LF-8
(POL)/KuBiH (UKR) (hp =1,4), Gaillard (CAN)/ XBuns (UKR)
(hp = 2,5). YacTkoBe No3uTUBHE AOMiIHYBaHHS B KOMBiHaLi
Napa (RUS) / Mpis (UKR) (hp = 0,8), npomixHe ycnagky-
BaHHs B Gaillard (CAN) / CH 32-15 (BLR) (hp = -0,4). Yact-
KOBe BiZ'€éMHe ycnaaKyBaHHs B ribpugHoi kombiHaui MNoema
(SCG) / dapeatep (UKR) (hp = -0,6). | genpecis BusieneHa
B ribpuaHoi kombiHauii CH 32-15 (BLR) / Enbpopago (UKR)
(hp=-2,7).

3a 03HaKoK «KinbkiCTb 606IB HA POCIMHI» HaWBULLMNA
piBEHb reTepo3ncy BUSBMEHU Yy ribpuaHoi KombiHauii YcTa
(UKR) / Cnagia (RUS) (hp = 4,8) Ta LF-8 (POL) / KuBiH
(UKR) (hp = 2,7). YacTkoBe MNO3WUTUBHE AOMiHYBaHHS —
y kombiHauii [Taga (RUS) / Mpis (UKR) (hp = 0,6). MpomixHe
ycnagkyBaHHs BigMivanu B ribpuagHoi kombiHauii Gaillard
(CAN) / CH 32-15 (BLR) (hp = -0,4) (Tabn. 4).

AK i 338 03HAKOK «KiNbKICTb HACIHHS 3 POCTIMHUY, 32 Kifb-
kicTio 606iB genpecis BusBneHa B ribpuaHoi kombinauii CH
32-15 (BLR) / Enbgopago (UKR) (hp = -3,4).

O6roBopeHHs. 3a TUNOM yCrnaaKyBaHHS LiiHHUX rocno-
AapCbKnx 03HaK ribpuaHi kombinauii F, BigpisHanucs. Cepen
11 koMBiHaLin cXpeLlyBaHb y NepLIOMYy MOKONIHHI ycnaaky-

BicHuk CymcbKkoro HauioHanbLHOro arpapHoro yHiBepcuTeTty

BaHHA TpMBAanocTi nepiogy Beretawii 3@ NPOMKHUM TUNOM
cnoctepiranoce y 9-u ribpuaHux kombiHauiv (82 %), B ogHiei
(9%) cnoctepiranocs NO3WTWBHE [LOMIHYBAHHS i B OAHIEl
(9%) — HapooMiHYBaHHSA. 3a Macol HACIHHSA 3 POCIUHK Y
8 ribpmaHux KombiHaLin — HapaoMiHyBaHHS (73 %), y OBOX —
NPOMDKHWIA TWN ycnaakyBaHHs (18 %) Ta B ogHiei (9%). 3a
KinbkicTio 606iB Ta HACiHNH Ha POCMNHY B 7 riGPUAHNX KOM-
GiHauin — HapaomiHyBaHHSA (63 %) i 3a ogHieto ribpuaHo0
KOMbiHaLiel0 — YacTkoBe MO3UTUBHE [OMiHYBaHHS (9 %),
npomixHe ycnagkyBaHHs (9 %), yacTkoBe NO3WUTMBHE OOMi-
HyBaHHa (9%), yacTkoBe Big'emMHe [oMiHyBaHHSA (9 %),
nenpecis (9%).

BucHoBku. 3a 03Hakamu «Maca HaCiHHS 3 POCNUHMWY,
«KINbKICTb HACiHWH Ha POCIUHY», «KinbkicTb 606iB Ha poc-
NVHY» TeTepo3nC YiTKO NPOCTEXYBABCA B TaKuX ribpuaHux
kombiHauin: 3nata (RUS) / Agamoc (UKR), OAC Vision
(CAN) / Agamoc (UKR); OAC Vision (CAN) / Anma3 (UKR);
Yera (UKR) / Cnasia (RUS), LF-8 (POL) / Anmas (UKR),
LF-8 (POL) / KuBin (UKR); Jlaga (RUS) / Mpia (UKR),
Gaillard (CAN) / Xsuns (UKR).

Haibinbl BUCOKMIA piBeHb reTeposucy B ribpuais nep-
LLOrO MOKOMIHHA MaB Micue B ribpuaHux kombiHauin OAC
Vision (CAN) / Agamoc (UKR); OAC Vision (CAN) / Anma3
(UKR); Yeta (UKR) / Cnasia (RUS) 3a enemeHTamu npogyk-
TWBHOCTI.
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Rybalchenko A. M., PhD (Agricultural Sciences), Poltava State Agrarian University, Poltava, Ukraine

Manifestation of heterosis and degree of phenotypic dominance by elements of productivity and duration of
period vegetation in F soybean

In modern plant breeding, the main goal is to accelerate the introduction of varieties into production. To create such
varieties, it is necessary to update and study the new genefund of soybean, to continue the search for sources and donors
of economically valuable traits, to identify the characteristics of trait inheritance, to optimize methods of evaluation and creation
of new source material. The main method of soybean breeding is intraspecific hybridization followed by individual selection
in hybrid populations. The success of the work largely depends on the correct selection of parental pairs for crossing.

The article summarizes the results of research (2014-2016) on the manifestation of the effect of heterosis
and the inheritance of the main productivity traits and the duration of the period vegetation in 11 hybrid populations (F,)
of soybean. Hybridological analysis revealed that inheritance of seed productivity traits in F, hybrids is quite complex,
the manifestation of which depends significantly on the on the genetic characteristics of the parental components.

Heterosis inheritance is was observed in the greater number of F, hybrids according to weight of seed per a plant,
number of beans and number of seeds per a plant. The nature of inheritance of period vegetation duration is different from
the type of inheritance of the main traits of seed productivity, the intermediate inheritance is observed in most cases. If it is
necessary to create early-ripening forms, it is better to use more early-ripening genotypes in crossing, so that they do not
differ significantly in the duration of the period vegetation.

In the first generation, inheritance of period vegetation duration by the intermediate type in 9 hybrid combinations (82 %).
By weight of seed per a plant in 8 hybrid combinations — overdominance (73 %). By number of beans and seeds per a plant
in 7 hybrid combinations overdominance was observed (63 %).

According to the traits “seed weight per a plant”, “number of seeds per a plant”, “number of beans per a plant”, the high
level of heterosis was seen in the following hybrid combinations: Zlata (RUS) / Adamos (UKR), OAC Vision (CAN) / Adamos
(UKR); OAC Vision (CAN) /Almaz (UKR); Ustia (UKR) / Slaviia (RUS), LF-8 (POL) / Almaz (UKR), LF-8 (POL) / KyVin(UKR);
Lada (RUS) / Mriia (UKR), Gaillard (CAN) / Khvylia (UKR).

The highest level of heterosis in the first-generation hybrids was observed hybrid combinations: OAC Vision (CAN) /
Adamos (UKR); OAC Vision (CAN) / Almaz (UKR); Ustia (UKR) / Slaviia (RUS) by the productivity elements.

Key words: soybean, plant breeding, hybrid populations, heterosis, inheritance, degree of dominance.
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Tonouuk IHHa IleoHiaiBHa
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Ynepwe nposedeHi 2eobomaniyHi docrnidxeHHs 600HOI ma NpubepPeXHO-800HOI POCIUHHOCMI Ha OKpeMuXx QifisHKax pidku
Cmupy. BcmaHoeneHo, wo audosuti cknad 2idpoghinibHoi chriopu Ha pisHUX QifigHKax piyku 6idOpisHSEMbCS, Npome € okpeMi
8udu, sKi xapakmepHi mifibku 0 neeHoi 0ocnidxysaHoI mepumopii. 3a pesynbmamamu rposedeHUX nobo8ux 00CTIOKeHb
y cknali 8udineHuUx makcorie onucaHo 125 eudie suwux cyOUHHUX POC/uH i3 75 podie ma 38 poduH. Y sudosomy cknadi
HatnowupeHiwi 7 poduH: Poaceae (11 sudig), Potamogetonaceae (10 sudig), Asteraceae (9 sudie), Cyperaceae (8 gudis),
Polygonaceae (8 sudig), Ranunculaceae (6 sudis), Salicaceace (6 gudig). 3a3HaqyeHi sudu yux poduH cmaHoensime 46,4 %.
Ceped susHayeHux podige domiHaHMHuUMU €: Potamogeton (9 sudie), Salix (6 sudis), Juncus, Rumex i Carex (ro 5 sudig). 6,4 %
(8 sudis) — adseHmusHi pocnuHu: Acorus calamus, Bidens frondosa, Echinocystis lobata, Elodea canadensis, Juncus tenuis,
Salix fragilis, Xanthium albinum, Zizania latifolia, pewma npedcmaenstoms abopueeHHy ¢hriopy PieHeHcskoi obnacmi. Bema-
HOBJIEHO, WO 8 eKocucmeMi PidKu MpoCmexXyembCs meHOeHuis 00 MOCUMeHHST mpaHchopMauiliHUX npoyecie. Y 4omupbox
cmeopax HUXHbOI medyii 2idpogbinbHa ghriopa suseunack bidHiworo. [pome ocobrugo bazamoro pisHoMaHImHicmio 808020
cknady HUXHBOI meyii 8udinsiembcsi QifisIHKa MiX cenuuem Micbko2o mury 3apidHum ma cesioMm IeaHuuusmu. Y pesynbmami
ueHononynayitiHux docnioxeHb okpemux QifiFHOK piyku ompuMaHi 0aHi, W0 8u3Ha4yaromb cmaH nonynsauit 6 papumem-ux
eudis: Pulicaria vulgaris, Hippuris vulgaris, Batrachium rionii, Nymphaea candida (cmapuuys); Batrachium circinatum (ceno
Bepbenb); Potamogeton gramineus (cerno leaHyuyj). Ynepwe Ha PieHeHWuHI 3Hal0eHul cunbHospa3anueut sud Batrachium
rionii, sikuti 8ioHeceHul 0o HYepsoHoe20 crucKy 800HUX Makpoghimie YkpaiHu. HalipisHomaHIimHiwo eusHayeHa OinsiHka, de
piuka ymeoproe cmapuyro. lNopigHsinbHUL aHani3 pisHUX QifSIHOK Piyku dae MOXIIUBICMb ouiHUMU 2idpoinbHy ¢hriopy, po3po-

b6umu onmumarbHi WIISIXU OXOPOHU PIOKICHUX | MUMo8uX POC/IUH ma iX y2pynoeaHs.
Knrovosi cnoea: 2idpocpinbHa gpriopa, sudosuli cknad, 600Ha, MpubepexHO-8600Ha POCIUHHICMb.

DOl https://doi.org/10.32845/agrobio.2021.4.10

Betyn. BogHi ekocuctemun BigirpatoTe  HaA3BWYanHO
BaXINVBY €KOIOTi4HY, EKOCUCTEMHY, PEryNsTOpHY i eHepro-
aKyMyIoKdy ponb. Baxnmeoko naHKkow npicHoBogHoro 6io-
LIeHO3y € BoAHa Ta npubepexHo-BoAHA POCIMHHICTB. Bia-
noBigHoO A0 BogHoi pamMKoBOI AMpekT1BM €BPOCOIO3Y, ANs
OLLIHKM eKOMOri4YHOro CTaHy rigpoekocmucteM nepenbayeHe
BMBYEHHS1 aBTOTPOHMX rigpobioHTis (EU Directive, 2006).

Hatenep Hanbinbwuin HayKOBWI iHTEpeC CTaHOBNSATb
cbnopucTuHi gocnigkeHHs rigpoekocuctem (Zub, 2000;
Chorna, 2001; Sadchikov & Kudrjashov, 2004; Tolochyk
& Volodymyrets, 2018), a Takox 0COONMBOCTI MOLUMPEHHS
makpodpiTis (Dubyna et. al., 1993; Chambers, 2008).
OcTaHHiMM pokamn Bce OinblWw akTyanbHUMW  CTalTb
JOCMiJKEHHS XapakTepy 3apOCTaHHs BOAOWM Ta BOQOTO-
KiB, CKnagy i CTPYKTYpW POCIMHHOCTI, Ti AMHaMIikM Ta npo-
aykuinHmx npouecis (Papchenkov, 2003; Egertson et. al.,
2004; Pyrina & Lyashenko, 2005; Costanza et. al., 2007;
Chao et. al., 2014; Pasichnaja et. al., 2015; Prokopchuk &
Hrubinko, 2016). OgHak, Ha LyMKy HayKOBLIB, aKTyarnbHUMM
€ KOMMNNEeKCHi JoCnigkeHHs rigpodnopu, BNAMB aHTPOMo-
FEHHUX 3MiH Ta HeOOXiOHICTb BMBYEHHS piBHS ekcnyarta-
Liii, OXOpOHW Ta BiOTBOPEHHS BOZHMX ekocucTeM (Brannen
& Bielak, 2004; Gilvear et. al., 2013; Trebilco et. al., 2013;
Deng et. al., 2015; Kopylov et. al., 2018). CtaH npupogHoi
POCIIMHHOCTI BUCTYNae 06’ EKTUBHUM AxXepenom iHdopmaii
Mpo nmpovecy, SKi npoxoasTs Y pivkax (Dubyna, 1996, 2006;
Papchenkov, 2001; Pyrina & Lyashenko, 2005; Clayton &
Edwards, 2006). ®nopa npiCHOBOOHUX €KOCMCTEM MOXeE
BWKOHYBaTW porb npupogHux OGioginbtpie. Came Tomy

JOCMIMKEHHIO TiapOoinbHOI hriopu MpUCBSYEHi poboTu
AK 3apyBiXHUX, TaK i BITYM3HAHUX BOTaHikiB, rigpobionoris
Ta ekororiB (Chorna, 2001; Gryb et. al., 2003; Fedorchyk,
2005; Baranovsky et. al., 2006; Cronin et. al., 2006;
Chambers et. al., 2008; Maemets et. al., 2010; Belyakov
et. al., 2017). BuB4YeHHsi BOAHOI Ta NpubEpexHO-BOAHOI
POCMMHHOCTI MPEACTaBMEHO B KOMEKTWBHIA MOHorpadii
YKpalHCbKMX, YECbKMX i crioBaLbkux HaykosuiB (Dubyna et.
al., 1993). Hapani cnucku BuaiB makpoditis Gynu Hase-
ZeHi y npausx (Zyb, 2000; Chorna, 2001; Fedorchyk, 2003;
Musienko & Orhovych, 2004; Dubyna, 2006). ®parmeH-
TapHi BiJOMOCTI NpO BMAOOBWIA cknag riapodinbHoi ropm
Ta papuTeTHI BUOM BULLMX BOAHUX i NpuBepexHo-BOAHUX
pocnuH PiBHEHCbKOT obnacTi 6ynu onybnikosani B.O. Bono-
anmupuem Ta FO.P. poxoscebkoto (Grohovs’ka et. al., 2013;
Grohovs’ka & Volodymyrets, 2015). YnepLue Ha PiBHEHLLMHI
3HamaeHun Bua Batrachium rionii, kv BigHeEceHWn A0
YepBOHOro CNMCKy BOAHUX MaKpodiTiB YKpaiHu Ta € cunb-
Hospasnueum Buaom (Tolochyk & Volodymyrets, 2018).
[JocnimKkeHHs BUOOBOTO CKMagy BOAHUX POCAWH € BaXmu-
BUM B OLLiHLi SIKOCTi BOOM PiYOK, TOMY BUBYEHHSI BUOOBOO
CcKnagy BoAHOI Ta NpubepexHo-BoaHOI pociuHHOCTI p. CTup
€ aKTyanbHWM, OCKIMbKW Ui AaHi MOXYTb OyTV BUKOPUCTaHI
Y (DITOMOHITOPUHIOBUX JOCRIMKEHHSIX.

MeToto Halworo JocnidxXeHHs! 6yno BYBYEHHS BUAOBOIO
cknagy hnopu cepegHboi Ta HUXHBOT Tedii p. CTup.

Marepianu i meToam gocnigxeHb. O6’ekToM gocni-
[KeHHs € okpemi ginsHkm p. Ctup y Mexax PiBHeH-
cbkoi obnacTi. AHani3 Ta ouiHka BOAHOI Ta nMpubepexHo-
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BOAHOI pocnMHHOCTI p. CTUp NPOBOAMIMCE Y re0b0TaHiYHOMY
i (bnopmctnyHomy Hanpsimax. Knacudikauis Magnoliophyta
HaBezeHa 3a cuctemoro APG IV (APG, 2016), rpynu agBeH-
TUBHUX pocnuH — 3a J. Korna$ (Korna$, 1968), Ha3su Bugis
npeacTaBneHi 3 BukopuctanHam 6asm The Plant List (The
Plant List, 2013). ¥ npoueci JocniMXeHHs BUKOPUCTOBYBa-
N1Cs NONbOBI 1 aHanNiTUYHI MeToau.

Pesynbratu. CepeaHs Tedist 4OCNiMKyBaHOI PivKM YTBO-
peHa KperasHMM nopogamu, MOBEPXHS XBUIIACTA, MOXYTb
CnocTepiraTuch BiACNOHEHHS BanHsIKiB. HWXHA Tevis saBnse
co0010 piBHMHY 3 BENWKOK 3abOonouveHicTio, Ae Ha niwa-
HUX IpyHTax COOPMOBAHUN 3HAYHUI NICOBUIA MOKPWB, LLO
MOMITHO BMSIMBAE Ha yMOBW hOpMYBaHHS TigpoekocucTemMu
Ctupy (Gerenchuk, 1975).

Okpewmi yacTHu HaceiHy Bigpi3HAOTLCA ofHa Bif OpHOI
0COOMMBOCTAMM BOZOBMICHMX MOPid, YMOBaMU XKUBMEHHS,

B3aEMO3B’AA3KOM | PO3BaHTaXEHHAM NiA3eMHUX BOA YCiel
ToBLUj ocagoBmx Bigknagis (Nacional'nyj atlas Ukrajiny, 2007).
3a pesynbratamu NpoBeAEHUX MOMbOBUX AOCHIMKEHb
Ha obcTexeHnx ginsHkax p. Ctup y mexax PiBHeHCbKOi
obnacTi BusiBneHo 125 BuAiB BULLMX CYOMHHUX POCAWH i3
75 popis Ta 38 poauH. Y BMOoBOMY cknagi rigpodisnibHoi
cnopu HanbinbW nowwmpeHi 7 poauH, a came: Poaceae
(11 BugiB), Potamogetonaceae (10 BuaiB), Asteraceae
(9 Bupis), Cyperaceae (8 Bugis), Polygonaceae (8 Bugis),
Ranunculaceae (6 BuaiB), Salicaceace (6 BugiB).

Pasom 3a3HaveHi BUan Uux poamHu ctaHoBnsATh 46,4 %
Bif 3aranbHOro Y1cna BuaiB. 3 pogis 3a YMCnoM BUAIB nepe-
BaxaloTb Potamogeton (9 Bugis), Salix (6 Bugis), Juncus,
Rumex i Carex (no 5 BugiB). Yneplle Hamu NpoBefeHi
[OCNiIKEHHST BOAHOI Ta NpubepexH0-BOAHOI POCHNHHOCTI
cepenHbOol Ta HWpKHBOT Tedii p. CTtup. Y cknagi BuaineHux

TaKCOHIB BM3Ha4eHo 125 Buais (tabn. 1). Tabnmus 1

Buposuii cknag conopu p. Ctup

TakcoHu

CepepHs Tevisn HuxHsa Tevis

c. Hose
c.
3abonoTTa
c. babka

1

N | c. BepbeHb
w | c.ToproBuus
o | N3KPAEC
o | c.Conavis
©| c.|BaHunui
cTapuus

ul
~
-—
=)

EQUISETOPHYTA
EQUISETACEAE MICHX. EX DC.
Eqisetum arvense L.

+
+
+

Eqisetum palustre L.

ANGIOSPERMAE, abo MAGNOLIOPHYTA
Angiosperms
NYMPHAEACEAE SALISB.

Nuphar lutea (L.) Sm.

Nymphaea candida J. Pres| & C. Presl|

Monocots
ACORACEAE MARTINOV
Acorus calamus L.

ALISMATACEAE VENT
Alisma plantago-aquatica L.

Sagittaria sagittifolia L.

ARACEAE JUSS
Lemna minor L.

Staurogeton trisulcus (L.) Schur

Spirodela polyrrhiza (L.) Schleid.

BUTOMACEAE MIRB
Butomus umbellatus L.

HYDROCHARITACEAE JUSS

Elodea canadensis Michx.

Hydrocharis morsus-ranae L.

Stratiotes aloides L.

POTAMOGETONACEAE BERCHT. ET J. PRESL
Potamogeton compresus L.

Potamogeton crispus L.

Potamogeton friesii Rupr.

Potamogeton gramineus L.

Potamogeton lucens L.

Potamogeton natans L.

Potamogeton nodosus Poir
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MponosxeHHs Tabnuui 1

1

5 6 7 8 9 10

Potamogeton perfoliatus L.

+
+

Potamogeton x salicifolius Wolfg. ex J.A. Schult, et J.J. Schult.

Stuckenia pectinata (L.) Bérner

+ |+ |+
+ |+
+

IRIDACEAE JUSS
Iris pseudacorus L.

CYPERACEAE JUSS
Carex acutiformis Ehrh.

Carex elata All.

Carex riparia Curtis

Carex rostrata Stokes

Carex vesicaria L.

Eleocharis acicularis (I.) Roem. et Schult.

Eleocharis palustris (L.) Roem. et Schult.

Schoenoplectus lacustris (L.) Palla

|+ |+ |+ |+ ]+ |+

JUNCACEAE JUSS
Juncus articulatus L.

Juncus bufonius L.

Juncus compressus Jacq.

Juncus conglomeratus L.

Juncus tenuis Willd.

POACEAE BARNHART
Agrostis gigantea Roth

Agrostis stolonifera L.

Alopecurus geniculatus L.

Glyceria fluitans (L.) R.Br.

Glyceria maxima (C. Hartm.) Holmb.

+ |+ |+ |+
+ |+ |+ |+
+ |+ |+ |+

Glyceria notata Chevall.

Leersia oryzoides (L.) Sw.

Phalaroides arundinacea (L.) Rauschert

Phragmites australis (Cav.) Trin. ex Steud.

Poa palustris L.

+ |+ |+ |+

Zizania latifolia (Griseb.) Stapf

+ |+ |+ |+

TYPHACEAE JUSS
Sparganium emersum Rehmann

Sparganium erectum L.

+ |+

Typha angustifolia L

Typha latifolia L.

+ |+ |+ |+

CERATOPHYLLACEAE GRAY
Ceratophyllum demersum L.

Eudicots

RANUNCULACEAE JUSS. EX BERCHT. ET J. PRESL

Batrachium circinatum (Sibth.) Spach

Batrachium rionii (Lagger) Nyman

Ranunculus flammula L.

Ranunculus repens L.

Thalictrum flavum L.

+
+
+
+

+ |+ |+ |+

Thalictrum lucidum L.

Superrosids HALORAGACEAE R. BR.
Myriophyllum verticillatum L.

Rosids
RHAMNACEAE JUSS
Frangula alnus Mill.

ROSACEAE JUSS
Potentilla anserina L.

Potentilla reptans L.

URTICACEAE JUSS
Urtica dioica L.

B
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MponoBxeHHst Tabnuui 1

1 2 3 4 5 6 7 8 9 10

Urtica galeopsifolia Wierzb. ex Opiz + +

BETULACEAE GRAY

Alnus glutinosa (L.) Gaertn. | + | + | | + | | | |

CUCURBITACEAE JUSS

Echinocystis lobata (Michx.) Torr. et A. Gray | | | + | + | | | |

SALICACEAE MIRB

Salix alba L. + + +

Salix cinerea L.

Salix fragilis L.

Salix purpurea L.

Salix triandra L.

+ |+ |+ |+ |+
+

+ [+ |+ |+
+

Salix viminalis L.

LYTHRACEAE J. ST-HIL

Lythrum salicaria L. +|+|+|+|+|+|+|+|+

ONAGRACEAE JUSS

Epilobium hirsutum L.

Epilobium parviflorum Schreb.

Epilobium tetragonum L. +

BRASSICACEAE BURNETT

Cardamine pratensis L.

Rorippa amphibia (L.) Besser + + + + + + +

Rorippa palustris (L.) Besser + + + +

Rorippa sylvestris (L.) Besser +

Superasterids

CARYOPHYLLACEAE JUSS
Myosoton aquaticum (L.) Moench + + +

Stellaria fennica (Murb.) Perfil. + +

POLYGONACEAE JUSS

Persicaria amphibia (L.) Delarbre + + + ¥ ¥ ¥ ¥

Persicaria hydropiper (L.) Delarbre

Persicaria maculosa S.F. Gray +

Rumex confertus Willd. + + +

Rumex conglomeratus Murray

Rumex crispus L.

Rumex hydrolapathum Huds. + + + + +

Rumex maritimus L. + + +

Asterids

PRIMULACEAE BATSCH EX BORKH

Lysimachia nummularia L. + + + + + + ¥

Lysimachia vulgaris L.

Naumburgia thyrsiflora (L.) Rchb.

RUBIACEAE JUSS

Galium aparine L.

Galium palustre L. + + + + + + +

BORAGINACEAE JUSS

Myosotis palustris (L.) L. + + ¥ ¥ ¥ +

Symphytum officinale L. + + +

CONVOLVULACEAE JUSS

Calystegia sepium (L.) R. Br. + | ¥ | ¥ | ¥ | ¥ | ¥ | | + | ¥

SOLANACEAE JUSS

Solanum dulcamara L. | | | | + | | | | +

LAMIACEAE MARTINOV

Lycopus europaeus L.

Mentha aquatica L. + + +
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MponosxeHHs Tabnuui 1

1

2 3 4 5 6 7 8 9 10

Mentha x verticillata L. (M. aquatica L. x M. arvensis L.)

Scutellaria galericulata L.

Stachys palustris L.

+ |+ |+

PLANTAGINACEAE JUSS

Hippuris vulgaris L.

Plantago major L.

Veronica anagalloides Guss.

Veronica scutellata L.

+ |+ |+ |+

SCROPHULARIACEAE JUSS
Scrophularia umbrosa Dumort.

ASTERACEAE BERCHT. ET J. PRESL
Bidens cernua L.

Bidens frondosa L.

Bidens tripartita L.

Eupatorium cannabinum L.

+ |+ |+ |+

Gnaphalium uliginosum L.

Inula britannica L.

Ptarmica salicifolia (Bess.) Myrz.

Pulicaria vulgaris Gaertn.

Xanthium albinum (Widder) Scholz et Sukopp

CAPRIFOLIACEAE JUSS
Valeriana officinalis L.

APIACEAE LINDL
Berula erecta (Huds.) Coville

Cicuta virosa L.

Oenanthe aquatica (L.) Poir.

+ |+ |+

+

Sium latifolium L.

+ + + +

*MN3KPAEC — npom3nueoea kaHanisauisi PisHeHCbKOI amoMHOI enekmpocmaruji.

O6roBopeHHsA. HuHI BIiJOMO, WO €KOMOriYHy EMHICTb
BoZHoro cepefosuiia p. Ctup 3abeanevye citomaca BULLOT
BOOHOI POCMUHHOCTI. Po3TallyBaHHA JOCRigXKYBaHOI PiyKM
B Pi3HMX YACTMHaX PiBHEHLUVHM CpUsiE TOMY, WO B POCIUH-
HOMY NOKpMBi ekocucTemun CTUPY NPOCTEXYETHCA TEHAEHLS
[0 MOCUNEHHS TpaHchopMaLiiHMX NPOLECiB, CPUYNHEHNX
BVCOKMM PiBHEM €POAOBAHOCTI, PO30PaHOCTI, CiflbroCMnOCBO-
eHocTi TepuTopii 6acenHy (Korotun & Korotun, 1996).

BuBYyeHHSM BMOOBOrO cknagy BOAHOI Ta npubepex-
HO-BOZHOI POCIMHHOCTI p. CTUP YCTaHOBMEHO, LLIO B MeXax
JocnigpkyBaHMx 9 KOHTPOSIbHUX CTBOPIB PiYKM BU3HAYEHI
34 Bugw (27,2%), SKi xapakTepHi Ans TOrO YM iHLLOTO KOH-
kpeTHoro cTBopy. Cepena HuX y Mexax c. BepbeHb (9 BuaiB):
Potamogeton compresus, Glyceria notata, Batrachium
circinatum, Epilobium hirsutum, E. parviflorum, Cardamine
pratensis, Rumex conglomeratus, Naumburgia thyrsiflora,
Cicuta virosa; c. Toprosuusa (3 Bugw): Agrostis gigantea,
Zizania latifolia, Myriophyllum verticillatum; Hwx4e cknagy
CTIYHMX BOA MPOMS3NMBOBOI KaHanisauii PiBHEHCHKOT aToM-
HOi enekTpocTaHuii (4 Bugwn): Frangula alnus, Eqisetum
palustre, Rorippa sylvestris, Valeriana officinalis; c. babka
(4 Bugwn): Juncus bufonius, Epilobium tetragonum, Leersia
oryzoides, Mentha x verticillata; c. Conadyis (2 Buawn):
Persicaria maculosa, Gnaphalium uliginosum; c. |BaHunLj
(2 Bugwn): Potamogeton gramineus, P. natans; ctapuus
p. Ctup (10 BugiB): Nymphaea candida, Potamogeton friesii,

Carex riparia, Schoenoplectus lacustris, Juncus tenuis,
Batrachium rionii, Ranunculus flammula, Hippuris vulgaris,
Eupatorium cannabinum, Pulicaria vulgaris.

Bapto 3ayBaxuty, wo Tinbku 15 Bugis (12 %) rigpodink-
HOi dhnopu JocnigKyBaHoi pidkn, a came: Nuphar lutea,
Alismaplantago-aquatica, Lemnaminor, Spirodelapolyrrhiza,
Potamogeton perfoliatus, Glyceria maxima, Phragmites
australis, Ceratophyllum demersum, Ranunculus repens,
Lythrum  salicaria, Rumex hydrolapathum, Lysimachia
nummularia, Mentha aquatica, Stachys palustris, Sium
latifolium, xapakTepHi Ans BCix 9 KOHTPONbHUX CTBOPIB.

£k nokasye aHania oTpUMaHMX JaHuX, Y Mexax cepenHbol
Tevii BMOOBUI CKNaf, BOOHOI Ta MpubepexHO-BOAHOI POCINH-
HocTi € BigHim, 60 TyT, Ha HaLL NOMsA, 3ansiaBa Pivky MOCTIMHO
BWKOPUCTOBYETBCH AN BUNacaHHs xydobu abo ans CiHoko-
CiHHs1. [Mpunerna TepuTopis NepeBaxHO ABNSE COBOH CirlbCbKO-
rocnodapcbki yrigas, vacto pinnto. Jlicucticte npunernol Tepu-
TOpii cTaHoBUTL MeHLLe 4 % (Korotun & Korotun, 1996).

Binbw pisHOMaHITHUIA BMOOBWIA CkNagd rigpodinbHOI
thnopw xapakTepHuin Ans HWKHBOI Tedii p. CTup, ska pos-
TawoBaHa B Mexax BonuHcbkoro Monices. TyT piyka yTBO-
ptoe baraTo cTapuLb i 3aBOAEN, MAE LUMPOKY 3anmna.y, 4acTo
3abonoyeHy, npunerna TepuTopist MOPIBHAHO Mano 3any-
YyeHa [0 rocnofapcbkoro BukopuctaHHs (Gerenchuk, 1975).

AHania apeanoriyHoi CTPYKTYypu BWZOBOMO cknagy
POCIIMHHOCTI  AOCRIQKYBaHOI piykyM  CBiAYUTb, WO TYT
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nepeBaxarTb BMAM i3 LUMPOKUM apeanom MOLUMPEHHS,
30Kpema ronapKTW4Hi, eBpasificbki, EBPOCKUBIPCHKi, KOCMO-
noniTh Ta reMikoCMOMNOoMITy.

AHani3 4actoTW TpannsHHA BUAIB rigpodinbHOT donopu
LOCTiIKyBaHUX AinsHoK p. CTUp Nokasas, Lo N LLEe HeBenvke
yucno Buaie Tpannsetbes Ha 80% o0BCTEXEeHUX AinsHKax
pivku, a came: Lemna minor, Spirodela polyrrhiza, Staurogeton
trisulcus, ~ Hydrocharis  morsus-ranae,  Ceratophyllum
demersum, Alisma plantago-aquatica, Sparganium erectum,
Carex rostrata, C. vesicaria, C. acutiformis, Mentha aquatica.
Yactota TpannsHHs iX BapitoBana B mexax 35-75%. [Ons
NEPEBAXHOrO 4YuUCrna PapuUTETHUX BUAIB LEi MOKA3HWK He
nepesuwlyBas  10-15% (Hanpuknag, Hippuris vulgaris,
Potamogeton gramineus, P. friesii, Batrachium rionii).

BuooBuii cknag BogHOI Ta npubepexHO-BOAHOI poc-
NWHHOCTI Ha pi3HuX ginsHkax p. CTup BigpisHAETbCS, NpoTe
€ OKpeMi BMaOW, AKi XapaKTepHi Tinbkn Ans neBHOI Aocni-
[>KyBaHOI TepuTopii. Tak, BMOOBMWA cknag rigpodinbHOi
dnopu ginaHku pidkn 6ins ¢. BepbeHb Hanivye 65 Buais
(52,0% Big ycboro BM3Ha4YeHOro BUAOBOMO cknagy). Jlnwe
TyT Bynu BusiBNeHi Batrachium circinatum, Glyceria notata,
Potamogeton compresus, Cicuta virosa, a Takox npeacTtas-
HUK BOOHUX MOXIiB — Ricciocarpus natans Corda (poguHa
Ricciaceae).

Ha ginsHui pivkm 6ins c. Toprouus 3HangeHo 58 suais
(46,4 % Big ycbOro BU3HAYeHOro BUAOBOIO ckraay), cepen
skux Agrostis gigantea, Zizania latifolia, Myriophyllum
verticillatum, Scrophularia umbrosa, 110 3apeecTpoBaHi
nuwie B oMy nokaniteTi. [elo BigHiluvm BUAOBUIA cknag
rigpocinbHoI hriopu € Ha ginaHui 6ing ¢. Hose. TyT BusB-
neHwn Tinbkn 51 Bua.

Y Mexax HwxHboi Teuii p. Ctup (c. 3abonotts
(MonoHHe), c. Babka, c. ConadiB) BogHa Ta npubepex-
HO-BOOHa POCMMHHICTb npeactaeneHa 87 sugamu (69,6 %
BiJ YCbOro BW3HAYEHOrO0 BWAOBOrO CKMapgy), cepen Hux
Leersia oryzoides, Thalictrum lucidum, Echinocystis lobata,
Epilobium tetragonum, siki BUSIBNEHi nuLLe Ha Ui 4OCRigxXy-
BaHili Teputopii. BapTo 3ayBaxuTy, L0 HaMBULLMIA NOKA3HUK
BWAOBOMO CKknagy riapodinbHoi ropu Bu3HaveHWn Gins
c. babka, pge Hanivyetbcs 75 BuAiB, a HanbigHiWOW
Ha BuMOoBe po3MaiTTa € Teputopis 6ina c. 3abonoTTts
(MonoHHe) (30 Bmai). MogibHoto € rigpodinbHa pocnnH-
HICTb Ha AiNaHUi piykn 6insg ckuZy NPOM3MUBOBUX CTIYHUX
BoA, PiBHEHCLKOT aTOMHOI enekTpocTaHLji.

Hanbinbwe uucno sugis (89, abo 71,2% Big ycboro
BU3HAYEHOr0 BUAOBOIO CKIaZy) BUSIBNIEHO Ha AiNsHLi piyku
Mk cMT 3apiyHe Ta c. IBaHumui. Ocobnueo Garatolo pis-
HOMAHITHICTIO BUAOBOrO CKNagy BUAINAETLCS AinsHka bins
C. IBaHumui, fe piyka yTBOpLOE cTapuuto. Jluwe TyT Gynu

BusiBneHi Taki Buau: Nymphaea candida, Potamogeton
friesii, Carex riparia, Eleocharis acicularis, Schoenoplectus
lacustris, Juncus tenuis, Batrachium rionii, Ranunculus
flammula, Hippuris vulgaris, Eupatorium cannabinum,
Pulicaria vulgaris. Came TyT 6yB 3HangeHwin Batrachium
rionii (BogsiHui xoBTeLb PioHi), Skuin € cunbHOBPasnuBuM
BWZOM, BXOOUTb A0 YepBOHOro Crmcky BOAHUX MaKpodiTiB
Ykpainu Ta BnepLue 3HangeHuni Ha PiBHeHLwmHi (Tolochyk &
Volodymyrets, 2018).

3aranom 3a pesynsratamv NpoBeAEHNX NONbOBUX AOCHi-
[DKeHb Ha obcTexxeHux ainsHkax p. CTMp BUSIBNIEHO Maixe
65% BuaiB Big yciel rigpodinebHoi dropy PiBHEHCHKOI
obnacri. Y ubomy nepeniky 8 suais (6,4 % Big ycboro Bu3Ha-
YEHOro BWMOOBOrO CKMagy) € afBEeHTUBHWMMW POCIIMHAMM,
a came: Acorus calamus, Bidens frondosa, Echinocystis
lobata, Elodea canadensis, Juncus tenuis, Salix fragilis,
Xanthium albinum, Zizania latifolia, peluTa npeacTaensoTb
abopureHHy dnopy PiBHeHcbkoi obnacti (Grohovs’ka &
Volodymyrets, 2015).

Cepen BM3HaYeHOro BWOOBOMO CKnady BOAHOI Ta npu-
6epexHo-BoAHOI pocnuHHOCTI p. CTUP BUSIBNEHI papuTETHI
BMAOW, SKi NignaralTb perioHanbHin OXOPOHi Ha Tepw-
Topii PiBHeHcbkOi obnacrti: Pulicaria vulgaris, Hippuris
vulgaris, Batrachium rionii, Nymphaea candida (ctapuus p.
Ctup), Batrachium circinatum (c. BepbeHb), Potamogeton
gramineus (c. IBaHumLi).

3pobneHnin NOPIBHANBHUIA aHani3 Pi3HUX OiNSHOK Piyku
[lae MOXNUBICTb OLiHUTK BOOHY Ta NpubepexHo-BOAHY poc-
NMUHHICTb p. CTUP, BMOKPEMMUTU Ta BU3HAUUTWM i YHIKasnb-
HicTb. BcTaHoBneHo, WO opMyBaHHS BWOOBOrO CKNagy
riapoinbHOI riopu OesKo MIpo BU3HAYaOTLCS €KO-
MOFYHMM CTAHOM 3annaBW piYKM Ta MNPUNernoK Ao Hei
TepuTopii. HaBiTb Ha BiQHOCHO HEBENMKMX OiNsHKAX PivKu
CNOCTEPIraeTbCs NOMITHA rETEPOreHHICTb PrOPUCTUHHOMO
cknagy. binblicTb BUSBNEHUX BUAIB Yy CBOEMY XUTTEBOMY
LMKNi nepeBaxHO MOB’s3aHi i3 NpubepexHor Ta 6ONOTHOK
ekodazamu, nuile HeBenuKa KifnbKicTb BUAIB MaiKe Linkom
NpUypOYEHi 1O BOQHOTO CepenoBmLLa.

BucHoBkW. [laHi OOCMimMKeHHS Aanyv MOXIMBICTL OXa-
pakTepusyBatn nopuctyHe 6GaraTCcTBO riApOEKOCUCTEMM
p. CTup, NOPIBHATM OKpeMi AINSHKWA AOCHIMKYBaHi TEPUTOPIT,
BUOKPEMUTMN MPUPOAHI OiNSHKW, OLHUTW CTyniHb TpaHcdop-
MOBAHOCTI POCAMHHOTO MOKPMBY. Y CKNafi BUAINEHNX Takco-
HiB chbropun BM3Ha4eHo 125 BuaiB Anst CEPeaHbOil Ta HMXKHBLOI
Tedii p. CTup, cepen skux 6 papuTeTHUX, 8 aABEHTUBHMX BUAIB
Ta 7 HaMbINbLL NOLIMPEHUX POAUH. BMBYEHHS! AaHMX AinsHOK
p. CTup L03BONUTL Hafani NPOAOBXUTK Ti KOMNMEKCHI ¢oro-
PUCTUYHI AOCTIIKEHHS Ta pO3pOOUTH ONTUMANbBHI LLMSXM OXO-
POHM PigKICHUX | TUMOBUX POCIWH Ta iX YrpynoBaHb.
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Tolochyk I. L., PhD (Biological Sciences), Associate Professor, Rivne State University of Humanities, Rivne, Ukraine

The current state of the flora of the Styr river

The geobotanical studies of aquatic and coastal aquatic vegetation on separate plots of the Styr river have been carried
out forthe first time. It was established that the species composition of hydrophilic flora is different in different parts of the river,
but there are separate species that are characteristic only for a certain study area. According to the results of field studies,
among the allocated taxa, 125 species of higher vascular plants from 75 genera and 38 families have been described.
In the species composition, the most common 7 families are Poaceae (11 species), Potamogetonaceae (10 species),
Asteraceae (9 species), Cyperaceae (8 species), Polygonaceae (8 species), Ranunculaceae (6 species), Salicaceace (6
species). The indicated species of these families is 46,4 %. Among the identified genera, the dominant are Potamogeton
(9 species), Salix (6 species), Juncus, Rumex and Carex (5 species). 6,4% (8 species) — adventitious plants: Acorus
calamus, Bidens frondosa, Echinocystis lobata, Elodea canadensis, Juncus tenuis, Salix fragilis, Xanthium albinum, Zizania
latifolia, the rest represent aboriginal flora of Rivnenska oblast. It is established that in the ecosystem of the river a tendency
towards the strengthening of transformation processes is observed. The hydrophilic flora was found to be poorer in the four
sections of the lower stream. However, a particularly rich variety of species composition of the lower flow is allocated area
between urban areas of Zarichne town settlement and Ivanchytsi village. As a result of cenopopulation studies of individual
river sections, data were obtained that determine the state of populations of 6 rare species: Pulicaria vulgaris, Hippuris
vulgaris, Batrachium rionii, Nymphaea candida (old man); Batrachium circinatum (Verben village); Potamogeton gramineus
(lvanchytsi village). For the first time in Rivnenska oblast there was found a highly destructive species of Batrachium rionii,
which is included in the Red List of aquatic macrophytes of Ukraine. The most diverse area is defined, where the river forms
the dead arm. A comparative analysis of various sections of the river gives an opportunity to evaluate the hydrophilic flora,
to develop optimal ways of protecting rare and typical plants and their groups.

Key words: hydrophilic flora, species composition, acuatic, coastal acuatic vegetation.
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At present, the commonly used methods for the detection of benzimidazole fungicides include high performance liquid
chromatography (HPLC), liquid chromatography-mass spectrometry (LC-MS), fluorescence spectrometry and so on. These
methods have high sensitivity and accurate results, but they have disadvantages such as complicated pretreatment, long time
consuming, expensive equipment and professional operators. Electrochemical sensor detection method has the advantages
of high sensitivity, simple operation, low cost and easy on-site inspection, etc., which has attracted extensive attention in
the field of pesticide residue detection and analysis.

In order to realize the rapid detection of carbendazim content in vegetables, an electrochemical rapid detection method
was established by using Carboxyl Functionalized Multi-Walled Carbon Nanotubes (MWCNTs-COOH) modified glassy
carbon electrode. In this study, MWCNTs-COOH with special functional groups and large specific surface area were used to
modify electrodes to improve the adsorption and enrichment of CBZ on the electrode and amplify the electrochemical signal,
aiming to establish a highly sensitive electrochemical rapid detection technology for CBZ.

The results showed that: the modified electrode functionalized with MWCNTs-COOH could significantly improve
the electron transfer rate on the electrode surface, which made the detection sensitivity of carbendazim higher. The linear
range of detection was 0,3 uM~20 uM, and the detection limit was determined as low as 0,06 uM.

Inthis study, MWCNT-COOH with better conductivity, adsorption and stability was used to modify electrode, and constructed
the MWCNT-COOH/GCE, which improved the adsorption and accumulation of CBZ, effectively promoted the electron transfer
on the surface of the electrode, accelerated the response speed of the electrode and improved the current response, to
realize the rapid and sensitive detection of trace CBZ in vegetables. This method had high sensitivity, good anti-interference,
and detection stability. It was of great significance to detect carbendazim in vegetables.

Key words: Carbendazim, pesticide residuals, electrochemical sensor, MWCNTs-COOH.

DOI https://doi.org/10.32845/agrobio.2021.4.11

Introduction. Carbendazim (CBZ), as a broad-spectrum
fungicide, is widely used for preventing and controlling
vegetable diseases and pests (Addrah, 2020; Liu et al.,
2021; Ding et al., 2019; Singh et al., 2016). CBZ residues in
agricultural products and the environment poses a serious
threat to human health due to the stable structure and slow
degradation rate of benzimidazole ring (Tao et al., 202).

Therefore, accurate, rapid and convenient CBZ detection
and analysis methods in agricultural products are very
important to protect human health and environmental safety.
At present, the commonly used methods for the detection
of benzimidazole fungicides include high performance liquid
chromatography (HPLC) (Huang et al., 2020; Li et al., 2020),
liquid chromatography-mass spectrometry (LC-MS) (Chu et
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al., 2020; Li, et al., 2020), fluorescence spectrometry (Yang
et al,, 2018; Yu et al., 2017; Yuan, et al., 2020) and so on
(Su et al., 2020; Wang et al., 2020; Zhai al., 2021). These
methods have high sensitivity and accurate results, but they
have disadvantages such as complicated pretreatment, long
time consuming, expensive equipment and professional
operators. Electrochemical sensor detection method has
the advantages of high sensitivity, simple operation, low
cost and easy on-site inspection, etc., which has attracted
extensive attention in the field of pesticide residue detection
and analysis (Ghorbani et al.; Tu et al., 2020 ; Kumar et al.,
2015; Zhao et al., 2015; Al-Hamry et al., 2019; Migliorini et
al., 2020; Noori et al., 2021; Sakdarat et al., 2019).

Chen (Chen et al., 2021) successfully developed
a high-performance nitrogen-doped holey graphene
(N-HG) electrochemical sensor for determination of methyl
parathion based on a hierarchical macro and nanoporous
3-D architecture. The influence of various N-configurations
on electron transfer kinetics and the sensing performance
of the N-HG modified electrode was investigated
systematically through combined practical and theoretical
studies. It was found that N-HG with a high pyrrolic-N content
exhibited the largest electron transfer rate and the best
sensing performance(ultralow detection limits: 3,5 pg ml™;
wide linear range: 1 ng ml™-150 ug mi™"). Renganathan
(Renganathan et al., 2020) developed a simple strategy for
construction of palladium nanoparticles (Pd NPs) adorned on
the boron nitride (BN) heterojunction (HJ) for electrochemical
detection of paraoxon ethyl (PXL). Itis found that the Pd NPs/
BN HJ electrocatalyst exhibited an outstanding performance
for PXL detection due to the synergetic effect, large surface
area, high electrical conductivity, and numerous active sites.
The fabricated Pd NPs/BN HJ modified electrode can detect
trace level of PXL from 0,01-210 uM with low detection limit
of 0,003 uM and sensitivity of 2,23 pA uM-" cm (-2).

In this study, MWCNTs-COOH with special functional
groups and large specific surface area were used to modify
electrodes to improve the adsorption and enrichment of CBZ
on the electrode and amplify the electrochemical signal, aiming
to establish a highly sensitive electrochemical rapid detection
technology for CBZ (Karimi-Takallo et al., 2021; Liu et al., 2021;
Zeng et al., 2021; Zou et al., 2016. The construction process
of the electrochemical sensor is shown in the Scheme 1.
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Scheme 1. The fabrication process of the
MWCNTs-COOH/GCE sensor
for the determination of CBZ
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Materials and Methods

Reagents and Instruments. MWCNTS-COOH: Shanghai
Aladdin Biochemical Technology Co., Ltd., inner diameter
5-12 nm, outer diameter 30-50, length 10-20 pym; The other
reagents used were all analytical grade. The experimental
water was secondary distilled water.

Chi 660 E -electrochemical workstation: Shanghai
Chenhua Instrument Co., Ltd., three electrode system.
The working motor is MWCNTS-COOH / GCE or glassy
carbon electrode, pair electrode is platinum wire electrode,
reference electrode is extremely saturated calomel
electrode; CNC ultrasonic cleaning instrument: kunshan
ultrasonic instrument co., LTD.

Electrode processing. Surface pretreatment of glassy
carbon electrode: The glassy carbon electrode with
a diameter of 3mm was polished on the polishing cloth
with aluminum oxide powder with a particle size of 1,0, 0,3
and 0,05 pym, followed by ultrasonic cleaning in anhydrous
ethanol and deionized water for 2 min successively.
After infrared lamp drying, 10 mg MWCNTS-COOH was
dissolved in 5 ml DMF and dispersed for 30min with
the aid of ultrasonic instrument. A black uniform modified
suspension is obtained. Then keep it at room temperature.
The MWCNTS-COOH /GCE modified electrode was
prepared after the suspension of 5 yL MWCNTS-COOH
was dropped on the surface of the dry bare electrode with
a pipetting gun and baked with an infrared lamp.

Detection method. A three-electrode system consisting
of MWCNTS-COOH/GCE, a saturated calomel electrode
and a platinum wire electrode was inserted into the solution
containing pesticides. The cyclic voltammetry curves (CV)
and differential pulse curves (DPV) of CBZ on the modified
electrode under different conditions were recorded.

Results.

Electrochemical properties of MWCNT-COOH / GCE.
A5 mMK,[Fe (CN),] solution containing 0,3 M KCl was used
as an electrochemical probe to test the alternating current
impedance (IMP) in the frequency range of 1~105 Hz.
The impedance changes before and after electrode
modification were shown in the Fig. 1 (A). The electron
transfer resistance of the modified electrode (R -was
estimated using the diameter of the semicircle. When
MWCNTS-COOH was modified to GCE, the diameter
of the semicircles was greatly reduced, indicating that
MWCNTs-COOH/GCE formed a good electron conduction
path between the electrode and electrolyte and had good
ionic conductivity, which significantly improved the diffusion
of K, [Fe (CN),] to the electrode interface.

In addition, in order to further investigate
the electrochemical performance of the modified electrode,
cyclic voltammetry experiments were carried out in a 5 mM
K, [Fe (CN),] solution containing 0,3 mM KCI. As shown
in the Fig. 1 (B), all the modified electrodes have a good
pair of reversible REDOX peaks. Compared with the bare
electrode, the potential difference between the oxidation
peak and the reduction peak on MWCNT_-COOH / GCE
is reduced, and the response current is larger than that on
the bare electrode, which may be due to the rapid electron
transfer ability of the highly conductive MWCNT_.-COOH.

Electrochemical behavior of CBZ. By comparing CV
detection results of GCE and MWCNTs-COOH /GCE (Show as
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Fig. 1. (A) Electrochemical impedance spectroscopy (EIS) of different electrodes: GCE and
MWCNTs-COOH/GCE in 5 mM K, [Fe (CN) ] solution containing 0.3 M KCI. (B) CVs of different
electrodes: GCE and MWCNTs-COOH/GCE in 5 mM K, [Fe (CN) ] solution containing 0.3 M KCI.
Scan rate: 50 mV/s

Fig. 2), the oxidation peak current of CBZ at MWCNTs-COOH
modified electrode reached 15,92 pA, which was significantly
higher than that of GCE, indicating that MWCNTS-COOH had
astrong enrichment effect on CBZ, and its large specific surface
area could enrich CBZ on the electrode surface to increase
the response signal of CBZ. So that the oxidation reaction
can be carried out at a lower position, which is consistent with
the reports in the literature (Ertan et al., 2016).
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Fig. 2. CVs of 50 yM CBZ in PBS (pH =7) at GEC
and MWCNTs-COOH. Scan rate: 50 mV/s

The results showed that MWOCNTS-COOH was
successfully modified in GCE, and the sensitivity
of the electrode was significantly improved, which was
conducive to the rapid detection of low concentration
substances. MWCNTs-COOH has a unique molecular
structure, high surface volume ratio, good electronic
and mechanical properties, as well as good biocompatibility
and chemical stability (Saeed & Ibrahim, 2013). It can be
used to modify electrodes to construct electrochemical
sensors, which can give play to its excellent conductivity,
adsorption, and stability (Kumar & Yadav, 2019).

The optimization of detection conditions:

The influence of scanning speed. The control type
of electrode reaction can be known by the relation between
oxidation peak current and scanning speed. The cyclic
voltammetry curves of 50 yM CBZ at different scanning
speeds were recorded respectively (show as Fig. 3.).

The results show that there is a good linear
relationship between the oxidation peak current
and the reduction peak current when the

scanning speed at 60-380 mV/s, and the correlation
coefficients are 1, = 0,2908x + 13,776 (R* = 0,9958) and
I, = —0,2048x + 10,972 (R? = 0,988) respectively.

The influence of pH. In this experiment, the variation
of CV detection peak current at pH from 5 to 9 in Na,HPO -
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¥ = 0.2908x + 15776
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Fig. 3. (A) CVs of 10 yM CBZ at MWCNTs-COOH with different scan rates:
60,100,140,180,220,260,300,340 and 380. (B) The relationship between peak
currents and scan rates
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NaH,PO, system containing 10uM CBZ solution was
investigated. As can be seen from the Fig. 4, when the pH
value is between 5 and 7, the peak current response will
increase positively with the constant increase of pH. When
pH is 7, the peak current response reaches the maximum
value, and then the peak current response decreases
with the increase of pH. Therefore, pH = 7,0 was selected
as the best pH value for CBZ detection. The relation
between the oxidation peak current (Ip) and oxidation
peak potential (Ep) and the pH value is shown in the
Fig. 4 (A) and (B) respectively. Ep decreases with
the increase of pH value. The relation is as follows:
Ep (V) = -0,0632x + 1,1784 (R2 = 0,9994). The slope
of the equation 0,0632 is close to the ideal value of 0,585
V / pH, indicating that the proton and electron transfer
numbers are equal in CBZ electrochemical reaction.

2
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Fig. 4. Effect of pH on the DPV curves of 10 pM CBZ at
the MWCNTs-COOH/GCE sensor

Analytical performance of MWCNTS-COOH / GCE
sensor. In this study, a series of different concentrations
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of CBZ standard solutions were measured using DPV.
The prepared CBZ standard solution was diluted into
multiple concentrations of CBZ solution with PBS buffer at
pH=7.Underoptimal conditions, a series of concentrations
of CBZ solutions were detected by MWCNTS-COOH/
GCE. The results are shown in Fig. 6.

Reproducibility, stability and selectivity. 5 MWCNTS-
COOH/GCE tests were repeated in CBZ standard solution
with concentration of 1 pMol, and the relative standard
deviation (RSD) of 5 separate tests was 4,81 %, indicating
that WMCNTS-COOH/GCE had good reproducibility. CBZ
was detected for 10 consecutive times on each modified
electrode, and the RSD of the detection results was
3,5%. The results show that MWCNTS-COOH has good
stability.

Under the optimal experimental conditions,
the selectivity of WMCNTS-COOH/GCE was evaluated
by interference experiments. The interference substances
were  Methyl Parathion, Paraquat, Niclosamide
and other inorganic substances with 5 times concentration,
respectively. The change of peak current of CBZ was less
than 5% (95,2-104,4 %), indicating that the modified
electrode had a good selectivity.

CBZ detection in vegetable samples. Due to
the preparation of WMCNTS-COOH/GCE has good
sensitivity, stability and selectivity, and this electrochemical
sensor can be used for vegetable sample analysis.
Recycling experiments were carried out by adding
different amounts of CBZ to different vegetables-Cabbage,
Cucumber and Potato. Before testing, the vegetables
are weighed, juiced, and centrifuged. The experimental
results are shown in the Table 1. The recovery rate is
approximately between 93,6 % and 104,4 %, indicating
that the prepared sensor can still be used for the analysis
of CBZ residues in vegetable samples without sample
purification process. The results show that this method
is accurate, appropriate, and effective for the detection
of CBZ in actual samples.
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0.80 y=-0.0632x + 1.1784

R2 =0.9994

. 0.754
-

E/

0.70 4

0.65
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Fig. 5. (A) The relation between the oxidation peak current (Ip) and the pH value. (B) The relation between the
oxidation peak potential (Ep) and the pH value
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Fig. 6. DPV curves of different concentrations of CBZ at MWCNTS-COOH/GCE. CBZ
concentrations (from bottom to top): 0,3, 0,5, 0,8, 1, 3, 5, 8, 10, 20 uM

Table 1 Conclusion. In the detection of pesticide residues,
The determination results of CBZ in vegetable samples | the introduction of electrochemical sensors is conducive
(n=3) to the simplification of the previous complex pre-
Added Found | Recover RSD processing, and can achieve convenient, fast, low-
Vegetable sample |, ) (UM) (%) ’ (%) cost, qualitative, and quantitative rapid detection. In
1 1,039 103,9 4,46 this study, MWCNT-COOH with better conductivity,
Cabbage 5 5,18 103,6 2,99 adsorption and stability was used to modify electrode,
10 9,54 95,4 1,95 and constructed the MWCNT-COOH/GCE, which
1 0,968 96,8 4,78 improved the adsorption and accumulation of CBZ,
Cucumber 5 4,72 94,4 3,21 effectively promoted the electron transfer on the surface
10 9,36 93,6 2,39 of the electrode, accelerated the response speed
1 0,95 95 2.1 of the electrode and improved the current response, to
Potato 5 5,11 102,2 4,44 realize the rapid and sensitive detection of trace CBZ in

10 10,44 104,4 2,05 vegetables.
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Jli ®aHe, acnipaHmka, CymcbKul HaujoHanbHUU agpapHull yHieepcumem, M. Cymu, YkpaiHa; XeHaHbCbKUU iHCMuUmMym
Hayku i mexHonoaii, M. XeHaHb, KHP

Ay6oeux Bonodumup leaHosuY, kaHOUOam CinbCbKo20cnodapchbKux Hayk, ooueHm, CymcbKull HauioHanbHUU
azpapHul yHieepcumem, m. Cymu, YkpaiHa

Jliy PyHkiaHe, 0Kmop CirlbCbK020¢ro0apChKuX Hayk, 00UeHMm, XeHaHbCbKUL iHcmumym Hayku | mexHoroaii, M. XeHaHb, KHP

Llleudke enekmpoximiyHe eU3Ha4YeHHs1 kKapbeHAa3uMy e 080Yax Ha OCHO8I KapbOoKcUNbHUX (hyHKUiOHani3oeaHuUx
6azamocmiHHuX 8yanesux HaHompy6ok, MoOughikosaHUX CKIISTHUM 8y2J1e8UM es1IeKmpodoM

Huni wupoko sukopucmosyromscsi maki MemoOu susisrieHHs1 pyHeiyudie noxioHux 6eH3umida3orny, siK: UCoKoeghekmueHa
piduHHa xpomamoepadpisi (BEPX), piduHHa xpomamoepacpisi — mac-ciekmpomempisa (PX — MC), ¢nyopecuyeHmHa
cnekmpomempisi. Lli memodu maromb 8UCOKYy Yymnuseicmb ma pesyrbmamu, ane malomb i HeQOomiKu, sSK-om cknadHa
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rnonepedHs nideomoeka, mpueanuli Yac aHarniay, 0opoee obrnaOHaHHS ma HasigHicmb npogecitiHux ornepamopie. Memod
gusierieHHs 3a A0MOMO20I0 ereKmpPOoXiMiHHUX damyuKie Mae maki nepegaau: 8UCOKY Yymiiugicmb, Mpocmomy ekcrinyamau,
HU3bKYy 8apmicmb pobim, npocmomy fepesipku Ha Micyi mouwo, Wo MpuUeepHyo 8euKy yeazy 6 obrnacmi eusierneHHs
U aHanisy 3anuuwikie necmuyudie.

[ns weudkoeo susHa4YeHHs eMicmy kapbeHAa3uMy 8 0804ax CMBOPEHO ENEKMPOXiMIYHUU MeMOO WEUOKO20 BUSIBNIEHHS
3a 00roMo20K0 CKrlogyaneyeso2o enekmpoda, MOOUIKOBAHO20 CKI08yareuesuM enekmpodoM i3 KapbOKCUTbHUMU
¢byHKUioHanbHUMU 6azamocmiHHumu eyaneuesumu HaHompybkamu (MWCNTs-OOH). Y ubomy 0OocnidxeHHi MWCNT-
COOH 3i cneyjanbHUMu byHKUIOHaNbHUMU gpynamu ma 6eflUKO MUMOMOK N08epxHero sukopucmani 0ns mModudpikayii
enekmpodis, nokpauweHHs1 adcopbuyii ma 36azayeHHs CBZ Ha ennekmpo0i, MOCUNIEHHS eIeKMPOXiMIYHO20 cugHasly 3 MEmOoK
CMBOPEHHST BLUCOKOYYMIIUBOI elleKmpoXxiMidHOI mexHonoeii weudkozo susiereHHs1 CBZ.

Pesynbmamu QocnidxeHb nokasanu, ujo: mModughikosaHul enekmpod, yHkuioHanisosaHut MWCNTs-COOH,
Mie 3Ha4yHO MoKpawumu weudKicmb NEPEHECEHHS] €NTeKMPOHI8 Ha No8epxHi enekmpoda, wWo nidsuwuno Yyymnaugicms
gusierieHHs kapbeHdazumy. [liHiHUU Oiana3oH euseneHHs cmaHosus 0,3 Mkm ~ 20 MKM, a Mexa eusierieHHs Oyrna
gu3HayeHa Ha pisHi 0,06 MKM.

Y ubomy docnioxernHi MWCNT-COOH i3 kpaworo nposioHicmio, adcopbuyjero ma cmabinbHicmio 8ukopucmosysasecs
0ns1 modudpikauji enekmpoda, 6ys nobydosaHuti MWCNT-COOH/GCE, skuli nokpawug adcopbuito ma HakoMmuYeHHs
CBZ, echekmusHO cripusis MepeHoCy eIeKmpoHie Ha MosepxHi enekmpoda, npuckopus weudkicmb peakuyii enekmpoda
ma nokpauwue dito Ha cmpymM, wob peanisysamu weudke ma yymnuee susieneHHs cridie CBZ 8 ogovax. Lleli Memod mae
8UCOKY Yymriugicmb, xopowul 3axucm 8id nepewkod i cmabifibHicmb 8USIBNEHHS. Benuke 3HaYeHHs Mae BUSIBNEHHS
KapbeHda3umy 8 ogoqax, 0cobrueo 8 mux, siki CrioXU8aEMO y ceixoMy suensioi.

Knrouoei cnoea: kapbeH0a3um, 3anuwku necmuyudis, enekmpoximiyHuti damyuk, MWCNTs-COOH.

Date of receipt: 10.12.2021.
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Bemisia tabaci (tobacco whitefly) is one of the most harmful invasive species in the world. It causes devastating damage
to many crops during the invasion process and is an important pest worldwide. B. tabaci harms crops mainly by directly
feeding on plant juice, affecting plant nutrient metabolism, causing plant leaves to appear yellow spots, yellowing and falling
off in severe cases, and abnormal or irregular fruit structure. Adults and nymphs of B. tabaci can also secrete honeydew to
contaminate plant organs and induce coal pollution. When the density is high, the leaves can turn black, which seriously
affects the photosynthesis of plants and reduces the quality of crops. Another important way of B. tabaci is to spread plant
viruses. Generally, after an outbreak of B. tabaci, the virus transmitted by it will occur. These viruses can cause plant leaf
curling, plant dwarfing and fruit abortion, causing serious losses. A single foliar spray of 10 pesticides was used in order
to screen out high-efficiency pesticides for controlling B. tabaci on tomato. Control experiments to carry out at the initial
stage of the occurrence of B. tabaci, and a survey of the control effect was carried out 1, 3 and 7 days after the treatment.
The results showed that the best effect on B. tabaci had on F (5% Diprofen) variant 1 day after treatment. It was 41 %, which
was significantly higher than other test reagents. None of the reagents showed good fast-acting effects. Option C (22,4 %
Spirotetramat) had the best control effect on B. tabaci three days after spraying — 72 %. The worst effect (62 %) was when
treated with pesticides in experimental variants | (60 % Flonicamid) and G (10 % Cyantraniliprole). Spraying the plants gives
the best effect of neutralizing the pest and is 86 % on option J (20 % Mevirpirazone) after 7 days, which is much higher than
other test reagents. Phytotoxicity for tomatoes was not detected in three field studies conducted from 13 to 20 October 2020.
We can choose in the field control process of pest B. tabaci 20% Mevirpirazone suspension concentrate, which can be
used in combination with 22,4 % Spirotetramat suspension concentrate and 5% Diprofen dispersible concentrate to achieve
better control effect. This method of pesticides selection will provide effective protection of greenhouse vegetables from
the damage impact of pest B. tabaci.

Key words: damage, tomato, screening, treatment, prevention and disinfection of vegetables from pests.
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Introduction

China is a big agricultural country. As one
of the important agricultural products, vegetables are
very rich in types and variety resources (Fang Wei, 2011),
China is the world’s largest vegetable consumer country,
with the rapid development of the times and the continuous
improvement of the people’s living standards. In order to
meet people’s demand for fresh vegetables in different
seasons, more and more facility vegetables such as
solar greenhouses and plastic greenhouses are being
planted (Wu, 2017). The development of the facility
vegetable industry has played a key role in the year-round
supply of vegetables in the long-existing seasons of lack
of vegetables in winter and summer in China. It is of great
significance to vegetable production in high latitude areas
with short frost-free periods and insufficient light and heat
sources (Fang, 2011). The proportion of facility vegetable
production in the vegetable planting industry has gradually
increased. The large-scale development of facility
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vegetable plots has become the main force in vegetable
production (Hou, 2011).

B. tabaci belongs to the whitefly genus Hemiptera
(Palumbo et al., 2001; Liu et al., 2012; De Barronet et al.,
2011; Chuetal., 2005; Zhang et al., 2019). Itis an omnivorous
insect and mainly damages Solanaceae, Cucurbitaceae,
Cruciferae, leguminous vegetables and some flower crops.
It has a wide host range, with more than 600 species of host
plants, which can transmit more than 15 kinds of viruses
and cause more than 40 kinds of plant diseases (Xu et al.,
2011; Wang et al., 2016; Pan et al., 2015; Liet al., 2015). The
adults, nymphs, and eggs of B. tabaci in facility vegetables
basically feed on the back of the leaf. The sprayed chemicals
are basically covered on the front of the leaf, which is less
harmful to pests (Peng et al., 2016). Frequent increase in
the frequency of application of pesticides did not significantly
reduce the number of pests. This phenomenon is caused
by unreasonable chemical control in production that makes
pests resistant to commonly used pesticides (Tang et al.,
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2016; Wang et al., 2010; Luo et al., 2010; Roditakis et al.,
2010). In the process of using pesticides, only 1 % of them
are effective, and the remaining 99% are scattered in
the soil, air and water bodies, greatly causing agricultural
environmental pollution and ecological damage (Erdogan et
al., 2008; Kang et al., 2006; Qin et al., 2011).

At present, there are three main types of conventional
chemical insecticides used to control B. tabaci: nicotinic
insecticides (imidacloprid), synthetic insecticides (pyrethroids)
and insect growth regulators (floxacin). Due to the long-term
use of these agents to control the B. tabaci has developed
acertain resistance to these types of drugs, making it difficult to
prevent and control pest. We often use the method of rotating
chemical agents to slow down the resistance of whitefly.
Chemical agents such as 10% imidacloprid, abamectin,
25% Actai (WG) are commonly used to prevent and control
the whitefly in the early stage of the occurrence of whitefly. In
order to avoid the pests from developing resistance, a variety
of agents can be used in rotation (Wang, 2012; Castle, 2005;
Watanabe et al., 2018; Turson et al., 2011). The purpose
of this experiment is to understand the resistance level
and development status of B. tabaci, and to provide a basis
for the rational use of pesticides and delay the development
of B. tabaci resistance.

Materials and methods

Test agent

25% Thiamethoxam water dispersible granules
(Zhejiang Qianjiang biochemistry Co., Ltd.), 9% Mineral oil
emulsifiable concentrate (Shandong Keda Venture Biology
Co., Ltd.), 22,4% Spirotetramat suspension concentrate
(Bayer Crop Science), 17 % Flurpyrone soluble concentrate
(Bayer Crop Science), 70% Acetamiprid water dispersible
granules (Shaanxi Thompson Biotechnology Co., Ltd.),
5% Diprofen dispersible concentrate (BASF (China)
Co., Ltd.), 10% Cyantraniliprole suspension concentrate
(FMC (China) Investment Co., Ltd.), 1,8% Abamectin
emulsifiable concentrate (Zhejiang Zhongshan Chemical
Group Co., Ltd.), 50 % Flonicamid water dispersible granule
(Shandong Huimin Zhonglian Biotechnology Co., Ltd.),
20% Mevirpirazone suspension concentrate (Shanghai
Shengnong Biochemical Products Co., Ltd.).

Test materials

The experimental crop was tomato (Zaofen 2) in
greenhouse.

Test method

The test plotis located in the solar greenhouse on the east
campus of Henan University of Science and Technology.
Tomatoes were planted on August 19, 2020, with 667 m?
planting 2000 plants. The cultivation conditions (cultivation,
fertilization, plant and row spacing, etc.) of the test plots are
consistent and conform to local cultivation habits. Atotal of 10
chemical treatment groups and a clear water control were
set up in the experiment: treatment A — 25 % Thiamethoxam
water dispersible granules (20 g for 667 m?); treatment B —
9% Mineral oil emulsifiable concentrate (500 g for 667 m?);
treatment C — 22,4 % Spirotetramat suspension concentrate
(30 mL for 667 m?); treatment D — 17 % Flurpyrone soluble
concentrate (40 mL for 667 m?); treatment E — 70%
Acetamiprid water dispersible granules (3 g for 667 m?);

treatment F — 5% Diprofen dispersible concentrate
(40 mL for 667 m?); treatment G — 10% Cyantraniliprole
suspension concentrate (40 mL for 667 m?); treatment
H — 1,8% Abamectin emulsifiable concentrate (40 mL for
667 m2); treatment | — 50% Flonicamid water dispersible
granule (10 g for 667 m?); treatment J — 20 % Mevirpirazone
suspension concentrate (40 mL for 667 m?). Each treatment
was repeated 3 times, a total of 33 test plots, each plot area
is about 18 m2, arranged in random blocks. The dosage
of each test agent is the maximum recommended dosage.
The medicament is sprayed with Zhejiang Taizhou Minghui
3WBD-16 electric sprayer, and the water consumption is
30 L per 667 m?. The first application will be carried out on
October 13, 2020.

Investigation methods

Investigate the number of insect populations before
spraying, and at 1, 3, 7 days (October 14, 16 and 20) after
spraying, the number of insect populations was determined
at designated locations. Each plot adopts a 5-point sampling
method, and each spot is marked with 2 tomato plants.
Investigate the number of adults in the whole plant when
the adults are not active in the morning.

Formula for calculating efficacy: Decline rate of insect
population = (number of insects before spraying — number
of insects after spraying) / number of insects before spraying
times 100 %.

Corrected control effect = 1 —the number of prednisolone
in blank control area times the number of insects after
chemical treatment / the number of insects after chemical
treatment in blank control area times the number of insects
before pesticide treatment times 100 %.

Statistical Analysis

DPS software was used to perform statistical analysis
on the test data, and Duncan’s new multiple range method
was used to analyze the variance of different agents against
B. tabaci.

Results

Control effect of treatment agent on B. tabaci

The effect of different treatments on the control of B. tabaci
was different 1 day after the medicine. The corrected control
effect of treatment F on B. tabaci is the best 41 %, which is
equivalent to the effects of treatments H, A, B and J, which
is significantly higher than other test reagents. Treatment C
has the worst control effect on B. tabaci on tomato by 28 %.
None of the treatment reagents showed good quick-acting
properties. 3 days after the treatment, although there are
differences in the control effects of different treatments on
B. tabaci, the overall difference is small. Treatment C has
the best control effect on B. tabaci at 72%, and treatments
I and G have the worst effect at 62 %. 7 days after treatment
the best control effect of treatment J was 86 %, which was
equivalent to treatment G and D, and treatment B had
the worst effect of 52 %, which was significantly higher than
other test reagents (Table 1, Figure 1).

Drug safety

In the three field surveys conducted on October 13-20,
2020, the tomato plants were growing well, and there were
no symptoms of wilting, yellowing and other phytotoxicity,
indicating that each chemical treatment group controlled
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smoke powder according to the dosage and concentration
of the field trial. Lice are safe for tomato crops.

Discussion

The test results showed that: one day after treatment,
treatment F had the best effect on B. tabaci by 41 %, which
was significantly higher than other test reagents. Treatment
C had the worst effect on B. tabaci control by 28%, none
of the treatment reagents shows good quick-acting. Three
days after treatment C had the best control effect on B.
tabaci at 72%, and treatments | and G had the worst effect
at 62 %. Seven days after the treatment the best control effect
of treatment J was 86 %, and the worst effect of treatment
B was 52%, which was significantly higher than other test
reagents. In the three field surveys conducted on October
13-20, 2020, the tomato plants were growing well, and there
were no symptoms of wilting, yellowing and other phytotoxicity,
which indicated that the control of B. tabaci in accordance
with the dosage concentration of this field experiment was

safe for tomato crops. In the field control process, you can
choose 20% mefenproper suspending agent, which is used
together with 22,4 % spirotetramat suspending agent and 5%
diprofenac dispersible liquid agent.

In order to control B. tabaci effectively, comprehensive
control measures should be taken in addition to the above
chemicals. The first is agricultural control. The field should
be cleaned up in time. In the field with serious B. tabaci
infestation, weeds and leaves should be treated as soon
as possible, and the leaves with insect eggs should be
removed. Reasonable arrangement of crop rotation,
scientific layout, greenhouse cucumber, eggplant and other
non-mixed cultivation, can be interplanted with celery, garlic
and other crops with strong insect resistance. In winter,
timely opening the shed for ventilation can effectively
control the overwintering population of B. tabaci and reduce
the population base of B. tabaci (Peng Li et al., 2016; Zheng
Huixin et al., 2017).

Table 1
Control effect of tested insecticides on B. tabaci
p 1 day after medicine 3 days after medicine 7 days after medicine
re-
medicine o 5 ° =T @5 ] c @5 S
b TS 2 3 k-] ' ®S '
Treatment tr?ﬁ;?&"t ‘6‘%2 EEA 5 ‘5%2 E‘_“A 5 ‘5%;-0 EEA 5
h 8= c 32X o 6=s= c3X |52 8528 | £33 | B
population 53.3 %g"’ s Eag S50~ |E—-|c£a8<c |50~ | £
o o [= o o c o o c
base / head Ss g= S s 8% S e a5 3
A 139,3 98,3 0,29 0,39 54,2 0,61 0,72 86 0,38 0,58
B 102,1 75,1 0,26 0,37 43,0 0,58 0,70 72,6 0,29 0,52
C 1374 115,2 0,16 0,28 53,7 0,61 0,72 92,2 0,33 0,55
D 95,0 76,0 0,20 0,31 49,5 0,48 0,63 23,5 0,75 0,83
E 234,7 195,0 0,17 0,29 105 0,55 0,68 128,1 0,45 0,63
F 187,0 128,5 0,31 0,41 94,2 0,50 0,64 62,0 0,67 0,78
G 155,3 17,2 0,25 0,35 82,1 0,47 0,62 34,2 0,78 0,85
H 124,5 86,2 0,31 0,40 57,2 0,54 0,67 82,3 0,34 0,55
I 1440 112,0 0,22 0,33 75,3 0,48 0,62 62,3 0,57 0,71
J 172,6 123,5 0,28 0,38 78,0 0,55 0,67 34,6 0,80 0,86
CK 113,5 132,0 157,8 168,5
Note: The control effect is the average value of each repeat.
B 1 day after medicine @ 3day after medicine B 7 day after medicine
1
a a a
b
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Fig. 1. 10 kinds of pesticides to control B. tabaci in different days
Note: The lowercase letters in the table indicate the significance of the difference at the 0.05 level
BicHuk CymcbKkoro HauioHanbLHOro arpapHoro yHiBepcuTeTty 85

Cepis «ArpoHomist i Gionoris», Bunyck 4 (46), 2021



The second is physical control. The adults of B. tabaci
have strong yellow tendency and can be trapped by yellow
plate. The yellow board is usually suspended 20 cm above
the crop, and the height of the yellow board is adjusted with
the growth of the crop.

The third is biological control. Studies have shown that
the feeding of B. tabaci can increase the content of resistant
substances in some peppers, which is conducive to
the enhancement of insect resistance (Li Chuanming et al.,
2017). The experimental results of using different pesticides
to control whitefly on cowpea proved that the avermectin
biopesticide is more effective than other pesticides. 22%
Flonicamid suspension has high control effect on eggs
and nymphs, and 10 % Flonicamid water dispersible granules
have high control effect on adults. When the generation of B.
tabaci is serious, it can be based on different insect states.
The control effect is to choose the mixed use of several
pesticides (Chen Jincui et al., 2017).

Chemical fumigation is used to control B. tabaci. The
fumigation agent is 22% aphid aerosol, and the insecticidal
rate can reach more than 95% (Li Yan and Zhao Wanxuan,
2010). Imidacloprid was sprayed and rooted to control B.
tabaci, and the results showed that root irrigation was better

than spraying (Zong Jianping, 2009; Farifia AE et al., 2019;
Zou Chunhua et al., 2014). Using different concentrations
of imidacloprid roots to irrigate the method, the control effect
on tomato B. tabaci showed that imidacloprid root irrigation can
effectively preventand control the harm of B. tabaciand promote
the growth of tomato plants, which can be popularized in
production (Wang Shaoli et al., 2017; Liu Zhongliang, 2017).

Conclisions

Use 10 kinds of insecticides to control B. tabaci on
tomatoes in greenhouses. One day after treatment, 70%
Acetamiprid water dispersible granules have the best effect
on B. tabaci at 41%; 22,4% Spirotetramat suspension
concentrateis effective for B. tabaciontomatoes and the worst
control effect is 28%. 3 days after treatment, the 22,4 %
Spirotetramat  suspension concentrate has the best
control effect on B. tabaci at 72%. 7 days after treatment,
the best control effect of 20% Mevirpirazone suspension
concentrate on B. tabaci is 86 %. In the reagent production
process, we can choose 70 % acetamiprid water dispersible
granules, 22,4% Spirotetramat suspension concentrate
and 20 % Mevirpirazone suspension concentrate to promote
the prevention and control of B. tabaci and achieve better
prevention effect.
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Jlro WyHeso, acnipaHm, Cymcbkul HayioHanbHUl agpapHull yHieepcumem, M. Cymu, YkpaiHa, XeHaHCbKul iHecmumym
Hayku ma mexHosnoeii, M. XeHaHb, KHP

BnaceHko Bonodumup AHamonitiogu4, 00KmMop CinbCbKo2ocrnodapcbKux Hayk, npoghecop, CymcbKuli HauioHanbHUU
azpapHul yHisepcumem, M. Cymu, YkpaiHa

Monboesuti koHmpone ennusy 10 iHcekmuyudie Ha Bemisia tabaci 3a mennuyHoz2o supouwyysaHHs nomidopie y Kumai

Komaxa Bemisia tabaci (6inokpunka miomioHosa) € 00HUM i3 Haubinbw wkidnueux iHeasugHux eudie y ceimi. BoHa
3ae0ae pyUHigHOI WKoOU bazambOM CiflbCbKO20Crn00apChbKUM Kyfbmypam r1id 4ac npouyecy 8paxeHHs POCIUH i € TOWUPEHUM
wkiOHUkom Qoekinns. B. tabaci 3aedae wkodu Kymbmypam, xueumbcsi 6e3rnocepedHbO COKOM POC/UH, 8riueae Ha
MemaborsisM MOXUBHUX PEYOBUH, CPUYUHSIE YMBOPEHHS X08MUX MM Ha sucmkax ax 00 UifIKoeumoao MOXO08MIHHS
U onalaHHs1 8 pasi CUMbHO20 YPaxXeHHs, a MakoxX aHomarnbHy abo HernpasunbHy cmpykmypy nnodie. [opocni ocobuHu
ma Himepu B. tabaci makox Moxyms eudinamu MedsiHy pocy, sika 3abpyOHIOE opaaHu POCUH ma 8UKIUKAE MOYOPHIHHS.
Y pasi i sucokoi wjinbHocmi nucmsi MoXe YopHimu, wjo ceplosHO ernnueae Ha (homoCUHMe3 POCAUH | 3HUXYE SKICMb
ypoxaro. IHwul saxnusud HanpsM wkidnueocmi B. tabaci — nowupeHHs sipycie pocnuH. 3a3suyali nicnis cnanaxy B. tabaci
8i00ysaembCsl iHGhiKysaHHSI POCUH gipycamu. Lii gipycu MOXymb CIpUYUHUMU CKPYYy8aHHs1 IUCMSI POCIIUHU, Kap/IuKogicmb
pocrnuH i abopmueHicmb rnodie, wo 3asdae cepliosHux 36umkig. [ns eidbopy eucokoegpekmugsHux necmuyudie Ons
6opombbu 3 B. tabaci Ha momamax 6yro 3acmocogaHo 0bnpuckysaHHs1 nucms 00HuUM i3 10 necmuyudie. KOHMPOnbHi
0bniku nposodunu Ha nodyamkosit cmadii nosieu B. tabaci, a 06cmexeHHs KOHMPObHO20 eghekmy nposodunu Yepes 1, 3i 7
0OHig nicis 06pobku necmuyudamu. Pe3ynsmamu noka3anu, wo Halukpawul echekm ennugy Ha B. tabaci manu Ha eapiaHmi
F (5% Hunpoger) yepe3s 1 dexb nicnisi 06pobku. BiH cmaHosug 41 %, wjo 6yo 3Ha4HO 8ULUM, HiX 8 iHWUX 00CTIOXY8aHUX
peazeHmig. KodeH i3 peaceHmig He nokasag Xopowux weudkolito4ux eghekmig. Yepesd mpu OHi nicris 06npuUCKy8aHHs
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Halkpawul KoHmpornbHUl echekm Ha B. tabaci e 72 % mae sapiaHm C (22,4 % Cnipomempamam). O6pobku necmuyudamu
Ha OdocnidHux eapiaHmax | (50 % ®nonikamio) ma G (10 % Cyantraniliprole) manu Halzipwul echekm — y 62 %. Hatikpawud
KOHMpPOnbHUL eghekm 3HeWKOOXKEHHS WKiOHUKa cmaHosumb 86 % 4epes 7 OHie niciisi 06pobKu npenapamom eapiaHma J
(20% Mesipnipa3soH), wo 3Ha4yHO 8UWE, HIX 8 IHWUX mecm-peazeHmig. Y mpbox nonboeux OOCHIOKEHHSIX, MPOBEOEHUX i3
13 no 20 xoemHsi 2020 poky, He susierieHo himomokcuyHocmi Arisi momamis. Y npoueci KoHmponto B. tabaci mu moxemo
gubpamu Onsi QocsigHEHHS Kpaujo2o eghekmy i KoHmpomo wkidHuka 20 % koHueHmpam cycneH3ii Mesipnipa3oHy, skuli
MOXHa 8uKopucmosysamu 8 noedHaHHi i3 22,4 % koHyeHmpamom cycneHsii Cnipomempamamy ma 5% ducnepaosaHum
KoHueHmpamom Lurnpocgpery. Takul criocib6 nidbopy necmuyudie 3abe3nedums eghekmugHUl 3axucm 08ouyig 3aKkpumozo
rpyHmy 8i0 wkidnueoi 0ii B. tabaci.

Knrovoei cnoea: nowkoOxeHHs1, Momioop, CKpUHiHe, 06pobka, npogbinakmuka ma 3He3apaXxeHHsI 0804ig 8i0 WKIOHUKIE.

Date of receipt: 14.12.2021.
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Steady trend of the last salt is an increase in the total concentration of dangerous elements and their compounds in
agricultural soils. The consequence of this process is the growth of requirements for crop quality and the intensification
of research aimed at forming a theoretical basis and finding practical ways to solve this problem.

With the development of industry, Cd pollution becomes more and more serious, which poses a serious threat to agricul-
tural production and human health. Cadmium (Cd) is an important pollutant in farmland soil. Breeding of low Cd accumula-
tion crops can reduce the risk of heavy metal removing into the human food chains and can solve the problem of food safety
production in contaminated soil. Therefore, studies on Cd absorption and accumulation in crops have attracted the attention
of researchers all over the world. The possibility of solving this problem (to create vatieties with low Cd accumulation) by
selection methods in particular, sunflower, rice, wheat, soybean and maize, is considered in the article. From the other hand,
the ability of individual crops and varieties to accumulate of high concentrations of harmful elements in the future can be
realized as a separate selection and technological direction for the remediation of agricultural land.

This paper reviews and summarizes the physiological characteristics of uptake, transport and antioxidant response
of crops to Cd stress. The differences between them indicate that different crop varieties adopt different adaptation strate-
gies to Cd stress. The characteristics of Cd accumulation in several crops such as sunflower are expounded. Methods to
reduce Cd uptake in crops and breeding strategies for low Cd are put forward. Finally, the problems and prospects of low
Cd breeding are put forward. In order to further promote the breeding of Cd low accumulation crops, the breeding utilization
should be strengthened in the future, too. It will provide important theoretical guidance and ideas for reducing Cd uptake in

crops and low Cd breeding in the future.

The relevance of the problem of the cadmium controlling migration along the food chain determines the need
of experimental studies, primarily in countries with the dominance of sunflower in the crops area structure.
Key words: sunflower, breeding, Cd absorption, Cd transport, Cd distribution, Cd stress.
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Introduction. Cadmium (Cd) is a ductile gray heavy
metal, located in 12-th group of the fifth period of the periodic
table, with atomic number 48 and molecular weight
of 112,41 (Morrow, 2010). F. Stromeyer and K.S. Hermann
discovered Cd in 1817 while purifying zinc oxide compounds.
In the natural environment, Cd rarely exists in the form
of elemental. It exits in the soil solution primarily as Cd?* but
also as Cd-chelates. The content of Cd in the earth’s crust
is very low. Throughout the world, the content of Cd in soil
ranges from 0,01 to 2 mg kg™, with an average of 0,35 mg
kg (Yang et al., 2010). Due to its strong mobility and high
phytoavailability in soil, Cd is readily taken up by plant roots
(Chen et al., 2018; Huang et al., 2021; Sahito et al., 2022;
Shahid et al., 2017; Yu et al., 2020).

Sunflower (Helianthus annuus L.) belongs to the family
Asteraceae (Frey et al., 2020). The Helianthus genus
contains 65 different species of which 14 are annual plants.
The sunflower that the most people refer to is H. annuus,
an annual sunflower. The plant has a rough, hairy stem,
broad, coarsely toothed, rough leaves a circular heads
of flowers. The heads consist of many individual flowers
which mature into seeds on a receptacle base. Sunflower

BicHuk CymcbKkoro HauioHanbLHOro arpapHoro yHiBepcuTeTty

is the world’s fourth largest oil-seed crop and its seed are
used as food and its dried stalk as fuel. It is already been
used as ornamental plant, too (Benavides et al., 2021; Zhao
et al., 2011). Sunflower has a large biomass and shows
high tolerance to heavy metals and therefore, are used in
phytoremediation studies (Bayat et al., 2021; Benavides et
al., 2021; Chae et al., 2014; De Andrade et al., 2018; Tang
et al., 2003; Watai et al., 2004).

It is helpful for low Cd crop breeding to study the growth,
physiological characteristics of Cd accumulation in plants.
In the paper, referring to a large number of domestic
and foreign literature the research results on the growth
and physiological Cd accumulation in sunflower and other
crops were summarized and analyzed, and two aspects
of external environmental regulation and internal genetic
improvement were proposed to reduce Cd accumulation. It
is expected to provide reference for the prevention of soil
Cd pollution and the breeding of low Cd grains to ensure
the safety of food production and human health.

Cadmium pollution and toxicity. Cd content of 280 mg kg™
was found in contaminated paddy soils in Thailand (Simmons
et al.,, 2005). Cd levels in topsoil in some areas of northern
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France are as high as 300 mg kg™ (Sterckeman et al., 2000).
The total land acreage where soil is above the safety threshold
level was 16,1% in China, with Cd, nickel and arsenic being
the top three inorganic pollutants, with frequencies of soils
above the threshold concentrations being 7,0, 4,8 and 2,7 %,
respectively. Cd pollution is the most serious. Furthermore,
Cd pollution in the soil plough layer in China is increasing
at an average rate of 0,004 mg kg™ per year, which is much
higher than the rate in Europe (Luo et al., 2009).

Cd is a toxic heavy metal, excessive Cd in plants will
affect the normal physiological functions of plants (Cornu et
al., 2020; Dias et al., 2013; He et al., 2017; Jaouani et al.,
2018; Lvetal., 2019; Rabélo et al., 2021). Cd poisons plants
in two ways:

1) large amount of free Cd?* accumulates in plant cells,
which interferes with the original ion balance and redox
potential of the cells, resulting in the obstruction of ion
absorption and transport in plant cells, the imbalance of cell
osmotic pressure, and damaging normal metabolic process;

2) Cd combines with macromolecular substances such
as nucleic acids, proteins, enzymes, etc., or replaces
the central ions of these macromolecules, denaturates
and inactivates them.

Its incorporation in plants has been reported to induce
severe phyto-toxic effects such as it restricts the bio-
synthesis of chlorophyll (Shahabivand et al., 2017), alters
water status (Barcelo & Poschenrieder, 1990), reduces
growth, particularly roots, interrupts mineral uptake
and carbohydrate metabolism (Wang et al, 2008),
encourages stomata closure (Zhu et al., 2020), retards
the photosynthetic mechanism (Rabélo et al., 2021),
impairs the process of transpiration (Lifiero et al., 2016),
respiration and nitrogen assimilation (Wang et al., 2008)
and consequently lowers biomass production (Ahmad et
al., 2015; Fan et al., 2011; Jaouani et al., 2018; Qian et al.,
2009; Wang et al., 2008; Zhou & Qiu, 2005).

Most of the Cd absorbed by the human body comes
from the enrichment of the food chains, and selectively
accumulates in the kidney (Yang et al., 2010) and liver
(Qi et al., 2020). Kidney accumulates up to 1/3 of the total
amount and is the target organ of Cd poisoning. Excessive
Cd enrichment can cause renal function decline (such as
renal tubular cell proliferation, necrosis or atrophy, etc.)
and metabolism obstruction (such as glycosuria, proteinuria,
amino acid urine) (Reyes-Hinojosa et al., 2019; Templeton
& Liu, 2010). Among the Cd poisoning incidents, the most
influential one was the “Itai-Itai disease” in the 1960’s. Local
residents had been eating water and rice polluted by Cd,
Cd entered the human body and not be decomposable
and accumulate for a long time, which leaded to joint pain,
bone deformity and easily broken bones, and finally death
(Aoshima, 2012). Since the toitaka disease incident in
Fukuyama prefecture of Japan was identified as the result
of soil Cd pollution in the 1960s (Qi et al., 2020), cases
of human Cd poisoning caused by Cd pollution have been
reported in other parts of the world (Bakulski et al., 2020;
Genchi et al., 2020; Reyes-Hinojosa et al., 2019). Therefore,
many countries in the world have formulated limit standards
of heavy metals in some fertilizers. How to prevent or mitigate

heavy metal soil pollution of cropland and ensure safe food
production has become an important issue in modern world.

Physiological characteristics of Cd accumulation in crops.
After Cd enters the root cells, part of the Cd is sequestered
in vacuoles in the form of a Cd-plant chelate protein complex
(Miyadate et al., 2011; Ueno et al., 2010), while the rest is
transported to the xylem; separating Cd into vacuoles is
considered to be an effective tolerance mechanism, which
reduces Cd transport to the grains (Gao et al., 2016; Xin et
al., 2018). Plants can also minimize the concentration of free
Cd in the cytosol by forming metal chelates or complexes with
phytochelatins or metallothioneins (Saraswat & Rai, 2011).
J.J. Hart studied the biological processes in durum wheat
of root Cd uptake, xylem Cd translocation to shoots and Cd
accumulation in wheat grains; excessive Cd accumulation in
durum wheat grains was not correlated with either seedling
root influx rates or root-to-shoot translocation, but might be
related to phloem-mediated transport of Cd to the grains (Hart
etal., 1998)

Cadmium accumulation in rice grains was independent
of root uptake time and Cd concentration in soil, but was
strongly positively correlated with the Cd concentration in
the xylem, with the Cd translocation via xylem from root to
shoot being the major physiological process to determine
the Cd concentration accumulated in rice grains (Shimpei
etal., 2009).

T. Kensuke studied the contribution of rice phloem to
the transfer of Cd to grains, and showed that 91-100 %
of Cd in grains was deposited in the phloem (Kensuke et
al., 2007).

During reproductive growth, Cd is absorbed from
the roots and transported to the grains via stems and leaves.
It is deposited in the developing grains (Harris & Taylor,
2013), with the nodes being the central organ where xylem-
to-phloem transfer takes place and which play a key role
in the process by which Cd is transferred from the soil to
the grains at the grain-filling stage.

Plants respond to Cd stress though adjusting their
own physiological and biochemical processes, of which
the accumulation and subsequent detoxification of reactive
oxygen species (ROS) caused by heavy metals is one
of the important aspects (Abbas et al., 2020; Chen et al.,
2010a; Jan et al., 2021; Saidi et al., 2021; Wu et al., 2015a;
Zhang et al., 2020). Cd stress disrupts the dynamic balance
between production and quenching of ROS in plants (Lv et
al., 2017). Excessive ROS accumulation changes enzyme
activity (Hu et al., 2019), disrupts the metabolism of proteins,
lipids and nucleic acids (Christophe et al., 2017), results in
damage to membrane lipids by peroxidation (Dixit et al.,
2001), and inhibits plant growth and development. In order
to reduce the oxidative damage caused by the excessive
ROS induced by Cd stress, plants have evolved antioxidant
enzyme and non-enzyme systems during the long-
term phylogenetic process (Liu et al., 2022). Antioxidant
responses to Cd stress have been studied in many plant
species, such as soybean (Li et al., 2012), wheat (Chen
et al., 2017), barley (Chen et al., 2010b), rice (Singh et al.,
2020), maize (Rehab & Ibrahim, 2020), rapeseed (Wu et al.,
2015b) and millet (Han et al., 2018b).
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Cadmium accumulation in crops. Sunflowers were
subject to six levels of soil contamination (from 2,5 to
15 mg kg Cd in soil) with no Cd control, from the emergence
of the cotyledon leaves until the harvest, when sunflowers
were at the flower bud stage. An overall increase of Cd
concentration was found in all tissues of the plants (roots,
stem, young, mature and old leaves) by increasing
the Cd contamination in the soil. Regardless of treatments,
Cd concentration in roots always exceeded those in
the aboveground dry matter with a low translocation from
roots to shoots (Alaboudi et al., 2018; Hawrylak-Nowak et
al., 2015; Maria et al., 2013; Sadiq et al., 2019). Regarding
Cd accumulation in sunflower seeds, the results indicated
that Cd is translocated to seeds, and the cotyledons
showed the highest concentration (Cd-high group), ranging
from 10 to 20 pg g™'. Considering both total concentration
and the distribution in the seeds, Cd uptake is responsible
to the homeostasis misbalance of micronutrients (Pesséa
et al., 2017). When sunflower was grown hydroponically in
greenhouse, being exposed to low concentrations of Cd,
there were no significant effects on the partitioning of recent
Cd, most of the recent Cd was recovered in roots (60 %)
and only 2,8% were found in seeds (0,8% for the husk
and 2,0 % for the almonds) (Lifiero et al., 2016).

At present, various crops such as rice (Huang et al., 2021;
Pan et al., 2020; Yan et al., 2021), maize (Dakak & Hassan,
2020; El-Hassanin et al., 2020; He et al., 2017), wheat (Ali
et al., 2021; Khanboluki et al., 2018; Wang et al., 2020)
and cotton (Zhu et al., 2020) have been studied for their Cd
tolerance mechanism and low-Cd material screening.

Different crops or cultivars have different Cd accumulation
ability in grains. A study showed that indica was easier to
accumulate Cd than japonica, and the Cd content in grains
of indica rice was 1,84-4,14 times higher than japonica
(Kun et al., 2019). The Cd content of indica varieties may be
higher than the national Cd limit under medium and low Cd
contaminated soil conditions (Huiru et al., 2019).

Cd accumulation capacity is different in different organs
of the same plant. According to the absorption and transport
characteristics of Cd, most of the research results revealed
that the order of Cd distribution in organs was basically root
>stem > leaf > grain (He et al., 2017; Jun et al., 2020; Zhou &
Qiu, 2005). Wen Zhiqi et al. (Wen Zhiqi et al., 2015) studied
the characteristics of Cd accumulation in vegetative organs
of 10 indica varieties, the results showed that the content
of Cd in roots was the highest, was 4-13 times that of leaves,
8-10 times that of cob, and 20-40 times that of grains;
During grain-filling, a large amount of Cd in leaves was
exported to grains, so there was a high correlation between
leaves and grains with a correlation coefficient of 0,769. For
different rice varieties, the difference of Cd accumulation
in grains mainly occurs in the reproductive stage (Kun
et al., 2019), combining with the measures reducing Cd
at the early stage of crop growth, carrying out appropriate
agronomic measures which reduce the Cd availability in
the soil and control the Cd uptake and transport to the grains
can effectively reduce the Cd content in grains at the grain-
filling stage. Yan et al. (2019) studied the allocation of Cd in
wheat organs by isotopic tracer during flowering and grain
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maturation stage, and found that when the Cd concentration
was high, the proportion of Cd transferred from root to stem
and aboveground Cd distributed to grains was also high,
and the Cd migrating at the flowering stage accounted for
40-45 % of Cd accumulation in grains on average.

Measures of reducing crop Cd accumulation.
Appropriate use of traditional agricultural planting methods
in Cd-contaminated farmland can not only make use
of Cd-overaccumulated plants to remediate the soil, but also
produce crops, which meet the national Cd limit standard
(El-Hassanin etal., 2020; Kang et al., 2020; Lietal., 2017; Liu
etal.,, 2016; Song et al., 2013; Yan et al., 2021). By properly
managing soil moisture and nutrients, and by controlling soil
pH and redox potential, farmers can reduce Cd migration
from soil to root, helping to decrease Cd accumulation
in grains (Hussain et al., 2021; Yuan et al., 2020). Water
and fertilizer management has shown some positive effects
in reducing the availability of heavy metals in soils (Belhaj et
al., 2016; Grant et al., 2013; Murtaza et al., 2015; Zhu et al.,
2020); flooding can reduce Cd accumulation in rice, while
adding lime can have a similar effect (Han et al., 2018a),
although it has been reported that flooding may increase
the accumulation of as in crops (Hu et al., 2013; Wang et
al., 2015). Showed that film mulch technology could reduce
Cd content in rice by 50% compared with the control;
when combined with other measures (biochar + silica foliar
fertilizer), Cd content in grains could be reduced even
further. At present, the effects of factors, applied singly or in
combination, on the control of Cd pollution are being studied
(Monu et al., 2008; Tang et al., 2020; Zhou et al., 2020), but
such studies have not been sufficiently systematic. Due to
the complexity and diversity of crop Cd pollution sources,
further research still needs to be carried out.

Low Cd breeding. Sunflower is an important cash crop
in Ukraine, however, for conditions of Ukraine with average
dose of phosphorus fertilizers 60 kg in the soil is introduced
annually 30-35 g hectare of Cd. This is the factor that
determines a rather high average concentration of Cd in
the arable lands of Ukraine, about 0,15 mg kg™ of soil. But
according to EU standards, sunflower Cd accumulation
should not be more than 0,05 mg kg™, therefore, the study
on resistance to Cd and low Cd materials selection for
sunflower is very important.

Cd accumulation in cereal grains is a serious threat
to food safety and human health. Cultivating low-Cd crop
varieties is one of the most effective ways to reduce Cd
toxicity (Grant et al., 2008a, 2008b; Ishikawa, 2020; Liu et
al., 2020; Sun et al., 2015; Zaidlmdad et al., 2018). But there
are few reports on the breeding of varieties with low Cd in
sunflower. Li Yinming et al. (Li et al., 1995) screened 200
germplasm sunflower resources, and selected two varieties
with low Cd accumulation, Primrose and HA290, and two
maintain lines, HA323 and RHA324 with medium content
of Cd. Two new low Cd varieties HA448 and HA449 were
selected by screening the later generation of HA323/HA290.
RHA324/Primrose was selected as RHA450 recovery line.
The average Cd content of HA448/RHA450 and HA449/
RHA450 hybrids was reduced by more than 50% in
the three-year experiment from 2000 to 2002 (Miller JF et
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al., 2005). Then, he investigated variability of grain Cd levels
on sunflower by field experiment, and to seek an efficient
screening method for future breeding. The result showed
the kite there were large variations in leaf Cd concentration
among 200 sunflower lines. The positive correlation
between RS leaf Cd and kernel Cd level was obtained from
nonoil-seed hybrid. Indicates that an efficient and low-cost
screening method can be developed for genotype selection,
but plants must be grown to the R5 stage.

Breeding low Cd accumulation sunflower cultivars is
the fundamental method to solve the problem of low Cd
intakeTthe breeding process is long and complicated. The
breeding process probably includes:

— Finding materials with low Cd genes;

—Finding materials with high yield, stable yield, resistance
to disease and insect pests, wide adaptability and other
high quality materials except low Cd characteristics, this
materials should be the main cultivars, taking into account
other excellent characteristics such as herbicide tolerance,
drought and flood resistance, maturity period and so on;

— to understand the genetic characteristics of Cd gene,
and to formulate the low Cd hybridization breeding strategy
assisted by modern biotechnology;

— evaluate and select hybrid offspring materials,
and select new cultivars (lines) with low Cd, high quality
and good comprehensive characteristics;

— experimental adaptive planting of new cultivars (lines),
observation and evaluation of traits stability.

Except the above problems, there are the following
situations. Are the excellent characteristics of the new
breeding materials, such as low grain Cd concentration,

stable and acceptable in the move from the laboratory
to the test plot and then to the field? Is there an optimal
planting region for the low Cd cultivars identified by trialing
throughout the growing regions? As a consequence, gene
manipulationtechniques (e.g., transformation orgene editing)
and their application to new cultivar development should
be treated with caution and evaluated comprehensively
and systematically. Whether such new low Cd cultivars can
be successfully developed by breeders, and would have
the characteristics allowing them to be widely adopted by
farmers, has yet to be confirmed.

Conclusions. Cd pollution affects the growth
and reduces the yield and quality of crops, and poses a threat
to human health, which have aroused widespread concerns
all over the world. In order to reduce the Cd concentration in
cereal grains and to ensure safe food production and avoid
human health risks, scientists have carried out extensive
and in-depth research into the problem of Cd contamination
of food crops. Researchers have studied the uptake,
transport and accumulation of Cd in crops, analyzed
the physiological and metabolic mechanisms operating
under Cd stress, and proposed a number of measures to
control and prevent Cd accumulation in crops. At present,
although the Cd concentrations in the grains of most crops
produced in most parts of the world are within the safe
tolerable range for human consumption, Cd pollution will
become increasingly serious if steps to control Cd pollution
are not strictly enacted. Therefore, the need to reduce
Cd pollution is urgent, and the basic researches, and its
practical applications, related to reducing Cd accumulation
in the edible parts of crops, need to be undertaken urgently.
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®y KaHbYxu, acnipaHm, CyMcbKuli HayioHanbHUl agpapHul yHieepcumem, M. Cymu, YkpaiHa

TpoueHko Bonodumup leaHoeuY, GOKMOP CinbCbKo20Cn00apchKkux Hayk, npogecop, CymcbKul HauioHanbHUl
agpapHul yHisepcumem, M. Cymu, YkpaiHa

Llinsixu KOHMPOJIH0 HAKOMUYEHHSI KaOMito 8 COHSIWHUKY U iHWUX Ky/bmypax: 027150

Cmitikum mpeHOoMocmaHHbL020 cmonimmsi € 36inbUWeHHs 3a2anbHOIKOHUeHmpauiiHebe3ne4yHux 0r1s1300po8’senemeHmis
ma iX CrosnyK y 3eMJIsIX CiflbCbK020Crmo0apchbko20 8UKopUCMaHHs. Hacriook yb020 npoyecy — 3pocmaHHs aumMoa 00 SKocmi
epoxaro U akmusizauis 00CniOxXeHb, CPSIMO8aHUX Ha (hOPMyBaHHSI Meopemu4yHo20 6asucy ma nowyK npakmuyHUX Wiisixie
supileHHs ujei npobnemu.

Possumok npomucriogocmi ma 30inbWeHHST 8UPObHULUMSea CUHmMemuyHux 0obpus 3yMOBIHHMb 3P0CMaHHs PU3UKIe,
108’a3aHuUX 3 OMPUMAaHHSAM HesIKICHUX NPodyKmie XapHysaHHsi, IXHp020 surusy Ha 300poe s model. Kadmili € 0OHUM 3 OCHOBHUX
enemeHrmis, Wo 8UKITUKatoms 3abpyOHeHHS CirlbCbKko20crodapchbKux yeidb. OOHUM I3 Wiisxie 3MeHWEHHS He2amueHOo20 8riusy
Ub020 BaXKKO20 Memarty y mpogiyHUX STaHUt02ax € CMEOPEHHS COPMIE i3 HU3bKUM PiBHEM HaKoNUYEHHST KaoMmito. LLIupokul cnekmp
docrioxeHb, M08’a3aHUX i3 KOHMPOIEM PO3MOBCIOOKEHHS Memarly, MOSICHIEMbCS CMILKO MeHOEHUiER 00 PO3WUPEHHS MIOW
3abpyOHeHuUX 3eMerlb ma 3p0cmaHHsI cepedHb020 MoKasHuUKa eMmicmy KadMito 8 opHUX rpyHmax. Moxnusicms cenekyitiHo2o
8UPILIEHHS Uiei MpobrieMu HUHI po32arisidaembCsi O Makux Kyrbmyp, K COHSWHUK, pUC, MUWEHUUS, COsl, HU3KU iHWux. Ha
npomusazy UboMy, 30amHicmb OKpemux Kyrbmyp i copmie 00 HaKOMUYEeHHST BUCOKUX KOHUEHmpauit WKionueux enemeHmie
y nepcriekmusi Moxe bymu pearnizogaHa siK OKpeMull cenekuitiHul ma mexHonoaiyHul Harpsm 0r1si pemediauii OpHUX 3eMerTb.

Y cmammi posensHymi ocobnueocmi roanuHaHHs, mpaHcrnopmyeaHHs U iHWUX (hisiofioaidHUX MPOoUECis, Mos’sa3aHux i3
HaKomnu4YeHHsIM KadMito 8 CinbCbko20crodapchkili npodykuyji. MNMpoaHanizosaHo eidMiHHOCMI y cmpameeaii adanmaujii pocnuH Ao
Kadmiego2o0 cmpecy. Ha ripuknadi COHAWHUKY Hage0eHO XapakmepucmuKu Wiisixie HaOXOOKEHHS ma HaKornuyeHHs1 KadMmito
8 OKpeMUX opaaHax pPoC/uH. 3 Memor Modanbwio20 CrPUSIHHS 8UPOLLYBAHHIO KyTbmyp i3 HU3bKOK 30amHicmio 00 noanuHaHHs
memarny 6 malibymHboMy 8apmo MoCcunumU 8UKOPUCMaHHS MOXIugocmel cenekyitiHo2o npouecy. Baxnueo pospobumu
meopemuyHy OCHO8Y U OKpecnumu npakmuyHi Wsxu wWodo 3MeHWeHHS MoanuHaHHS KadMito CiflbCbKo20Cro0apChKumu
Kyribmypamu, ycritHoi cenekyli Ha 30amHicmb 00 HU3bKOI akyMyrsiuii ub020 mMemarty. 3anpornoHo8aHo Memoou 3HUXEHHS
ro2ruHaHHs1 Ub020 enleMeHma Kyrbmypamu, rpoaHarizosaHo cmpamezii cenekyii Ha 30amHicme pocsiuH 00 HU3LKOT akyMynsyji
Kaomito. BucsimineHo cenekuitiHi mepcriekmusu CmeopeHHsl Copmia i3 HUbKUM PIBHEM HaKOMUYEHHS KaOMito.

AKkmyarnbHicmb npobrieMu KOHMPO/TO Migpauji KadMito 3a XapyoeuM JTaHUr20M 3yMOBITIOE HEObXiOHICMb pPOBedeHHs
eKkcriepuMmeHmarbHUX 00CnioxeHb, Hacamrepel y KpaiHax 3 OOMiHY8aHHSIM Kyiibmypu COHSILWHUKY y CmpyKmypi MOCIBHUX oW,

Knroyoei cnoea: COHAWHUK, CEenekyis, noanuHaHHs kaomito, mpaHcrnopm kaomito, po3nodin kadmir, kadmiesuti cmpec.
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The riparian zone of reservoir is a spatially fluctuating ecotone (between terrestrial and aquatic ecosystems) and is
an important area for nutrients’ circulation and materials’ flow. Riparian forest plays an important role in the stability of riparian
habitat. As yet, the relationship between soil chemical properties and biodiversity of riparian forest near reservoir has not
been thoroughly elaborated. In this study, we analyzed the soil chemical properties (total nitrogen and carbon, available
phosphorous and kalium) and community structure characteristics of trees (diameter at breast height, tree height, canopy
width), shrubs and herbaceous (Shannon diversity index, Simpson dominance index, species richness index, Pielou
uniformity index) in the riparian forest land at the tail section that is a part of Nanwan lake reservoir in China. Results
showed that the structure of riparian forest near reservoir of Nanwan lake represents a stable community. There was no
significant difference in soil chemical properties and vegetation biodiversity between the type of centre’s island and the type
of peninsula. The range of the nutrients’ content in forest land (near Nanwan lake reservoir), respectively, is: total carbon
(TC) - 7,8-19,5 g/kg, total nitrogen (TN) — 0,72-1,49 g/kg, available phosphorous (AP) — 1,89-3,83 mg/kg, available kalium
(AK) — 48,0-100,5 mg/kg. The soil pH value of the riparian forest land near Nanwan Lake reservoir is low due to strong
acid reaction, so the toxic effects of aluminum should be considered. In the RDA analysis, the first axis is explained 73,16 %
of the biodiversity factors of trees, shrubs and herbaceous, and the second axis — 6,48 %. The reflection of the presence
of shrub-herbaceous layer in the values of the chemical properties of soil is significant: this layer is an important source
of soil organic matter in the coastal zone and has a positive effect on soil quality. Therefore, attention should be paid to
maintaining the stability of community structure in understory shrub-herbaceous layer.

Key words: Nanwan Lake reservoir, riparian habitat, community structure, Redundancy analysis (RDA).

DOl https://doi.org/10.32845/agrobio.2021.4.14

Introduction. Riparian zone is a spatially fluctuating | changes. Reservoir, as an important part of riparian
ecotone (between terrestrial and aquatic ecosystems), | ecosystem, provides important service functions for
which has important ecological functions due to specific | regional climate stability and ecological benefits, and is also
geographical conditions and seasonal environmental | animportant place to aquatic tourism (Liu et al., 2018).
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As an indispensable part of riparian microenvironment,
riparian forest can affect the distribution of light, the input
of sediment to the river, the temperature and water quality,
and maintain a stable ecological environment (Ring et al.,
2018). The periodic impoundment of the reservoir changes
the original habitat of the riparian zone, erodes the soil
and poses a great threat to the stability of the riparian habitat
(Nakamura et al., 1997).

Hydrological environment is the key controlling factor for
the formation of riparian habitats. The frequency and intensity
of hydraulic erosion have important effects on the configuration
of riparian vegetation community structure (Acker et al., 2003).
Meanwhile, the fluctuation of water level will affect the structure
characteristics of soil aggregates, and ultimately affect
the soil nutritional status. E.g. the fluctuation of water level
during the flood season will increase the accumulation of soil
nutrients, while during the water season will increase the loss
of soil nutrients (Fournier et al., 2013).

The coupling relationship between climate-vegetation-
soil in different ecosystems has always been the focus
of ecological research. Nevertheless, the relationship between
forest vegetation structure and soil chemical properties is very
complex (Li et al., 2013; Sarah & Rodeh, 2004).

Soil properties and vegetation community structure are
interdependent and mutually antagonistic (Gao et al., 2004).
At present, it is generally believed that the interaction between
vegetation and soil is realized through metabolites such as roots
and litters, the dominant species in a floristic composition often
determines the development direction of the whole community
and the influence of the community on the environmental
quality (Cybill et al., 2020).

Vegetation  provides soil with organic matter
and other nutrient elements through the decomposition
of litters, the stoichiometric characteristics and physical
properties of soil nutrient elements, such as C/N ratio in turn
regulate the decomposition rate and quality of litters (Jiao et
al., 2014).

The dry-wet alternate water environment is the main
external driving force affecting the characteristics of vegetation
community structure and soil properties in riparian zone (Lite
et al., 2005). Dramatic changes in the water environment
have resulted in a mosaic riparian ecosystem. Vegetation
community structure and soil chemical properties show
strong heterogeneity, which is also one of the main factors
of uncertainty in the study of riparian ecosystem (Liu et al.,
2018; Zhang et al., 2021).

At the same time, the structure of riparian forest, the age
of forest, the coverage of understory and the succession
stage all affect the soil chemical properties, the migration
and distribution of nutrient elements (de Souza et al., 2013).
Studies have shown that the soil structure of riparian mixed
forest has a stronger ability to resist heavy rainfall and runoff
(Zhang et al., 2019). The understory vegetation community
structure is also a key factor affecting soil organic matter in
riparian forest and promoting the stability of forest ecosystem.

Researchers (Nilsson & Wardle, 2005) proposed that
boreal forests in Sweden showed that undergrowth is the main
driving force of the ecosystem, which affects the composition
of forest species in the short term, and the main driving factor

of soail fertility in the long term, affecting nutrient availability
and plant growth.

Soil factors had a greater influence on understory
vegetation distribution than climate in European beech
forests (Weigel et al., 2019). With the development of modern
sequencing methods, the individual effects of phytodiversity
on soil factors can be quantitatively studied (Ran et al., 2020).
However, soil factors that restrict biodiversity may be differentin
diverse regions. Therefore, revealing the relationship between
soil drivers and vegetation biodiversity in riparian forests
at a regional scale is of great significance for understanding
the structure and function of riparian zone ecosystems.

Nanwan Lake reservoir is a national 4A scenic spotin China.
After years of protection and restoration, the riparian zone in this
region has formed a stable ecosystem structure. Large-scale
afforestation movement in this area was mainly concentrated in
the 1960’s and 1970’s, and the main afforestation species were
Pinus massoniana Lamb. After a long period of regeneration
and succession, the local suitable species of Quercus dentata
Thunb. and Quercus acutissima Carruth. have gradually
replaced the dominant position of P massoniana. The upper
layer of forest was formed with the main dominant tree
species — Q. dentata and P. massoniana, accompanied by
the potential replacement tree species such as Q. acutissima
and Pistacia chinensis Bunge. The understory vegetation was
mainly dominated by Vitex negundo Linn., P. chinensis, Lindera
glauca (Sieb.et Zucc.) and Carex breviculmis R. Br.

With the development of ecological civilization project in
China, the riparian forest land of Nanwan Lake reservoir is in
the critical period of renewal and succession after many years
of enclosure. P. massoniana gradually tends to be inferior
in the competition, and appears the phenomenon of poor
growth and even death. The coupling relationship between
biodiversity indices driven by vegetation succession and soil
properties dominated by riparian habitats is an important factor
that determines the future ecological stability in this region.

The main object of this study was to: 1) Biodiversity
characteristics of arbor and shrub-herbaceous community
structure and basic state of soil chemical properties in riparian
forest land of Nanwan Lake reservoir; 2) Coupling relationship
between arbor, shrub-herbaceous biodiversity index and soil
chemical properties? Which is the key vegetation factors driving
soil properties of riparian zone?

These problems can provide theoretical basis for the stable
and scientific management and decision-making of the riparian
ecosystem of Nanwan Lake reservoir.

Materials and methods. 7 Site description. The study
site was located in the vicinity of Nanwan Lake Reservoir
(E 114°08', N 32°13") in Xinyang City, in the southern part
of Henan Province, China. Xinyang is a transitional region
from subtropical zone to warm temperate zone, located
at the boundary line of Qinling and Huai River.

The topography is higher in the south than north, with
an altitude of 75-300 m. Xinyang has sufficient sunshine, with
an average annual sunshine duration of 1900-2100 hours. The
annual average temperature is 15,3-15,8°C, and the annual
average precipitation ranges from 993 to 1 294 mm.

The relative humidity is 74-78% annually. There are many
rivers in this region, belonging to the Yangtze River and the Huai
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River, of which the area of the Huai River basin accounts for 98,2%
of the city's total area. Xinyang is located on the upper reaches
of the Huai River, which traverses the whole territory from west to east.

Due to the influence of special geographical location
and climate, the spatial and temporal distribution of rainfall is
uneven, and the precipitation varies greatly within and between
years. The precipitation mainly concentrates in June to August
of the main flood season, and the difference between rich
and dry years can be up to 2-3 times.

The region’s main forest species community is P
massoniana, Cunninghamia lanceolata (Lamb.) Hook., Q.
acutissima, Q. dentata, P. chinensis, etc., formed a pure forest
or mosaic distribution of these species.

2. Experiment design:

2.1. Vegetation investigation. The experiment was
conducted in August 2020, when the canopy leaves of each
plant in riparian forest land were fully expanded. In the tail
section of Nanwan Lake reservoir, 9 sample plots of arbor
forest land near the water area were randomly selected.
GPS was used to record the location of the sample plots,
and the area of the sample plots was set at 20 m x 15 m.
Tree species, DBH (diameter at breast height, > 5cm), tree
height, canopy width and other factors were mainly recorded
by measuring all trees in the sample plots. Shrub quadrates (5
m x5 m) were set in the four corners and the center of the plots
to record the shrub species name, number of vegetation,
shrub high and coverage degree in the quadrate. Herbaceous
quadrates (1 m x 1 m) set in the four corners and the center
of the plots to record the species name, number of vegetation,
average height and coverage in the quadrates. In order to
facilitate the analysis, the calculated biodiversity index of shrub
quadrates was combined with herbage quadrates.

2.2. Soil sampling. Removed the surface covering of the soil
in the four corners and center of the arbor sample plots, used
a soil sampler to take the soil samples at a depth of 10 cm,
mix the 5 points thoroughly, put them into a self-sealing bag,
and take them back to the laboratory for natural air drying in
a cool place. After being air-dried, the roots, stones and animal
and plant residues were removed, crushed with wooden sticks,
and then screened by a 0,25 mm sieve for the determination
of soil properties.

Field site on Nanwan Lake reservoir is presented on fig. 1.

Fig. 1. Field site on Nanwan Lake reservoir
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3. Analysis methods:

3.1. Biodiversity index. Biodiversity indicators are mainly
reflected by the following indices (Alatalo, 1981; Magurran, 1988):
Simpson dominance index (Simpson): Simpson =3 Pin(P),

Shannon size diversity index (Shannon): Shannonzl-gp-z.

Species richness index: S = Number of species in
sample / Sample area

Pielou uniformity index: J = Simpson /In S.

Pi = NilN, where Niis the number of individuals of the i-th
species in the sample, and N is the total number of individuals
in the sample.

3.2. Determination of soil chemical properties. The main
soil chemical indexes were pH value, total nitrogen (TN),
total carbon (TC), available phosphorus (AP) and total
kalium (TK). PH value using pH acidity meter method; Soil
total carbon (TC) was determined by potassium dichromate
oxidation and external heating method. Total nitrogen
(TN) was determined by Semi-trace Kjeldahl method. The
available phosphorus (AP) was extracted by NaHCO, —
Mo — Sb anti-colorimetric method. Total kalium (TK) was
measured using a flame photometer.

3.3. Data analysis. Cluster analysis was conducted on
the data of 9 sample plots (Fig. 2). The clustering results
classified sample plots 5, 6, 7 and 9 into one category,
and sample plots 1, 2, 3, 4 and 8 into one category. According to
the location of the sample plots and the distance from the water
area, the results can be classified into two types: central island
(plot 1, 2, 3, 4, 8) and peninsula type (plot 5, 6, 7, 9).

In this study, these two categories are used as
the basis of data analysis. All data were did Shapiro-Wilk normal
distribution test and the logarithmic transformation was used if
the data did not meet the normal distribution; used Spearman
rank sum test to analyze the correlation between soil chemical
properties and vegetation biodiversity; used RDA redundancy
analysis to analyze the effects of biodiversity factors on soil
chemical properties. Before the RDA analysis, the data was
first checked. The Axis length of the first Axis of RDA analysis
was 0,2607, which was less than 3, indicating that the data was
suitable for linear sorting RDA analysis.

Arbor factors (DBH, height, canopy) and shrub-herbaceous
factors (Shannon index, Simpson index) were taken as
environmental factors and analyzed the relationship between
with soil chemical properties, to determine the explanatory
degree of arbor and shrub-herbaceous layer to the soil. All data
analysis and mapping were completed using R 4.0.3.

Biodiversity index and RDA analysis were completed
using Vegan module in R package.

plot 6

plot 5

plot 7

plot @

plot 2

plot 1

plot &

|

|
E—
I

plot 3

plot 4

Fig. 2. Cluster analysis results of riparian forest land
sample plots in Nanwan Lake reservoir
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Results. There was no significant difference in soil
chemical properties and phytodiversity (arbor and shrub-
herbaceous layers) index between different types of riparian
forest land in Nanwan Lake reservoir (Fig. 3, Table 1).

Abbreviations of soil parameters and vegetation
biodiversity: RDA (Redundancy analysis), TN (total nitrogen),
TC (total carbon), AP (available phosphorus), AK (available
kalium), C/N (C/N ratio), DBH (diameter at breast height),
Height (tree height), Canopy (crown width), Shannon
(Shannon size diversity index), Simpson (Simpson dominance
index) (tre1 — central island; tre2 — peninsula type).

Table 1

Soil chemical properties and phytodiversity (arbor and

shrub-herbaceous layers) index of riparian forest land
of Nanwan Lake reservoir

Indicator Peninsula type Central island
TN (g/kg) 0,862 + 0,051 1,136 + 0,143

TC (g/kg) 10,16 + 1,08 14,79 + 2,22
AP (mg/kg) 3,389 £ 0,368 2,776 + 0,334
AK (mg/kg) 70,875 + 8,464 72,900 + 8,674
PH 3,985 + 0,099 3,972 + 0,098
CIN (%) 11,695 £ 0,611 12,839 + 0,602
DBH (cm) 14,117 £ 2,071 14,174 + 1,157
Height (m) 11,333 £ 0,638 10,982 + 0,969
Canopy (m) 2,403+ 0,411 2,214+ 0,124
Shannon 2,289+ 0,120 2,156 + 0,222
Simpson 0,884 + 0,014 0,860 + 0,030
S 11,25+ 1,315 10,60 + 2,111

J 0,954 + 0,005 0,959 + 0,012

80
| ES  E

) C.N(%)

o

40

204

TN(g/kg) AP(mg/kg) AK(mgke) TC(g/ke

PH

AK rc

CN

DBH(cm) Heigth(m) Canopy(m)

In terms of value, TN, AK and TC content of arbor
forest land in the central island were higher than those in
the peninsula type (1,14 g/kg, 72,90 mg/kg, and 14,79 g/kg,
respectively), which were 1,31, 1,02, 1,46 and 1,46 times
of those in the peninsula type.

The values of AP and pH of arbor forest land in the central
island were lower than those of the peninsula type (2,78
mg/g and 3,98, respectively), which were 0,92 and 0,99
times of those in the peninsula type.

The DBH of the arbor forest land in the central island
was larger than that of the peninsula type, and was 14,17
cm. The values of height and canopy of arbor forest land
in the central island were lower than those of the peninsula
type (10,98 m and 2,21 m, respectively), which were 0,96
and 0,92 times of those in the peninsula type. Shannon
index, Simpson index and S index of arboreal forest in
the central island were lower than those of peninsular type
(2,156, 0,86 and 10,6, respectively), which were 0,94, 0,97
and 0,94 times of those in the peninsula type.

Simpson index was extremely significant positively
correlate with Shannon index and S index (Fig. 4).

In the riparian zone of Nanwan lake Reservoir, soil TN
was extremely significantly positively correlated with TC
(P < 0,01), significantly positively correlated with C/N ratio
(P < 0,5). Soil AK was significantly positively correlated
with Height and DBH (P < 0,5). Soil pH was extremely
significantly positively correlated with Height (P < 0,01),
significantly positively correlated with Canopy and DBH (P <
0,05). DBH was extremely significantly positively correlated
with Height (P < 0,01).

In the RDA analysis, the first axis explained 73,16 %
of the biodiversity factors of arbor and shrub-herbaceous,
and the second axis explained 6,48% of the biodiversity
factors of arbor and shrub-herbaceous. From the first axis,
Canopy, Height and DBH all had strong negative correlation
with soil chemical properties (not include AK). From
the second axis, Shannon index, Simpson index has a strong
negative correlation with Canopy and Height. Canopy, Height
and DBH had a strong degree of explanation for the change
of soil AK. Shannon index, Simpson index have a strong
degree of explanation for the changes of soil AP, TC and TN.

.lrel . tre 2

Height Canopy Shannon Simpson S J

DBH

Fig. 3. Soil chemical properties and phytodiversity (arbor and shrub-herbaceous layers) index of
riparian forest land of Nanwan Lake reservoir (tre1 — central island; tre2 — peninsula type)
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Fig. 4. Correlation between soil properties and arbor and shrub-herbaceous biodiversity index
in Nanwan lake Reservoir

Discussion. 4.1. Soil chemical properties of the riparian
forest. Soil properties, as a key ecological factor controlling
plant growth and development, are the basic properties
and essential characteristics of soil and an important index
determining soil fertility and soil quality (Hale et al., 2014;
Soares et al., 2020). Soil organic matter (SOM) is the dynamic
balance value of ecosystem under specific conditions, which
mainly comes from plants, animals, microbial residues and their
excretions and secretions, and is in the dynamic process
of decomposition and synthesis (Jacobs & Gilliam, 1985).

There is a strong coupling relationship between carbon
and nitrogen, and organic matter is the main energy source
to drive nitrogen cycling microorganisms (Batlle-Aguilar et
al., 2011; Gardenas et al., 2011). The C/N ratio of normal
decomposition of organic matter by microorganisms is
about 25:1, and the organic matter with high C/N ratio is
difficult to decompose and mineralize or the speed is slow.
In this study, total carbon (TC) content in riparian forest land
of Nanwan Lake reservoir was higher than that of grassland
and woodland in riparian zone of newly built reservoirs
such as Three Gorges reservoir (de Sosa et al., 2018; Ye
et al., 2019), this is mainly because the riparian forest land
of Nanwan Lake reservoir is a stable ecosystem, and the root
turnover and decomposition of surface vegetation and litter
have accumulated for a long time, which has stored a large
amount of organic matter for the riparian zone.

The content of organic matter in the central island is
higher than that in the peninsula type, which may be mainly
because the riparian arbor forest land in the central island
is less affected by human activities and has accumulated
more organic matter. The higher organic matter content
can also explain the higher C/N ratio in the riparian arbor
forest land of the central island, because the higher organic
matter content can promote the activity of microorganisms
and promote the mineralization of nitrogen.

At a regional scale, nitrogen deposition has become
the main driver of soil acidification. Despite the strong
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Fig. 5. RDA biplot representing the relationship between
phytodiversity (in the riparian arbor forest land near of
Nanwan Lake reservoir) and soil chemical properties

buffering capacity of soil, long-term soil acidification will have
irreversible effects on the ecosystem. Studies have shown
that when the soil pH is lower than 4, a large amount of Al*
will be released to cause aluminum toxicity (Lu et al., 2014;
Lu et al., 2015). In this study, the pH values of riparian forest
land of Nanwan Lake reservoir is lower than that of other
types of riparian zone (Fan et al., 2014; Tripathi & Singh,
2009), and it is strongly acidic soil.

On the one hand, the local background soil is acidic red
brown soil. It is mainly due to long-term NO* leaching in
riparian arbor forest land, NO* will enter water body along
with the surface runoff, resulting in serious acidification
of soil. This is also in line with the soil characteristics of long-
term stable riparian forest land (Bicalho et al., 2010).

Meanwhile, the long-term nitrogen deposition has
also brought serious effects on the local forest soil,
and the contribution of this aspect remains to be further
studied. It is worth noting that the riparian forest soil
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acidification of Nanwan Lake is very serious, the occurrence
of aluminum toxicity should be vigilant.

Phosphorus is one of the essential nutrient elements
for plant growth and development, and available
phosphorus refers to the phosphorus that can be absorbed
and utilized by vegetation in the current season. However,
a large amount of phosphorus fertilizer will not only lead
to the waste of phosphorus fertilizer resources, but also
increase the concentration of phosphorus in farmland runoff,
and eventually lead to the eutrophication of water bodies
(Young & Ross, 2016).

In this study, the available phosphorus (AP) content
of peninsula type is higher than that of the central island,
which may be mainly because the peninsula type riparian
arbor forest land is more affected by human production
and livelihood. In the process of phosphorus input from
land to water, the peninsula type riparian forest land
acted as an effective barrier and absorbed a large amount
of phosphorus.

4.2. Structural characteristics of vegetation in riparian
zone. Understory vegetation composition is a basic
characteristic of the community, and vegetation diversity
is an important characteristic of wetland ecosystem, high
biodiversity can support a relatively stable ecosystem (Liu et
al., 2011; Tripathi & Singh, 2009).

The configuration of forest community structure is
the main mechanism driving biodiversity and forest primary
productivity in subtropical forest [40] (Zheng et al., 2019). The
role of arbor layer in ecological restoration and stability has
been widely concerned, and is considered as a restoration
approach to maintain the role of riparian ecosystem.

However, the importance of understory shrub-
herbaceous vegetation has been widely emphasized in
recent years (McClain et al., 2011). Studies have shown
that the nutrient elements in herbaceous vegetation are
significantly higher than those in woody plants.

Herbaceous layer provides available nitrogen pool for
arbor layer, which can effectively compensate for the loss
of nitrogen in forest system (Borisade, 2020; Gilliam, 2007).
In this study, different types of riparian arbor forest land
have no obvious differences in the community structure
of arbor layer and shrub-herbaceous layer, which indicates
that the riparian zones of Nanwan Lake reservoir are in
a relatively stable ecological structure.

4.3. Relationship between soil chemical properties
and vegetation biodiversity in riparian forest land. Soil
factors are closely related to plant vegetation. Through

the decomposition and release of litter, vegetation can
improve the content of soil organic matter, activate the soil,
and promote the circulation and absorption of nutrient
elements. Meanwhile, soil nutrient elements also determine
the succession, and growth of suitable vegetation on
the site (Mikkelsen & Vesho, 2000). For example, riparian
vegetation influences soil denitrification through both
physical and biochemical pathways.

Researchers found that in the study of soil denitrification
potential of different vegetation types in Danjiangkou reservoir
that planting vegetation with high biomass could effectively
improve soil organic matter and denitrification rate (Liu et al.,
2011). It is not vegetation biodiversity but vegetation species
that determines the change of soil chemical properties
(Bouchard et al., 2007). Inhibition of soil biological nitrification
also shows distinct promoting and inhibiting performances in
different tree species (Laffite et al., 2020).

In this study, shrub-herbaceous layer explained
most of the variation of soil chemical properties, and this
explanation was mainly contributed by soil organic matter.
This indicated that the shrub-herbaceous layer was the main
driving force for soil organic matter storage, which may
be mainly due to the higher rate of litter decomposition
and root turnover in shrub-herbaceous layer, which provided
most of the organic matter for soil. The arbor layer mainly
contributed more to available kalium (AK).

Conclusions. The vegetation community structure
and soil chemical properties in the riparian forest land
of Nanwan Lake reservoir are relatively uniform, which is
a stable riparian system. There was no significant difference
in soil properties and vegetation biodiversity between
the central island and peninsula type. It should be noted that
the soil pH value in the riparian arbor forest land is generally
low, so be alert to the occurrence of aluminum toxicity, which
will affect the growth and development of the community
in the riparian zone. The contribution of understory shrub-
herbaceous layer to soil chemical properties is greater.
The shrub-herbaceous layer is an important source of soil
organic matter and drives the virtuous cycle of soil system
in riparian zone. Therefore, attention should be paid to
maintaining the stability of community structure in understory
shrub-herbaceous layer.
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SAub TeHebell, acriipaHm, XeHaHcbKUl iHemumym Hayku ma mexHiku, CiHbcsiH, M. XeHaHb, KHP; CiHbsiHCbKUU  yHigepcumem
cinbcbkoeo 2ocrodapcmea ma fiicy, M. CiHbsiH, XeHaHb, KHP; Cymcbkuli HaujoHanbHUU agpapHul yHisepcumem, Cymu, YkpaiHa

KpemeHeubka €ezeHisi OnekciigHa, kaHOuGam cifibcbkoaocrnodapcbkux Hayk, doyeHm, CyMCbKul HauyioHanbHUl
agpapHul yHisepcumem, M. Cymu, YkpaiHa

Ban LWu6iH, 3acmynHuk cmapuwoeo iHxeHepa, HauioHanbHa nicosa pepma HaHbeaH, M. CiHbsiH, XeHaHb, KHP

Xy UsH, acucmeHm, CiHbsHCbKUU yHigepcumem cinbcbk020 2ocrnodapcmea ma ficy, M. CiHbsiH, XeHaHb, KHP

Bin CoHaniH, suknada4 dokmopaHmypu, npoghecop, XeHaHCbKull iHemumym Hayku ma mexHiku, M. CiHbcsiH, XeHaHb, KHP

XimiyHi enacmueocmi rpyHmy ma ¢himopizHomaHimms Ha npubepexHili nicoeili mepumopii o3epa HaHbeaH

lpubepexHa 30Ha 8000UMU € EKOMOHOM, SKUL 3MIHIOEMBCS Y NPOCMOpPI (MiXk HA3eMHOK ma 800HOK eKkocucmemamu)
i € 8aXTUBOK 30HOK ONsT UUPKYNAUii enemeHmig xueneHHs | momoky Mamepiania. [pubepexHul nic sidiepae saxiusy
porb y cmabinbHocmi npubepexHo2o cepedosuwia icHysaHHs. [ToKU WO 38’930K MiX XiMIYHUMU eracmueocmsmu
rpyHmy ma 6iopisHomaHimmsm npubepexHoeo nicy nobmudy eodolmu He € 0ocuMb 8UBYEHUM. Y UboMy OOCTIOKEHHI MU
rpoaHarniysanu XiMiyHi eracmusocmi rpyHmy (3a2anbHuti a3om ma eyaneub, docmynHuti gpocchop ma kaniti) i ocobnueocmi
cmpykmypu yepyrnosaHb OepesHux (diamemp Ha eucomi 2pydel, sucoma Oepeesa, WUPUHA KPOHU), YacapHUKOBUX
ma mpas’ssHUCmuXx pocsuH (iHdekc pisHomaHimmsi LLieHHoHa, iHOekc domiHysaHHs1 CiMrcoHa, iHOekc 8u008oeo bazamcemea,
iHOekc oOHopidHocmi [ieny) y npubepexHili nicositi 3eMsi Ha X8ocmoeili yacmuHi 6000CXo8ULUa, WO € YaCMUHOK 03epa
HanbeaH y Kumai. Pesynbmamu noka3anu, wo cmpykmypa rnpubepexHozo nicy nobnusy sodocxosuwia o3epa HaHbeaH
s6n15€ coboo cmabinbHe yepyrnosaHHs. He 6yno 3asHayeHO Cymmeegoi pisHUUi 8 XIMIYHUX eracmueocmsix rpyHmy
ma 6iopisHoMaHImmi poCAUHHOCMI MK MUMOM UeHmpy ocmposa ma murom nigocmposa. [iana3oH emicmy enemeHmig
JKUerieHHs1 8 1licogomy rpyHmi (nobnudy eodocxosuja o3epa HaHbeaH) makul: 3a2ansHoeo syaneuto (TC) — 7,8-19,5 a/ke,
3aeanbHoeo asomy (TN) — 0,72-1,49 a/ke, docmynHozo ghocghopy (AP) — 1,89-3,83 me/ke, dianaszoH docmynHo20 Kanito
y rpyHmi (AK) cmaHogumb 48,0-100,5 me/ke. 3HaueHHs1 pH rpyHmy npubepexHoi nicogoi 3emni nobnusy eodocxosuuia
03epa HaHbBaH € HU3bKUM 8HaciOOK CUMbHOI KUCIIOI peakuii, momy eapmo epaxogysamu Hacsioku ujo00 mokcu4Hoi Oii
anomiHito. Y RDA-aHanisi nepwa sick nosicHtogana 73,16 % chakmopie bioposmaimms depes, YacapHUKI8 ma mpas’sHuX
pocCruH, a dpyea sicb — 6,48 %. BidobpaxeHHs1 HasigHOCMI Ya2apHUYKOBO-mpaeg sHUCMOo20 Spycy y 8enuduHax XiMidHUX
enacmueocmell rpyHmy € 3Ha4yHUM: Uel spyC € 8axrueuMm OXeperioM OpeaHiyHOI peqyosUHU IpyHmy Yy rpubepexHit
30HI Ma Mo3UmUuUBHO 8nueae Ha sKicmb rpyHmy. ToMy eapmo 36epHymu yeagy Ha 306epexeHHsT cmilikocmi cmpyKmypu
yepyrnosaHHs 8 ridlickOBOMY Ya2apHUYKOBO-mpas sTHUCMOMY SIPYCi.

Knroyoei croea: eodocxosuuie o3epa HaHbea,; npubepexHe cepedosuuie NpoXuUBaHHs, CMpPyKmypa y2pyrnosaHHs,
aHaniz RDA.
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