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AHOTALIA

JIi JKyuyze. 1nsxu 3HWKEHHS cTpecy coi B ymoBax JliBoOepeKHOro
Jlicocreny Ykpainu. — KBamidikariiiina HaykoBa mparis Ha IpaBax pyKOIUCY.

Hucepraitiss Ha 3700yTTS HAyKOBOTO CTymneHs JokTtopa ¢urocodii 3a
cnemianbHicTIO 201  «ArpoHomisi». — CyMCbKUW HaIl[lOHAJIbHUNA —arpapHHi
yHiBepcuTeT, MiHICTEepCTBO OCBITH 1 Hayku Ykpainu, Cymu, 2025.

OorpynryBannsi Buoopy temm gociaimkenHs. Cos (Glycine max L.) —
6000Ba pocnuHa, 10 MoXoauTh 31 CxinHo1 A3ii, Kutaro Ta mmpoko KyJbTHUBYETHCS
B YChOMY CBITi. BOoHa € HalilBaXKITUBIIIOIO OJIIMHOIO KYJIBTYPOIO Ta BUCOKOOIJIKOBOIO
3€pHOBOI0 KOPMOBOIO KyJAbTYporo. BupoOHMIITBO cOi Mae OaraToBeKTOpHUUN

XapakTep, 30KpeMa Il MPOAOBOJBYOI Oe3MeKHd KpaiHH, EKOHOMIYHOTO

3pOCTaHHs, COIIabHOI CTA0ITLHOCTI Ta CTPATErYHOTO 3HAYCHHS.

3a cyyacHMX  3MIH  KIIMaTUYHUX  YMOB  Ta  iHTeHCH(IKaIli
CUTBCHKOTOCTIONAPCHKOTO BUPOOHUIITBA BILTUB CTPECOBHX YMOB Ha PICT 1 PO3BUTOK
POCJIMH Pi3KO MOCUIHMBCA. TOX aKkTyalbHOIO € 1moTpeda B po3poOJIeHHI CydacHUX
METO/IIB BU3HAYECHHS CTPECOBHX dakropin 13 BUKOPUCTAHHSIM
EKCITpeC-TIarHOCTUKN Ta CBITOBUX pO3p0oO0OK. BUBYEHHS mTpUpOau CTpeciB Ta
BU3HAUEHHS TNUISXIB iX 3HIDKEHHS 3a0€3MeYuTh peai3aiilo  0i0JOTTYHOTO
MOTEHINATY CUThCHKOTOCTIONAPCHKUX KYITBTYDP.

JIisi  miABWINEHHS CTa0lILHOCTI BpOXKAiB COI HEOOXITHE KOMIUICKCHE
BUKOPHCTAHHS Cy4aCHHUX TEXHOJIOTiH, 30KpeMa COPTOBOTO MiA00PY 3 ypaxyBaHHSIM
arpoKJIIMaTHYHUX OCOOJMBOCTEH PErioHy Ta 3aCTOCYBAaHHS PETYISITOPIB POCTY 3

aHTHCTPECOBOIO Ji€r0. L1 i131010T1UHO aKTUBHI CIIONYKU CIPUSIIOTH €PEKTUBHIIIIHI
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MOOUTI3aMil Ta yTHIi3alii pyxoMux (HopM MiHEpaIbHUX €JIEMEHTIB, MiABUILYIOUH
3arajibHy CTIHKICTh POCIMH J0 OIOTMUYHHUX 1 a0lOTHYHUX CTPECiB, IO POOUTH
aKTyaJTbHUMH JTOCIIKCHHS B IIbOMY HATIPSIMI.

3ayBaXMMO, IO MEXaHI3M BIUIUBY 3aCOJEHOCTI Ta PETYJSITOPIB POCTY B
yMOBax KOHTPOJbOBAHOTO CEPEOBHUINA Ha O10XIMIYHI MPOIECH Ta MOPQOJIOTTUHI
1HAMKaTopu He BUBYaBca. OTxke, BUOpaHa TeMaTHKa € BaXKJIMBOIO U aKTyaJbHOIO,
OCKITBKM Ma€ KOMIUIEKCHHM J1a00paTOpHO-MOIBOBUN MiAXiJ 1 B yMOBax
JIiBoOepesxHoro Jlicocteny He JOCIIKyBalach.

3B’5130Kk po0OTM 3 HAYKOBHMH NporpaMaMi, IUIAaHAMHM, TeMaMHU.
HaykoBo-nmocaigaa po6oTa BUKOHAHA 3a 3aBAaHHSAMHM TEMaTHYHUX IUIaHIB Ta B
MeXax JepkaBHMX HaykoBuX TeM CyMCBKOTO HaI[lOHAIBHOTO arpapHoro
yHiBepcuteTy — «OcoOmuBOCTI (OpMyBaHHS TPOTYKTUBHOCTI 3e€pHOO0O0BHX
KynbTyp B ymoBax Jlicocremy Ta Creny VYkpaiam» (Ne 0117U006536,
2017-2022 pp.) Ta «Po3pobutu cydacHi cmocoOu iAeHTH}IKAIil cTpecy
CUTBCHKOTOCTIOAAPCHKUX KYJIBTYp Ta NUISAXU Horo 3HmkeHHs» (Ne 0121U113642,
2021-2025 pp.)

Merta gociaifzkeHb MoJsirae y BU3HAU€HHI CTPECy Ta MOro BIUIMBY Ha PICT Ta
PO3BUTOK POCIUH COi SIK Y KOHTPOJIHOBAHOMY CEPEIOBHIII, TaK 1 B MOJHOBUX
ymoBax JliBoGepexknoro Jlicocremy VYikpainu. B ocHOBY JoCHiIKeHb Y
KJIIMaTHUYHIA KaMmepl MOKJIaJeHO BU3HAUYEHHS JUHAMIKK BMICTY OCHOBHHX CIIOJYK
SK 1HIWKATOPIB HA CTPECOBI YMOBHU Ta CTaOUTI3aIIAHOI JIi perymsITopiB pocty. Y
MOJILOBUX YMOBAX II€ aHaii3 MOP(OJIOTIYHUX Ta CTPYKTYPHUX MapaMeTpiB POCITUH

JUISL BU3HAYEHHS BIUIMBY PETYJSTOPIB POCTY Ha 3HUKEHHS CTPECOBHUX (PaKTOPIB Ta



peaitizalliro 610JI0TTYHOTO MOTEHIIIATY Cy4acCHUX COPTIB COi.

BianosigHo g0 MeTH OyiIu IOCTaBIIeH] TakKi 3aB/IaHHS.

— BusBHTH (iziomoriuny peakmiro Glycine max L. ta BILUIMB peryiasTopis
POCTY Ha MPOIEC MPOPOCTaHHS 32 YMOBHU IITYYHO CTBOPEHOTO COJIBOBOTO CTPECY
(y xmiMaTu4Hii kamepi XEHAHCHKOTO 1HCTUTYTY Hayku 1 TexHojorii, CiHbCsH,
Kwurait);

— BU3HAYUTH COPTOBI  OCOOIMBOCTI  (opMyBaHHS MOP(OJIOTIIHUX
napameTpiB Glycine max L. 3a 3acTocyBaHHs PEryJIATOPIB POCTY 3 aHTUCTPECOBOIO
niero B ymoBax JliBooepexunoro Jlicocreny Ykpainu;

— YCTAaHOBUTHU BIUIMB PETYJISATOPIB POCTY 3 AHTUCTPECOBOIO M€K0 HA
MPOAYKTUBHICTh Ta BPOXKANHICTh COPTIB coi B yMoBax JliBoOepexxknoro Jlicocremy
VYkpainu;

— BU3HAYUTH TOKa3HUKH SKOCTI Ta O10XIMIYHUN aHAII3 3epHA COI 3aJICKHO
BiJl COPTY Ta PETYIATOPIB POCTY 3 aHTUCTPECOBOIO JIi€10 B yMOBax JIiBOOEpEKHOTO
Jlicocteny Ykpainu;

— po3paxyBaTH €KOHOMIYHY Ta €HEPreTHYHY €(PEKTHUBHICTh 3aCTOCYBaHHS
PETYIATOPIB POCTy 3a BUpOIIyBaHHS coi B ymoBax JliBoOGepexxnoro Jlicocremy

VYkpainu.

O0’exkTOM T0CTiKEHHS € OIliHKa alanTHBHOCTI popocTKiB Glycine max L.
JI0 COJLOBOTO CTPECy B IITYYHHUX YMOBax Ta BIUIMBY PETYJSATOPiB pocty. Peaxitis
COi 3aJIeKHO BiJl COPTOBUX OCOOJIMBOCTEH, MOTOAHHX YMOB Ta 3aCTOCYBaHHS

PEryssITOpiB POCTY.
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Ipeamerom nocaimkennsi € Glycine max L., copTu, BU3HaUEHHS CTpecy,
PETYISATOPU POCTYy POCTUH, ablOTHYHUK cTpec (3acolieHHs), KOHTPOJIhOBaHE
CepeNoBHIIE B KIIMaTHYHIA KaMepl XEHAHCHKOTO 1HCTUTYTY HAyKH 1 TEXHOJIOTIH,
CinbesiH, Kuraif, TOroiHi YMOBH, CTPYKTypa BpOXKar0, CKOHOMIYHA Ta CHEPTeTUIHA
e(EKTUBHICTh 3aCTOCYBaHHS PETYJSATOPIB POCTY 3a BHUPOIILYBaHHS COi B yMOBax
JliBo6epexnoro Jlicocreny Ykpainu.

HaykoBa HOBM3HA OTPUMAHMX pe3yJbTaTiB. Ymepiie IOCTiIHKEHO
dbepMeHTaTUBHY aKTHUBHICTh Ta MeEXaHI3M MOpP(OJIOTIYHOI ajanTaiii MpOpOCTKIB
Glycine max L. 3a mrtyuno ctBoperux ymoB 3aconenocti (0, 50, 75, and 100 mM
NaCl). Vmepumie mpoBeaeHO KOMIUIEKCHI JOCIIIKEHHS IOA0 BUBYEHHS BILIUBY
PEryasaTopiB pocTy Ha picT Ta po3Butok Glycine max L. B yMoBax KiiMaTHYHOT
KaMepHu Ta B TOJHLOBUX yMOBax. BusBieno coproBi (Amasnea, Aypenina, berriHa,
Mentop, Hagsiratop) oco6muBocti QopMyBaHHS TPOAYKTHBHOCTI Coi 3a
BUKOPHUCTAHHS PEryisITOpiB pocty B ymoBax Jlicoctenmy Ykpainu. OnTHMi30BaHO
TEXHOJIOT1I0 BUpoIlyBaHHA coi st ymoB Jlicoctemy VYkpainu. Halymu
MOJIATIBIIIOT0 PO3BUTKY IMHUTAHHS BIUIMBY TOTOJHUX Ta CTPECOBUX YMOB Ha
OCOOJIMBOCTI POCTY, PO3BUTKY Ta MPOAYKTUBHICTH COi 3aJ€XKHO BIJ COPTY Ta
M03aKOPEHEBOI0 3aCTOCYBaHHS PEryisATOpiB pocTy. OOIpyHTOBAaHO €KOHOMIUHY Ta
CHEpreTUYHy €(QEeKTUBHICT, BHPOIIYBAaHHS COPTIB COI 3a 3aCTOCYBaHHS
PErysTOPiB POCTY.

IIpakTuyHe 3HAYEeHHS OTPUMAHHUX pe3yibTariB. OCHOBHI KOMIOHECHTH
JOCITIKEeHb mepeBipeHo B yMoBax JliBobepexHnoro Jlicoctemy Ykpainu, 30kpema

Ha 3emisix rocnogapetB CJIK-11 (Cymcpka o6i.) Ta «Pogunay (ITontaBchka 00i1.)



Ha 1ot 42 ra.

BupoOHUIITBY pEKOMEHIOBAHO TEXHOJIOTII0 BUPOIIYBaHHS COI, sKa
3abe3reunia BpokaHicTh 3epHa 2,89 Ta 2,91 1/ra BianmoBigHo. IlinTBepkeHo ii
¢()EeKTUBHICTh, a caMe: YMOBHO 4uCTUM mpuOyTok — 24 928 Ta 25 534 rpu/ra;
peHTabenbHIicTh BUpoOHUIITBa — 140,2 Ta 146,7 % BiAMOBIAHO.

Metoau fgociigzkeHHsl. Y  Tpoleci BUKOHAHHS — JOCHIIKEHb  OyIlo
BUKOPHUCTAHO KOMILJIEKC 3araJlbHOHAYKOBUX 1 CHEIiabHUX METOAIB. Y IITYy4YHIH
KaiMatuaHid kamepi gucts Glycine max L. o6poOnsimun miinuu Oetainom (GB)
koH1eHTpariero 100 mr/a Ta Amino VG ANTISRESS konuentpariero 250 mi/ron
(1BOpa3oB0). 3pa3ku BiAOWpanW, KOJIU B PO3Caad BUPOCIH TPU JHCTKH, 13
TPUPA30BUM TOBTOPEHHSIM JiJIsi KoxkHOI rpynu. CK — KOHTpojbHa rpymna, Amino
VG ANTISRESS ta mmimun Oerain (GB) — excriepumeHTanbHI TPYIIH.
®Di3107I0TIYHIMHU TIOKa3HUKaMU B INTY4YHIA KIIMaTuyHIA Kamepl Oylnu BMICT
xynopodiny, aktuBHicTh GepmeHTiB (SOD, CAT, APX), manoHoBuii Iiampaeria Ta
BIJIHOCHA TIPOBITHICTb.

BizyanbHuii MeTom 3acTOCOBYBaM JUIsl TPOBEACHHS  (DEHOJOTTYHHMX
CTIOCTEPEKEHDb 3a MPOXOKEHHSIM OCHOBHHX (ha3 POCTY ¥ PO3BUTKY POCIHH COi.
BumiproBaabHO-BaroBuii METO BUKOPUCTOBYBAIM ISl BU3HAYCHHS 010METPUUHUX
MOKAa3HUKIB, 30KpEMa BUCOTU POCIHH, IJIOLIl JIMCTKOBOI MOBEPXHi, KUIBKOCTI Ta
Macu 0001B, Macu HaCiHHSA 3 OAHIET pocauHM (1HAWBIAYaTbHOT MPOTYKTUBHOCTI), a
TaKOX YPOXKaHOCTI COi.

XiMiYHI METOIH 3aCTOCOBYBaJIM JJIsl BU3HaUeHHs BMicTy xyopodiny (Ulab

502) Ta mOKa3HUKIB SIKOCTI HACIHHSA, 30KpeMa BMicTy Oinka i xupy (SUpNir 2700).
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MareMaTH9HO-CTaTUCTHYHUN METOA TependadaB MPOBEICHHS JUCIIEPCIHHOTO
aHaJIi3y JUIsl OL[IHIOBAHHS JOCTOBIPHOCTI OTpHMaHMX pe3ynbraTiB (Statistica 9.0).
Po3paxyHKOBO-TIOPIBHSJIBHUM ~ METON  BHKOPHCTOBYBaJIM Ui BH3HAYCHHSA
CKOHOMIYHOI Ta €HEepPreTUYHO1 e(PEeKTHBHOCTI 3aCTOCYBAHHS PETYISATOPIB POCTY B
MOCIBax Coi.

Pe3yabTaTu. Y3araabHEHO Pe3yibTaTH JOCTIHKEHb MIKHAPOIHOI HAYKOBOI
CHUIPHOTA WIOJ0 BIUIMBY pI3HUX CTpeciB Ha (i310J0riyHI TpolecH Ta
OPOAYKTUBHICTh POCIMH. 3JIHCHEHO aHali3 Ta Y3arajlbHEHHS Cy4aCHHX
TeXHOJOriM BupomnyBanHs Glycine max., 30kpeMa BHKOPUCTaHHS CHCTEM
JKUBJICHHS Ta PETYIATOPIB POCTYy pociuH. [3 ypaxyBaHHSM 3MiH KJIiMaTy Ta
(bakToOpiB HABKOJMUIIITHHOTO CEPEIOBHUIIA BUKOPUCTAHHS PETYISITOPIB POCTY POCIHUH
BUSIBUJIOCS BaYKJIMBUM pe3epBoM TUIS cTabim3artii PO3BHUTKY
CUIbCHKOTOCIIONAPCHKUX KYJIBTYp Ta IMiJBHUINCHHS BpOXKaiHOCTI, 30kpema Glycine
max L.

VY nucepTartiiiniii poO6OTI HaBEJACHO TEOPETUYHE y3arajlbHEHHS i BUPIIIICHHS
HAyKOBOTO 3aBJIaHHS II0JI0 BUBUYEHHS CyYaCHHUX METOJIIB BU3HAYEHHS CTpECy Ta
HOTO BIUIMBY Ha PICT Ta PO3BUTOK POCIHH COi K Y KOHTPOJIHOBAHOMY CEPEIOBHIIII,
Tak 1 B moiboBuX ymoBax JliBoOepexxnoro Jlicocrermy VYxkpainu. B ocHOBY
MOKJIAJICHO BUBYEHHS COPTOBUX OCOOJIMBOCTEH (hOpMyBaHHS MPOAYKTUBHOCTI
POCIIMH COi 3a 3aCTOCYBAaHHS PI3HUX PETYIATOPIB POCTY 3 aHTUCTPECOBOIO TIEIO.
Otpumani pesynbratd 2021-2023 pokiB JOCTITKEHb JO3BOJIIOTH 3pOOUTH TaKi

BHUCHOBKHM.
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Buxonsum 3 cyMu akTHBHHX TeMIIEpaTyp Ta KUTBKOCTI OmajiB, HaMu OyIo
pospaxoBano I'TK s nepionaiB Beretartii coi (TpaBeHb—BepeceHsb 2021-2023 pp.).
Tak, HaWOUIBII moOCynUIMBI ymMoBH Oynu B 2023 pori, mpo M0 CBIAYHUTH
I'TK = 1,19. Hopmaneaum 3a 3BostoskeHHssM OyB 2021 pik (I'TK = 1,23), toni sik
2022 pik OyB BoJOTHUM, IO TiATBEpKYy€E po3paxoBanuii ' TK = 1,44,

Orxe, Oynau CTBOpEeHI pealibHI YMOBHM JUJI BUSIBICHHS peaiizailii
010JI0T1YHOTO MOTEHIIIATy POCIHH €O Ta (POpMyBaHHS BPOKAIO Ta HOTO SIKOCTI 3a
BIJIMIHHHUX METEOPOJIOTTYHUX MapaMeTpiB.

HoBu3na pgocnikeHb TONSATaE B KOMIUIGKCHOMY BHBYEHH1 BIUTUBY
crpecoBux (akTopiB Ha picT Ta po3sutok Glycine max L. Vmepiue mposeneHo
BEreTalliiHi JOCIIDKEHHS B KIIIMAaTUYHIN KaMepi XE€HAHCHKOTO 1THCTUTYTY HAyKH Ta
TEXHOJIOT1HI (m. Ciabesin,  Kwurall) Ta  monpoBI  AOCHDKEHHS B
HaByaJbHO-HAykOoBOMYy KoMIuiekci Cymcbkoro HAY (M. Cymm, Vkpaina).
3M0IeTTbOBaHO CTPEeCcOBl YMOBH (miaBuIieHa 3aconeHictb 0, 50, 75, 100 mmonb/n
NaCl) Ta BUBYEHO BIUIUB PETYIATOPIB POCTY 3 aHTUCTPECOBOIO Ji€l0. Bru3HaueHo
JUHAMIKY BMICTY OCHOBHUX CIOJYK SIK 1HAMKATOPiB HA CTPECOBI yMOBH. BusiBneHo
BIUTUB PETYIATOPIB POCTY Ha 3HIDKEHHS CTPECOBUX (DAaKTOPIB Ta peati3allito
010JI0T19YHOTO MOTEHITIATY Cy4YaCHUX COPTIB COi.

BusisieHo, mo B KOHTPOIHOBAHUX yMOBax (KJIIMaTHYHA KaMmepa) peryisTop
pocty Amino VG-Antistress ClipusiB MiBUIIEHHIO CTIHKOCTI IO COIBOBOTO CTPECY
Glycine max L. copry Zheng 196 Ha cranii cxoniB. Perymsrop pocTy mocuiroBas
AHTUOKCHUIAHTHY 37IaTHICTh MOJIOJUX MPOPOCTKIB COI Ta MOCJIA0IIOBAB HACIIIKA

COMbLOBOTO cTpecy. Edexkr OyB HaMOUIBIT BUPaXKEHWM 3a KOHIICHTpAIlii COJi
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100 mmoutb/i, 110 TMATBEPKYE 3MaTHICTh PETYIIATOPA MOKPAIyBaTH COJIECTIHKICTh
Col.

3a koH1eHTparii com 50 mMonw/n, 75 mmoinb/n Ta 100 MMOJIB/T aKTUBHICTD
CYMEPOKCHJIUCMYTa31, acKopOaTmepoKcuaa3d Ta Karaja3u 30UIblInIacsa. 3a
koHIeHTparii coii 100 MMOJIB/T aKTUBHICTh CYNEPOKCHUTUCMYTA3H 301JIbIIHUIIACS
Ha 5,78 %, xoua 11e 301IbIIIEHHS HE OyJ0 ICTOTHUM IOPIBHSHO 3 BapiaHTOM, JI€
BUKOPHUCTOBYBAJIM PETYJIATOPH pocTty. Ha mnportwBary 1bOMYy, aKTHBHICTb
ackopOaTIepokcHa3 Ta Karajla3u Ioka3aja 3HauHe 30utbineHHs Ha 30 % Ta
35,96 % BiAMOBITHO 3a Ti€i camMoi KOHIIEHTpAIlii COJIi, TOAl K BMICT MaJOHOBOTO
Jianpaeriay nomiTHO 3HM3UBCS Ha 33 %. Lle mpoaeMoHCTpyBaio, 110 32 BUCOKHUX
KOHIIEHTpAIlll COMl PEeryiIsTop 3HAYHO IIOCHIIIOE AHTHOKCHIAHTHY 3/IaTHICTh
npopocTkiB Glycine max L. Ta 3MeHIIIye OKHCHEHHS MEMOpaH.

Hamu Oys0 gocinigeHo OCHOBHI CIIONIyKU ((PEPMEHTH), sIK1 € iHIUKaTOpaMu
CTIMKOCTI POCIMHHMX OpraHi3mMiB J0 MiABUINEHOI 3acoyieHocTi. Kirrodosi
pe3yabTaT  MPOAEMOHCTPYBIM  €(EKTUBHICTh PEryiasiTopa pocTty Amino
VG-Antistress Ta MATBEPAWIA HOTro MOTEHINAN JJIS IMJABUINCHHS CTIHKOCTI
Glycine max L. BoxHowac pe3ynbTaTtd € akTyajdbHUMH I BUCHUX, SAKI MPArHYTh
PO3POOUTH PEUOBUHHU 3 TIOJIOHUM CKJIAJIOM JIsl CTBOPEHHS HOBUX, €(hEeKTHUBHIIITNX
PETYIATOPIB POCTY 3 AHTHUCTPECOBUMH BIACTUBOCTSAMH. Pe3ynbTarv MpONOHYIOTH
JOJATKOBl JIOKa3HW, WLI0 MIATBEPUKYIOTh (DI310JOTIYHY pOJIb MEJAaTOHIHY Ta
3a0e3MeuyoTh TEOPETUYHY OCHOBY [JIi HOTO 3acCTOCYBaHHS B IIIJBUIIEHHI
COJIECTIMKOCTI B CUIBCHKOTOCTIONAPCHKIiH mpakTuill. i pe3ynpraru MaroTh KIIFOUOBE

3HAYE€HHA JJI1 PO3pOOJICHHS HOBHX PETYIATOPIB POCTYy Ta MIATBEPIXKYIOTH iX
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JOIIJIBHICTh Y BUPIIICHH] aKTyaJIbHOI MMPOOJIEMH 3aCOJICHOCTI IPYHTY.

3a pe3ysibpTaTaMu MOJIBOBHX JIOCIHIKCHb BUSBIICHO, 1[0 OCHOBHI NTapaMeTpH
rabitycy Ta npoaykruaocti Glycine max L. (Bucorta, mioia JMCTKOBOI IIOBEPXHi)
3HaYHO BapilOBAIM 3aJIC)KHO BiJl MOTOJHHUX YMOB, COPTOBHX OCOOIHMBOCTEH Ta
3aCTOCYBaHHs peryisatopiB pocty. Haitbinbmy Bucory (71,4 cm) chopmyBas copt
berrina, a HaliBumumii BMICT xjopodiniB (2,46 MI/r cupoi Macu) Ta HAHOLIBIITY
oy JMcTkoBoi moBepxHi (36,3 Tuc. M*/ra) — copt AypeniHa. 3acToCyBaHHS
npenapaty Antistress 3a0e3meunsio HaWBHUI TMOKA3HUKH BCiX MOP()OIOTIYHHUX
napameTpiB.

HaiiBuimi mnoka3HUKM TPOAYKTUBHOCTI Oynu cdopmoBani B 2023 porii:
KUIbKICTh HaciHHA (32,1 mT.); iHAUBIAyaldbHAa TPOAYKTUBHICTH (6,26 1). Cepen
COpTIB HalOUIbITY KiIbKICTh HaciHHSA (32,0 mT.) chopmyBaB copt Hagiratop, Tomi
K HaOUIBITY Macy HaciHHs (5,63 1) — copT AyperiHa. 3acToCyBaHHS perysaropa
pocty Sugar Mover 3a0e3meuynsao HaWOUIBIIMKA IMOKa3HUK KIJBKOCTI HACiHHS
(31,6 mit.), a Antistress — HaWBHUINY I1HAWBIAyadbHY HPOAYKTUBHICTH POCIUH
(5,65 ).

VY cepennboMy HaWBHINUEN MOKa3HUK ypokaitHocTi Glycine max L. 3a ymoB
2023 poky — 3,23 1/ra. Jlinep — copt Aypemina (2,90 1/ra). MakcumanabHy
BpOKaiHICTh (2,91 T/ra) oTpuManu 3a 3aCTOCyBaHHS mpernapaty Antistress. YMoBH
2023 poky Oymnu HadcnpustauBimumu st popmyBanHs mMacu 1 000 nHaciHuH —
194,8 r. Haii6inemry macy 1000 macinuua chopmyBaB copt berrima — 189,3r.
3acTocyBaHHS PETYISITOPIB pocTy, 30kpema Amino VG Antistress, crpusiio

3HAYHOMY 30UIBIIIEHHIO IHOTO MoKa3Huka (185,2 r).
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3a pesyiabTaramMu O10XIMIYHOTO aHami3y Ha 1HGpadyepBOHOMY aHaIi3aTopi
SupNir 2700 Bu3HaueHo, IO Ha XIMIYHMHA CKJIaJ 3epHa COI BIUIMBAIOTH SIK
TCHEeTUYHUN TOTEHIa COPTYy, TaK 1 arpoTexHiyHl npuiiomu. HaiBummii BmicT
oika (42,0 %) Oyno 3adikcoBaHo B copTy AyperiHa 3a 3aCTOCYyBaHHS Ipernapary
Sugar Mover, a HaiBumwmii BMicT xupy (19,5%) — y coptry Mentop Ha
KOHTPOJILHOMY BapiaHTi, IO CBIIYUTH MPO 3BOPOTHY 3AICKHICTH MK BMICTOM
OlIKa Ta KUY MiJ BIUIMBOM PETYJISITOPIB POCTY. 3a pe3yibTaTaMu 010XIMIYHOTO
aHai3y HaWOUIbINI TOKAa3HMKU BMICTY SK HE3aMIHHHUX, TaK 1 3aMIHHUX
aMIHOKUCTOT Oynu 3adikcoBaHi B cOpTy MeEHTOp 3a BUKOPUCTAHHS Tperapary
Sugar Mover, 1Mo CBIAYUTH MPO BHCOKY €(MEKTHUBHICTH IIi€l KOMOIHAIi IS
T1IBUIIICHHS 010JI0T1YHOT IIHHOCTI 3epHA.

3a pe3ynbpTaTaMu €KOHOMIYHHMX PO3PAaXyHKIB BHUSBJIEHO, 1[0 MaKCUMAaJIbHUIN
piBeHb peHTabenbHOCTI 161 % Oyno oTpuMaHo 3a BHUPOIIYBaHHS COPTY COi
Aypernina Ha KOHTpoJIi. MakcuMaabHy Macy YMOBHO YHCTOTO MPUOYTKY 3 OJIMHUIII
mwiomn (27 228 rpu/ra) Oyno oTpuMaHO 3a BUPOIIYBaHHSA CO1 cOpTy AypeniHa Ta
3aCTOCYBAHHS PETYJISITOpA POCTY 3 aHTUCTPECOBOIO Ji€r0 Antistress. MakcuMaibHi
CepelHi 3HAaueHHA KOe(DIMieHTIB eHeproepeKTUBHOCTI OyJ0 OTpUMAHO 3a
BUPOIIYBaHHS COi COpPTy AypeliHa Ta 3aCTOCYyBaHHS pETyJIsITOpa pPOCTy 3
aHTUCTpecoBoro mieto Antistress (Kee 3,33).

Otxe, 3a pe3yapraraMd JOCHDKEHb B YMOBaxX KOHTPOJHOBAHOTIO
CepeZIoBHILA JTOBEEHO (Di310JOTIUHY pOJb MEJATOHIHY Ta €(EeKTHBHICTh HOro
3aCTOCYBaHHS B IIJIBUIIIEHHI COJIECTIMKOCTI B CUIBCHKOTOCTIONAPCHKIiM mpakTuili. L1

pe3ynbTaTH MaloTh MPaKTHYHE 3HAYE€HHS Ui PO3POOJICHHS HOBUX PEryISATOPIB
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pOCTy Ta MIATBEPIKYIOTh iX €(EKTUBHICTh Yy BHUPIIIECHHI aKTyaJbHOI MPOOJIeMH
3aCOJICHOCTI TPYHTY. JlOIIIBHO JOCTIAWTHA JOBTOCTPOKOBUU BIUIMB PETYJISTOPIB
POCTY Ha PIiCT Ta BPOXKaHHICTh COi 32 Pi3HUX YMOB HaBKOJHUIIIHBOTO CEPEIOBHUIIA Ta
BUBYHTH HOTO TOTEHIIHHY B3a€EMOJII0 3 IHIIMMH CTPECOBUMH (haKTOpaMH sl
PO3pOOJICHHSI KOMIUIEKCHUX T1XO/1B J0 MABUIIEHHS CTIHKOCTI KYJIBTYpPH.

Jliss oTpuMaHHS MaKCHMAaJbHOTO BPOXKAO COi 3 BUCOKMMH TIOKa3HHUKAMH
SKOCTI 3€pHa, HAMBUINOI €EKOHOMIYHOI Ta 010€HEPreTUYHOI €(PEKTUBHOCTI B yMOBax
JliBo6epexnoro Jlicoctenmy VYkpaiHU TEXHOJOTiS BHUPOIIYBaHHS IMOBUHHA
nependayaTd BUKOPUCTAHHS COPTY AypeliiHa 3a MO3aKOPEHEBOTO IiJKUBJICHHS B
BBCHgg g9 perynsitopom pocty Aatuctpec (1,7 xr/ra).

Knwuoei cnoea: cosi, COpPTH, PEryIaTOpU POCTY, OOpoOKa HACIHHA,
M03aKOPEHEBE BHECEHHS, CTPECC, COJIECTIMKICTh, MOpPQOJIOTisS Ta MapaMeTpu
MPOYKTUBHOCTI, BPOXKAaWHICTh, SIKICTh, OLJIOK, JKHpP, €KOHOMIYHA Ta €HEepreTUIHA

¢(hEKTUBHICTb.
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ABSTRACT

Li Ruijie. Methods for reducing soybean stress in the conditions of the
Left-bank forest-steppe of Ukraine. — Manuscript.

Thesis for scientific degree of doctor of philosophy (PhD): Specialty 201 —
Agronomy. — Sumy National Agrarian University, Ministry of education and
science of Ukraine — Sumy, 2025.

Rationale for choosing the research topic. Soybean (Glycine max L.) is the
most important global oil crop and high-protein grain-feeding crop. The soybean
industry has three attributes of economy, politics and society at the same time, and
is of great importance to the national food security, economic growth and social
stability, as well as strategic significance. Soybean is a leguminous plant native to
East Asia and China, and widely cultivated across the globe.

The outcomes of the research conducted by the international scientific
community on the effects of different stresses on plant physiological processes and
productivity have been summarized. The analysis and summary of modern Glycine
max L. cultivation technology, especially the use of nutritional systems and plant
growth regulators (PGR) have been made. With the impact of climate change and
environmental factors, the use of plant growth regulators (PGRs) has proven to be
an important reserve for stabilizing crop development and improving crop yields,
especially in Glycine max L.

With modern changes in climatic conditions and intensification of
agricultural production, the impact of stress conditions on plant growth and

development has increased dramatically. Therefore, there is an obvious need to
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develop modern methods for determining stress factors using the global
developments. Studying the nature of stresses and developing the ways of their
reduction will ensure the realization of the biological potential of agricultural
crops.

To increase the stability of soybean yields, it is essential to use in its entirety
modern technology, such as varietal selection taking into account the agroclimatic
characteristics of the region and the use of growth regulators with anti-stress action.
These physiologically active compounds contribute to more effective mobilization
and utilization of mobile forms of mineral elements, increasing the overall
resistance of plants to biotic and abiotic stresses, which makes research in this area
relevant.

It should be noted that the study of the mechanism of influence of salinity
and growth regulators in a controlled environment on biochemical processes and
morphological indicators has not been carried out, which makes this research to be
of current concern. Therefore, the selected topic is important and of great current
interest, since it has a comprehensive laboratory-field approach and has not been
studied in the conditions of the Left-Bank Forest-Steppe.

Connection of the work with scientific programs, plans, topics. The
research was carried out according to the objectives outlined in the thematic plans
and within the state scientific topics of Sumy National Agrarian University -
“Features of the Formation of the Productivity of Leguminous Crops in the
Conditions of the Forest-Steppe and Steppe of Ukraine”, (No. 0117U006536,

2017-2022) and “Development of Modern Methods for Identifying Stress in
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Agricultural Crops and Ways of Its Reduction” (No. 0121U113642, 2021-2025).

Goal of the research is to determine stress and its impact on the growth and
development of soybean, both in a controlled environment and in the field
conditions of the Left-Bank Forest-Steppe of Ukraine. In the climatic chamber, the
basis is the determination of the dynamics of the content of basic compounds as
indicators of stress conditions and the stabilizing effect of growth regulators. In the
field conditions, this is the analysis of morphological parameters to determine the
influence of growth regulators on the reduction of stress factors and the realization
of the biological potential of modern soybean varieties.

To solve the goal, the following objectives were set:

- To reveal the physiological reaction of Glycine max L. and the influence of
growth regulators on the germination process under artificially created salt stress
(in a controlled environment, PRC).

-To determine the varietal features of the formation of morphological
parameters of Glycine max L. under the use of growth regulators with anti-stress
effect;

- To establish the influence of growth regulators with anti-stress effect on the
productivity and yield of soybean varieties;

-To determine the quality indicators and biochemical analysis of soybean
grain depending on the variety and growth regulators with anti-stress effect;

-To calculate the economic and energy efficiency of the use of growth
regulators for growing soybeans in the conditions of the Left-Bank Forest-Steppe

of Ukraine.
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Object of the research is to evaluate the adaptability of soybean seedlings
to salt stress under artificial conditions and the effects of growth regulators. The
response of soybeans depends on variety characteristics, growth regulators, and
weather conditions.

Subject of the research is Glycine max L., determining stress, types of plant
growth regulators, artificial conditions, abiotic stress (salinity), weather conditions,
yield composition, and cultivation techniques, as well as the economic and energy
efficiency of planting soybean growth regulators in the Left-Bank Forest Steppe of
Ukraine and an artificial climatic chamber at the Henan Institute of Science and
Technology, Xinxiang, China.

Scientific novelty of the outcomes obtained. For the first time, the
enzymatic activity and the mechanism of morphological adaptation of Glycine max
L. seedlings under the artificially created salinity conditions (0, 50, 75, and 100
mM NaCl) have been investigated. The comprehensive research has been firstly
conducted to study the influence of regulators on the growth and development of
Glycine max. under the climatic chamber and field conditions. The varietal
(Amadea, Aurelina, Bettina, Mentor, Navigator) features of soybean productivity
formation when using growth regulators in the conditions of the Forest-Steppe of
Ukraine have been identified. The technology of soybean cultivation for the
conditions of the Forest-Steppe of Ukraine has been optimized. The issue of the
influence of weather and stress conditions on the characteristics of growth,
development and productivity depending on the variety and the use of growth

regulators for foliar application has been further developed. The economic and
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energy efficiency of growing soybean varieties using growth regulators has been
substantiated.

Practical significance of the outcomes obtained. The main components of
the research were verified in the conditions of the Left-Bank Forest-Steppe of
Ukraine, in particular, on the lands of the following farms: SLK-11 (Sumy Region)
and Rodina (Poltava Region) on an area of 42 hectares.

The soybean growing technology, which has ensured grain yields of 2.89
and 2.91 t/ha, respectively, is recommended for production. Its effectiveness has
been confirmed as follows: conditional net profit — 24. 928 and 25. 534 UAH/ha;
production profitability — 140.2 and 146.7%, respectively.

Research methods. In the process of conducting the research, a complex of
general scientific and special methods was used. In artificial environmental
chamber, leaves were treated with 100mg/L concentration of glycine betaine (GB)
and Amino VG ANTISRESS at a concentration of 250 ml/h, once daily, twice.
Samples were taken when the seedlings grew three leaves and one needle, with
three-time repetition for each group. CK is the control group, Amino VG
ANTISRESS and glycine betaine (GB) are the experimental groups. The
physiological indicators in artificial climate chamber include chlorophyll content,
enzyme activity (SOD, CAT, APX), malondialdehyde, and relative conductivity.

The visual method was used to conduct phenological observations of the
main phases of growth and development of soybean plants. The measuring and

weighing method was used to determine biometric indicators, in particular plant
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height, leaf surface area, number and mass of beans, mass of seeds from one plant
(individual productivity), as well as soybean yield.

The chemical methods were used to determine the chlorophyll content and
seed quality indicators, in particular protein and fat content. The mathematical and
statistical method involved conducting a variance analysis to assess the reliability
of the results obtained. The calculation and comparative method was used to
determine the economic and energy efficiency of the use of mineral fertilizers and
foliar feeding in soybean crops.

Scientific outcomes. The thesis provides for a theoretical generalization and
resolution of the scientific task concerning the study of modern methods for
determining stress and its impact on the growth and development of soybean
plants, both in controlled environments and under the field conditions of the
Left-Bank Forest-Steppe of Ukraine. The study is based on examining the
variety-specific characteristics of soybean productivity formation when applying
various growth regulators with anti-stress effects. The results obtained from the
research conducted between 2021 and 2023 enable to make the following
conclusions.

The research outcomes and their novelty consist in a comprehensive study of
the influence of stress factors on the growth and development of Glycine max. The
vegetative (in the climatic chamber) studies were conducted at the Henan Institute
of Science and Technology (PRC) and field studies were conducted at the
educational and scientific complex of Sumy National Agrarian University

(Ukraine). The stress conditions (increased salinity) were modeled, and the effect
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of growth regulators with anti-stress action was studied. The dynamics of the
content of basic compounds as indicators of stress conditions was determined. The
influence of growth regulators on the reduction of stress factors and the realization
of the biological potential of modern soybean varieties was revealed.

It has been established that the north-eastern Forest-Steppe zone of Ukraine
is favorable for growing soybeans. According to the analysis of weather
conditions, the years studied were excellent in terms of meteorological parameters,
which made it possible to detect the realization of the biological potential of
soybeans. The driest conditions were in 2023, as evidenced by GTK = 1.19. The
normal humidity was 2021 (GTC=1.23). The year 2022 was humid, confirming the
calculated GTC=1.44,

The research was conducted in an artificial climatic chamber at the Henan
Institute of Science and Technology, Xinxiang, China. The Amino VG-Antistress
regulator was evaluated for its ability to improve the salt tolerance of the Zheng
196 soybean variety at the seedling stage. The regulator enhanced the antioxidant
capacity of Zheng 196 soybean seedlings and mitigated the effects of salt stress.
The effect was most pronounced at a salt concentration of 200 mmol/L, confirming
the regulator’s ability to improve soybean salt resistance.

According to the climatic chamber research under the salt concentrations of
50 mmol/L, 75 mmol/L, and 100 mmol/L, the activities of superoxide dismutase,
ascorbate peroxidase, and catalase all increased. At a salt concentration of
100 mmol/L, superoxide dismutase activity increased by 5.78%, though this

increase was not effect of a growth regulator significant. In contrast, ascorbate
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peroxidase and catalase activities showed significant increases of 30% and
35.96%, respectively, at the same salt concentration, while malondialdehyde
content notably decreased by 33%. This demonstrated that under high salt
concentrations, the regulator significantly enhanced the antioxidant capacity of
soybean seedlings and reduced membrane oxidation.

The main compounds (enzymes) that are the indicators of resistance of plant
organisms to increased salinity were studied. The key findings demonstrated the
effectiveness of the regulator and highlighted its potential for increasing resistance.
Along with this, the results are relevant for scientists seeking to develop substances
with similar compositions to create newer, more effective growth regulators with
anti-stress properties. The results offer additional evidence supporting the
physiological role of melatonin and provide a theoretical foundation for its
application in enhancing salt tolerance in agricultural practices. These findings are
crucial for advancing the development of new growth regulators and provide
scientific evidence supporting their feasibility in addressing the growing challenge
of soil salinity.

The field research results revealed that the main plant morphology and
productivity parameters (height, leaf area) varied significantly depending on
weather conditions, variety characteristics, and growth regulator application. The
Bettina variety achieved the greatest height (71.4 cm), while the Aurelina variety
exhibited the highest chlorophyll content (2.46 mg/g fresh weight) and leaf area
(36.3 m*/ha). Application of the Antistress preparation yielded the highest values

for all morphological parameters.
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Another important indicator of crop structure is the mass and quantity of
seeds from one plant. The highest productivity indicators were achieved in 2023:
seed count (32.1 pieces); individual productivity (6.26 g). Among the varieties,
Navigator produced the highest seed count (32.0 pieces), while Aurelia yielded the
highest seed mass (5.63 g). The application of the growth regulator Sugar Mover
resulted in the highest seed count (31.6 pieces), while Antistress achieved the
highest individual plant productivity.

The average highest yield indicator under the conditions of 2023 was 3.23
t/ha. The leader was the variety Aurelina (2.90 t/ha). The highest yield (2.91 t/ha)
was achieved at the level of applying the Antistress preparation. The conditions of
2023 were the most favorable for forming a 1000-grain weight of 194.8 g. The
variety Bettina formed the largest 1000-grain weight at 189.3 g. The application of
growth regulators, including Amino VG Antistress, significantly increased this
indicator (185.2 g).

It was established that both the genetic potential of the variety and
agronomic techniques influence the chemical composition of soybean grain. The
highest protein content (42.0%) was recorded in the Aureliana variety with the
application of Sugar Mover, while the highest fat content (19.5%) was observed in
the Mentor variety under control conditions, indicating an inverse relationship
between protein and fat content under the influence of growth regulators.
Biochemical analysis results showed the highest levels of both essential and

non-essential amino acids in the Mentor variety with the use of Sugar Mover,
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demonstrating the high effectiveness of this combination for enhancing the
biological value of the grain.

The economic calculations revealed that the highest profitability level of
161% was achieved by cultivating the Aurelia soybean variety under control
conditions. The maximum conditional net profit per unit area (27,228 UAH/ha)
was obtained by growing the Aurelia soybean variety and applying the
stress-protective growth regulator Antistress. The highest average energy
efficiency coefficients were achieved by cultivating the Aurelia soybean variety
and applying the stress-protective growth regulator Antistress (Kee 3.33).

Keywords: soybean, variety, growth regulators, seed treatment, foliar
feeding, stress, salt tolerance, morphology and productivity parameters, yield,

quality, protein, fat, economic and energy efficiency.
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INTRODUCTION

Soybean (Glycine max L.) is the global most important oil crop and
high-protein grain-feeding crop. The soybean industry has three attributes of
economy, politics and society at the same time, and is of great importance to a
country’s food security, economic growth and social stability and strategic
significance. Soybean is a leguminous plant native to East Asia, native to China,
and widely cultivated across the globe.

Soybean can be processed into bean products such as tofu, soybean milk,
rolls of dried bean milk creams, etc., and soybean isoflavones can also be extracted.
Among them, fermented bean products include fermented bean curd, stinky tofu,
bean paste, soy sauce, lobster sauce, natto, etc. Non fermented bean products
include water tofu, dried tofu, bean sprouts, marinated bean products, fried bean
products, smoked bean products, fried marinated bean products, frozen bean
products, dried bean products, etc. In addition, soy flour is a high protein food that
replaces meat, and can be made into various foods, including baby food [1, 2].

Soybean oil produced by soybean processing is an important type of oil
used. It is an important source of unsaturated fat acids in the human body, can
reduce cholesterol, and has an auxiliary therapeutic effect on hypertension and
cardiovascular disease. Refined soybean oil extracted from soybean oil is mainly
used in food. Soybean oil contains a large amount of linoleic acid. Linoleic acid is
an essential fatty acid in the human body and has important physiological
functions. Lack of linoleic acid in young children can lead to dry skin, thickened

scales, and delayed growth and development; lack of linoleic acid in elderly people
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can lead to cataracts and cardiovascular and cerebrovascular diseases [3, 4].

Livestock feed is one of the main uses of soybeans, mainly in the form of
soybean meal. About 85% of soybean meal is used for poultry and pig farming,
and the various amino acids contained in soybean meal are suitable for the
nutrition needs of poultry and pigs. For example, in the European Union, although
soybean meal does not account for the majority of livestock feed weight, it
provides about 60% of the protein in livestock feed. However, in the United States,
70% of soybean production is used for animal feed, and the poultry industry is the
largest livestock industry for soybean consumption [5, 6, 7].

Soybeans are not only crops and strategic materials with high economic
value, but also indispensable in our daily life and production, playing an important
role in human health and industrial production. The improvement in the people’s
living standards and the progress of production levels lead to a increase in the
demand for soybeans, and therefore, improvement in the yield and quality of
soybeans are crucial for agricultural production.

With modern changes in climatic conditions and intensification of
agricultural production, the impact of stress conditions on plant growth and
development has increased dramatically. Therefore, there is an obvious need to
develop modern methods for determining stress factors using the global
developments. Studying the nature of stresses and developing ways to reduce them
will ensure the realization of the biological potential of agricultural crops.

To increase the stability of soybean yields, it is essential to comprehensively

use modern technology, such as varietal selection taking into account the
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agroclimatic characteristics of the region and the use of growth regulators with
anti-stress action. These physiologically active compounds contribute to more
effective mobilization and utilization of mobile forms of mineral elements,
increasing the overall resistance of plants to biotic and abiotic stresses, which
makes research in this area relevant.

It should be noted that the study of the mechanism of the influence of
salinity and growth regulators in a controlled environment on biochemical
processes and morphological indicators has not been carried out, which makes
these studies relevant. Therefore, the selected topic is important and relevant, since
it has a comprehensive laboratory-field approach and has not been studied in the
conditions of the Left-Bank Forest-Steppe.

Connection of the work with scientific programs, plans, topics. The
research was carried out according to the objectives outlined in the thematic plans
and within the state scientific topics of Sumy National Agrarian University -
“Features of the Formation of the Productivity of Leguminous Crops in the
Conditions of the Forest-Steppe and Steppe of Ukraine”, (No. 0117U006536,
2017-2022) and “Development of Modern Methods for Identifying Stress in
Agricultural Crops and Ways of Its Reduction” (No. 0121U113642, 2021-2025).

Goal of the research is to determine stress and its impact on the growth and
development of soybean, both in a controlled environment and in the field
conditions of the Left-Bank Forest-Steppe of Ukraine. In the climatic chamber, the
basis is the determination of the dynamics of the content of basic compounds as

indicators of stress conditions and the stabilizing effect of growth regulators. In the
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field conditions, this is the analysis of morphological parameters to determine the
influence of growth regulators on the reduction of stress factors and the realization
of the biological potential of modern soybean varieties.

To solve the goal, the following objectives were set:

- To reveal the physiological reaction of Glycine max. and the influence of
growth regulators on the germination process under artificially created salt stress
(in a controlled environment, PRC).

- To determine the varietal features of the formation of morphological
parameters of Glycine max. under the use of growth regulators with anti-stress
effect;

- To establish the influence of growth regulators with anti-stress effect on
the productivity and yield of soybean varieties;

- To determine the quality indicators and biochemical analysis of soybean
grain depending on the variety and growth regulators with anti-stress effect;

- To calculate the economic and energy efficiency of the use of growth
regulators for growing soybeans in the conditions of the Left-Bank Forest-Steppe
of Ukraine.

Object of the research is to evaluate the adaptability of soybean seedlings
to salt stress under artificial conditions and the effects of growth regulators. The
response of soybeans depends on variety characteristics, growth regulators, and
weather conditions.

Subject of the research is Glycine max L., determining stress, types of plant

growth regulators, artificial conditions, abiotic stress (salinity), weather conditions,
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yield composition, and cultivation techniques, as well as the economic and energy
efficiency of planting soybean growth regulators in the Left-Bank Forest Steppe of
Ukraine and an artificial climatic chamber at the Henan Institute of Science and
Technology, Xinxiang, China.

Scientific novelty of the outcomes obtained. For the first time, the
enzymatic activity and the mechanism of morphological adaptation of Glycine max.
seedlings under the artificially created salinity conditions (0, 50, 75, and 100 mM
NaCl) have been investigated. The comprehensive research has been firstly
conducted to study the influence of regulators on the growth and development of
Glycine max. under the climatic chamber and field conditions. The varietal
(Amadea, Aurelina, Bettina, Mentor, Navigator) features of soybean productivity
formation when using growth regulators in the conditions of the Forest-Steppe of
Ukraine have been identified. The technology of soybean cultivation for the
conditions of the Forest-Steppe of Ukraine has been optimized. The issue of the
influence of weather and stress conditions on the characteristics of growth,
development and productivity depending on the variety and the use of growth
regulators for foliar application has been further developed. The economic and
energy efficiency of growing soybean varieties using growth regulators has been
substantiated.

Research methods. In the process of conducting the research, a complex of
general scientific and special methods was used. In artificial environmental
chamber, leaves were treated with 100mg/L concentration of glycine betaine (GB)

and Amino VG ANTISRESS at a concentration of 250 ml/h, once daily, twice.
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Samples were taken when the seedlings grew three leaves and one needle, with
three-time repetition for each group. CK is the control group, Amino VG
ANTISRESS and glycine betaine (GB) are the experimental groups. The
physiological indicators in artificial climate chamber include chlorophyll content,
enzyme activity (SOD, CAT, APX), malondialdehyde, and relative conductivity.

The visual method was used to conduct phenological observations of the
main phases of growth and development of soybean plants. The measuring and
weighing method was used to determine biometric indicators, in particular plant
height, leaf surface area, number and mass of beans, mass of seeds from one plant
(individual productivity), as well as soybean yield.

The chemical methods were used to determine the chlorophyll content and
seed quality indicators, in particular protein and fat content. The mathematical and
statistical method involved conducting a variance analysis to assess the reliability
of the results obtained. The calculation and comparative method was used to
determine the economic and energy efficiency of the use of mineral fertilizers and
foliar feeding in soybean crops.

Practical significance of the outcomes obtained. The main components of
the research were verified in the conditions of the Left-Bank Forest-Steppe of
Ukraine, in particular, on the lands of the following farms: SLK-11 (Sumy Region)
and Rodina (Poltava Region) on an area of 42 hectares.

The soybean growing technology, which has ensured grain yields of 2.89
and 2.91 t/ha, respectively, is recommended for production. Its effectiveness has

been confirmed as follows: conditional net profit — 24. 928 and 25. 534 UAH/ha;
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production profitability — 140.2 and 146.7%, respectively.

Personal contribution of the applicant. The personal contribution of the
applicant consists in searching, analyzing and systematizing scientific works of
domestic and foreign scientists; performing the experimental part of the research,
including conducting field and laboratory experiments; applying modern
mathematical and statistical methods of data processing to generalize and interpret
the results; forming scientifically sound conclusions and developing practical
recommendations for production. An important component is the vegetation
research in the controlled environment, which the applicant has conducted in the
climatic chamber at the Henan Institute of Science and Technology, Xinxiang,
China. Together with the scientific supervisor, all the main provisions of the PhD
thesis submitted for defense have been summarized and worked out.

Approbation of the results of the dissertation. The main results of the PhD
thesis research were approved at the international scientific and practical
conferences, in particular: Honchariv Readings (Sumy, 2021-2025); Ukrainian
Scientific Conference of Students and Postgraduates, dedicated to the International
Student Day (Sumy, November 17-21, 2025).

Publications. The main provisions of the PhD thesis are covered in 8
scientific works, in particular: 1 article in a publication indexed in the Scopus
database (Q-3); 3 articles in the Ukrainian professional scientific publications of
Category B; 4 abstracts of reports of scientific and practical conferences.

Structure and scope of the PhD thesis. The PhD thesis consists of an

introduction, five chapters, conclusions, recommendations for production, a list of
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used sources and appendices. The total volume of the work is 184 pages. The work
contains 16 tables, 13 figures and 12 appendices. The list of used sources includes

237 names, 192 of which are given in Latin.
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SECTION 1

COMPOSITION OF MODERN CULTIVATION TECHNIQUES OF
SOYBEAN (GLYCINE MAX.L.) AND ITS REPONSE TO STRESS

(LITERATURE REVIEW)

1.1. Status and prospects of growing soybean (Glycine max. L.)

At present, the soybean planting area in 98 countries and regions across the
globe is 127 million hectares, with a yield of 353 million tons. The top five
countries in terms of planting area are Brazil, the United States, Argentina, India,
and China, with soybean planting area accounting for 85.8% of the global total
soybean planting area [8]. Since 2000, the global soybean planting area has rapidly
increased from 73.44 million hectares in 2000 to 113 million hectares in 2015,
constituting an increase of 53.8%. Among them, American (mainly produced by
the United States, Brazil, Canada, and Argentina) is the region with the largest
soybean planting area in the world — a planting area of over 5000 hm?, accounting
for over 70% of the global planting area; the planting area in Asia exceeds 16
million hectares, accounting for approximately 24% of the global soybean planting
area, with the main planting countries being China and India; the soybean planting
area in Europe and Africa is less than 2 million hectares, accounting for
approximately 2.5% of the global soybean planting area [9, 10, 11].

The American countries such as the United States, Brazil, and Argentina
mainly focus on developing genetically modified soybeans. Due to their seasonal

climate, genetic technology, and management measures, the future development
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trend will continue to develop genetically modified soybeans, leveraging their low
planting costs and high yields. With the implementation of the Chinese Belt and
Road Initiative, Ukraine, as the world’s third largest grain exporter, is actively
cooperating with China to increase its share of soybean exports [12]. Despite the
fact that India has also the idea of exporting soybeans to China, its non-genetically
modified soybean production is too low-scale to meet domestic demand, and
cannot be achieved in the short term [13]. Countries across the globe have different
attitudes towards genetically modified soybeans, and countries such as the
Americas hold an open attitude. However, in July 2016, the United States signed
the mandatory labeling of genetically modified foods bill stipulating for mandatory
labeling of food containing genetically modified ingredients [14]. In addition,
countries such as Canada and Argentina adopt voluntary labeling of genetically
modified foods [15, 16]. The EU requires that genetically modified ingredients
exceed 0.9%, and Brazil requires that genetically modified ingredients exceed 1%
to be labeled [16]. In 2001, Japan passed regulations requiring the labeling of
genetically modified foods [17]. Many countries in the European Union, China,
Japan, South Korea, Russia, and Southeast Asia also impose strict restrictions on

genetically modified soybean food.
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1.2. Systematic and structural features of the soybean (Glycine max.L) plant

The soybean genus can be divided into two subgenus, Glycine and Soja. The
Soja subgenus includes cultivated soybean G. max and wild soybean, which are
considered separate species of G. soja or subspecies of G. max subsp. soja.
Cultivated soybeans and wild soybeans are annual plants [18, 19].

Soybeans generally refer to their seeds. Soybeans are divided into five
categories based on their seed coat color and shape: yellow soybeans, green
soybeans, black soybeans, and feed soybeans. Yellow soybean is the most widely
planted variety among soybeans [20, 21].

Yellow soybeans are most commonly used for making various soy products,
brewing soy sauce, and extracting protein. Soybean residue or ground into coarse
powder is also commonly used in poultry and livestock feed. Green soybeans are
soybeans with a green seed coat. According to the color of its cotyledons, it can be
further divided into two types: green skinned green kernel soybeans and green
skinned yellow kernel soybeans [22]. Green soybean is rich in unsaturated fat acid
and soybean lecithin, saponin, protease inhibitor, isoflavone, molybdenum,
selenium and other anti-cancer ingredients, protein and fiber. It is also one of the
main sources of vitamin A, vitamin C, vitamin K and vitamin B for human
consumption [23]. Black beans are the black seeds of the soybean plant in the
leguminous family. Black beans have a protein content of 36% and are easy to
digest, which is of great significance for meeting the human body’s protein needs,
the fat content is 16%, mainly containing unsaturated fat acids, and the absorption

rate is up to 95%. In addition to meeting the needs of the human body for fat, it
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also has the function of reducing cholesterol in the blood. Black beans are rich in
vitamins, vitellin, and melanin, among which the B and E vitamins are high in
content and have nutritional and health benefits. Black beans also contain abundant
trace elements, which are essential for maintaining functional integrity, delaying
aging, reducing blood viscosity, and meeting the brain’s demand for trace
substances [24, 25]. Forage beans are annual herbaceous plants in the leguminous
family and a type of feed in the soybean genus with a developed root system where
the stem is above 150cm in height, initially erect, with a trailing upper part,
densely covered with yellow long hard hairs [26].

The first stage of soybean growth is germination. When the embryonic root
of the seed appears, this is the first stage of root growth, which occurs within the
first 48 hours under ideal growth conditions [27]. The first photosynthetic structure,
namely cotyledons, develops from the hypocotyl, which is the first plant structure
to appear in the soil. These cotyledons are both leaves and a source of nutrients for
immature plants, providing seedling nutrition for the first 7 to 10 days.

Soybeans, as annual herbs, are 30-90 cm tall. The stem is thick and erect, or
the upper part is nearly intertwined, with more or less edges on the upper part,
densely covered with brown long hard hairs. Leaves usually have 3 leaflets;
stipules broadly ovate, acuminate, 3-7 mm long, veined, covered with yellow
pubescence; The petiole is 2-20 cm long, sparsely pilose or angular when young,
and covered with long hard hairs. The leaflets are papery, broadly ovate, nearly
circular or elliptically lanceolate, with a larger terminal leaflet, 5-12 cm in length

and 2.5-8 cm in width. The apex is acuminate or nearly circular, rarely obtuse, with
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a small pointed protrusion. The base is wide cuneate or circular, and the lateral
leaflets are smaller, obliquely ovate, usually sparsely hispid on both sides or
glabrous below; 5 lateral veins are on each side; stipules lanceolate, 1-2 mm long.
The petiole is 1.5-4 millimeters long and covered with yellowish brown long hard
hairs [28, 29].

The raceme of soybean is short with few flowers and long with many
flowers; The total length of the pedicel is 10 to 35 millimeters or longer, usually
consisting of 5 to 8 sessile, tightly packed flowers. The lower flowers of the plant
are sometimes solitary or paired in leaf axils; bracts lanceolate, 2-3 mm long,
strigose; bracteoles lanceolate, 2-3 mm long, with appressed setae; calyx is of 4-6
millimeter long, densely covered with long hard or rough hairs, often deeply
divided into two lips, 5 lobes, lanceolate, 2 upper lobes often connate to above the
middle, 3 lower lobes are separated, all densely is covered with white villous hairs.
Flowers are purple, light purple or white, 4.5-8 (10) mm long, flag petal obovate
suborbicular, apex slightly concave and usually reflexed, base with a petiole, wing
petal castor shaped, base narrow, petiole and ear, keel petal obliquely obovate,
having a short petiole; stamen dimorphism. There are underdeveloped glands at the
base of the ovary [30].

The soybean pods are plump, oblong, slightly curved, pendulous,
chartreuse, 4-7.5cm long, 8-15mm wide, densely covered with brown yellow long
hairs; 2-5 seeds, elliptical, nearly spherical, ovoid to oblong, approximately 1 cm
long and 5-8 mm wide, with a smooth seed coat and a variety of light green,

yellow, brown, and black colors, depending on the variety.
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The shell of mature soybeans is hard and waterproof, which can protect the
cotyledons and hypocotyls (or buds) from damage. If the seed coat cracks, the seed
will not germinate. The visible scars on the seed coat are called gates (colors
include black, brown, light yellow, gray, and yellow), and one end of the gate is a
micropore, a small hole on the seed coat that can absorb water and germinate [31].
Some seeds, such as soybeans containing very high levels of protein, can be dried

but survive and revive after absorbing water [32].

1.3. Impact of environmental factors on soybean (Glycine max.L)

Environmental factors are of particular importance for the growth and
development of soybeans, as they directly affect their yield and quality. Therefore,
it is important to understand the existence pattern of soybeans, mainly including
the following 5 aspects:

Lighting requirements. Soybeans are photogenic and belong to the
category of short day crops. Short day plants are plants that have less than a certain
critical day length of sunlight to form flower buds, or to promote flower bud
formation. Long nights and shorter days can promote the reproductive growth of
soybean plants and inhibit nutritional growth. Shortening sunlight can promote
flower bud differentiation and early flowering and maturation. When the first
compound leaf of the seedling grows, it begins to respond to light. When the calyx
primordium appears in the plant, it indicates that the light stage has been

completed. The impact of light on soybean quality includes two aspects: light
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duration and light intensity. The length of light duration changes the growth period

of soybeans, and light intensity affects their photosynthesis [33, 34]. According to
the research, the effect of increasing light on soybean fat content after flowering
shows that increasing light hours have increased fat content and decreased protein
content [35-40]. With the decrease in light intensity, the protein content of soybean
shows an upward trend, and the fat content decreases. The total protein and fat
content increases [41, 42, 43].

Temperature requirements. Soybeans prefer warmth, and high
temperatures within a certain temperature range are beneficial for their growth and
development. Seeds begin to germinate at 10-12°C, with 15-20°C being the
optimal temperature for growth at 20-25 °C. The optimal temperature for flowering
and podding is 20-28°C. At low temperatures, podding is delayed, and plants
cannot bloom below 14°C. Plants with high temperatures end their growth early.
Seed germination must occur at a temperature of 10-12°C, and around 15-20°C is
the most suitable temperature for germination. The temperature for growth should
be between 20-25°C, and during the flowering and podding period, the temperature
should be controlled between 20-28°C. If the temperature does not reach 20-28°C,
the time for podding will be delayed. If it is below 14°C, it is not possible to bloom
[44, 45]. Therefore, when planting soybeans, if the temperature is too high, it will
wait for the pillars of the soybean to end growing earlier. The temperature factor
can be divided into two phases: high and low temperature and temperature
difference. High temperature causes an increase in protein content, while lower and

larger temperature difference is conducive to the formation of fat. The average
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temperature of soybeans during the podding and bulging stages is lower than 20°C,
which is conducive to the formation and conversion of sugar into fat with low oil
content; but if the temperature is higher than 35 °C, especially when the
temperature difference between day and night is little, it is not conducive to the
reduction of oil content during photosynthesis [46, 47, 48, 49].

Water requirements. Soybeans are crops that require a lot of water, and
drought during the podding and bulging stages is an important reason for soybean
yield reduction. It requires a lot of water during its growth period, and its lifelong
water demand pattern is “less, more, and less”, that is, the first one-third period
requires less water, the middle one-third period requires the most water, and the
last one-third period requires less water [50]. There are agricultural proverbs in
China that say “Wet flowers and dry pods yield one hundred and eight per mu” and
“Soybeans bloom and shrimp are touched in the ditch”, reflecting the water
demand characteristics of soybeans. Soybean seeds require more water during
germination, and during the flowering period, they frantically absorb nutrients and
water. During the flowering and podding period, more than 80% of the total
nutrients are absorbed, which means that during the podding period, it is necessary
to provide all the nutrients and water needed for soybean growth to ensure normal
growth. The soil moisture content should be maintained at 70-80%, otherwise the
flower buds may easily fall off [51, 52]. According to the research, precipitation is
positively correlated with protein content and negatively correlated with fat
content, indicating that sufficient water supply is beneficial for the synthesis of

soybean protein, while less rainfall is beneficial for the synthesis of soybean fat.
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This is one of the reasons why the protein content of soybeans is high in the south
and low in the north, while the fat content is high in the north and low in the south.
The protein content increased during the flowering and fruiting stages, while the
fat content decreased. The egg fat content slightly decreased, with the most
significant impact of drought during the fruiting stage. The experiment of
waterlogging stress on summer soybean during the flowering stage showed that
with the extension of waterlogging time, the middle fat content increased and the
protein content decreased [53, 54].

Nutrient requirements. Soybeans require a lot of nutrients throughout their
lifetime. Soybeans are crops that require a large amount of mineral nutrients and a
wide range of varieties. The rhizobia produced by their roots can fix nitrogen in the
air, reduce nitrogen absorption in the soil, and promote fertility [55, 56]. Compared
to rice and wheat, soybeans require two times more nitrogen and 0.5-1.0 times
more phosphorus and potassium to produce one unit of dry matter. The situation in
which soybean needs fertilizer throughout its life is that from emergence to
flowering, the absorption of nitrogen, phosphorus, and potassium accounts for
25-35% of the total absorption. Nitrogen, phosphorus, and potassium are the three
main nutrients necessary for soybean growth and development, their functions
cannot be replaced by each other, and they are indispensable. The nitrogen
requirement from flowering to granulation is about 54% of the total nitrogen
requirement, phosphorus requirement is about 52%, and potassium requirement is
about 62%. Soybeans absorb less than 15% of the total fertilizer before flowering,

while the flowering and podding stage accounts for over 80% of the total fertilizer
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absorption. That is to say, the absorption of nitrogen and potassium in the later
stage of growth is greatly reduced, but the absorption of phosphorus has not yet
stopped [57, 58, 59]. Soybeans mainly require trace elements such as molybdenum,
manganese, zinc, boron, etc. The applyication of molybdenum can generally
increase yield by 5-10%. According to the research, many farmers in China are
currently choosing to apply 225-450 kg/h? of diammonium phosphate during the
flowering and podding stages of soybeans. Combining the prevention and control
of diseases and pests during the bulging stage, spraying potassium dihydrogen
phosphate with plant growth regulators and trace element fertilizers have achieved
good results in increasing soybean yield and improving soybean quality [60].
Applying nitrogen fertilizer has the effect of increasing protein content and
reducing fat conten. The research has shown that phosphorus has the effect of
increasing fat content, while potassium application has a trend of increasing
soybean fat content and reducing protein content. Nitrogen fertilizer has a
significant impact on protein content, while phosphorus and potassium fertilizer
have a significant impact on fat content. An increase in the total amount of
nitrogen, phosphorus, and potassium fertilizers helps to increase the protein
content. The fat content increases from a low to a high period, but both periods
have the best fertilization content. Trace elements require a very small amount, but
their physiological effects are very obvious. The impact of trace elements on
quality is indispensable, and cannot be excessive [61-76].

Soil requirements. Soybeans have a wide adaptability, and the requirements

for soil conditions are not very strict. The loam or sandy loam with deep soil layer,
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good drainage, rich calcium humus, and good structure are the most suitable
sapects. Soybeans are not resistant to acid and alkali, and acidic soil is not
conducive to the development of soybean rhizobia. Soil pH scale should ranges

from 6.8 to 7.5.

1.4. Modern technologies for growing soybean (Glycine max. L)

Soil preparation. Pre-sowing land preparation: pre-sowing land preparation
includes soil cultivation, raking, plowing, pressing, etc. carried out prior to sowing,
such as flat plowing, ridge planting, raking, deep loosening, etc. When turning the
land, the turning depth should be controlled at about 20 cm, which is mainly used
to prevent the land surface from caking and to avoid affecting the cellular
respiration of plants [77].

Pre-sowing irrigation: For plots with poor soil moisture, if irrigation
conditions are available, watering can be done once 1-2 days before sowing,
soaking the soil to facilitate seed germination after sowing.

Pre-sowing closed weeding: If not managed in a timely manner, weeds can
be severely damaged, and mechanical spraying of herbicides is often used before
sowing for field closed weeding [78].

Selected seeds. The selection of soybean seeds is particularly important, as
it relates to whether soybean plants can thrive in the future. Therefore, it is
necessary to choose excellent seeds, which can lay the foundation for high yield

and quality of soybeans [79]. Thus, prior to sowing, diseased seeds, insect eaten
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seeds, small seeds, blighted seeds, and broken petals should be picked out. At the
same time, it is required to eliminate mixed seeds of different varieties based on
the inherent typical characteristics of this variety, such as grain type, grain color,
seed size, navel size, and color depth, in order to improve seed purity. The effect of
using manual seed selection is very good [80]. If a large amount of seeds are used,
a spiral soybean seed selection machine can be used. Its mechanical structure is
simple, easy to move, and suitable for soybean planting professionals to apply. The
purity requirement for selected products is over 97%, and the purity is over 98%.
The purchased seeds should be fully dried, spread out, and stirred in a timely
manner. They should not be exposed to sunlight and stored in a cool and damp
place to avoid mold, which can affect the quality of the seeds and affect the
germination rate [81]. In order to reduce the possible diseases and pests of soybean
during planting, appropriate coating treatment should be taken, and 50%
carbendazim or metronidazole emulsifiable concentrates should be selected for
proper seed dressing [82].

Seed determination and germination test. The selected seeds should be
tested for grain weight and germination rate before sowing. These two tasks are the
basis for calculating the sowing rate. Randomly sample contains 3 selected seeds,
with 100 seeds randomly selected from each sample. It is required to weigh each
seed and calculate the average, which is the weight of the 100 seeds of the variety.
Its unit is expressed in grams. Seed germination rate measurement is as follows: it
is necessary to place 100 seeds from each of the above 3 portions into 3 small

plates or germination dishes, and place them on straw paper or river sand.
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Secondly, it is essential to add water to a thin layer of water, then evenly arrange
the seeds and place them in a warm place around 20 °C to absorb water, expand
and germinate. After 5 to 7 days, to calculate the number of seeds that can grow
and germinate normally, and average the three samples to obtain the germination
rate of the seed. The germination rate required is of over 95% [83, 84].

Seed processing. Currently, sun drying, seed mixing, and seed coating are
the three main methods for treating soybean seeds. Suning seeds refers to the
process of combining seeds that are difficult to store with seeds with high moisture
content [85]. Prior to sowing, the soybean seeds should be exposed to sunlight for
3-5 days before being coated [86]. Seed dressing includes rhizobia seed dressing
and micro fertilizer seed dressing. Rhizobia seed dressing refers to the use of 500 g
of rhizobium agent per mu, which helps prevent seed diseases and pests and
improve soybean yield. The micro fertilizer seed mixing method refers to the use
of chemical fertilizers such as ammonium molybdate and borax to stir the seeds
evenly and sow them in soil lacking trace elements. Seed coating refers to the use
of proprietary seed coating agents that have been inspected and registered to
encapsulate seeds, in order to enhance their resistance to pests and diseases. Before
sowing, mechanical or manual selection should be carried out to remove broken
petals, diseased seeds and insect eating seeds [87].

Reasonable dense planting. To improve the production efficiency of
soybean cultivation, it is necessary to carry out reasonable close planting and
ensure that soybean plants can grow and develop normally. Therefore, it is

essential to reasonably control the planting density of soybeans [88]. The so-called



52

reasonable dense planting refers to correctly handling the relationship between
individuals and groups under local and specific conditions at that time, so as to
maximize the development of the group and ensure the full development of
individuals; Make full use of light energy and soil power per unit area; Under the
same cultivation conditions, the best economic benefits can be achieved [89].
Therefore, a suitable density is not fixed and cannot simply be said to be thin for
fertile land and dense for lean land. The following factors should be considered:
Variety. The richness of variety, such as plant height, number of branches,
and leaf size, is closely related to its density. For varieties with tall and branching
plants, well-developed plant types, and large leaf types, the planting density should
be small; varieties with short and poor lush plants, or varieties with higher plants
but fewer branches and converging plant types, should use higher densities [90].
Fertilizer and water conditions. When the fertilizer and water conditions
are good for the same variety, the plant growth should be lush and the density
should be small. On the contrary, if the fertilizer and water conditions are poor, the
density should be higher. Throughout the entire growth process, fertilization of
soybeans has a serious impact on production efficiency, which to some extent
determines the yield and plant benefits of soybeans [91]. Thus, we cannot save on
the investment of fertilizers, but we cannot waste them to avoid affecting the
growth of the entire plant. During the fertilization process, the ratio of nitrogen,
phosphorus, and potassium should be maintained at 3:2:1, and the amount of
fertilization should be adjusted reasonably according to different soybean varieties.

In addition, during the fertilization process, the depth of fertilization should be
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increased on the original basis, which can increase the stability of soybean roots,
while providing more water and nutrients, and enhancing the lodging resistance of
the entire plant [92].

Variety type and planting season: Summer soybeans in general have a
longer growth period, tall plants, and sparse planting density. Spring soybeans
have a shorter growth period, while autumn soybeans have the shortest growth
period, and their plants are also relatively short. It is advisable to plant them in
close proximity [93].

Sowing period. The sowing time has a significant impact on yield and
quality. Planting too early or too late is detrimental to the growth and development
of soybeans. The important aspects are timely sowing, high seedling preservation
rate, neat and robust emergence, good growth, and thick stems. If sown too late,
although the seedlings may emerge quickly, they may not be robust and appear
evenly. In the northern region, late maturing varieties are susceptible to early frost
damage, posing a risk of green and late maturing to reduce production [94].

Bird prevention. The most effective way to prevent birds at present is still
to directly cover the entire grain field with nylon mesh. In addition, it can be
manually watched over and repelled by birds or sprayed with bird fumigants, but
the effect is not very ideal [95, 96].

Timely harvest. Soybeans should be harvested in a timely manner after the
completion of the production period to ensure that the soybean yield reaches its
maximum value. If the soybean harvest time is too early, the growth period of the

soybean becomes shorter, which can easily lead to incomplete development of the
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soybean and may result in a large number of withered seeds, affecting the quality
of the soybean. If the harvest time is too late, it is easy to cause most mature
varieties to fall naturally leading to a decrease in yield. Therefore, the soybean
harvest time should be neither too early nor too late, and the golden harvest period
Is generally 3-7 days after the soybean matures. If the soybean contains a lot of
water during harvesting, it can be picked together with the pods, and then fully

dried in the sun before finally threshing [97, 98, 99].

1.4.1. Effect of Adversity Stress on Plant Reactive Oxygen Metabolism

Reactive oxygen species (ROS) refer to several metabolites of oxygen with
high chemical reactivity, such as superoxide anion radicals (O,), hydroxyl radicals
(OH"), hydrogen peroxide (H,0,), etc. They have always been considered toxic
byproducts in plant metabolism, which can cause damage to macromolecular
substances such as lipids, proteins, and DNA in plants. Correspondingly, in order
to protect cells from the potential harm of ROS, plants have developed a complete
defense system, including enzymatic antioxidant systems (such as SOD, CAT,
POD, etc.) and non enzymatic antioxidant systems (such as AsA, GSH, etc.) [100,
101]. Since the production and removal of ROS in plants are in a state of dynamic
balance, they generally do not cause harm to plants. However, under adverse
conditions, this balance of plant cells will be broken and a large amount of reactive
oxygen species will be produced. These reactive oxygen species will cause cell
membrane lipid peroxidation with their extremely strong oxidizing properties,

leading to membrane system damage and cell oxidation, causing serious damage to
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Malondialdehyde (MDA) is a product of plant cell membrane lipid
peroxidation, and its content is an important indicator of plant cell membrane lipid
peroxidation and plasma membrane damage. Under different concentrations of
NaCl treatment, the MDA content in the roots of soybean seedlings does not
increase significantly, but it increases in the leaves. Only the MDA content in the
roots of soybeans with strong salt tolerance increases significantly compared with
the control under high salt stress, while the MDA content in the roots and leaves of
soybeans with weak salt tolerance increases, and as the intensity of salt stress
increases [103]. Therefore, it is speculated that halophytic soybeans and soybean
varieties with strong salt tolerance are better able to tolerate salt stress, but the
stress resistance of their organs is different.

Superoxide dismutase (SOD) plays an extremely important role in the
reactive oxygen species scavenging system. It is the first line of defense of the
reactive oxygen species free radical scavenging system in plants. It can catalyze
the disproportionation reaction of O,, and its activity is considered to be an
important indicator of plant resistance to stress [104]. Relevant experiments have
shown [105] that different types of wheat have different changing trends in SOD
activity in vivo under different degrees of high temperature stress. Under mild high
temperature stress, the SOD activity of wheat leaves showed a slowly increasing
and eventually decreasing trend as the treatment time was extended. In general,
SOD activity is positively correlated with plant antioxidant capacity. Under mild or

short-term water stress, SOD activity in plants gradually increases, while it shows
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a downward trend under severe or long-term stress conditions. However, some
studies have found that the changes in SOD activity under adverse stress are
pervasive. For example, as the stress intensity increases, SOD activity decreases,
first decreases and then increases, or remains unchanged [106, 107].
Catalase (CAT) is an important active oxygen scavenging enzyme in plants.
High concentrations of H,O, in plant tissues are mainly decomposed and removed
by CAT. Under ozone stress, the CAT activity of winter wheat leaves increased.
As the stress intensity further increased, its activity was inhibited and gradually
decreased. When the ozone concentration increased again, the CAT activity
decreased rapidly [108].
The main function of POD is to reduce excess H202 in plants to H20 and
02, thereby eliminating the harm of active oxygen to plants. An increase in POD
isoenzyme activity can reduce the damage of reactive oxygen species to cell
membranes to a certain extent, thus protecting plants from damage. POD
isoenzymes are called plant stress proteins. It is one of the important protective
enzymes in the free radical defense system of plants against external stress [109].
Studying the changes of POD enzymes under water stress, it was found that the
POD enzyme activity and the number of enzyme bands in Atractylodes
macrocephala leaves increased with the intensification of water stress. However,
under excessive water stress, the enzyme activity decreased and the number of
enzyme bands reduced. After water stress, enzyme bands not expressed under
normal conditions were detected in the leaves, indicating that drought stress can

induce a new POD isoenzyme encoded by the gene in atractylodes macrocephala
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to remove excessive reactive oxygen species produced in the body due to an
unfavorable ecological environment, thereby reducing the damage to the plant
itself [110]. However, excessive water stress will cause the activity of some
enzyme bands to decrease or even disappear. This may be due to the severe water
deficit reaching the minimum tolerance limit of the plant, and the defense

mechanism in the plant being destroyed. POD isoenzyme is inactivated.

1.5. For more fertilizers processing of soybean (Glycine max. L)

Trace elements are essential for plant growth and development, and can
regulate various physiological and metabolic activities in plants, playing an
important role in the stability and integrity of plant cell membranes [111]. The
research has shown that elements such as calcium, magnesium, and sulfur can
participate in plant particle absorption and affect crop growth, development, and
stress resistance [112]. Molybdenum is involved in the synthesis of nitrogenase
and nitrate reductase in leguminous crops, as well as in soybean nitrogen
metabolism and nodule nitrogen fixation [113]; calcium can stabilize cell walls,
promote cell elongation and division, prevent premature aging of crops, and
improve the quality of soybean seeds [114]; silicon has a good regulatory effect on
soybean photosynthesis rate, root activity, stress resistance, and yield [115]. For a
long time, various trace elements in the soil have been continuously consumed, but
have not been effectively supplemented, resulting in a continuous decrease in the

content of effective trace elements in the soil. Trace elements have become a
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limiting factor for high yield and quality of crops [116].

During the main growth period of soybeans, especially before and after
flowering and podding, there is a high demand for nutrients such as phosphorus,
potassium, calcium, magnesium, and zinc [117]. The expansion and filling of
soybean pods mainly rely on the photosynthesis of leaves to produce organic
nutrients. Therefore, supplementing nutrients and enhancing photosynthesis in the
leaves are crucial for preventing premature leaf senescence. The repeated
application of medium and trace element fertilizers can promote leaf strength,
plump soybean pods, and achieve high yield [118, 119].

Plants can regulate various physiological effects within their bodies through
growth regulators to achieve yield increase [120]. For example, plant growth
regulators can regulate seed germination and growth, preserve flower buds,
promote growth, and enhance crop stress resistance [121]. They have the
advantages of broad-spectrum, high efficiency, low residue, and convenient use,

and are often widely used in field crops such as soybeans [122, 123].

1.5.1 Effect of regulators on soybean (Glycine max. L)

Researchers discovered melatonin (MT, molecular formula C13N2H1602) in
plants in 1995 [124, 125, 126], and elucidated that melatonin could regulate plant
growth and increase crop yield. Under drought stress, the nutritional growth of
leguminous crops in the seedling stage is hindered, plant height growth slows
down, and leaf area decreases. In severe cases, it can directly cause permanent

plant wilting [127]. At the same time, drought stress will also slow down the
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growth and development of big tofu pudding in the flowering and pod stage,

resulting in the shedding of flowers and pods, affecting the formation of grains in
the grain filling stage, and thus causing yield reduction [128]. Melatonin can help
plants resist various stress suppressions. The research has found that melatonin can
promote root growth and development under drought stress [129]. Melatonin also
has a strong ability to scavenge reactive oxygen species (ROS), which can improve
the resistance of legume crops under drought stress [130].

Betaine is a class of quaternary amine compounds. Its chemical name is
N-methyl-glycine. There are mainly 12 kinds of betaine in plants. The simplest and
earliest one to be found and studied is glycine betaine, or betaine for short. Many
higher plants under stress accumulate a large amount of glycine betaine, they are
mainly concentrated in the cytoplasm, as a non-toxic osmotic regulator to maintain
cell osmotic pressure, stabilize the structure of biological macromolecules and cell
membranes, maintain normal physiological functions [131], relieve the effect of
salt concentration on enzyme activity and protect respiratory enzymes and
participate in the process of energy metabolism. Exogenous betaine can maintain
the function of soybean PSII under water stress and reduce the adverse effects of
water stress on PSII [132]. Moreover, the studies have shown that the reproductive
yield of soybean plants grown under drought stress is significantly reduced, and
their leaf area growth rate and biomass accumulation are significantly reduced
[133]. This is due to the weakened photosynthetic capacity and reduced N, fixation
ability [134]. However, the application of betaine to soybean plants under drought

stress showed that betaine increased yield and leaf area growth rate by increasing
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photosynthesis rate and N, fixation process [135].

1.5.2. Prevention and control of pests and diseases

Seeding period: Reasonable selection of resistant (tolerant) varieties for
major pests and diseases, avoiding continuous use of a single variety for many
years [136]. At the same time, sun drying seeds can reduce the incidence of pests
and diseases in the seedling stage, and conducting seed germination rate testing
before sowing can also help predict the risk of pests and diseases [137, 138, 139].
Coating or seed dressing with compound seed coating agent is a key measure to
prevent seed borne diseases, soil borne diseases and underground and seedling
pests of soybean. To pay attention to selecting active ingredient for the disease, for
example, when controlling root rot, stem like spot seed rot and other diseases, you
can choose the compound ingredients of oocides and fungi such as fludioxonil
[140, 141]. Thiamethoxam, imidacloprid, = bromocyanoxamide and
chloramphenicol Benzamide can be used to control underground pests such as
grubs and golden needle worms and seedling pests such as aphids, leaf beetles and
weevils [142, 143]. Active ingredient such as methylamino avermectin can be
selected to control cyst nematode disease.

Seedling stage to branching stage: in large contiguous soybean fields,
insecticidal lamp combined sex attractants and food attractants can be used to
monitor and trap the adults of Scarabaeidae (grub adults), cotton bollworm,
Spodoptera litura and other pests, and biological agents such as Bacillus

thuringiensis and Beauveria bassiana can be used in combination for spraying
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treatment. When the occurrence density of aphids, whitefly, Liriomyza
leguminosae and Spodoptera litura is high, insecticides such as Benzamide,
carbaryl salt, Fenvalerate, Thiamethasone and perchlorofluoride can be used for
spray control at the initial stage of larvae. In addition, according to the occurrence
of soybean stem and leaf diseases such as stem blight, anthrax and leaf spot,
fungicides such as pyrazolidinoxystrobin and fenoxystrobin were selected for spray
control. In addition, spraying immune activators such as amino oligosaccharides
and chain proteins may help improve the immunity of soybean plants to viral
diseases and pests [144].

Flowering and pod stage: on the basis of early prevention and control,
fungicides such as azoxystrobin, benzometh propiconazole and azometh
fluconazole can be sprayed to prevent and control fungal leaf diseases such as rust,
stem and pod blight and Anthrax and other stem and pod diseases according to the
occurrence of soybean diseases and pests. Spiking pests such as Bemisia tabaci and
aphids are the main transmission of viral diseases. Insecticides such as chlorinsect
Benzamide and thiamethoxam can be used for spraying control. During the peak
period of adult pests such as soybean heartworms and bean pod borers, the strip
method can be used to spray biological food attractants to lure and kill them.
Insecticides such as Bacillus thuringiensis, Deltamethrin and Beta-cypermethrin
can also be used to control adults and newly hatched larvae, combining the growth
status of soybeans, applying foliar fertilizers, growth regulators, or immune
inducers to control plant growth, enhancing or maintaining the resistance of

soybean plants to diseases and pests, including preventing premature aging caused



by root rot [142].
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Conclusions to section 1

1. The directions of use and prospects for the cultivation of Glycine max. L.
in the world and Ukraine have been drawn.

2. The research results of the international scientific community on the
effects of different stresses on plant physiological processes and productivity are
summarized.

3. The analysis and summary of modern Glycine max. L. cultivation
technology, especially the use of nutritional systems and plant growth regulators
(PGR) have been made.

4. With the impact of climate change and environmental factors, the use of
plant growth regulators (PGRs) has proven to be an important reserve for
stabilizing crop development and improving crop yields, especially in Glycine max.

L.
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SECTION 2

OBJECT, SUBJECT, AND METHODOLOGY OF THE RESEARCH

2.1. Object, scheme, and methods of the research

The object of the research is to evaluate the adaptability of soybean
seedlings to salt stress under artificial conditions and the effects of growth
regulators. The response of soybeans depends on variety characteristics, growth
tissues, growth regulators, and weather conditions.

The subject of the research is Glycine max L., vapplication methods, types
of plant growth regulators, abiotic stress (salinity), weather conditions, yield
composition, and cultivation techniques, as well as the economic and energy
efficiency of planting soybeans growth regulators in the Left-Bank forest
grasslands of Ukraine and an artificial climate chamber at the Henan Institute of
Science and Technology, Xinxiang, China.

On the topic of the study, the research was conducted according to the
following scheme.

Experiment 1. Effects of salt stress on the growth and physiological features
of Glycine max L. seedlings.

Scheme of experiment 1. Factor A — varieties of Glycine max. (ZHENG196,
ZHENG1307); Factor B — plant growth regulators: control, Amino
VG-ANTISTRESS, Glycine Betaine; Factor C — The level of exposed salt stress

Glycine max (L.) Merr. seedlings: control (CK, water), low salt stress (50 mM
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NaCl), moderate salt stress (75 mM NacCl), and severe salt stress (100 mM NacCl).

Experiment parameters 1: la = 2; Ib = 3; Ic = 4; n=12. Soybean seeds were
grown in 7 X 7 cm nutrient pots using vermiculite. Culture conditions: light time 16
h, light intensity 8000 lumens, day and night temperature 25°C/18°C. After the
seedlings grew two leaves and one needle, the seedlings were irrigated with 50, 75,
100 mmol-L* sodium chloride (NaCl) solutions respectively for stress treatment,
and the seedlings in the other group were irrigated with distilled water as a control.
Leaves were treated with 100mg/L concentration of glycine betaine (GB) and
Amino VG ANTISRESS at a concentration of 250 ml/h, once daily, twice. Samples
were taken when the seedlings grew three leaves and one needle, with three-time
repetition for each group. CK is the control group, Amino VG ANTISRESS and
glycine betaine (GB) are the experimental groups.

Physiological indicators include chlorophyll content, enzyme activity (SOD,
CAT, APX), malondialdehyde, and relative conductivity.

Research methods.

Physiological indicators of salt treated seedlings

Chlorophyll content: using the SPAD-502 chlorophyll meter (Japan) to
measure the SPAD value of leaves, select uniformly sized blades and measure the
same area three times.

Enzyme assays: measure superoxide dismutase (SOD) using NBT
photoreduction method [1]. It is required to remove 0.1g of fresh leaves and add
130mmol/L methionine to 3mL of reaction solution; 750 umol/L NBT; 20 p mol/L

riboflavin; 100 umol/L EDTA-2Na; 50 mmol/L phosphate buffer solution (pH 7.5),
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The enzyme solution to be tested (blank is replaced with buffer solution, and the
tube is zeroed without illumination) is irradiated under 4000 Ix light for 20 minutes,
The blue methylhydrazine produced by NBT photochemical reduction has a
maximum absorption at 560 nm. Under these conditions, the enzyme required to
inhibit the reaction by 50% is 1 activity unit.

Ascorbate peroxidase (APX): take 0.1g of fresh leaves, add 2.5ml of enzyme
extract (50mmol/L phosphate buffer, pH 7.8, 2mmol/L ascorbic acid, 5Smmol/L
EDTA), grind in an ice bath, freeze centrifuge 120009 for 20 minutes, and obtain
the supernatant. Ascorbate peroxidase (APX) activity assay was performed using
the Asada’s method [2], and the changes in A290 were continuously recorded at
room temperature.

Catalase (CAT): take 0.1g of fresh leaves, 5ml of enzyme extract (50mmol/L
phosphate buffer, pH 7.0, 10g/L polyvinylpyrrolidone PVP), grind in an ice bath,
freeze centrifuge 12000g for 20 minutes, and take the supernatant for later use.
Catalase (CAT) activity assay was performed using the method of chance [3] to
continuously record the changes in A240 at 25°C.

Lipid peroxidation (MDA): the content of MDA was determined using TBA
[4]. The assay mixture was heated at 95°C for 30 min and then quickly cooled in
an ice bath. After centrifugation at 10000 g for 20 min, the absorbance of the
supernatant was measured at 450 nm, 532 nm, and 600 nm.

Relative conductivity: Following the method of Niu Lixin [5], wash the
collected leaves with deionized water and cut them into rectangular shapes of

similar size. Weigh 1 g per part and take 3 parallel samples per part. After constant
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temperature treatment in the dark for 1 hour, add 20 mL of deionized water,
immerse the material, and measure the conductivity R; with a conductivity F3-
meter (Mettler Toledo. Inc., Columbus, USA). Heat in a constant temperature
boiling water bath for 20 minutes and cool at room temperature to measure the
total conductivity R,. Finally, use the formula (Ri/R;) x 100 to represent the
relative conductivity (%) of the leaves.

Statistical analysis was conducted using SPSS 22 (IBM, Armonk, NY, USA).
According to Duncan's multiple variance test, there is a significant difference in the

use of different lowercase letters, with P<0.05 indicating the level of significance.

Experiment 2: Varietal features of the formation of Glycine max (L.)
productivity depending on growth regulators in the conditions of the forest-steppe
of Ukraine.

Scheme of experiment 2. Factor A — soybean varieties (Amadea, Aurelina,
Bettina, Mentor, Navigator); Factor B — various growth stimulants with anti-stress
action (Control, Amino VG Antistress, Antistress, Sugar Mover).

The agrotechnics of the study was based on the typical methods of soybean
cultivation for the Left-Bank Forest Steppe, with the exception of experimental
factors. The sowing was carried out in the usual row way (with row spacing of 15
cm) and the norm of sowing 650 thousand. seeds per hectare. Seeds before sowing
were inoculated with the drug Histik Soya (4 kg/t). Mineral nutrition was provided
by the introduction of nitrogen, phosphorus and potassium fertilizers at a dose of

45 kg of active substance per hectare of each element.



89

2.2. Soil and climate conditions over the years of conducting research

Field research was conducted on the arable lands of Sumy National Agrarian
University during 2021-2023 (coordinates: 50°52.742N latitude, 34°46.159E
longitude 137.7 m above sea level). Laboratory research was carried out on the
instrument base of the Center for Collective Use (CCU) of Sumy National National
University (Ukraine) and an artificial climate chamber at the Henan Institute of
Science and Technology, Xinxiang, China.

The research was carried out according to the objectives outlined in the
thematic plans and within the state scientific topics of Sumy National Agrarian
University - “Features of the Formation of the Productivity of Leguminous Crops
in the Conditions of the Forest-Steppe and Steppe of Ukraine”, (No.
0117U006536, 2017-2022) and “Development of Modern Methods for Identifying
Stress in Agricultural Crops and Ways of Its Reduction” (No. 0121U113642,
2021-2025).

The main components of the research were checked in the conditions of the
Left Bank Forest Steppe of Ukraine, in particular on the lands of farms: SLK-11
(Sumy Region) and Rodina (Poltava Region) on an area of 42 hectares.

The direct field research was carried out in the research field near the
greenhouse complex of the University (NSVK Sumy NAU). The soil of the
research area is represented by a typical deep medium-carbon black earth on forest
rocks. Grouping of soils by properties (degree of acidity and alkalinity, humus

content and nutrient content) determined according to DSTU 4362:2004 Soil
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Quality Soil Fertility Indicators. The agrotechnical analysis shows: humus content
ranges from 4.2 to 4.4% (according to Turin); salt pH ranges from 6.0 to 6.1. The
nutrient content for the years of study is shown in Table 2.1. According to the
analysis of the data table, the average nutrient content over the years of research is
within the following range: nitrogen (according to Cornfield) — 133.7 mg/kg of
soil; phosphorus and potassium (according to Chirikov) — 205.6 and 78.0 mg/kg of
soil, respectively. These values were then used to calculate the calculated fertilizer
rate and to adjust the recommended fertilizer rate [1].

In general, according to the recent trends of climate change towards an
increase in the temperature regime, the Sumy Region is conducive to soybean
cultivation and a promising region for the cultivation of chicken pox [4, 133]. This
trend has been observed for the last 10-15 years and makes research into the
choice of research subject relevant.

Weather and climate conditions were characterized by data obtained by the
Institute of Agriculture of the North East of the National Academy of Sciences of
Ukraine, located at a distance of 4 km from the research site.

Thus, 2021 was characterized by sufficient moisture during the period of
sowing of soybeans and nutmeg, which contributed to the rapid swelling of the
grain and the appearance of single shoots. But it should be noted that excessive
humidity and low temperature mode slowed the climbs of heat-wavy juvenile
plants of soybeans and nuts. Thus, in May it fell up to 168.3 mm, and in June —
101.9 mm with an average monthly temperature of 15.5-21.4 °C. The conditions in

July were also unfavorable, including a shortage of precipitation (7.0 mm) and a
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sharp increase in the temperature regime to 25.0°C, which was 4.8°C higher than
the multi-year average. Only August and September were characterized by the
conditions within the medium-long range. But their impact on the formation of the
crop was minimal, since the critical stages of development were in the previous
months. We calculated the sum of active temperatures (over 5°C) — 2950.7 °C, and

moisture supply by precipitation — 377.8 mm. In other words, it is the same.

September 58 41.6 OPrecipitation, mm
August 1597

& 223 B Temperature, C

e g s

June - 512 | 101.9

| 168.3
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0 50 100 150 200

Fig. 2.1. Meteorological parameters of the soybean vegetation period in 2021

(average monthly rainfall (mm) and temperature (°C))

Thus, the weather conditions in 2022 differed in the direction of increasing
the provision of precipitation and reducing the temperature regime. The record
rainfall fell in June (155.3 mm) and September (125.0 mm). It should be noted that
the average monthly temperature in May (13.3 °C) and September (11.6 °C) was
lower than the multi-year average. In total, during the period of May-September

342.3 mm of precipitation fell, for the sum of active temperatures 2490.5 °C. As a
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result of the above differences, namely excessive humidification at low
temperatures, there is a slowdown in the growth and development of nutmeg plants
and a delay in the occurrence of calendar phases of development, in particular

flooding and economic maturity.

[ 125

September OB
August : ;‘32 O Precipitation, mm
Jule _- — | 82 B Temperature, C
June _- T3 1553
May EL 26.1
[I] 50 100 150 200

Fig. 2.2. Meteorological parameters of soybean vegetation period in 2022

(average monthly rainfall (mm) and temperature (°C))

The conditions in 2023 differed somewhat from the multi-year average,
particularly in May, which was 13.3°C cooler compared to the average of 15.6°C.
Precipitation was only 26.1 mm, 27.9 mm below the multi-year average. In June
and July, soil moisture was above the multi-year average of 155.3 mm and 82.0
mm, respectively. It should be noted that precipitation in August was low (23.6
mm). This situation negatively impacted the grain filling process. Meanwhile,
September was wet, with 125 mm of precipitation, exceeding the multi-year

average of 50.0 mm. Regarding temperature, monthly average temperatures
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increased, except for May as mentioned earlier. From May to September, the

monthly average temperature ranged between 15.6-22.8°C. It was calculated that
during the vegetation period, the sum of active temperatures was 2439.0°C, and the

total precipitation - 292.5 mm.
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Fig. 2.3. Meteorological parameters of the soybean growing period in

2023 (average monthly precipitation (mm) and temperature (°C))

A more presentable parameter for assessing annual moisture conditions is
the widely accepted hydrothermal coefficient of Selianinov, i.e., GTC [4]. Based
on the sum of active temperatures and precipitation amounts, we calculated the
HTC for the soybean growing periods (May—September 2021-2023). The obtained

data are presented in Table 2.1.
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Thus, the driest conditions were recorded in 2023, indicated by a GTC of

1.19. The year 2021 had normal moisture levels (GTC=1.23). In contrast, 2022

was a wet year, confirmed by the calculated GTC of 1.44.

Table 2.1
Sumy of active temperatures, sum of precipitation, and hydrothermal

coefficient during the research period (May-September, 2021-2023)

Sum of
Sum of active Year by
Year precipitations, | GTC
temperatures, °C moisture
mm
2021 2871.7 355.0 1.23 Normal
2022 2774.8 399.5 1.44 Wet
2023 2439.0 292.5 1.19 Normal
Average
annual 2829.3 334.2 1.2 Normal
(1989-2019)

Thus, we had the actual conditions to observe the realization of the
biological potential of soybean plants and the formation of yield and its quality

under favorable meteorological parameters.
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Conclusions to section 2

1. The research plan envisions a comprehensive task approach that
involves observing and recording the use of regulators during the seedling stage
and under salt stress, combined with transcriptome differential analysis, to deeply
explore the effects of regulator use on soybean growth.

2. The field research scheme provided for a comprehensive study of the
influence of the variety, weather conditions and growth regulators on the
realization of the biological potential of soybeans.

3. The years studied were excellent in terms of meteorological parameters,
which made it possible to detect the realization of the biological potential of
soybeans. The driest conditions were in 2023, as evidenced by GTK = 1.19. The
normal humidity was 2021 (GTC=1.23). The year 2022 was humid, confirming the
calculated GTC=1.44.

4. The modern methods and methodologies used have enabled to conduct
a comprehensive and reliable analysis of the influence of the investigated factors
on the development of soybean plants and the formation of their productivity.

5. The results obtained will optimize the technology for planting soybeans

(Glycine max.) in the Left-Bank forest grasslands of Ukraine.
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SECTION 3

PHYSIOLOGICAL RESPONSE OF SOYBEAN (GLYCINE MAX.) TO SALT
STRESS AND THE EFFECT OF PLANT GROWTH REGULATORS ON

SEEDLINGS

Salt content in soil is an important environmental factor that affects plant
growth and yield. Salt stress can reduce water potential and lead to ion imbalance,
resulting in toxicity and causing plant yield reduction or death [1]. The response of
plants to salt stress involves physiology, biochemistry, cells, etc [2, 3]. Multiple
changes aim at maintaining high osmotic pressure in the external environment.
Maintaining water balance and normal photosynthetic activity can lead to salt
stress. Although the growth of all plants is inhibited under salt stress, the tolerance
level and degree of growth reduction to lethal salt concentration vary among
different plants [4, 5].

Soil salinization is an important abiotic factor that affects crop yield. With
the deterioration of the environment and unreasonable cultivation, soil salinization
is becoming increasingly severe, affecting the quality and yield of soybeans. There
is a dynamic balance between the production and elimination of reactive oxygen
species and free radicals produced by plants in their life activities. Salt stress can
disrupt the dynamic balance of reactive oxygen species in plants [6]. The
accumulation of reactive oxygen species such as superoxide anions and hydrogen
peroxide can induce membrane lipid peroxidation, increase membrane permeability,
and damage the membrane system, causing serious damage to plants. The reactive

oxygen species scavenging system is coordinated by substances such as superoxide
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dismutase (SOD), catalase (CAT), and acid peroxidase (APX) [7, 8, 9]. Under salt

stress, antioxidant enzymes play an important role in clarifying plant reactive
oxygen species [11]. In order to cope with the obstruction of water absorption
caused by salt stress, plants will carry out osmotic regulation. However, excessive
salt concentration can interfere with the osmotic regulation mechanism of plants,
leading to an imbalance of intracellular and extracellular osmotic pressure, and
affecting plant growth and development [12]. Malondialdehyde (MDA) is one of
the commonly used indicators to measure the degree of oxidative stress, which can
reflect the degree of membrane lipid peroxidation of plants [13, 14].

The increase in salt content in the soil environment can disrupt the ion
stability of plants, resulting in a high permeability state, often accompanied by
secondary harmful effects such as oxidative damage and photosynthesis damage
[15]. Salt stress leads to an increase in the concentration difference of ions inside
and outside plant cells, disrupting the ion balance state. Excessive salt entering
plant cells disrupts the ion balance within the cells, leading to metabolic disorders.
Meanwhile, salt stress can also affect the absorption and utilization of essential
elements such as potassium, calcium, and magnesium by plants, further
exacerbating the disruption of ion balance [16, 17]. Under salt stress, chlorophyll
enzyme activity may increase. Chlorophyllase is an enzyme that can degrade
chlorophyll, and an increase in its activity leads to a decrease in chlorophyll
content. This degradation effect may be an adaptive response of plants to salt stress,
which reduces the absorption of light energy by reducing the content of

chlorophyll, thereby reducing the damage of reactive oxygen species produced by
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excess light energy to cells [10, 18]. Photosynthesis is an extremely important
metabolic process in plants, and its strength has a significant impact on plant
growth, yield, and stress resistance. Chlorophyll content is a physiological
indicator that reflects the intensity of plant photosynthesis [19]. Among plant
factors, changes in the permeability and ion flow rate of the cell membrane itself
can directly lead to the rapid accumulation of active oxygen elements in the plant
body, which further affects the osmotic regulation and photosynthesis ability of the
plant itself, and disrupts the metabolic process and order of the plant during growth
[20, 21]. During the process of absorbing mineral nutrients in plants under salt
stress, salt ions compete with other mineral elements, resulting in imbalanced ion
absorption, leading to a lack of mineral nutrients, disrupting the homeostasis of
ions in the body, and seriously hindering normal plant growth. High concentrations
of Na"in saline soil severely inhibit the absorption and transportation of K* by the
root system, leading to a deficiency of K*[22]. High levels of Na* can also replace
Ca* bound to the cell plasma and liquid cell membranes, resulting in a decrease in
the Ca”*/Na’ ratio on the membrane, disrupting the structure and function of the
membrane, leading to the leakage of intracellular K™ and organic solutes, a
decrease in the K'/Na" ratio within the cell, and a decrease in the pH gradient
across the vacuole membrane, which hinders the accumulation of Na* within the
vacuole [23, 24, 25].

Superoxide Dismutase (SOD) activity. For soybean variety 196, as the salt
concentration increases, the SOD activity gradually increases. When treated with O,

the use of regulators GB and VG increases the SOD content to 4% and 6%. When
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treated with 50 mmol/L salt, the use of regulators GB and VG increases the SOD

activity by 1.2% and 2.5%. When treated with 75 mmol/L salt, the use of
regulators GB and VG increases the SOD activity by 1.3% and 5.7%. When treated
with 100 mmol/L salt, the use of regulators GB and VG increases the SOD activity
by 2.8% and 7.5%. For soybean variety 1307, as the salt concentration increases,
the SOD activity gradually increases. When treated with 0, the use of regulators
GB and VG increases the SOD activity to 5.3% and 7.4%. When treated with
50mmol/L salt, the use of regulators GB and VG increases the SOD activity by 7.7%
and 9%. When treated with 75 mmol/L salt, the use of regulator GB SOD reduces
the activity by 1.5% and increases the VG to 1.3%. When treated with 100 mmol/L
salt, the use of regulators GB and VG can increase SOD activity by 6% and
11.9%.Under higher salt stress, the use of two regulators has a greater impact on
the SOD activity of soybean seedlings during the two leaf and one needle period

(Figure 3.1).
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Figure 3.1. Changes in SOD in the leaves of two soybean varieties under
salt stress (0, 50, 75, and 100 mM NaCl). Means followed by different lowercase
letters differ significantly according to Duncan’s multiple range test, P<0.05, n = 3.

Acid Peroxidase (APX) activity. For soybean variety 196, when treated
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with 0, the use of regulators GB and VG increased APX activity to 24.4% and

33.6%, respectively. When treated with 50 mmol/L salt, the use of regulators GB
and VG can increase APX activity by 28.3% and 41.2%. When treated with 75
mmol/L salt, the use of regulators GB and VG can increase APX activity by 22.5%
and 36.2%. When treated with 100 mmol/L salt, the use of regulators GB and VG
can increase APX activity by 32.8% and 42.8%. For soybean variety 1307, APX
activity gradually increases with increasing salt concentration. When treated with 0,
the use of regulators GB and VG increased APX activity to 7% and 12.9%. When
treated with 50 mmol/L salt, the use of regulators GB and VG can increase APX
activity by 2.6% and 10%. When treated with 75 mmol/L salt, the APX activity
increased by 5.5% and 12% with the use of regulators GB and VG. When treated
with 100 mmol/L salt, the use of regulators GB and VG can increase APX activity

by 7.1% and 21.5% (Figure 3.2).
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Figure 3.2. Changes in APX in the leaves of two soybean varieties under
salt stress (0, 50, 75, and 100 mM NaCl). Means followed by different lowercase
letters differ significantly according to Duncan’s multiple range test, P<0.05, n = 3.

Catalase (CAT) activity. For soybean variety 196, when treated with 0, the

use of regulators GB and VG increased CAT activity to 12.2% and 25.2%. When
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treated with 50mmol/L salt, the use of regulators GB and VG can increase CAT
activity by 10.3% and 20.33%. When treated with 75mmol/L salt, the use of
regulators GB and VG can increase CAT activity by 6.5% and 11.9%. When
treated with 100mmol/L salt, the use of regulators GB and VG can increase CAT
activity by 14.5% and 58.5%. For soybean variety 1307, when treated with 0, the
use of regulators GB and VG increased CAT activity to 8.5% and 29.2%. When
treated with 50 mmol/L salt, the use of regulators GB and VG can increase CAT
activity by 9.6% and 30.5%. When treated with 75mmol/L salt, the CAT activity
increased by 4.7% and 30.9% after the use of regulators GB and VG. When treated
with 100mmol/L salt, the use of regulators GB and VG can increase CAT activity

by 12% and 44.2% (Figure 3.3).
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Figure 3.3. Changes in CAT in the leaves of two soybean varieties under salt
stress (0, 50, 75, and 100 mM NaCl). Means followed by different lowercase
letters differ significantly according to Duncan’s multiple range test, P<0.05, n = 3.

Malondialdehyde (MAD) content. For soybean variety 196, when treated
with 0, the MAD content decreased by 7.0% and 13.6% respectively with the use

of regulators GB and VG. When treated with 50mmol/L salt, the MAD content
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decreased by 3.6% and 6% after the use of regulators GB and VG. When treated

with 75mmol/L salt, the MAD content decreased by 3.8% and 9.4% after the use of
regulators GB and VG. When treated with 100mmol/L salt, the MAD content
decreased by 18.33% and 25% after the use of regulators GB and VG. For soybean
variety 1307, when treated with 0, the MAD content decreased by 6.3% and 12.5%
after the use of regulators GB and VG. When treated with 50mmol/L salt, the
MAD content decreased by 5.7% and 19.1% after the use of regulators GB and VG.
When treated with 75mmol/L salt, the MAD content decreased by 11.6% and 19.8%
after the use of regulators GB and VG. When treated with 100mmol/L salt, the
MAD content decreased by 18.4% and 26.2% after the use of regulators GB and

VG (Figure 3.4).
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Figure 3.4. Changes in MAD in the leaves of two soybean varieties under salt
stress (0, 50, 75, and 100 mM NaCl). Means followed by different lowercase
letters differ significantly according to Duncan’s multiple range test, P<0.05, n = 3.

Relative conductivity. For soybean variety 196, when treated with 0, the
relative conductivity decreased by 5.7% and 7.5% with the use of regulators GB
and VG. When treated with 50mmol/L salt, the relative conductivity decreased by

5% and 8.1% with the use of regulators GB and VG. When treated with 75mmol/L
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salt, the relative conductivity decreased by 4.1% and 7.6% with the use of
regulators GB and VG. When treated with 100 mmol/L salt, the relative
conductivity decreased by 1.9% and 3% with the use of regulators GB and VG. For
soybean variety 1307, when treated with 0, the relative conductivity decreased by
7.4% and 8.4% with the use of regulators GB and VG. When treated with
50mmol/L salt, the relative conductivity decreased by 5.1% and 7.4% with the use
of regulators GB and VG. When treated with 75 mmol/L salt, the relative
conductivity decreased by 10.4% and 14.2% respectively with the use of regulators
GB and VG. When treated with 100mmol/L salt, the relative conductivity

decreased by 4% and 19.3% with the use of regulators GB and VG (Figure 3.5).
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Figure 3.5. Changes in Relative conductivity in the leaves of two soybean
varieties under salt stress (0, 50, 75, and 100 mM NaCl). Means followed by
different lowercase letters differ significantly according to Duncan’s multiple range
test, P<0.05, n = 3.

Chlorophyll content. For soybean variety 196, when treated with 0, the
chlorophyll content increased by 2% and 5.4% after using regulators GB and VG.
When treated with 50mmol/L salt, the chlorophyll content increased by 1.6% and 8%

after the use of regulators GB and VG. When treated with 75mmol/L salt, the
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chlorophyll content increased to 2.7% and 5% after the use of regulators GB and
VG. When treated with 100mmol/L salt, the chlorophyll content increased to 3%
and 8% after the use of regulators GB and VG. For soybean variety 1307, when
treated with O, the chlorophyll content increased by 5.8% and 8% after using
regulators GB and VG. When treated with 50mmol/L salt, the chlorophyll content
increased by 10.9% and 13.9% after the use of regulators GB and VG. When
treated with 75mmol/L salt, the chlorophyll content increased by 9.6% and 15.6%
after the use of regulators GB and VG. When treated with 100mmol/L salt, the
chlorophyll content increased by 13.6% and 24.5% after the use of regulators GB

and VG (Figure 3.6).

BCK %GB H®VG WCK #ZGB BVG

196

50
a
bedbe cdecde®? de cqabed
7 b

CHLOROPHYLL (SPAD)
CHLOROPHYLL (SPAD)

0 . 50 ) 75 100
Salt concentration(mmol/L) Salt concentration(mmolL)

=]

50 75

Figure 3.6. Changes in chlorophyll in the leaves of two soybean varieties
under salt stress (0, 50, 75, and 100 mM NaCl). Means followed by different
lowercase letters differ significantly according to Duncan’s multiple range test,

P<0.05, n = 3.



Figure 3.7. Soybean cultivation conditions in the incubator: light exposure
time of 16 hours, light intensity of 8000 lumens, and day and night temperature of

25°C/18°C.

Figure 3.8. The left image shows the comparison between 100mmaol/L
NaCl treatment and CK 0 treatment. The middle image shows soybean
seedlings treated with 100mm NaCIl+100mg/L glycine betaine. The right image
shows soybean seedlings treated with 100 mM NaCl+250 ml/h Amino VG

ANTIRESS
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Table 3.1

Effects of Using Regulators under Salt Stress on the Physiology of Soybean Variety ZHENG 196 Seedlings

RELATIVE
Varieties |Treatments| SOD(U-g™) APX(U-g") CAT(U-g') | MAD(umol-g') | CONDUCTIVITY CHLC();TD';YLL
(%)
CK1 2227.35+12.44ed | 217.02+7.58g 150.40+9.37g 29.16+0.11de 87.10+1.78de 39.07+0.74bcd
GB1 2317.77+20.59e | 270.50+2.54d 168.77+8.33f 27.13+0.88e 82.16+1.88gf 39.83+0.95abc
VG1 2374.20+25.70d | 290.35+5.58¢ 188.33+4.80e 25.20+0.40e 80.57+0.07g 40.90+0.35a
CK2 2375.73+26.63d | 224.42+7.74gf | 170.00+2.00f 35.73+2.99bc 90.16+0.89bc 37.83+0.42cde
GB2 2404.60+69.17d | 288.69+2.08dc | 187.43+3.07e 34.45+0.55¢cd 85.63+0.54e 38.33+0.72cde
VG2 2435.87+19.79dc | 317.64+2.41b | 204.57+14.63d | 32.93+0.49cd 82.82+0.70f 40.87+0.71ab
ZHENG 196 CK3  [2411.53+163.09cd | 239.59 +3.89ef | 185.23+9.07¢ 37.04+1.79bc 92.63+1.27a 37.60+1.32de
GB3 2443.73+38.59cd | 293.57+2.75¢ | 197.27+3.04de | 35.64+0.89ef 88.81+0.64cd 38.60+1.32cd
VG3 2550.81+144.55¢ | 326.40+7.35b | 207.27+5.72cd 33.55+0.50b 85.60+1.01e 39.60-+1.32abcd
CK4 2736.29+0.53b | 249.99+13.4e 221.27+2.06¢c 48.34+ 2.69a 93.46+ 0.73a 33.70+1.73g
GB4 2812.38+55.05ab | 332.13+7.73b 243.33+11.5b 39.48+7.65b 91.72+0.55ab 34.70+1.73gf
VG4 2942.48+10.64bc | 357.13+24.16a | 350.73+2.37a 36.26+2.26a 90.59+0.57hc 36.37+0.59¢f

Means + SD, followed by different lowercase letters are significantly different according to Duncan’s multiple range test, P<0.05, n = 3.CK1: water; CK2: 50 mM NaCl; CK3: 75
mm NaCl; CK4: 100 mm NaCl; GB1: 100mg/L glycine betaine; GB2: 50 mm NaCl + 100mg/L glycine betaine; GB3: 75mm NaCl + 100mg/L glycine betaine; GB4: 100mm NaCl +
100mg/L glycine betaine; VG1: 250 ml/h Amino VG ANTISRESS; VG2: 50 mm NaCl + 250 ml/h Amino VG ANTISRESS; VG3: 75 mm NaCl + 250 ml/h Amino VG ANTISRESS;

VG4: 100 mm NaCl + 250 ml/h Amino VG ANTISRESS.
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Table 3.2

Effects of Using Regulators under Salt Stress on the Physiology of Soybean Variety ZHENG 1307 Seedlings

Varieties| Treatments| SOD(U-g') | APX(U-g') | CAT(U-g) |[MAD(umol-g) COEEDIl_JAC\:TI'II\(/EITY CHL(()S'_‘;&E')"YLL
(%)
CK1 2164.77+12.04f | 138.08+3.64f | 147.13+2.50g | 22.40+ 0.63def 63.54+ 1.43de 32.80+ 0.85abc
GB1  |2280.36+22.06def| 147.73+13.41ef | 159.60+15.63fg | 20.98+1.43ef 62.89+0.62¢f 34.7041.54ab
VGl  |2326.22+79.63de | 155.83+4.66de | 183.43+6.58de | 19.59+0.60f 68.63+0.62f 35.43+0.97a
CK2 | 2232.01438.35¢f | 151.3147.41e | 156.80+3.67e | 24.45+1.21cd 78.63+9.56¢ 30.00+1.93cde
GB2  |2299.60+85.04def| 155.35+5.36de | 171.87+0.23ef | 23.05+0.40cde 74.63+1.95¢ 33.27+0.55ab
ZHENG VG2  |2363.40+29.46ced| 166.54+5.00cd | 204.60+4.53bc 19.77+0.74f 72.85+0.99cd 34.17+0.40ab
1307 CK3  [2333.73+112.45de| 157.38+7.88de | 166.80+8.88fg | 28.77+0.77b 84.91+3.490 29.23+0.55de
GB3  [2356.96+108.79cd| 166.07+5.36cd | 174.67+2.42¢f | 25.42+1.29cd 76.05+0.87¢ 32.03+0.42bcd
VG3 | 2498.70+48.37bc| 176.19+2.380c | 218.36+2.15b | 23.07+0.51cde 73.34+0.95¢d 33.80+4.86ab
CK4  |2419.52+20.62cd | 172.90+3.19bc | 172.4442.28¢f | 31.99+4.43a 92.58+0.78a 27.70+0.53¢
GB4 | 2566.60+26.09b | 185.23+3.32b | 193.07+8.50cd | 26.08+0.61bc 88.84+1.01ab 31.47+1.31gf
VG4 | 2707.84+80.24a | 209.99+1.86a | 248.64+27.0la | 23.59+0.25cde 74.73+1.15¢ 34.50+1.23¢f

Means + SD, followed by different lowercase letters are significantly different according to Duncan’s multiple range test, P<0.05, n = 3.CK1: water; CK2: 50 mM NaCl; CK3: 75

mM NaCl; CK4: 100 mM NaCl; GB1: 100mg/L glycine betaine; GB2: 50 mM NaCl + 100mg/L glycine betaine; GB3: 75mM NaCl + 100mg/L glycine betaine; GB4: 100mM NaCl

+ 100mg/L glycine betaine; VG1: 250 ml/h Amino VG ANTISRESS; VG2: 50 mM NaCl + 250 ml/h Amino VG ANTISRESS; VG3: 75 mM NaCl + 250 ml/h Amino VG

ANTISRESS; VG4: 100 mM NaCl + 250 mi/h Amino VG ANTISRES.
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Conclusions to section 3

1. The results showed that for soybean variety 196, the use of GB resulted in a
maximum increase of 4% in SOD activity under O treatment, while the use of VG
resulted in a maximum increase of 7.5% under 100 mmol/L salt treatment. For
variety 1307, the use of GB resulted in a maximum increase of 7% in SOD activity
under 50 mmol/L treatment, while the use of VG resulted in a maximum increase
of 11.9% under 100 mmol/L salt treatment.

2. The results showed that for soybean variety 196, the use of GB resulted in a
maximum increase of 32.8% in APX activity under 100 mmol/L treatment, while
the use of VG resulted in a maximum increase of 42.8% under 100 mmol/L salt
treatment. For variety 1307, the use of GB resulted in a maximum increase of 7.1%
in APX activity under 100 mmol/L treatment, while the use of VG resulted in a
maximum increase of 21.5% under 100 mmol/L salt treatment.

3. The results showed that for soybean variety 196, the use of GB resulted in a
maximum increase of 14.5% in CAT activity under 100 mmol/L treatment, while
the use of VG resulted in a maximum increase of 58.5% under 100 mmol/L salt
treatment. For variety 1307, the use of GB resulted in a maximum increase of 12%
in CAT activity under 100 mmol/L salt treatment, while the use of VG resulted in a
maximum increase of 44.2% under 100 mmol/L salt treatment.

4. The experimental results showed that under 100 mmol/L salt treatment, the

MAD content of soybean variety 196 decreased by a maximum of 18.33% in GB,
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while VG decreased by 25%. For variety 1307, the use of GB resulted in a

maximum reduction of 18.4% in MAD content under 100 mmol/L salt treatment,
while the use of VG resulted in a maximum reduction of 26.2% under 100 mmol/L
salt treatment.

5. The results showed that under O treatment, the relative conductivity of
soybean variety 196 decreased by a maximum of 5.7%, while under 50 mmol/L
salt treatment, the relative conductivity of VG decreased by a maximum of 8.1%.
For variety 1307, using GB resulted in a maximum decrease of 10.4% in relative
conductivity under 75 mmol/L salt treatment, while using VG resulted in a
maximum decrease of 19.3% under 100 mmol/L salt treatment.

6. The results showed that for soybean variety 196, the use of GB resulted in a
maximum increase of 3% in chlorophyll content under 100 mmol/L treatment,
while the use of VG resulted in a maximum increase of 8% under 100 mmol/L salt
treatment. For variety 1307, the use of GB resulted in a maximum increase of 13.6%
in chlorophyll content under 100 mmol/L treatment, while the use of VG resulted
in @ maximum increase of 24.5% under 100 mmol/L salt treatment.

7. The use of regulators GB and VG increased the activity of SOD, APX, and
CAT antioxidant enzymes during the seedling stage of two soybean varieties,
enhancing soybean antioxidant capacity and increasing leaf chlorophyll content. At
the same time, the relative conductivity and MAD content decreased, reducing
damage to the cytoplasmic membrane.

8. With the increase of salt stress, under different salt concentrations, the use

of regulator VG resulted in a greater increase in APX, CAT, and chlorophyll
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content than the use of regulator GB. The use of MAD and relative conductivity
VG also decreased more than that of GB, indicating that regulator VG has a
stronger ability to respond to salt stress in soybean seedlings than GB and can

better improve their salt resistance.
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SECTION 4

SPECIFICATIONS OF THE FORMATION OF MORPHOLOGICAL
PARAMETERS, PRODUCTIVITY OF PLANTS AND QUALITY OF SOY
GRAIN FOR THE USE OF GROWTH REGULATORS WITH

ANTISTRESS ACTION IN THE LEFT COAST FOREST OF UKRAINE

Cereal crops are the second largest group of agricultural plants after cereals
(wheat, rice, corn). They play a crucial role in ensuring food security, especially in
countries with animal protein deficiencies. The high content of plant proteins, fiber,
vitamins and minerals makes legumes an indispensable component of a balanced
human diet [43]. Soybean is one of the most adaptive oil crops suitable for
cultivation in a wide range of climatic conditions. Its high yield and high protein
content make it an important crop in the agricultural system of many countries in
the world. However, in recent years, the adverse impact of climate change on
agricultural production in the agrarian sector has become noticeable and is a reality
worldwide. Climate change-induced abiotic stresses such as drought and
temperature fluctuations destroy the physiological responses of crops, including
soybeans, productivity and overall yield, ultimately posing a serious threat to
global food security and agroecosystems [19, 27]. Increasing the stability of
soybean crops requires the comprehensive use of modern technologies, such as
variety selection taking into account the agro-climatic characteristics of the region
and the use of growth regulators with anti-stress action [16].

Climate change, including rising temperatures, changing rainfall patterns
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and more frequent extreme events are increasingly affecting crop yields in Europe
[26, 30]. An estimated extreme drought was recorded in August 2022. In the
European Union (EU), maize, soybean and sunflower yields decreased by 12-16%
compared to the 5-year period [25]. Therefore, the instability of weather conditions
requires farmers and scientists across the globe to constantly adapt production
processes to ensure stable soybean yields.

The soybean variety is a key element of its cultivation technology, which
largely determines the level and stability of yield. Selection work aimed at creating
new high-yielding varieties is one of the main directions of increasing the
efficiency of soybean production. However, the most modern varieties have limited
plasticity and require selection according to specific growing conditions [3, 4, 17].
Taking into account the diversity of agroclimatic conditions, the urgent task of
modern agronomic research is the scientifically reasoned selection of soybean
varieties, which will ensure their maximum productivity and resistance to
unfavorable environmental factors [2, 15, 38].

Extreme weather conditions, in particular, prolonged periods of high
temperatures without precipitation reinforce the need to develop innovative
approaches to vegetation [13, 28, 32 ].

One of the promising strategies for optimizing soybean growing technology
IS the use of growth regulators. These physiologically active compounds contribute
to more efficient mobilization and utilization of mobile forms of mineral elements,

enhancing the overall resistance of plants to biotic and abiotic stresses [48].
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4.1. Varietal characteristics of morphological parameter formation in soybean

plants under the application of stress-resistant growth regulators

Morphological parameters of plants, such as height, photosynthetic pigment
content, and leaf area are the key indicators of their physiological state and
potential productivity. These metrics reflect the efficiency of the plants’
assimilative activity, their ability to adapt to environmental conditions, and the
effective utilization of available resources. Studying the dynamics of these
parameters in response to the application of stress-protective growth regulators
allows for an objective assessment of their impact on crop development and
prediction of final yield. Specifically, optimal plant height ensures better leaf
illumination and more efficient nutrient transport, while high chlorophyll content
and sufficient leaf area guarantee maximum photosynthetic intensity. Thus,
analyzing these morphological parameters is critically important for understanding
the mechanisms of action of growth regulators and their contribution to enhancing
the stress resistance and productivity of soybeans in the Left-Bank Forest-Steppe
of Ukraine.

The height of soybean plants is a key selection criterion closely linked to the
yield of the crop due to its role in transporting and transforming nutrients [14].
The analysis of data of 2022-2023 (Table 4.1.1) demonstrated a significant
influence of meteorological conditions on the dynamics of the studied indicator.
The highest plant height at full soybean flowering was recorded under the weather

conditions of 2023 - 67.7 cm. Slightly lower heights were observed for the
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conditions prevailing in 2021 - 63.8 cm. The lowest plants were recorded under the
conditions of 2022 - 61.8 cm.

The analysis by Factor A (varieties) revealed significant differences in
soybean plant height among varieties. The tallest plants were recorded in the
Betina variety at 71.4 cm. Slightly shorter and approximately similar heights were
observed in the Aurelina and Amadea varieties, at 64.7 cm and 66.9 cm,
respectively. The Navigator and Mentor varieties characterized by the shortest
heights, at 58.9 cm and 60.0 cm, respectively.

For Factor B (growth regulators), it was determined that the tallest plants
were formed using the Antistress preparation — 65.7 cm. The variants treated with
Sugar Mover and GREEN HAS Amino VG Antistress had slightly shorter plant
heights — 65.2 cm and 65.3 cm, respectively. The control variant showed the
smallest height of 61.4 cm. HIPs values for Factor A=0.91; B=0.82; AB=1.83 cm.

Plant productivity is closely correlated with the efficiency of the
photosynthetic apparatus, whose main components are chlorophylls a and b. These
pigments absorb light in different spectral ranges, providing energy for
photochemical reactions necessary to convert light energy into chemical bonds of
organic compounds [8, 29]. During the research (Table 4.1.2), it was established
that the weather conditions in 2023 had the greatest impact on the content of
chlorophylls a+b during full flowering - 2.47 mg/g of fresh weight. The average
value of this indicator was observed for the conditions of 2021 -2.38 mg/g of fresh
weight. The lowest content of chlorophylls a+b was recorded for the conditions of

2022 - 2.25 mg/g of fresh weight.
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Table 4.1.1.

Varietal characteristics of soybean plant height formation depending on the

application of stress-resistant growth regulators (average for 2021-2023,

Sumy National Agrarian University, NNVK), cm

Variety Growth regulator Plant height, cm Average
(Factor A) (Factor B) 2021 | 2022 | 2023 Factor A Factor B
Control 65,2 | 62,8 | 67,3 61,4
GREEN HAS Amino
Amadeus |VG Antistress 67.3 64,4 1 66,9 65,3
Antistress 68,2 65,1 | 70,5 65,7
Sugar Mover 66,9 64,0 70,5 65,2
Control 61,2 59,3 | 65,1
GREEN HAS Amino
Aureline  [VG Antistress 6.0 62,8 68,2 64,7
Antistress 67,1 | 638 | 67,3
Sugar Mover 66,9 63,1 67
Control 67,1 65,9 71,2
GREEN HAS Amino
Bettina  [VG Antistress 709 68,4 " 71,4
Antistress 72,2 69,5 77,4
Sugar Mover 71,5 69,3 76,6
Control 56,1 55,0 | 58,6
GREEN HAS Amino
Mentor  [VG Antistress 58,6 57.9 65,7 60,0
Antistress 60,0 | 60,3 | 644
Sugar Mover 59,4 59,7 64,1
Control 544 | 53,6 | 589
GREEN HAS Amino
Navigator VG Antistress °9.2 | 515 | 850 58,9
Antistress 58,2 56,7 64,4
Sugar Mover 59,6 56,2 62,9
Average per year 63,8 61,8 67,7 64,4

HIPys Factor A=0,91; B=0,82; AB=1,83

In terms of Factor A (varieties), it should be noted that the highest content of

chlorophylls a+b was found in the Aureliana variety (2.46 mg/g fresh weight).

Slightly lower chlorophyll content was observed in the Navigator and Bettina
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varieties (2.39 and 2.38 mg/g fresh weight, respectively). The lowest values were
calculated for the Mentor (2.31 mg/g fresh weight) and Amadea (2.28 mg/g fresh
weight) varieties.

The highest content of chlorophylls a+b under Factor B (growth regulators)
was observed in the variant treated with Antistress, at 2.45 mg/g of fresh weight.
The variants treated with GREEN HAS Amino VG Antistress and Sugar Mover
showed slightly lower values - 2.39 and 2.40 mg/g of fresh weight, respectively. A
significantly lower content of chlorophylls a+b was formed on the plots (varieties)
without growth regulator application - 2.22 mg/g of fresh weight. The NIPgs for
Factor A=0.04; B=0.04; AB=0.09 mg/g.

The leaf surface area is a key factor determining the photosynthetic activity
of plants, as leaves are the primary organs that absorb sunlight and perform
photosynthesis, providing the plant with organic substances [6, 12]. The intensity
of photosynthesis, which is the main source of energy and building materials for
forming all elements of grain yield structure, directly depends on the size, quantity,
and duration of leaf function. Achieving and maintaining optimal leaf surface area
during critical growth phases, especially during grain filling, is essential for high

productivity and the accumulation of nutrients in the final product [37].
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Table 4.1.2.

Varietal characteristics of chlorophyll a+b content formation in soybean

plants depending on the application of stress-protective growth regulators

(average for 2021-2023, Sumy National Agrarian University, NNVK), mg/g of

fresh weight

Content of
Variety Growth regulator chlorophyll a+b, mg/g Average
(Factor A) (Factor B) of fresh weight
2021 | 2022 | 2023 Factor A Factor B
Control 2,14 | 2,06 | 2,25 2,22
GREEN HAS Amino
Amadea |VG Antistress 2,33 2,16 244 2,28 2,39
Antistress 2,41 2,21 2,49 2,45
Sugar Mover 2,39 2,1 2,4 2,40
Control 2,31 2,28 2,48
GREEN HAS Amino
Aureline  [VG Antistress 24 238 | 253 2,46
Antistress 2,56 2,41 2,7
Sugar Mover 2,45 2,37 2,66
Control 2,21 2,19 2,36
GREEN HAS Amino
Bettyna  [VG Antistress 244 | 239 1 245 2,38
Antistress 2,5 2,38 2,49
Sugar Mover 2,44 2,33 2,4
Control 2,12 2,02 2,27
GREEN HAS Amino
Mentor /G Antistress 2,35 2,15 2,46 2,31
Antistress 2,45 2,24 | 2,55
Sugar Mover 2,41 2,2 2,51
Control 2,2 2,13 2,34
GREEN HAS Amino
Navigator [VG Antistress 25 238 | 254 2,39
Antistress 2,44 2,34 2,58
Sugar Mover 2,51 2,29 2,48
Average per year 2,38 2,25 2,47 2,37
HIPgs Factor A=0,04; B=0,04; AB=0,09
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During the research (Table 4.1.3), it was found that the largest leaf surface
area during the full flowering phase of soybeans was recorded under the conditions
of 2023 - 40.2 thousand m*ha. A slightly smaller area was calculated in 2021 -
33.4 thousand m?*ha. The smallest assimilative surface formed under the
conditions of 2022 - 32.3 thousand m?/ha.

Among the varieties (Factor A), the Aureline variety exhibited the largest
leaf surface area at 36.3 thousand m?/ha. The Navigator and Bettina varieties
showed slightly lower indicators, each at 36.0 thousand m?ha. The smallest leaf
surface areas among the studied varieties were observed in the Amadea (33.7
thousand m?*/ha) and Mentor (34.3 thousand m?/ha) varieties.

For Factor B (growth regulators), it was determined that the largest leaf
surface area was calculated with the use of the Antistress preparation - 36.8
thousand m*ha. The use of Sugar Mover and GREEN HAS Amino VG Antistress
resulted in slightly lower leaf surface area indicators -35.8 and 35.7 thousand m*ha,
respectively. A significantly smaller leaf surface area was formed in the control -
32.8 thousand m*ha. The HIPys for Factor A=0.96; B=0.86; AB=1.92
thousand m?/ha. Numerous scientific studies have been devoted to investigating the
influence of variety characteristics and the use of growth regulators on the
morphological parameters of soybean plants. The results of these studies indicate a

significant positive effect of the above Factors on soybean productivity [11, 18].
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Table 4.1.3

Varietal characteristics of soybean leaf area formation depending on the

application of anti-stress growth regulators (Average for 2021-2023, Sumy

National Agrarian University, NNVK), thousand m*/ ha

Leaf surface area,

Average
Variety Growth regulator thousand m*ha
2021 | 2022 2023 Factor A Factor B
Control 31,1 31,3 33,2 32,8
— Sg'ﬂ:'ist:?j AMING | 353 | 30,7 | 394 . 35,7
Antistress 33,0 31,7 40,5 36,8
Sugar Mover 31,5 30,6 39,2 35,8
Control 33,1 32,6 36,9
Aureline SzEAEnTist:SASS O s | w1 | as 36,3
Antistress 34,2 33,9 44,5
Sugar Mover 35,1 33,7 42,4
Control 30,7 30,1 38,7
Bettyna Sgiznltlist:egs Amine 339 332 42,6 36,0
Antistress 35,8 34,2 42,9
Sugar Mover 35,7 32 41,9
Control 30,4 30,0 35,8
Mentor \Cigiznl:list:gs Amine 30.9 1 309 384 34,3
Antistress 34,6 33,4 42,4
Sugar Mover 33,1 31,0 40,9
Control 30,9 30,1 36,6
Navigator SCR;T”TiSt:??SS e 05 | 348 | 428 36,0
Antistress 35,6 33,9 41,7
Sugar Mover 34,5 34,2 40,7
Average per year 334 | 323 | 40,2 35,3

HIPys Factor A=0,96; B=0,86; AB=1,92
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4.2. Productivity and yield of soybean varieties depending on the variety and

the application of stress-resistant growth regulators

The formation of agricultural crop yields is a complex multifactorial process
that significantly depends on a set of yield structure indicators. These include the
number of seeds per plant, seed mass per plant, and the mass of 1000 seeds.
Analyzing these parameters allows for a comprehensive assessment of the plant’s
response to various influencing factors, including variety characteristics and the
application of growth regulators with anti-stress effects [9]. The importance of
studying these indicators lies in their direct impact on the final productivity and
economic efficiency of soybean cultivation, as well as the potential to optimize
technologies for improving yield stability and quality. Detailed research into the
interrelationships between morphological parameters, yield structure elements, and
final yield enables to determine the most effective strategies for managing the
productive potential of soybeans under the conditions of the Left-Bank
Forest-Steppe of Ukraine.

The seed number per plant is an indicator that significantly influences the
yield of agricultural crops [7]. The research conducted during 2021 - 2022 (Table
4.2.1) revealed that annual conditions affected the formation of this parameter. The
2023 weather conditions proved the most favorable for soybean seed number per
plant, with 32.1 seeds per plant recorded. A slightly lower count was observed in
2021 conditions — 29.9 seeds per plant. The lowest seed number per plant was

calculated in 2022 — 27.9 seeds per plant.
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Table 4.2.1.

Variety features of the formation of the amount of seeds from one soybean

plant depending on the use of growth regulators with anti-stress action

(average for 2021-2023, NSVK Sumy NAU), pcs.

Variety Growth regulator Yield, pcs/plant Average
(Factor A) (Factor B) 2021 | 2022 | 2023 Factor A Factor B
Control 27,5 25,8 29,4 28,5
Amino VG Antistress 28,3 26,7 31,7 29,4
Amadea 28,8
Antistress 28,4 26,7 31,9 30,5
Sugar Mover 28,8 27,9 32,1 31,6
Control 28,4 26,5 30,9
Amino VG Antistress 30,9 26,7 32,1
Aureline 30,3
Antistress 31,2 279 33,5
Sugar Mover 32,6 29,9 33,3
Control 27,4 259 295
Amino VG Antistress 29,0 26,0 32,7
Bettina 292
Antistress 28,4 26,7 33,7
Sugar Mover 28,7 28,5 33,9
Control 33,6 26,0 28,0
Amino VG Antistress 28,1 24,0 29,8
Mentor 29,6
Antistress 30,1 26,8 34,6
Sugar Mover 29,5 30,4 34,5
Control 30,1 28,1 30,2
Amino VG Antistress 31,5 31,9 311
Navigator 32,03
Antistress 32,5 31,8 32,9
Sugar Mover 33,2 34,4 36,5
Average per year 299 279 321 30,0

HIPgs Factor A=1,3; B=1,16; AB=2,59
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Factor A (variety) can be used to trace the influence of variety characteristics
on the number of seeds per plant. The highest value was recorded in the Navigator
variety — 32.0 seeds/plant. Slightly lower and approximately similar quantities
were observed in the Bettina, Mentor, and Aureliana varieties (29.2, 29.6, and 30.3
seeds/plant, respectively). The Amadea variety was characterized by the lowest
seed count — 28.8 seeds/plant.

For Factor B (growth regulators), it was determined that the highest number
of seeds was formed when using Sugar Mover — 31.6 seeds/plant. The variants
with Amino VG Antistress and Antistress resulted in slightly fewer seeds — 29.4
and 30.5 seeds/plant, respectively. The lowest value was observed in the control
variant — 28.5 seeds/plant. The NIRgs for factor A=1.3; B=1.16; AB=2.59 seeds.

An equally important component of the crop structure is the individual
productivity of soybean plants. In the course of the studies (Table 4.2.2), it was
established that the greatest impact on the mass of seeds from the plant had the
weather conditions that formed in 2023 — 6.26 g. The average value of the
indicator was observed for the conditions of 2021 — 5.12 years. The smallest mass
recorded in 2022 was 4.88 g.

In terms of Factor A (varieties), it should be worth noting that the largest
seed mass from one plant was the Aurelina variety (5.63 g). Slightly less mass was
collected on samples of varieties Navigator (5.53 g) and Bettina (5.50 g). The

lowest value was calculated for Mentor (5.25 g) and Amadea (5.20 g).
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Table 4.2.2.

Variety features of the formation of individual productivity of soybean plants
depending on the use of growth regulators with anti-stress action (average for

2021-2023, NSVK Sumy NAU), ¢

Variety Growth regulator Yield, g/plant Average
(Factor A) (Factor B) 2021 | 2022 | 2023 Factor A Factor B
Control 4,67 4,46 6,00 5,16
Amino VG Antistress | 4,97 472 6,06 5,48
Amadea 5,20
Antistress 5,08 4,84 6,20 5,65
Sugar Mover 4,81 4,55 6,03 5,41
Control 5,09 4,86 6,45
Amino VG Antistress | 5,27 5,03 6,43
Aureline 5,63
Antistress 5,54 5,21 6,74
Sugar Mover 5,39 5,03 6,53
Control 4,88 4,78 5,85
Amino VG Antistress | 5,22 511 6,55
Bettina 5,50
Antistress 5,43 5,24 6,63
Sugar Mover 5,03 4,92 6,35
Control 4,83 4,30 5,71
Amino VG Antistress | 4,75 455 5,91
Mentor 5,25
Antistress 5,31 4,99 6,53
Sugar Mover 5,09 4,77 6,29
Control 4,84 4,84 5,78
Amino VG Antistress |5,62 5,35 6,59
Navigator 5,53
Antistress 5,48 5,14 6,42
Sugar Mover 5,16 4,95 6,18
Average per year 5,12 4,88 6,26 5,42

HIPys Factor A=0,08; B=0,07; AB=0,17
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The largest mass of seeds by Factor B (growth regulators) was found using
Antistress — 5.65 g. Slightly lower indicators were characterized by options for the
introduction of Amino VG Antistress and Sugar Mover — 5.48 and 5.41 g,
respectively. As in the case of the amount of seeds per plant, the lowest
productivity was observed in the control variants of the study — 5.16 g. NIR05 for
Factor A=0.08; B=0.07; AB=0.17.

Fertility is a key indicator of agricultural production efficiency and an
important factor in ensuring food security both at the level of the individual farm
and the country as a whole [45]. Conditions of different years have affected
soybean yield differently. During the studies (Table 4.2.3) it was established that
the highest yield of soybeans was recorded under the conditions that were in 2023
— 3.23 t/ha. A slightly lower yield was harvested in 2021 — 2.63 t/ha. The lowest
yield was formed in 2022 — 2.51 t/ha.

Among the varieties (Factor A), the highest yield was observed in the
Aurelina variety - 2.90 t/ha, therefore, the seed mass index was more supported.
The varieties Navigator (2.87 t/ha) and Bettina (2.86 t/ha) showed slightly lower
yields. At the same time, from the previous conclusions, it can also be said that the
yield of the Navigator variety was more affected by the amount of seeds, and in the
Bettina variety there was a cumulative effect of the mass and amount of grains
from the plant. The lowest yields among the varieties were Amadea (2.70 t/ha) and

Mentor (2.62 t/ha). NIRO5 for Factor A=0.04; B=0.04; AV=0.09 t/ha.
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Table 4.2.3.

Variety characteristics of the formation of soybean yield depending on the use
of growth regulators with anti-stress action (average for 2021-2023, NSVK

Sumy NAU), t/ha

Yield, t/ha Average
Variety Growth regulator
2021 2022 2023 Factor A Factor B
Control 2,41 2,32 3,14 2,66
Amino VG Antistress 2,58 2,45 3,15 2,82
Amadea 2,70
Antistress 2,63 2,51 3,22 2,91
Sugar Mover 2,49 2,36 3,13 2,78
Control 2,62 2,50 3,35
Amino VG Antistress 2,71 2,58 3,34
Aureline 2,90
Antistress 2,85 2,68 3,47
Sugar Mover 2,77 2,61 3,37
Control 2,54 2,49 3,05
Amino VG Antistress 2,71 2,65 3,41
Bettina 2,86
Antistress 2,82 2,72 3,48
Sugar Mover 2,61 2,55 3,29
Control 2,41 2,15 2,85
Amino VG Antistress 2,38 2,27 2,95
Mentor 2,62
Antistress 2,65 2,49 3,27
Sugar Mover 2,54 2,39 3,14
Control 2,51 2,51 3,01
Amino VG Antistress 291 2,79 3,42
Navigator 2,87
Antistress 2,85 2,68 3,34
Sugar Mover 2,68 2,57 3,21
Average per year 2,63 2,51 3,23 2,79

HIPys Factor A=0,04; B=0,04; AB=0,09




132
According to Factor B (growth regulators), it was established that the

highest yield was collected using the drug Antistress — 2.91 t/ha, and this trend was
largely due to the fact that this drug had a positive effect on the seed mass. Using
Sugar Mover and Amino VG Antistress, slightly lower yields were formed — 2.78
and 2.82 t/ha. The lowest yield values belong to the control options of the study —
2.66 t/ha. It is also worth noting that the influence of the variety and use of growth
regulators today is the subject of numerous studies by scientists, who in turn note

their positive impact on this indicator [1, 5, 16].

4.3. Quality indicators and biochemical analysis of soybean seeds depending

on variety and application of stress-resistant growth

The quality of soybean seeds is a key factor determining their value for the
processing industry and consumers, as well as an important criterion for evaluating
the effectiveness of cultivation technology.

The thousand-kernel weight is a component of yield structure that reflects
the plant ability to efficiently accumulate assimilates in the grain. This indicator is
closely correlated with final yield and serves as a measure of the variety response
to weather conditions and agronomic practices. An increase in thousand-kernel
weight indicates a highly efficient photosynthetic apparatus and effective transport
of nutrients. Thus, this parameter is a crucial criterion for evaluating the
effectiveness of applied agronomic measures [21].

The analysis of data from the studies conducted in 2021-2023 (Table 4.3.1)
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has demonstrated a significant influence of meteorological conditions on the
formation of the mass of 1,000 grains. The highest mass of 1,000 grains was
recorded in 2023 -194.8 g. This indicates the optimal conditions for pouring grain
formed during this year. In 2022, which was drier, the mass of 1,000 grains was
182.2 g, and in 2021 - 166.7 g.

In the Factor A section (varieties), the largest mass of 1,000 grains was the
Bettina variety (189.3 g), indicating its high genetic potential for the formation of
large seeds. Such varities as Aureline (182.7 g), Mentor (179.9 g) and Amadea
(178.2 g) had slightly lower performance, but also demonstrated the ability to
effectively pour grain under different conditions. The lowest mass of 1,000 grains
was characterized by such variety as Navigator - 175.9 g.

The Factor B (growth regulators) found that extra-root feeding significantly
increased the mass of 1,000 grains compared to control. The most effective was the
growth regulator Amino VG Antistress, which provided an average of 185.2 g.
This can be explained by its ability to improve the adaptation of plants to stressful
conditions and stimulate photosynthesis, leading to greater accumulation of
nutrients in the grain. Antistress (183.4 g) and Sugar Mover (180.1 g) also showed
positive effects. The lowest indicator was recorded on the Control variant — 176.1g.
The results of the dispersion analysis have proven that the influence of the variety
(NIRgs = 6.03 g), growth regulators (NIRgs = 5.39 g) and their interaction (NIRgs =

12.06 g) on the formation of the mass of 1,000 grains is statistically significant.
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Table 4.3.1.

Varietal characteristics of 1000-seed weight formation depending on the

application of stress-protective growth regulators (Average for 2021-2023,

Sumy National Agrarian University, NSVK), ¢

Weight of 1000 grains,
Veriety Growth regulator
g Average
(Factor A) (Factor B)
2021 2022 | 2023 Factor A Factor B
Control 1625 | 1729 | 1876 176,1
Amino VG Antistress 1756 | 176,9 | 1912 185,2
Amadea 178,2
Antistress 169,0 | 181,2 | 1921 183,4
Sugar Mover 167,2 | 172,8 | 1895 180,1
Control 159,2 | 180,0 | 196,4
Amino VG Antistress 1705 | 188,2 | 200,4
Aureline 182,7
Antistress 168,5 | 187,0 | 198,1
Sugar Mover 165,2 | 182,4 | 196,0
Control 178,0 | 184,0 | 1978
Amino VG Antistress 1799 | 196,2 | 200,1
Bettina 189,3
Antistress 180,3 | 1965 | 196,9
Sugar Mover 180,2 | 188,0 | 194,0
Control 1439 | 165,1 | 203,6
mino VG Antistress 169,0 | 189,7 | 198,2
Mentor 179,9
Antistress 169,9 | 186,1 | 188,9
Sugar Mover 179,1 | 1829 | 1824
Control 1472 | 1720 | 1912
Amino VG Antistress 1615 | 1845 | 1959
Navigator 175,9
Antistress 160,8 | 181,1 | 194,8
Sugar Mover 1456 | 176,0 | 200,1
Average per year 166,7 | 182,2 | 1948 181,2

HIPys Factor A=6,03; B=5,39; AB=12,06
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The quality of soybeans is an important criterion that determines its
consumer and industrial value. Protein and fat content are the main indicators that
shape grain quality and depend on both the genetic potential of the variety and the
influence of environmental factors and agrotechnical techniques [10, 23].

The analysis of the study data has shown a significant influence of weather
conditions on the protein content of soybeans (Table 4.3.2). The highest average
protein content was recorded in 2021 (42.6%), while in the somewhat drier 2022
this figure was the lowest (38.8%), indicating the negative impact of stressful
conditions on protein accumulation. In 2023, which was characterized by favorable
humidity, the average protein content was 42.2%.

In the category of Factor A (varieties), the highest average protein content
was the Aurelina variety (42.0%), and the smallest - the Amadea variety (40.2%).
Other varieties, such as Bettina, Mentor and Navigator, had similar values
(41.2-41.3%).

The use of extra-root nutrition contributed to increasing the protein content
in the grain. The most effective agent was Sugar Mover, providing for an average
protein content of 42.0%, which may be due to its effect on improving the
transport of nutrients to the grain. Amino VG Antistress and Antistress also showed
a positive effect, providing protein content of 41.3% and 40.9% respectively, while

the control version was the lowest at 40.7%.
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Table 4.3.2.

Variety features of formation of protein content in soybeans depending on the
use of growth regulators with anti-stress action (average for 2021-2023, NSVK

Sumy NAU), %

Veriety Growth regulator Protein content, % Average
(Factor A) (Factor B) 2021 | 2022 | 2023 Factor A Factor B
Control 40,5 37,7 40,1 40,7
Amino VG Antistress 40,9 39,1 40,5 41,3
Amadea 40,2
Antistress 40,8 38,9 40,2 40,9
Sugar Mover 43,5 39,0 41,8 42,0
Control 41,5 39,3 43,4
Amino VG Antistress 41,9 40,1 44.6
Aureline 42,0
Antistress 41,6 39,4 43,9
Sugar Mover 43,8 39,9 45,1
Control 42,2 38,9 41,0
Amino VG Antistress 43,0 39,8 41,8
Bettina 41,2
Antistress 42,7 39,1 411
Sugar Mover 43,1 39,5 42,5
Control 42,6 38,0 42,0
Amino VG Antistress 43,2 38,5 42,5
Mentor 41,3
Antistress 42,9 38,2 41,8
Sugar Mover 442 38,3 43,1
Control 42,6 38,0 42,0
Amino VG Antistress 43,2 38,5 42,5
Navigator 41,3
Antistress 42,9 38,2 41,8
Sugar Mover 44,2 38,3 43,1
Average per year 42,6 38,8 42,2 41,2

HIPgs Factor A=0,74; B=0,66; AB=1,48
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The results of the dispersion analysis have shown a statistically significant
effect on the protein content of the variety (NIRys = 0.74%), growth regulators
(NIRgs = 0.66%) and their interaction (NIRgs = 1.48%). This means that the
difference in indicators is significant and not accidental.

The fat content of soybeans determines the food, feed and industrial value of
the crop. Soybean oil has a high nutritional value, and is widely used in the food
industry for the production of oil, margarine, as well as in the non-food sector, in
particular for the manufacture of biodiesel, paints, varnishes and other technical
products. Fat accumulation occurs in the cells of the seedlings during seed
maturation, and is an important form of nutrients needed for germination. The
optimal fat content, together with the high protein one, ensures the comprehensive
quality characteristics of the grain, making it a valuable raw material in the global
market. Therefore, studies aimed at increasing fat and protein content are of great
importance for increasing the profitability of soybean production [23, 46].

The analysis of the fat content in soybeans for the period 2021-2023 has
shown that this indicator is highly dependent on weather conditions and varietal
characteristics (Table 4.3.3). On average, the highest fat content was recorded in
2023 (19.7%), which correlated with high yield and optimal grain pouring
temperature regime. In 2021, the average fat content was 18.9%, and in 2022 was
18.8%, which might be due to the impact of stressful conditions on plant
metabolism.

In the category of Factor A (varieties), the highest fat content was

characterized by the Mentor variety (19.5%). The Amadeus was 19.2% and the



138

Navigator was 19.1%. The lowest figure was recorded in the varieties such as
Aurelina and Bettina, which amounted to 19.0%. This indicates the genetic
differences of the varieties in the synthesis of fats.

The use of anti-stress growth regulators did not lead to a significant increase
in fat content, and in some cases it was observed to be slightly reduced compared
to control. The highest fat content was in the control (19.2%), while when using
drugs it ranged from 19.0% to 19.2%. This pattern can be explained by a known
feedback in soybean metabolism, where the activation of protein synthesis caused
by the action of drugs leads to the use of resources that could be spent on fat
synthesis [35, 41].

The results of the dispersion analysis have proved that the effect of the
variety (NIRgs = 0.26), growth regulators (NIRgs = 0.24) and their interaction
(NIRgs = 0.53) on the fat content of the grain is statistically significant.

The analysis of essential amino acid content is critical to assessing the
biological integrity of soy protein, as these compounds are not synthesized by
human and animal bodies. Assessing the range of fluctuations of these indicators
enables to identify the most effective combination of varieties and agrotechnical
techniques to improve grain quality [34, 40].

According to the results of the studies, it was established that the highest
indicators of the content of most essential amino acids were recorded in the Mentor
variety in the variant with the use of Sugar Mover. In particular, the maximum
content of lysine was 2.71%, threonine — 1.63 g/100 g, valine — 2.10 g/100 g,

isoleicin —1.80 g/100 g, leucine — 3.15 g/100 g, and phenylalanine — 2.21 g/100 g.
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Table 4.3.3.

Variety features of the formation of fat content in soybeans depending on the
use of growth regulators with anti-stress action (average for 2021-2023, NSVK

Sumy NAU), %

Variety Growth regulator Fat content, % Average
(Factor A) (Factor B) 2021 | 2022 | 2023 Factor A Factor B
Control 18,9 18,8 19,9 19,2
Amino VG Antistress 19,0 19,1 20,2 19,2
Amadea 19,2
Antistress 18,8 18,9 19,2 19,1
Sugar Mover 18,5 18,6 20,3 19,2
Control 18,8 18,7 19,9
Amino VG Antistress 19,1 18,7 19,6
Aureline 19,0
Antistress 18,7 18,1 19,2
Sugar Mover 19,0 19,0 19,6
Control 18,9 18,7 19,8
Amino VG Antistress 18,7 18,9 19,6
Bettina 19,0
Antistress 18,7 18,9 19,0
Sugar Mover 19,0 18,6 19,4
Control 18,5 18,9 20,3
Amino VG Antistress 194 19,4 20,3
Mentor 19,5
Antistress 194 19,3 20,2
Sugar Mover 18,5 19,3 20,1
Control 18,9 18,5 20,0
Amino VG Antistress 18,8 18,4 18,4
Navigator 19,1
Antistress 19.6 18,6 19,7
Sugar Mover 19,1 19,1 20,1
Average per year 18,9 18,8 19,7 19,2

HIPgs Factor A=0,26; B=0,24; AB=0,53
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The highest methionine content was recorded at 0.56 g/100 g also in Mentor,
but in the control variant. These data indicate the high genetic potential of Mentor
and the effectiveness of Sugar Mover in improving the amino acid composition of
the grain.

In contrast, the lowest values were predominantly observed in the Amadea
variety at the control sites, underlining the importance of extra-root nutrition. The
minimum content of lysine was 2.40 g/100 g, treonin — 1.44 g/100 g, and leucine —
2.85 ¢/100 g. The lowest methionine content (0.50 g/100 g) was observed in
Amadea with the application of Antistress. Minimum values of valine (1.90
g/100 g), isoleicin (1.62 g/100 g) and phenylalanine (1.98 g/100 g) were recorded
in Amadea in the control. The general trend indicates the positive effect of agents
with anti-stress action on the accumulation of essential amino acids, which
emphasizes their role in increasing the biological value of the crop.

The content of substitute amino acids involved in key metabolic processes is
an important indicator that reflects the overall metabolic state of the plant and
influences the formation of quality protein [31]. The analysis of the data has shown
clear trends regarding the impact of varieties and preparations on their content in
soybeans.

According to the results of the studies, it was established that the highest
indicators of the content of all substitute amino acids were recorded in the Mentor

variety in the variant with the use of the agent Sugar Mover.
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Table 4.3.4

Variety features of formation of essential amino acid content in soybeans

depending on the use of growth regulators with anti-stress action (average for

2021-2023, NSVK Sumy NAU), g/100 g

) Growth Irreplaceable amino acids, g/100 g
Variety
regulator
(Factor
A) (Factor Lyzin | Treonin | Methionine | Walin Isolecin Leizin | Phenylalanine
B)
Control 2,52 151 0,55 1,98 1,69 2,95 2,05
Amino
p] VG 2,65 1,59 0,54 2,04 1,75 3,08 2,15
@ Antistress
<:E5 Antistress | 2,59 1,55 0,53 2,01 1,72 3,02 2,10
Sugar 268 | 1,62 055 | 208 | 1,78 3,12 2,18
Mover
Control 2,48 1,48 0,54 1,95 1,67 2,90 2,02
Amino
< VS 2,61 1,56 0,53 2,02 1,73 3,05 2,12
£ Antistress
o Antistress | 2,55 1,52 0,52 1,99 1,70 2,98 2,07
Sugar 260 | 1,54 055 | 201 | 1,71 3,02 2,10
Mover
Control 2,40 1,44 0,52 1,90 1,62 2,85 1,98
Amino
s VS 2,51 151 0,51 1,97 1,68 2,98 2,08
Eﬁ Antistress
< Antistress | 2,48 1,48 0,50 1,95 1,66 2,95 2,05
Sugar 254 | 1,53 052 |200| 1,71 3,01 2,11
Mover
Control 2,55 1,53 0,56 2,00 1,72 2,98 2,08
Amino
5 VS 2,68 1,61 0,55 2,07 1,78 3,11 2,18
S | Antistress
= Antistress | 2,62 1,57 0,54 2,03 1,75 3,05 2,13
Sugar 271 | 1,63 056 | 210 | 1,80 3,15 2,21
Mover
S _ Control 2,45 1,47 0,53 1,94 1,65 2,88 2,00
g = |[Amn0 o | 154 | 052 | 201 | 172 | 301 2,10

VS
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Antistress
Antistress | 252 | 1,50 051 | 1.98 | 1,69 295 205
Sugar 261 | 156 054 | 204| 175 3.08 215
Mover

In particular, the maximum content of alanine was 1.71%, proline - 1.67
g/100 g, glutamic acid - 6.05 g / 100 g, asparaginic acid - 4.30 g/100 g, serine -
2.03 g/100 g, arginine - 3.00 g/100 g, and histidine - 1.61 g/100 g. This indicates
the high effectiveness of the combination of the genetic potential of this variety
and the stimulating action of the agent Sugar Mover on the synthesis of protein
compounds.

In contrast, the lowest values of the content of most substitute amino acids
were mainly observed in the Navigator variety in the control. The minimum
content of alanine was 1.45 g/100 g, glutamic acid — 5.20 g/100 g, asparaginic acid
—3.70 g/100 g, serine — 1.70 g/100 g, arginine — 2.50 g/100 g, and histidine — 1.30
9/100 g. The exception was proline, whose minimum value (1.42 g/100 g) was also
recorded in the Navigator variety, but when using the agent Amino VG Antistress.
The general trend indicates the positive effect of extra-root nutrition on the
accumulation of substitute amino acids, underlining their role in improving the
qualitative characteristics of the grain.

The effect of weather conditions on the protein content of soybeans is the
subject of discussion in the scientific community. Some researchers believe that
high temperatures (>20 to <28 °C) during vegetation contribute to increased

protein content [44, 47].
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Table 4.3.5.

Variety features of formation of substitute amino acid content in soybeans

depending on the use of growth regulators with anti-stress action (average for

2021-2023, NSVK Sumy NAU), g/100 g

Growth Replacement amino acids, g/100 g
Variety
regulator
(Factor ] ] Glutaminic Asparaginic o o
(Factor Alanin | Prolin acid acid Serene | Arginine | Histidine
A)
B)
Control 155 | 1,52 5,50 3,85 185 | 2,65 1,42
Amino
2 VG 165 | 1,61 5,80 4,10 1,95 | 285 1,52
g Antistress
< | Antistress | 1,60 | 1,56 5,65 3,98 1,90 | 275 1,47
Sugar 1,68 | 1,64 5,95 4,25 200 | 295 | 158
Mover
Control 152 | 1,49 5,40 3,30 1,80 | 2,60 1,39
Amino
s |VS 162 | 1,58 5,70 4,05 1,90 | 2,80 1,49
g Antistress
@ | Antistress | 1,58 | 1,54 5,55 3,90 1,85 | 2,70 1,44
Sugar 1,65 | 161 5,85 4,15 195 | 290 | 155
Mover
Control 148 | 1,45 5,30 3,75 1,75 | 255 1,35
Amino
s | VS 158 | 1,55 5,60 4,00 185 | 275 1,45
‘E Antistress
< | Antistress | 154 | 1,51 5,45 3,88 1,80 | 2,65 1,40
Sugar 161 | 158 5,75 4,10 1,9 | 285 | 151
Mover
Control 158 | 1,55 5,60 3,95 1,88 | 2,70 1,45
Amino
s | VS 1,68 | 1,64 5,90 4,20 1,98 | 2,90 1,55
S | Antistress
= | Antistress | 1,64 | 1,60 5,75 4,08 1,93 | 2,80 1,50
Sugar 1,71 | 1,67 6,05 4,30 203 | 300 | 161
Mover
s, | Control 145 | 1,42 5,20 3,70 1,70 | 2,50 1,30
g < Crsn'”o 155 | 151 5,50 3,95 180 | 270 | 1,40
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Antistress
Antistress | 1,51 | 1,48 535 3.82 175 | 2.60 | 135
Sugar 158 | 155 5,65 405 185 | 2.80 | 146
Mover

At the same time, other scientific papers indicate an inverse dependence — a
negative correlation between temperature and protein content [36]. Scientists from
the Eastern Forest Steppe of Ukraine confirm that the best accumulation of protein
occurs under conditions of stable heat supply during pouring and ripening of beans
[20].

In addition to climatic factors, the protein content is significantly influenced
by varietal features. According to the researchers of V. Ya. Yuriev Plant Production
Institute of NAAN, the highest protein content was recorded in such varieties as
Adamos (41.23%), Malvina (40.12%), Melody (39.69%) and Veresneva (39.52%),
while the lowest figure was in the variety Biliavka (31.72%) [22].

Foreign scientists also note that the amino acid composition of soybeans
depends on the total protein concentration. It is observed that the relative content
of such amino acids as lysine, methionine, cysteine, tryptophan and threonine
decreases with an increase in the concentration of protein in the seed. On the
contrary, the content of arginine and glutamic acid increases [39, 42]. This
indicates that the ratio between the seed protein and the content of individual

amino acids is changing.
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Conclusions to section 4

1. Soybean plant height and leaf surface area varied greatly depending on
weather conditions, varietal characteristics and application of growth regulators.
The highest height (71.4 cm) was formed by the Bettina variety, and the highest
content of chlorophylls (2.46 mg/g of raw mass) and leaf surface area (36.3
thousand m*/ha) - the Aurelina variety. The use of the agent Antistress provided the
largest indicators of all morphological parameters.

2.  The number of seeds and individual productivity of plants were
significantly dependent on weather conditions — in 2023 when the varieties formed
the highest indicators: the number of seeds (32.1 pieces); individual productivity
(6.26 g). The largest number of seeds (32.0 pieces) was formed by the Navigator
variety, while the largest seed mass (5.63 g) was the Aurelina variety. The use of
the Sugar Mover growth regulator provided the highest seed count (31.6 pieces)
and Antistress — the highest individual plant productivity (5.65 g).

3. The highest yield indicators were formed in 2023 — 3.23 t/ha. Among
the varieties studied, the highest yield was Aurelina (2.90 t/ha), outperforming
other varieties such as Navigator (2.87 t/ha) and Bettina (2.86 t/ha), as well as
Amadea (2.70 t/ha) and Mentor (2.62 t/ha). The maximum yield (2.91 t/ha) was
obtained at the level for the use of the agent Antistress.

4. It turns out that the conditions in 2023 were the most favorable for the

formation of a mass of 1,000 grains — 194.8 g. The largest mass of 1000 grains was
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formed by the Bettina variety — 189.3 g. The use of growth regulators, in particular

Amino VG Antistress, contributed to a significant increase in this figure (185.2 g).

5. It has been established that the quality of soybeans is influenced by
both the genetic potential of the variety and agrotechnical techniques. The highest
protein content (42.0%) was recorded in Aurelina with Sugar Mover and the
highest fat content (19.5%) in Mentor in the control, indicating an inverse
relationship between protein and fat content under the influence of growth
regulators.

6. According to the results of biochemical analysis, the largest indicators
of the content of both essential and substitutable amino acids were recorded in
Mentor variety using Sugar Mover, which indicated the high effectiveness of this

combination to increase the biological value of grain.
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SECTION 5

ECONOMIC AND ENERGY EFFICIENCY OF GROWTH OF SOY
DEPENDING ON THE TYPE AND APPLICATION OF GROWTH

REGULATORS WITH ANTI-STRESS ACTION

5.1. Economic efficiency of soybean cultivation depending on the variety and

application of growth regulators with anti-stress action

In recent years, there has been a trend of climate change in Ukraine, with
such factors as an increase in average annual temperature, an increase in the
frequency of droughts and other abiotic stresses, significantly complicating the
cultivation of agricultural crops, including soybeans. With this in mind, farmers
should improve their cultivation technology to minimize the impact of adverse
environmental factors.

An effective technological approach is the use of growth regulators with
anti-stress action, since they not only improve physiological and biochemical
processes, but also increase the adaptive potential of soybeans, which for growing
in stressful conditions enables to maintain productivity. The use of such a
technological approach should be economically justified, as cost optimization will
allow the cultivation of competitive products, thereby ensuring the sustainable
development of the agrarian sector [1].

A comprehensive indicator that enable to assess the feasibility of introducing

a method to soybean cultivation technology is economic efficiency. The most
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informative indicators of economic efficiency are the level of profitability and the
mass of profits [2].

The relative efficiency of production, namely what portion of the profit is
derived from each unit of expenditure, demonstrates the level of profitability. The
financial result of the cultivation of a crop shows profit, as it reflects the amount of
the enterprise net income after covering production costs. Therefore, analyzing
these indicators, it is possible to conclude about the economic effectiveness of the
technological solution, which allows its widespread implementation in agricultural
production [3].

On the basis of complex technological maps of cultivation and current prices
for material resources and labor remuneration as of 2023, indicators of economic
efficiency of cultivation of soybean varieties in the conditions of the Left-Bank
Forest Steppe of Ukraine were calculated. The sale price of soybeans for October
2023 was 14 800 UAH/ton.

The Appendices attached contain detailed calculations of the economic
efficiency of the cultivation of soybean varieties studied depending on the
application of growth regulators with anti-stress action. The profitability indicators
of cultivation of soybean varieties under study using growth regulators with

anti-stress action at prices as of October 2023 are shown in Table 5.1,
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Table 5.1.

Profitability of cultivation of soybean varieties studied using growth

regulators with anti-stress action (at October 2023 prices), %

Growth regulators with anti-stress action
Variety (Factor B)
(Factor A) Amino VS
Control Antistress Sugar Mover

Antistress
Amadeus 149 124 146 120
Aurelina 161 132 159 136
Bettina 145 131 155 132
Mentor 131 106 143 119
Navigator 148 144 155 129

From Table above, it can be concluded that the cultivation of soybean
varieties using growth regulators with anti-stress action is effective, since each
study option guarantees a profitability of more than 100%, indicating a high level
of cost recovery. It is worth noting that almost all control options have a high rate
of profitability, which is in the range of 131-161%. This is due to the lack of cost
on growth regulators, which significantly reduces the cost, and as a result increases
profitability.

Among the soybean varieties studied using growth regulators with anti-stress
action, the highest profitability indicators were recorded for the Aurelina variety.
Thus, the cost-effectiveness of the control option was 161%, and the use of

Antistress, Amino VS Antistress, Antistress and Sugar Mover regulators — 132%,
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159% and 136%, respectively. The obtained indicators demonstrate the significant
economic potential of this variety both by standard cultivation technology and the
modified one.

Among the studied growth regulators with anti-stress action, the highest
profitability was obtained by using Antistress, namely for Bettina and Navigator
varieties by 155%, and for Mentor soybean variety by 143%. Other growth
regulators with an anti-stress effect have resulted in lower profitability,
demonstrating their inefficiency from an economic point of view.

Thus, the maximum level of profitability was obtained for the cultivation of
soybean variety Aurelina without the use of growth regulators with atri-stress
effect, which was explained by the absence of additional costs for growth
regulatory agents.

For a complete picture of the economic efficiency of growing soybean
varieties using growth regulators with anti-stress action will help to obtain a mass
of conditionally net profit. It is of key importance as it shows the actual financial
result of production in cash equivalent, as opposed to profitability, which
demonstrates the relative efficiency of the production activity.

That is why the analysis of the mass of conditional net profit is a crucial
component of the economic justification of crop cultivation technology, as it helps
in management decision-making in agricultural production.

Data on the mass of conditional net profit for soybean cultivation and
application of anti-stres growth regulators are given in Table 5.2. The above Table

shows that all experimental variants are profitable. Among the soybean varieties
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studied, the most profitable was the Aureliana variety, with a net profit ranging

from UAH 24,232 to 27,228 per hectare.
Table 5.2.
Mass of conditionally net profit of cultivation of soybean varieties studied

using growth regulators with anti-stress action (at October 2023 prices),

UAH/ha
Growth regulators with anti-stress action
Varietys (Factor B)
(Factor A) Amino VS
Control Antistress | Sugar Mover

Antistress
Amadeus 23179 22 386 24 516 21 504
Aurelina 25 744 24 232 27 228 24 932
Bettina 23 556 24 489 27 054 24 614
Mentor 20 744 19 232 24 386 21 658
Navigator 23 664 26 611 26 731 23572

Other varieties yielded slightly lower results. Specifically, the Amadea
variety had a profit of UAH 21,504 to 24,156 per hectare, the Bettina variety —
UAH 23,556 to 27,054 per hectare, the Mentor variety — UAH 19,232 to 24,386
per hectare, and the Navigato variety — UAH 23,572 to 26,731 per hectare.

The application of stress-resistant growth regulators ensured an increase in
profit compared to the control in almost every experimental variant. The highest

values of conditional net profit were achieved with the use of the Antistress
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regulator, which demonstrated a 5-15% higher profitability than the controls. For
example, the profit for the Aureliana variety was 27,228 UAH/ha, for the Bettina
variety - 27,0564 UAH/ha, for the Navigator variety - 26,731 UAH/ha, for the
Amadea variety - 24,516 UAH/ha, and for the Mentor variety - 24,386 UAH/ha. It
Is worth noting that the application of growth regulators such as Antistress, Amino
VS Antistress, and Sugar Mover resulted in lower profits compared to the controls,
indicating their lower economic efficiency.

Thus, the maximum value of mass conditionally pure profit was achieved by
cultivating the Aurelina soybean variety and applying the Antistress Anti-Stress
Growth Regulator.

To comprehensively evaluate the economic efficiency of soybean cultivation
technology elements, analyzing the cost structure is a material condition. To
visually represent the cost structure information, a pie chart was constructed,
showing the proportions of major cost items for the most profitable experimental

variant (Fig. 5.1).
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Fig. 5.1. Structure of costs per 1 hectare, %
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Analyzing the diagram, we can draw the following conclusions: the largest
share in the overall structure of expenses is occupied by growth regulators at 26%,
protective measures at 21%, and other expenses at 20%, which include general
costs for the maintenance and repair of non-current assets, depreciation provisions,

and other production-related expenses.

5.2. Energy efficiency of soybean cultivation depends on the variety and

application of stress-resistant growth regulators

Global climate change, coupled with rising energy costs and increasing
demand for high-quality raw materials, is compelling modern agricultural
production to enhance the energy efficiency of growing crops, including soybeans.
To achieve this, each new element of cultivation technology should be evaluated
from an energy perspective. Such an assessment is more comprehensive than an
economic evaluation, as it is not tied to market conditions or pricing mechanisms.
In this context, energy expenditures are expressed in joules [4].

To evaluate a specific element of cultivation technology, it is essential to
calculate the energy efficiency coefficient by dividing the total energy accumulated
in the crop yield by the total energy spent on growing and harvesting the crop [5].

The energy indicators presented in Appendix A demonstrate the direct
impact of the studied factors on energy efficiency metrics. The energy efficiency
coefficients calculated for each experimental variant exceed 1, proving their

energy-saving nature.
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The evaluation of energy efficiency in soybean cultivation depending on the
variety, with the application of stress-resistant growth regulators, is presented in
Figure 5.2 as a bar chart.

From the graph, we can see that for Factor A, the most energy-efficient
option from an energy perspective was the cultivation of the Aurelia variety, as its
Kee value ranged between 3.29-3.40. Regarding Factor B, the growth regulator that
achieved the highest energy efficiency index of 3.43 for the Navigator variety was
Amino VS Antistress. It is important to note that the growth regulator Antistress

had the highest average index for all varieties.
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B Antistress 3.23 3.40 3.41 3.24 3.38
@A Sugar Mover 3.09 3.30 3.30 3.12 3.23

Fig. 5.2. Energy efficiency coefficients depending on the variety when
applying growth regulators with anti-stress effects.
Thus, the analysis of energy efficiency helped identify the general trend in
forming the Kee coefficient. Based on the average coefficient values, it can be

concluded that the most energy-efficient variety was Aureliana, as it consistently
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provided high energy output from the yield, resulting in minor Kee coefficient
fluctuations (3,29-3,40) depending on the use of growth regulators. Among the
studied stress-resistant growth regulators, the highest value was achieved with
Amino VS Antistress, which yielded a Kee coefficient of 3,43 for the Navigator
variety, but performed worse on other varieties. Therefore, it is advisable to
determine the most energy-efficient variety based on the average Kee coefficient
when applying growth regulators. Hence, the maximum average energy efficiency
coefficient of 3,33 was obtained using the stress-resistant growth regulator

Antistress.
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Conclusions to section 5

Analyzing the economic and energy efficiency of soybean cultivation based on
variety and the application of stress-resistant growth regulators, the following
conclusions were drawn:

1. Growing soybeans in the Left-Bank Forest-Steppe of Ukraine is
economically and energetically advantageous. This is confirmed by calculated
economic indicators (masses of net conditional profits and levels of profitability),
as well as energy efficiency coefficients.

2. The maximum profitability level of 161% was achieved by cultivating
the Aurelia soybean variety without the use of growth regulators with atrazine-like
effects, which is explained by the absence of additional costs for
growth-controlling agents

3. The maximum conditional pure profit per unit area (27,228 UAH/ha)
was achieved by growing the Aureliana soybean variety and applying the
Antistress Stress-Resistant Growth Regulator.

4. The structure of soybean cultivation costs is distributed as follows:
average labor costs account for = 2-2.5%; seeds = 10—15%; protective agents =
17-27%; fuel = 16—19%; other costs =~ 20%. The application of stress-resistant
growth regulators accounts for =~ 22—-27%.

5. The highest average values of energy efficiency coefficients were
obtained for growing the Aurenella soybean variety (Kee 3.33) and applying the

Antistress Stress-Resistant Growth Regulator (Kee 3.33).
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CONCLUSIONS

The PhD thesis presents a theoretical generalization and resolution of the
scientific task concerning the study of modern methods for determining stress and
its impact on the growth and development of soybean plants, both in controlled
environments and under field conditions in the Left-Bank Forest-Steppe of
Ukraine. The study is based on examining the variety-specific characteristics of
soybean productivity formation when applying various growth regulators with
anti-stress effects. The results obtained from the research conducted between 2021
and 2023 allow the following conclusions to be drawn:

1. The result research was conducted in an artificial climate chamber at
the Henan Institute of Science and Technology, Xinxiang, China. The Amino
VG-Antistress regulator was evaluated for its ability to improve the salt tolerance
of the Zheng 196 soybean variety at the seedling stage. The Regulator enhanced
the antioxidant capacity of Zheng 196 soybean seedlings and mitigated the effects
of salt stress. The effect was most pronounced at a salt concentration of
100 mmol/L, confirming the regulator’s ability to improve soybean salt resistance.

2. Under salt concentrations of 50 mmol/L, 75 mmol/L, and 100 mmol/L,
the activities of superoxide dismutase, ascorbate peroxidase, and catalase all
increased. At a salt concentration of 100 mmol/L, superoxide dismutase activity
increased by 5.78%, though this increase was not effect of a growth regulator
significant. In contrast, ascorbate peroxidase and catalase activities showed

significant increases of 30% and 35.96%, respectively, at the same salt
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concentration, while malondialdehyde content notably decreased by 33%. This
demonstrated that under high salt concentrations, the Regulator significantly
enhanced the antioxidant capacity of soybean seedlings and reduced membrane
oxidation.

3. The main compounds (enzymes) that are indicators of the resistance of
plant organisms to increased salinity were studied. The key findings demonstrated
the effectiveness of the regulator and highlighted its potential for increasing
resistance. Along with this, the results are relevant for scientists seeking to develop
substances with similar compositions to create newer, more effective growth
regulators with anti-stress properties. The results offer additional evidence
supporting the physiological role of melatonin and provide a theoretical foundation
for its application in enhancing salt tolerance in agricultural practices. These
findings are crucial for advancing the development of new growth regulators and
provide scientific evidence supporting their feasibility in addressing the growing
challenge of soil salinity.

4. Field research results revealed that the main plant morphology and
productivity parameters (height, leaf area) varied significantly depending on
weather conditions, variety characteristics, and growth regulator application. The
Bettina variety achieved the greatest height (71.4 cm), while the Aurelina variety
exhibited the highest chlorophyll content (2.46 mg/g fresh weight) and leaf area
(36.3 m*/ha). Application of the Antistress preparation yielded the highest values

for all morphological parameters.
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5. The highest productivity indicators were achieved in 2023: seed count
(32.1 pieces); individual productivity (6.26 g). Among the varieties, Navigator
produced the highest seed count (32.0 pieces), while Aurelia yielded the highest
seed mass (5.63 g). The application of the growth regulator Sugar Mover resulted
in the highest seed count (31.6 pieces), while Antistress achieved the highest
individual plant productivity.

6. The average highest yield indicator under the conditions of 2023 was
3.23 t/ha. The leader was the variety Aurelina (2.90 t/ha). The highest yield (2.91
t/ha) was achieved at the level of applying the Antistress preparation. The
conditions of 2023 were the most favorable for forming a 1000-grain weight of
194.8 g. The variety Bettina formed the largest 1000-grain weight at 189.3 g. The
application of growth regulators, including Amino VG Antistress, significantly
increased this indicator (185.2 g).

7. It was established that both the genetic potential of the variety and
agronomic techniques influence the chemical composition of soybean grain. The
highest protein content (42.0%) was recorded in the Aureliana variety with the
application of Sugar Mover, while the highest fat content (19.5%) was observed in
the Mentor variety under control conditions, indicating an inverse relationship
between protein and fat content under the influence of growth regulators.
Biochemical analysis results showed the highest levels of both essential and
non-essential amino acids in the Mentor variety with the use of Sugar Mover,
demonstrating the high effectiveness of this combination for enhancing the

biological value of the grain.
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8. The economic calculations revealed that the highest profitability level
of 161% was achieved by cultivating the Aurelia soybean variety under control
conditions. The maximum conditional net profit per unit area (27,228 UAH/ha)
was obtained by growing the Aurelia soybean variety and applying the
stress-protective growth regulator Antistress. The highest average energy
efficiency coefficients were achieved by cultivating the Aurelia soybean variety

and applying the stress-protective growth regulator Antistress (Kee 3.33).
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RECOMMENDATION

For the laboratory research:

To further build upon these findings, future research should explore the
longterm effects of the growth regulator on soybean growth and yield under
diverse environmental conditions and examine its potential interactions with other

stress factors to develop comprehensive strategies for enhancing crop resilience.

For the field research

For high performance, economic and bioenergetic efficiency of the
cultivation of soybean in the conditions of the Left-Bank Forest, the technology
should provide for the use of the Aurelina of foliar application: Antistress

(1.7 kg/ha). The term for foliar application in micro stages BBCHgg_go.
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APPENDICES
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Appendice A
Economic efficiency of soybean cultivation
. payment the cost
Growth regulators with yield, for means of . other total of gross costof 1 profit, o
anti-stress effects centner per work, seed Good protection fueling expenses | expenses | output, centner, UAH/ha profitability. %
hectare UAH
UAH UAH
Amadeus
Control 26,2 369,3 1968 4298 2784 3058 3119 | 15597 38776 595,31 | 23179 149
Amino VS Antistress 27,3 | 3777 1968 4298 4684 3087 3604 | 18018 | 40404 659,99 | 22386 124
Antistress 279 | 3823 1968 4298 3668 3102 3355 | 16773 | 41292 601,17 | 24519 146
Sugar Mover 26,6 | 3724 1968 4298 4584 3069 3573 | 17864 | 39368 671,57 | 21504 120
Average 27 | 3754 | 1968,0 | 4298,0 3930 3079 3413 | 17063 | 39960 632,0 | 22897 134
Aureline
Control 28,2 384,6 2218 4298 2784 3110 3198 | 15992 41736 567,10 | 25744 161
Amino VS Antistress 28,8 389,1 2218 4298 4684 3125 3678 | 18392 42624 638,61 | 24232 132
Antistress 30 398,3 2218 4298 3668 3156 3434 | 17172 44400 572,39 | 27228 159
Sugar Mover 29,2 392,2 2218 4298 4584 3135 3657 | 18284 43216 626,15 | 24932 136
Average 29,1 391,1 2218 | 4298,0 3930 3131 3492 | 17460 42994 601,1 | 25534 146
Bettina
Control 26,9 374,6 2472 4298 2784 3076 3251 | 16256 39812 604,32 | 23556 145
Amino VS Antistress 29,2 392,2 2472 4298 4684 3135 3745 | 18727 43216 641,32 | 24489 131
Antistress 30,1 399,1 2472 4298 3668 3158 3499 | 17494 44548 581,19 | 27054 155
Sugar Mover 29,2 392,2 2472 4298 4584 3135 3720 | 18602 43216 637,04 | 24614 132
Average 289 | 3895 2472 | 4298,0 3930 3126 3554 | 17770 | 42698 616,0 | 24928 140
Mentor

Control 24,7 357,8 2190 4298 2784 3020 3162 | 15812 36556 640,17 | 20744 131
Amino VS Antistress 25,3 362,4 2190 4298 4684 3035 3642 | 18212 37444 719,85 19232 106
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Antistress 28 | 383,0 2190 4298 3668 3104 3411 | 17054 | 41440 609,08 | 24386 143
Sugar Mover 26,9 | 374,6 2190 4298 4584 3076 3631 | 18154 | 39812 674,86 | 21658 119
Average 26,2 | 369,5 2190 | 4298,0 3930 3059 3462 | 17308 | 38813 661,0 | 21505 124
Navigator
Control 26,8 | 3739 2270 4298 2784 3074 3200 | 16000 | 39664 597,01 | 23664 148
Amino VS Antistress 30,5 4021 2270 4298 4684 3168 3706 | 18529 | 45140 607,49 | 26611 144
Antistress 29,7 | 396,0 2270 4298 3668 3148 3445 | 17225 | 43956 579,98 | 26731 155
Sugar Mover 28,3 | 385,3 2270 4298 4584 3112 3662 | 18312 | 41884 647,08 | 23572 129
Average 28,8 | 389,3 2270 | 4298,0 3930 3126 3503 | 17517 | 42661 607,9 | 25144 144
Appendice A
Cost structure, % Energy efficiency of soybean cultivation
tractors
payment fertilizer means of paln other and good the paln labor total energy output from Cost per 1
PPP seed total expenses | agricultur seed Kee
pr. s protection e Costs. | pest. e costs expenses the crop, MJ centner
a
machinery
Amadeus
12,6 19,6 212 31
Control 2,37 ) 27,56 17,85 . 20,00 100,00 1562 5147 1895 | 2195 3 1703 14623 46348 558 .
Amino VS 10,9 17,1 212 31
2,10 23,85 26,00 20,00 100,00 1627 5147 | 2325 | 2232 1775 15228 48294 558
Antistress 2 3 3 7
11,7 18,4 212 3,2
Antistress 2,28 2 25,63 21,87 o 20,00 100,00 1663 5147 | 2260 | 2252 3 1814 15258 49355 547 2
Sugar 11,0 17,1 212 3,0
2,08 24,06 25,66 20,00 100,00 1585 5147 | 2433 | 2208 1729 15225 47055 572
Mover 2 8 3 9
115 18,0 2228,0 212 31
Average 2,20 2 25,19 23,03 . 20,00 100,00 1609 5147 o 2222 2 1755 15083 47763 559 .
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Aureline
13,8 19,4 212 3,3
Control 2,40 26,88 17,41 20,00 100,00 1681 5147 1895 2262 1833 14940 49886 530
7 4 3 4
Amino VS 12,0 16,9 212 3,2
. 2,12 23,37 25,47 20,00 100,00 1716 5147 2325 2283 1872 15465 50947 537
Antistress 6 9 3 9
. 12,9 18,3 212 34
Antistress 2,32 25,03 21,36 20,00 100,00 1788 5147 2260 2323 1950 15591 53070 520
1 8 3 0
Sugar 12,1 17,1 212 3,3
2,15 23,51 25,07 20,00 100,00 1740 5147 2433 2296 1898 15636 51655 535
Mover 3 5 3 0
12,7 17,9 2228,0 212 3,3
Average 2,24 24,62 22,51 20,00 100,00 1731 5147 2291 1888,25 15408 51389,45 530
0 3 8 3 4
Bettina
15,2 18,9 212 3,2
Control 2,30 26,44 17,13 20,00 100,00 1603 5147 1895 2219 1749 14734 47586 548
1 2 3 3
Amino VS 13,2 16,7 212 3,3
. 2,09 22,95 25,01 20,00 100,00 1740 5147 2325 2296 1898 15529 51655 532
Antistress 0 4 3 3
. 14,1 18,0 212 3,4
Antistress 2,28 24,57 20,97 20,00 100,00 1794 5147 2260 2326 1957 15606 53247 518
3 5 3 1
Sugar 13,2 16,8 212 3,3
2,11 23,11 24,64 20,00 100,00 1740 5147 2433 2296 1898 15636 51655 535
Mover 9 5 3 0
13,9 17,5 2228,0 212 3,3
Average 2,19 24,19 22,12 20,00 100,00 1719 5147 2284 1875,25 15376 51035,65 533
1 9 8 3 2
Mentor
13,8 19,1 212 3,0
Control 2,26 27,18 17,61 20,00 100,00 1472 5147 1895 2144 1606 14386 43694 582
5 0 3 4
Amino VS 12,0 16,6 212 3,0
. 1,99 23,60 25,72 20,00 100,00 1508 5147 2325 2165 1645 14911 44756 589
Antistress 2 7 3 0
. 12,8 18,2 212 3,2
Antistress 2,25 25,20 21,51 20,00 100,00 1669 5147 2260 2256 1820 15274 49532 546
4 0 3 4
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Sugar 12,0 16,9 212 31
2,06 23,68 25,25 20,00 100,00 1603 5147 2433 2219 1749 15272 47586 568
Mover 6 5 3 2
12,6 17,6 2228,0 212 31
Average 2,13 24,83 22,71 20,00 100,00 1563 5147 2196 1704,625 14961 46392,025 570
5 7 8 3 0
Navigator
14,1 19,2 212 3.2
Control 2,34 26,86 17,40 20,00 100,00 1597 5147 1895 2215 1742 14718 47409 549
9 1 3 2
Amino VS 12,2 17,1 212 34
. 2,17 23,20 25,28 20,00 100,00 1818 5147 2325 2340 1983 15734 53955 516
Antistress 5 0 3 3
. 131 18,2 212 3,3
Antistress 2,30 24,95 21,29 20,00 100,00 1770 5147 2260 2313 1931 15543 52539 523
8 8 3 8
Sugar 12,4 16,9 212 3,2
2,10 23,47 25,03 20,00 100,00 1687 5147 2433 2266 1840 15494 50063 547
Mover 0 9 3 3
12,9 17,8 2228,0 212 3,3
Average 2,22 24,54 22,44 20,00 100,00 1718 5147 2283 1873,625 15372 50991,425 533
6 4 8 3 2




177
Appendices B.1

The photo of laboratory research (experiment 1) at Henan Institute of Science and
Technology, Xinxiang, China: A — effects of salt stress on the growth of soybean under
Greenhouse conditions; B — Three weeks after the salt treatment of soybean seedlings
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Appendices B.2

B

The photo of laboratory research (experiment 1) at Henan Institute of Science and
Technology, Xinxiang, China: A — Extraction of enzyme solution from leaves;
B — Determination of antioxidant enzyme activity
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Appendices C.1

B

The photo of field research (experiment 2), Sumy National Agrarian University
(latitude 50052.742N, 34046.159E Longitude, and 137.7 m above sea level):
A — soybean seeds sowing; B — field fertilization
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Appendices C.2

The photo of field research (experiment 2), Sumy National Agrarian University
(latitude 50052.742N, 34046.159E Longitude, and 137.7 m above sea level):
A — determination of soybean leaf indicators; B — soybean seed measurement
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Appendices D.1.1

= 3

¥Y3roaxeno 3aTBepIKYIO
ITpopekTop 3 HAyKOBOI Ta ~ Hupexrop TOB «JICK -11»,
Mi>KHApOIHOT AisIBHOCTI Haropuesa T. B.
npodecop Janbko fO. L. :
B 4 @" ’ — / ] |

” 2025 p. o X O ER025 D,

AKT BIPOBA/I’KEHHS

Pe3ybTaTiB HAYKOBO-A0CIIIHUX | TEXHOJIOTIYHHX PO3po06oOK

3amoBruk: TOB «JICK -11», Cymcoka obnacme, m. JlebedrH, eyn. Cymceka, 94

KepiBuuk opranizaiii (aupekrop): Hazopuesa Temsana BonooumupisrHa

[l¥M  aKTOM MiATBEPDKYETHCSA, 10  Pe3ybTaTH pobotu: Edexmusnicmo

3ACMOCYB8AHHS Pe2VIAMOPIe POCMY 3a 8UPOULYBAHHS COL cOPMY Aypenina

sIKa BUKOHaHA acniparmom _Cymcoko20 HAYIOHANbHO20 A2papHo20 YHigepcumemy
JIi XKyiiyze
BrpoBapkeHHi Ha 3emissX TOB «JICK -11», Cymcokuii pation, Cymcoka obnacme.

1. Bua  BhpoBaJDKEHHSI pe3yNbTaTiB:  Busuanu egexmusnicms 3acmocyeaHHs

pezynamopie pocmy (kowmponw, Antistress, Sugar Mover) 1 eupowysanms coi
copmy Aypenina. :

Bemanoesneno, wo naubinewuti  npubymox 3 0OuHuyi _naowi ompumanu 3a

supowyeants _coi _copmy Aypenina 3a_3acmocyeanns Antistress (1,7 ke/2a).

Hpubymox 3 odunuyi nrowi 27 228muc. epH., penmabenvuicms 159 %

2. XapaKTepuCcTHKa MaciuTady BIIPOBA/KEHHS 22 Ta:

3. HoBu3Ha HayKOBO-JOCHIIHUX POOiT: Bnepue 6 ymosax nieniunozo Jlicocmeny
Yikpainu _ (Cymcokuii _paiion, Cymcoka _obaacme) 6CmMAHOSNCHA HAUSULYA

ehexmusnicmo_supowyeanns_coi_copmy Aypenina 3a_no3aKopeHeso20 GHeceHHs.
pezynamopy pocmy Antistress (1,7 k2/2a) e mixkpocmadii BBCH60—69.

4. BipoBajDKeHi: y ciibebkorocnomapcbke BUpoOHUUTBO TOB «JICK -11,
Cymcoka obnacmo, m. Jlebeoun, eyn. Cymcoxa, 94 .
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Appendices D.1.2

5. Piynuii  exoHOMIYHHN _edeKT (dodamkosuil npubymox 8 NOPIGHAHHI 3

koumponem — 1484 epn/za):

6. [IlntomMa exkoHOMiYHA e(EeKTHBHICTh BIPOBAUKEHHS: yucmuil npubymox Ha

1 2exmap nocigy — 27 228 2pH.; po3spaxyHKosuil pigeHs penm. oenvnocmi — 159 %;

3azanvHull npubymox 3 nois - 599, 2 muc. e2pH.

7. ConiannbHO-HAYKOBHM e(heKT: 3pocmants 06 'emy Cupo8uHu O0as Xapuosoi ma

nepepoOHOl _NpoMUCIO80Cmi, NOKPAWEHHS _(DIHAHCOBO eKOHOMIYHO20 CMAaHy

20cn00apcmea ma azponpoMUCI08020 KOMIIEKCY YKpaitu.

Leit axm 3asipsaemocs 2epbosumu newamkamu 3 60ky 3amosnuxa i Buxonasys

7 Bin BH3: Bin miangnemersa:
Haykoeo-oocnionolo  yacmunolo  1'oroenuil 6y.

AV, k. c.-e. H., Ooyenm
3axapuenko O.0.

Apowyk P. A.
Bionogioansnuil 3a 6npo6aodicenns,
azponom
Buxonaseyw, acnipanm TJ Qr ‘
5 ey A / Hosax C. I
L‘ g“\lj} & JTi XKyiiyze = 4 3

Pospobneno 6ionogiono oo ,, Ilonosicenns npo Hayko6o-00Cioni, OOCIIINO - KOHCMPYKMOPCoKi
ma mexuiyni pobomu y euwux HaguaibHux 3axknadax”
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Appendices D.2.1

¥Y3roaxeno 3aTBepIKyIO
I[TpopekTop 3 HaykoBoi Ta MixkHapoaHoi Jlupexrop ®I" «Poxuna-2017»,
JUSITBHOCTI

op_Jlaueko 1O. 1.

o,

M_;” 2025 p.

AKT BIIPOBa/I’)KEHHH

Pe3yabTaTiB HAYKOBO-0CTIIHHX | TEXHOJOTIYHHX PO3POOOK

3aMoBHHK: Pepmepcoke cocnodapcmeo «Poduna-2017», Ilonmascvka obaacme,

Kobenayvruit paiion, ceno Kanasu, synuysa Llenmpanvna, 6.1

KepiBHuK opranizaiii (aupekrop): birokine Bimaniu Onezosuy

LluM akTOM miATBEPMIKYETHCS, 1O pe3yabTaTh pobotu: [1iobip copmie coi ons

supowyeanns 6 _ymosax Jlieobepesicrnozo Jlicocmeny Ykpainu (ITornmaecvka

obracmv)

sKa BUKOHaHa acnipanmom _CYyMCbK020 HAYIOHANIbHO20 A2PAPHO20 YHIBepcumemy
JIi XKyiyse

BIIPOBA/DKEHHI Ha 3eMiax  Depmepcvbkozo 2ocnodapemea  «Poouna-2017»,

Ionmascwvka obracme, Kobensyvkuil paiion, ceno Kanasu, eynuus Llenmpanvha,
ik

1. Bun BnpoBa/ukeHHs pe3ynbTatiB: Bueuanu egexmuenicmo eupowsyeanus coi

copmie Aypenina, bemmina, Menmop.

Bemanoeneno, wo Haubinbul eKOHOMIYHO GU2IOHO GUPOWYEAMU _COi _copmy

Aypenina (3a maxcumanoHo20 npubymxy 3 00unuyi niowi nonaod 25 744 muc. 2pH.

ma piens penmabenvrnocmi 161%).

2. XapakTepucTHKa  Macmta0y  BopoBa/keHHss 20 ea.

3. HoBu3HAa HAyKOBO-JIOCIIIHUX po0iT: Bnepuie e ymosax JligobepescHozo

Jlicocmeny _ Vkpainu __ (Ilonmaseceka __ obaacmv)  ecmaHoénieHa  Hausuuwid

ehexmusHicms supouyysanis coi copmy Aypenina.

™=
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4. BipoBa/ukeHi:  y  CilIbCBKOrOCIONAPCHKE BUPOOHUIITBO  Depmepcvko2o

2ocnodapemea «Poduna-2017», Ilonmascoka o6racms, Kobensiyviuii PAUOH.

5. Piunnii _exoHOMiuHMH edeKT (dodamkosuii npubymox e NOPIBHAHHI 3

eapianmamu de supowysanu copm Menmop — 5000 2pn/za):

OUiKYBaHuii — 63,0 muc. 2pn.

dakruannii — /00,0 muc. 2pn. (3 20 2a)

6. IlutomMa exoHOMiYHA edeKTHBHICTh BIPOBAKEHHS: wucmuil npubymox Ha

1 2exmap nocigy — 25 744 2pn.;: pospaxynkoeuii pisens permabensnocmi — 161 %.

7. CouianbHo-HayKOBUH _edeKT: 3pocmanus 06 'emy CUPOBUHU _ONIsL_XAP4060i

NPOMUCNIOB80CMI, NOKPAWCHHSA PIHAHCOB0 eKOHOMIYHO20 CIMAHY A2PONDOMUCTIOBOLO

KOMRJIEKCY ma nPpayieHUKIE.

Leit akm 3asipsiembcs 2epbosumu newamxamu 3 60y 3amosnuxa i Buxonaeys

, Bin BH3: Bin nianpuemcraa:
3asioyeay flayroeo-docaionoto  wacmunoro  I'onoenuil oyxganmep
Cy. ! A/é(l(. c.-2. H., ooyenm ’ﬁ
/ / /A Cmupnosa B. B.
/ Apowyx P. A. :
/ Bionogioansnuii 3a enposadaicenns,

Buxonaseyw, acnipanm azpoHoM /
41. /e:(}] = JIi XKyiysze 4,724 Binoxins B. O.

Pospobaeno sionosiono oo ,, lonoxcenns npo HAYK0B0-00CNiOHi, OOCNIOHO - KOHCMPYKMOPCHKi
ma mexuiuni pobomu y 6uwux HagyanbHux 3axiadax”
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