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Pedepar: BucsiTiieHo pe3ynbTard JOCIiPKEHb 3 BUBYCHHS BIUTUBY CTPOKIB CiBOM Ta MepeAIOCiBHOT
00poOKM HACIHHS Ha 1HIUBIAYyaTbHY MPOMYKTUBHICTH pociuH coi (Glycine hispida) i ypokaiiHicTs copTiB
pizHOoro mopdobiotuny. JlochimkeHHS NPOBOAMIM METOAOM PO3LICTUICHUX MJUISHOK Y YOTHPBOX
HOBTOPEHHSX 3a 3arajJbHONPHUHATOI0 METOAWKOI. JliMHKaMH MEepIIoro IMopsaKy Oynmn COpTH coi —
Annymka, Ko063a i ManbBiHa; Ipyroro nopsaKy — AUITHKY 3 Pi3HUME cTpokamu ciBou (panHiid (6—80C),
cepenniii (10—120C), mizHiii (14—160C)), TpeTHOTO NMOPSAKY — JUISHKH 3 BapiaHTaMu 00pOOJICHHS HACiHHSI
coi mepen ciB0OOO TyMicoJoM, ananToiToM, pocT-KOHIIeHTpaToM, GpyHmazonoMm. B yci poku gociimKeHHs
HallKpamli MOKa3HUKW IHIWBIAyaIbHOT MPOMYKTHBHOCTI POCIHH COi (pOpMyBaMCsl MOCIBAMH COi COPTY
MarnbBiHa y BapiaHTax CEpeAHbOTO CTPOKY CiBOM i mepennociBHoi 00poOKu HaciHHS AnantoditoM. Bura
BPOXaHICTh HACIHHS CO1 Y CepeTHhOMY 3a pOKaMH JIOCIiKeHb (2,34 1/ra) popmyBanacs y copty ManbBiHa
y BapiaHTi CEpeTHBOTO CTPOKY CiBOM 32 yMOBH 00poOKH HaciHHA A nantoditom. CopT coi AHHYIIIKa CyTTEBO
MOCTYTIABCS 32 piBHEM ypokaiiHOCTI copram Ko63a Ta ManbBina — pisHuts cranosuna 0,31 ta 0,43 1/ra.
3HAYHOIO MIpOI0 BPOXKAWHICTH 3€pHA 3pocTaja 3a OOpPOOKM HACiHHSA Tepes CiBOOK JOCIIHKYBaHUMHU
npemaparamu (mpubaBka B mexax 0,10-0,38 T/ra). BrmuB ctpokiB ciBOu Ha piBeHb ypoxaitHocTi OyB
HaliMeHIIUM. TakuM YMHOM, BCTAHOBJIEHO MOMIIMBICTH OTPHMAaHHS CTAaOLIBHUX BpPOXKAiB COI B yMOBax
Cxinnoro Jlicocreny YkpaiHu 3a paxyHOK MNpPaBWJILHOTO Mig0Opy COPTIB, AOTPUMAaHHS ONTHMAIBHUX
CTPOKIB CiBOM 13 3aCTOCYBaHHSIM PETYIISITOPIB POCTY.

Kurouosi cioBa: cos (Glycine hispida), copt, cTpoku ciBOHM, peryisiTopu pocTy, NPOLYyKTUBHICTb,
YPOXKAHHICTb.

Abstract: The effects of sowing time and pre-sowing seed treatment on the individual performance
of soybean (Glycine hispida) plants and the yield of morphologically different cultivars are covered. The
study had a split plot design in four replications in accordance with conventional methods. The first order
plots were soybean cultivars: ‘Annushka’, ‘Kobza’ and ‘Malvina’; the second order plots were sown within
various timeframes (early (6—8°C), medium (10-12°C), or late (14—16°C)); the third order plots were pre-
sowing treatments of soybean seeds with Humisol, Adaptophyte, Rost-concentrate, and Fundazol. In all
study years, the best individual performance of soybean plants was shown by cv. ‘Malvina’ treated with
Adaptophyt before sowing and sown within the medium timeframe. The greatest mean yield of soybean
seeds from cv. ‘Malvina’ (the mean yield across the study years was 2.34 t/ha) was harvested when the
cultivar’s seeds were treated with Adaptophyt and planted within the medium timeframe. Soybean cv.
‘Annushka’ was significantly inferior to cvs. ‘Kobza’ and ‘Malvina’ in terms of performance: the difference
was 0.31 and 0.43 t/ha, respectively. The seed yield increased to a large extent, when seeds were treated with
the tested agents before sowing (the gain ranged from 0.10 to 0.38 t/ha). The effect of sowing time on the
performance was the smallest. Thus, it was demonstrated that it was possible to achieve stable soybean yields
in the Eastern Forest-Steppe of Ukraine due to adequate selection of cultivars, adherence to optimal sowing
timeframes and application of growth regulators..
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Y wmobimizarii moTeHIiany TPOXYKTHBHOCTI
HOBHX COPTIB €Ol B&XJIMBUM € 3aCTOCYBaHHS
cnenudiaHuX TUTSE HUX 0co0IMBOCTEN
BHPOIYBaHHS 3 YypaxyBaHHAM iX OlONOTIYHHX
rotpeb. Cepen ¢akTopiB, IO BU3HAYAIOTH PIBEHb
YPOXKaHHOCTI  COI, BAaKJIMBE MICIIE HAJICKUTh
TIOCIBHIM arpoTexHilll, 30KpeMa, ONTHMaIbHIM
CTpoKaM CiBOM 3 ypaxyBaHHSIM TPYHTOBO-
KJIIMaTHYHUX YMOB 1 COPTOBUX OCOONMBOCTEM, SIKi
COpUSIOTH  KpallOMy  pOCTy, PO3BHUTKY Ta
(hopMyBaHHIO MaKCHMaJIbHOI  MPOAYKTUBHOCTI.
OO6pobmneHHsT HACIHHS Mepes CiBOOIO perynsaropamu
pocTy  miABMIIyE  CTIMKICTB  cXOmiB A0
HECIPUSTINBUX YIHHNKIB 30BHIIIHBOTO
CEpeloBHUIIa, 10 J03BOJISE BUCIBATH COIO PAHIIIC
pexoMeHIoBaHUX CTpokiB [2, 3, 13]. [ns Takux
e B OCTaHHI POKM BHKOPUCTOBYIOTHCS: PICT-
KOHIICHTPAT — KOMILUICKCHE OpraHo-MiHepalibHe
piake MOOPUBO, OCHOBOIO SIKOTO € TyMar Kajlio Ta
KOMIUIEKC Makpo- 1 MiIKpOEJIEMEHTIB Yy BHCOKIH

KOHIIEHTpamii;  agantodit —  KOMIUIEKCHUH
PETYISATOP POCTY POCIHUH [0 CKIJIy SIKOTO BXOSTH
¢izioNoriyH0  aKTUBHI ~ PEYOBMH  MPHUPOAHOTO
moxomkeHHs  (QITOoropMOHM 3 AyKCHHOBOIO,

IUTOKIHIHOBOIO Ta TiOEPENIMHOBOIO AKTHUBHICTIO,
aAMIHOKHMCIIOTH, HU3bKOMOJICKYJISIpHI BOJOPO3UMHHI
OlTKM, BYIVIEBOIM, >KUPHI KUCIOTH Ta ix edipu);
TYMICONT — PIAKUI Tperapar TyMIHOBOI TPUPOIH,
BUPOOJICHUI Ha OCHOBI BEPMIKOMIIOCTY — MIPOIYKTY
nepepoOKH THOIO  BEIMKOI  poraroi  Xyjaoow
4epBOHUMH KaltihopHiichKuME depB'sikamu Eisenia
fetida.

[Tpu BcTaHOBNEHI CTPOKIB CiBOM, Ha AYMKY
HaykoBIiB [3, 15], mOTpiOHO BpaxoOBYBAaTH PEKUM
MPOTPiBaHHS IPYHTY Ta TPUBATICTH CBITIIOBOTO JIHSA,
110 3HAYHO BIUTMBAE HA MPOAYKTHBHICTH POCIUH CO1.
Bimomo, 1o cTpoku ciBOM 3ajiekaTh BiJl IPYHTOBO-
KJIIMaTM4HOi ~ 30HM,  OCOONMBOCTEH  COpTY,
TPHUBAJIOCTI JIHS, TMPOTPIBaHHS MOCIBHOTO IIapy
rpyaty ao 10-12°C, mo B Hammx ymoBax (30Hi
cxigHoro JlicocTemy) mpuIagae Ha Tepiojy KiHIIA
KBITHS IOYaToK TpaBHA. Jlns coi CTpoku ciBOM
MalOTh BHpIIIaJibHE 3HAYCHHS, OCKUIBKHM BiJl HHUX
3aJIEKUTh Yac 1 MOJKIIUBICTD 1i JTOCTUTAHHS, 4 OTKE
BEJIMYMHA BpPOXar 1 SKICTh HaciHHSA. Busnauntn
ONTHUMAaJIbHI CTPOKU CIBOM COi MOXKHA JIMIIE IS
KOHKPETHOTO PETIOHY 1 COPTY, Ha MiJICTaBi MMOJILOBUX
nociikens. OfHaK JoTenep HeMae €IWHOI TyMKH
BUEHUX CTOCOBHO ONTHUMAJIBLHHUX CTPOKIB CiBOU COi.
OnHi BueHi [5] BBaXkaroTh, [0 ONTUMAILHUA CTPOK
CiBOM coOi 30iraerbcs i3 MPOTpiBaHHAM IPYHTY JIO
12-14°C na mmbuHi 3aropTanHsi HaciHHsi. Ha
OyMKy I1HIIMX HaykoBIB [3, 15], 3a0esmeueHHs
JOPYXHHX CXONiB HACiHHS €Ol MOXIMBE 32
temneparypu 1pyHty 10-12°C na mmbuni 10 cm.
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To fully use the performance potential of
new soybean cultivars, it is important to take into
account specific features of their cultivation and
their biological needs. Among the factors that
determine soybean yield, sowing techniques, in
particular, optimal sowing time in given pedo-
climatic conditions and varietal characteristics
that contribute to better growth, development and
maximum performance are of great importance.
Pre-sowing treatment of seeds with growth
regulators increases the resistance of seedlings to
adverse factors of the environment, allowing
farmers to sow soybeans earlier than the
recommended timeframes [2, 3, 13]. For such
purposes, the following approaches have been
used recently: Rost-concentrate, a complex
organic-mineral liquid fertilizer containing
potassium  humate and  macro-  and
micronutrients in  high  concentrations;
Adaptophyte, a complex plant growth regulator
containing natural physiologically active
substances  (phytohormones  with  auxin,
cytokinin and gibberellin activities, amino acids,
low-molecular water-soluble proteins,
carbohydrates, fatty acids and their esters);
Humicol, a liquid humic agent produced made
from vermicompost (a product of cattle manure
processing by the red Californian worm Eisenia
fetida).

Scientists think [3, 15] that, when deciding
on sowing timeframes, it is necessary to take into
account the soil temperature profile and
photoperiod  significantly  affecting  the
performance of soybean plants. It is known that
the timing of sowing depends on pedo-climatic
zones, cultivars’ characteristics, photoperiod,
and heating of the seeding soil layer to 10-12°C,
which means late April or early May in our
conditions  (Eastern  Forest-Steppe).  For
soybeans, the timing of sowing is of crucial
importance, since it affects the possibility and
length of their ripening, and therefore the yield
amount and seed quality. To choose the optimal
time of sowing soybeans is only possible for a
specific region and cultivar and the decision
should be based on field data. However, until
now there is no unanimous opinion of scientists
regarding the optimal ttimeframes of soybean
sowing. Some researchers [5] believe that the
optimal time for sowing soybeans is when the
soil is warmed to 12—14°C at the seed burying
depth. According to other scientists [3, 15],
soybean seedlings emerge evenly when the soil
temperature at a 10 cm depth is 10-12°C.
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JocmimkeHHAMHA, TIPOBEACHUMH B 30HI
cxigaoro JlicocTemy, BCTaHOBIIEHO, IO CTPOKU
ciBOM HaHOINBII CYTTEBO BIUIMBAJIM HAa MOJBOBY
CXOKICTh HaCiHHsA, a caMe: Tpu ciBOi 18—20 KBiTHA
BOHa cranoBuia 63,7 %, 28-30 kBitHI — 69,7 %, 8—
10 tpaBus — 80,4 %, 18-20 tpaBHs — 79% i1 28-30
tpasus — 70,1 % [3].

PesynpraTi mocmimkeHpb 3acBiqanin [ 7], mo B
ymoBax Jlicocteny Ykpainu HaliBHIa YPOXKAWHICTh
copty Menes (1,9 1/ra) Oyna orpumaHa 3a CiBOM ITij
Yac MporpiBaHHS IPyHTY Ha miubuHi 10 cM mo 15—
160C. [15]. 3amisHeHHs i3 ciBOOIO Ha 5 JHIB
MOPIBHIHO 3 ONTHMATBHUMH CTPOKaMH MIPU3BOIUIIO
0 3HWKEHHS ypoxaiHocTi Hacinag Ha 0,15-0,38
T/ra. [HIIUMU MOCHIHKEHHSIMH B IOMY pPETiOHI
OyJio BCTaHOBJICHO, IO CiBOa cOl MpH MpOrpiBaHHI
rpyaty 1o 120C Ha mmbuni 10 cMm 3abe3neunia
MaKCUMaJlbHy ypOXKalHICTb HACiHHA COi COpTy
Kuiecbka 27 (2,81 1/ra), copty Husa (1,87 1/ra) 3
OTPUMAHHSM HAWBUINOI KUIBKOCTI Oinka Ta ol
[24]. B ymosax miBHiuHOrOo Cremy VYkpaiHu
HaHOUTBIIHIA ypokail OyB OTpHMaHUN y COi COPTY
Bamora (1,54 T1/ra) 3a ciBOM mpu mporpiBaHHI
rpyaTy mo 10-12 oC na mmmbwai 10 cM [3]. Tami
BYEHI BBAXaIOTh [5, 15], m10 mouaTok ciBOu B paHHii
CTpOK 3abe3redye JOCATHEHHS MAaKCHMAaJlbHO
MOXIIUBOI YPOXKalHOCTI COi.

OTxe, Ha CBOTOAHI BIACYTHI  €aWHI
PEKOMEHAAIIN MO0 ONTUMAIBFHOTO CTPOKY CiBOM
coi. 3a JaHMMU OfHIE]l TpPyNu BUYCHHX, NpHU
BCTAQHOBJIEHHI  ONTUMAJBHOTO  CTPOKY  CIBOM
HEOOXiTHO KepyBaTUCs KalleHAapHUM CTPOKOM
CiBOM 1 CiATH COIO 3a NPOrpiBaHHS IPYHTY Ha
IOWHI 3aropTanHs HaciHHS (4—5 cm) mo 12—14°C
[1]. Apyra rpyna BUCHUX BBa)Ka€, 110 ONTUMATbHUI
CTpPOK CiBOM HEOOXiJTHO BCTaHOBIIOBATH 32
MOKAa3HUKOM pIiBHSI TEMIEparypHOrO PEXUMY Ha
rouHi 10 1 HaBiTh 20 cMm [4]. Tpets rpyma BueHUX
PEKOMEH/IyE BU3HAYaTH ONTHUMAajIbHI CTPOKU CiBOU
coi 3 ypaxyBaHHSM XapakTepy BecHHU [S5]. BinburicTs
BYCHHX CXOIATHCS Ha JYMIIi, IO 10 BCTAHOBJICHHS
CTpPOKiB  CiBOM coi HEOOXiJHO  TiIXOIUTH
ndepeHIiioBaHo, B TEpIIy Yepry, 3aJieKHO Bij
I'PYHTOBO-KJIIMarn4Hoi 30HH [15, 19].

3a ocraHHI JecsaTUpivuA 3pocia MoTpeda
MIOIITYKY HOBHX NUISIXIB 1/IBUIICHHS
MPOAYKTUBHOCTI  coi. Pesyiasrat  JociipkeHb
nokazanu [10, 18, 20, 21], mo BaXJIUBUM
KOMIIOHEHTOM Cy4YacHUX TEXHOJIOTiH BUPOLIYBaHHS
POCIIVIH CTalOTh CyYacHi PEryJsTOpU POCTY POCIIUH.
Cepen HUX TOMYTAPHUMH CTalIM PiCT-KOHLEHTpAT
Ta aganradir [4, 11].

B ocranHi poku B YkpaiHi 3SMEHIITWIINCS TUTOMT
BUTIHMX MOMEPEIHUKIB MiJ O3UMY IIIICHHUIIO,
30KpeMa, ropoxy, OHOPIYHKX 1 OaraTopiyHUX Tpas,

In a study conducted in the eastern forest-
steppe, it was shown that the sowing time most
significantly affected the field germination of
seeds: when sowing on April 18-20, it was
63.7%, on April 28-30 — 69.7%, on May 8-10 —
80.4%, on May 18-20 — 79%, and on May 28-30
—70.1% [3].

It was proven [7] that, in the Forest-Steppe
of Ukraine, the highest yield from cv. ‘Medeia’
(1.9 t/ha) was harvested provided the cultivar
was sown when the soil at a 10 cm depth was
warmed to 15-16°C. [15]. A 5-day delay in
sowing compared to the optimal time led to a
decrease in the seed yield by 0.15-0.38 t/ha.
Other studies in this region demonstrated that
sowing soybeans when the soil was heated to
120C at a 10 cm depth ensured the maximum
yield of high-protein, high-oil seeds from
soybean cvs. ‘Kyivska 27’ (2.81 t/ha) and ‘Niva’
(1.87 t/ha) [24]. In the Northern Steppe of
Ukraine, the greatest yield was harvested from
soybean cv. ‘Valiuta’ (1.54 t/ha) sown when the
soil was warmed to 10—12 °C at a 10 cm depth
[3]. Other authors believe [5, 15] that early start
of sowing guarantees the maximum possible
yield of soybeans.

Therefore, today there are no harmonized
recommendations regarding the optimal periods
for soybean sowing. There is an opinion that the
optimal sowing period should be determined
from the sowing calendar and soybeans should
be sown when the soil at the seed burying depth
(4-5 cm) is warmed to 12—14 °C [1]. According
to another opinion, the optimal sowing time
should be set based on the temperature at a 10 cm
or even 20 cm depth [4]. The third team of
researchers recommends determining the optimal
time for sowing soybeans, taking into account the
spring weather [5]. The majority of scientists
agree that it is necessary to choose the soybean
sowing time in a differentiated manner, primarily
depending on pedo-climatic conditions [15, 19].

Over the past decades, the need for new
ways to increase soybean performance has
become more acute. A study showed [10, 18, 20,
21] that modern plant growth regulators were
important components of state-of-the-art plant
growing technologies. Of them, Rost-
concentrate and Adaptaphyt have gained
popularity [4, 11].

In recent years, the acreage of profitable
forecrops for winter wheat, in particular, pea,
annual and perennial grasses, silage and green
fodder corn, have been diminished in Ukraine.
Due to the development of early-ripening
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KYKYPYZI3H Ha CHJIOC 1 3€JICHHH KOpPM. 3 TIOSBOIO B
3001 CximHoro Jlicocteny paHHbOCTHIVIMX COPTIB
coi 3’ABMJIACh MOXKIIUBICTh BUKOPHCTOBYBATH i SIK
KOPHCHHHA TIOTIEPSAHUK O3WMOi TIICHHIN. Aute
HaBiTh PAHHBOCTHUIIII COPTH MAIOTh JOCHUTHh
TPHUBAJIHMIA IEpioA BereTalii, TOMy 115l IPUCKOPEHHS
iX [mo3piBaHHSA  3aCTOCOBYIOTh JECHKAIiID abo
CEHUKAIII0 TIOCIBIB Tepen 30MpaHHsIM Bpoxkaro. B
3B’3Ky 3 LUM, OCOOIMBOTO 3HaueHHA HalyBae
pauioHaTbHe BUKOPUCTAaHHS PECYPCiB TeIia B 30Hi
Cxignoro Jlicocreny y paHHROBECHSIHHNA MEpiof 3a
PaxyHOK paHHIX CTPOKIB CiBOM COi Ta 3aCTOCYBaHHS
CTUMYJIATOPIB pPOCTY 1 (YHTIOUIOIB ISl 3aXHCTY
CXOIB Bil HECTPHUSATIMBUX YMOB 30BHIIIHHOTO
cepenoBuIa Ta 0aKTepiaJTbHUX XBOPOO.

HammMu — gocnipkeHHSMH — Tiepea0daueHo
BCTaHOBJICHHSI MOKJIIBO PaHHIX CTPOKIB CiBOM cOi B
3oHi Cximaoro Jlicoctemy. [msa 1poro Oyio
HEOOXITHO BUSBUTU 3B SI3KM MK aOlOTUYHUMU
(hakTopamMu Ta peatizali€ero MOTEHINaTy COPTIB Ol
3alle)KHO BiJ CTPOKIB CiBOM Ta [Hii CTHMYNSATOPIB
pocty. Tomy MeTor0 mocCHikeHb OylIH TOIIYKH
LUISIXIB MiJBUILEHHS PIBHSI pealtizallii TeHeTHIHOTO
MOTEHITi Ty Pi3HUX 32 MOPPOOIOTUTIOM COPTIB Coi 32
paxyHOK ONTUMI3allii CTPOKIB ciBOM 1 BU3HAYCHHS
ONTUMAJIbHUX BapiaHTIB TepennociBHOI 00poOKu
HACIHHS, SKi CTBOPIOIOTH Kpallli YMOBH JIJIsl POCTY Ta
PO3BUTKY POCIIHH.

Metoauka

Hocnimxennss nposogwu 'y 2018, 2019 Ta
2021 pp. B ymoBax locnignoro nonst XHAY im. B.B.
JlokydaeBa, pO3TalmIOBAaHOTO B IiBIEHHO-CXiIHIN
YyacTUHI XapkoBa Ha 4YeTBEpTid Tepaci p. Ymu 3
HaWBHIIOI0 TOYKOKO Hajl piBHEM Mops 177,5 m. [pyHT
y CiBO3MIiHi, Ha sIKil 3aKJIalaId TTOJIHOBI JOCTIIN —
YOPHO3€M THUIIOBUM 3MUTHA MAaJOryMyCOBaHUI
Ba)XKKO-CYIJIMHKOBHIT Ha kKapOoHaTHOMY Jieci. Penbed
MIOJIB, i€ PO3TAIIOBYBAJM OCTIIHI NUISHKHA, Mae
piBHE BOAOPO3MALIOBE ILIATO 13 CJIA00 TMOJOrHM
cxuiiom [22].

Hocnign 3aknazaig METOAOM PO3LICTUICHHUX
JNUISHOK Yy~ YOTHPhOX  TOBTOPEHHSX 32
3araJibHONPUAHITOX MeTonukoro [17]. Jlinsakamu
nepmoro nopsiaky Oymu tpu coptu coi (Glycine
hispida) 3 pisaum MopdobioTurnom (YMHHUK A) —
Amnnymka ynsTpapaHHiid (mepion Berertamii 75-85
nHiB), KobO3a pannsoctummii (nepion Beretauii 94—
98 ni6) 1 ManbBiHa cepeHBOCTUIINI (TIepion
Bereraril 110-115 Iio)
(http://sort.sops.gov.ua/search/search).  Jlinsakamu
JPYroro TOpsAKy OyiaW BapiaHTH CTPOKIB CiBOM
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soybean cultivars in the eastern forest-steppe, it
became possible to use them as a useful forecrop
for winter wheat. However, even early-ripening
cultivars vegetate for rather long periods;
therefore, pre-harvest desiccation or senication
of crops is used to accelerate their ripening. In
this regard, the rational use of heat resources in
the eastern forest-steppe in early spring due to
early sowing of soybeans and application of
growth stimulators and fungicides to protect

seedlings against adverse environmental
conditions and bacterial diseases is of particular
importance.

Our studies demonstrated that it was
possible to sow soybeans early in the eastern
forest-steppe. For this, it was necessary to
identify relationships between abiotic factors and
fulfilment of the soybean cultivars’ potentials
depending on sowing time and effects of growth
stimulators. Therefore, the purpose of this study
was to find ways to enhance the fulfilment of the
genetic potentials of morphologically different
soybean cultivars by optimizing sowing
timeframes and determining optimal variants of
pre-sowing seed treatment to create better
conditions for plant growth and development.

Methods

The study was conducted in the
experimental fields of the VV Dokuchaev
KhNAU (located in the south-eastern part of
Kharkiv, on the fourth terrace of the Udy, with
the highest point above sea level of 177.5 m) in
2018, 2019 and 2021. The soil in the crop
rotation, where the field experiments were
carried out, is a typical truncated, low-humus,
heavy loamy chernozem on carbonate loess. The
topography of the fields where the experimental
plots were located is a flat watershed plateau
with a slightly smooth slope [22].

The experiments were arranged in a split
plot design in four replications in accordance
with traditional methods [17]. The first order
plots were three morphologically different
soybean (Glycine hispida) cultivars (factor A):
ultra-early cv. ‘Annushka’ (vegetation period =
75-85 days), early-ripening cv. ‘Kobza’
(vegetation period = 94-98 days) and medium-
ripening cv. ‘Malvina’ (vegetation period =
110-115 days)
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(unnnEK B): (panniii (6-8°C), cepemniii (10-12°C) i
mizHii  (14-16°C). [insHKH TPeThOTro MOPSIKY
TIpeIICTaBIICH]I BapiaHTaMu 3 00pOOJICHHS HACIHHS Ol
mepen  ciB0oro  OakTepialibHMM  IIpenaparoM
TyMiCOIOM, peryisTopaMu pocty (amantoditoMm i
POCT-KOHIIEHTPaToM), a TakoX  (QYHTIIIIOM
¢ynmazonom. Ilnoma nociBHoi minsuku — 20 M2,
001ikoBOi — 16 M2 OCHOBHi €JI€MEHTH CTPYKTYpH
BpOKaITHOCTI BU3HAYAN 32 METOIUKOIO Jlep kaBHOTO
COPTOBHUIPOOYBaHHS CLIBCHKOTOCTIONAPCHKUX
kynsTyp [9]. CrartucTudHuil aHami3 pe3ynbTaTiB
TOCITIKEHb TIPOBOIMIIA TUCTIEPCITHIM METOIOM 3
BUKOPHCTaHHSM TaKeTa JIICH31MHUX KOMIT IOTCPHHUX
mporpam Microsoft Office Excel [16].

TexHosorisi BUPOIIYBaHHSA COI B JOCHTii, 3a
BUHSTKOM JIOCTIIXKYBaHUX (hakTOpiB (CTPOK CIiBOH,
o0poOeHHs HaciHHA Tmepen  ciBOOr)  Oyma
3arajpHONpUitHATOI0 Ui CxigHoro Jlicoctemy
VYkpainu [23].

Pe3yabraTtu Ta 00roBOpeHHs

ligporepMiyHi yMOBH B POKH JOCIHiIKEHb
ICTOTHO BiNpI3HSUIMCA BiI cepemHix OararopidHHX
MMOKA3HUKIB, IO J03BOJMIO OLIbII 00’ €KTHBHO
BU3HAYHUTH BIUIMB JOCIIDKYBaHHX (pakropiB. Y
2018 p. mepiox ciBOa-cXoau MPOXOAUB 3 TOCTATHIM
3armacoM BOJIOTH B IPYHTI 32 PaxyHOK Oepe3HEeBHX
omajiB. B nomanpimioMy ramyxeHHs Ta OyTOHi3arlis
pocnuH coi BimOyBaJMCcs B CyXHX YMOBax 3
BapiroBaHH:M rigporepmiunoro koedinienrta (I'TK)
Bix 0,0 mo 0,30. Ilepiomu HBITIHHS Ta YTBOPEHHS
0001B MPOXOIMIIN 32 CyXUX Ta MOCYIIIMBUX YMOB
(I'TK B mexax 0,13-0,84). IlpoxomxeHHS HaIUBY
HACIHHS BiJI0OyBaJIOCS TaKOX 3a IMOCYIUINBUX YMOB,
IO CIPUYMHSIO a0OPTUBHICTH HaciHHS 1 000iB. Y
LJIOMY TiJpOTEpMidHI pecypcH BereTaliifHOTO
nepiony coi B 2018 p. mopiBHroBamu 0,34, mio
BH3HAYaJI0 YMOBH Bererailii, sik cyxi (0,5<I' TK).

Y 2019 p. BecHa Oyia CHPUSTIUBOIO IS
MOYAaTKOBOTO POCTY 1 PO3BHUTKY JOCHIKYBAHUX
copTiB coi — y KBiTHI Bumajo 44,5 MM onanis
(127,1% Big Hopmn), y TpaBHi — 43,4 Mmm (88,6% Bin
HOPMH), III0 CIIPHSIIO 33JI0BIIBHOMY TPOXOPKEHHIO
(asu OyToHi3allii, aje IMi3HIilllE B YEPBHI BUIIAJIO
mume 15,2 mum (25,8% Big HOpMU), y nmunHI — 38,8
MM (54,6% Bin HOpMH). Taka KUTBKICTh OmajiB Oyia
HEIOCTaTHBOIO 1 NpU3BOAMIA A0 aOOPTHBHOCTI
KBITOK Ha pOCIIMHAX €Ol ycCiX CTpOKiB ciBOu. B
MONaNBIIIOMY ~ ITOTOMHI  YMOBH  Ie  OijbIe
noripumiunca. B cepmHi Temmeparypa MNOBITpS
BIeHb jgocsrana 33,8°C, pa3oM 3 BIiJCYTHICTIO

(http://sort.sops.gov.ua/search/search). The
second order plots were various sowing
timeframes (factor B): early (6—8°C), medium
(10-12°C) and late (14-16°C). The third order
plots were pre-sowing treatments of soybean
seeds with the bacterial agent Humisol, growth
regulators (Adaptophyte and Rost-concentrate)
and the fungicide Fundazol. The plot area was
20 m? the record area was 16 m? Major
constituents of yield were measured in
compliance with methods of the State Variety
Trials of Agricultural Crops [9]. Data were
statistically processed by ANOVA in Microsoft
Office Excel [16].

The farming technique of soybean
growing in the experiments, except for the
studied factors (sowing period, pre-sowing
treatment of seeds), was traditional for the
Eastern Forest-Steppe of Ukraine [23].

Results and Discussion

The hydrothermal conditions in the study
years significantly differed from the long-term
average values, allowing us to more objectively
evaluate the influence of the studied factors. In
2018, the “sowing-emergence” period had enough
water in the soil due to March precipitation. Later,
during the tillering and budding of soybean plants,
it was dry and the hydrothermal coefficient (HTC)
varied from 0.0 to 0.30. The anthesis and pod
formation occurred under dry and arid conditions
(HTC =0.13-0.84). The seed filling also occurred
under dry conditions, which caused seed and pod
aborts. In general, the HTC of the soybean
growing period in 2018 was 0.34, meaning that
the vegetation conditions were dry (HTC <0.5).

In 2019, the spring was favorable for the
initial growth and development of the soybean
varieties under investigation: there was 44.5 mm
of precipitation (127.1% of the long-term average)
in April and 43.4 mm (88.6% of the long-term
average) in May, which made the budding phase
satisfactory but later, in June and July, there was
only 15.2 mm and 38.8 mm, respectively (25.8%
and 54.6% of the long-term average). This amount
of precipitation was insufficient and led to flower
aborts on soybean plants sown in any timeframe.
Further, the weather worsened even more. In
August, the daytime air temperature reached
33.8°C and there was no precipitation; these were
critical conditions for the pod formation and
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OMajiB e NPU3BOAWIO 10 KPUTHYHUX YMOB ISt
(dhopmyBanHs 600iB 1 10 ix abopruBHOCTI. Bee e
CIIPUYHMHMAIIO Pi3Ke 3MEHITICHHS BPOXKAaHOCTI 3epHA
coi, 0co0NMBO B MOCIBaX paHHIX CTPOKIB CiBOM.
INipporepMmiuHi pecypcu BereTariitHoro nepiogy coi
B 2019 poxy nopiBatoBamm 0,52, mo BU3HAYAIO
yMOBH Beretaiii, sik nocyuuusi (0,5<I'TK<0,9).

2021 pik  Ha  mMOYarKy  BereTarii
xapakrepusyBaBcs sk ontuMmansHu (1<['TK<1,3),
IO COPHUSUIO OTPUMAHHIO HANOINBIIOI MOIHOBOL
cxoxocTi HaciHag. CepenHpOI000Ba TeMIlEpaTypa
TIOBITPs B YepBHi cTaHoBmIa 20,8°C, onaiB BHITAIO
81,9 mm (138,8% Big HOpMH). Ane B HACTYIHHN
Mepiof CIIEKOTHE JIITO HETaTUBHO BILTUHYIIO HA PICT
i posButok pocmuH coi  (0,5<['TK<0,9).
Cepennbono0oBa TeMIiieparypa TMOBITpS B JIUIHI
cranoBmiIa 26,4°C, KIJIbKICTh OIAAIB CKJIajia JIHUIIE
16,2 mm (22,8% Bigx HOpMu). Hecmpusitiusi
MOAANBINI YMOBH NeEpioAy Bererarii Ta MOpPiBHSHO
OiNbIIa TyCTOTa CXOJIIB CIIPUYWHSIIA KOHKYPEHIIIFO
MiX POCITMHAMH COi, 10 MPHU3BEIO JI0 3HIKECHHS 1X
BWXKUBaHOCTI. Taka KiNBKICTH oOmagiB  Oyia
HEJOCTaTHBOIO Ut (hopMyBaHHS 000iB. Y mioMy
TiIPOTEpMiYHI pecypcH BereTaliiHOro mepioay coi
B 2021 poui mopiHtoBanmu 1,03, mo BU3HAYaNO
YMOBH Bererailii, Sk AocTarHbo 3BonoxeHi (1,0—
1,3).

3a pesynbTaramMu aHajily OiOMETPUYHUX
MOKa3HUKiB OyJI0 BCTAHOBJICHO, 1110 B CEPEAHBOMY 3a
TP POKH HaWOUIBIIy KiUTBKICTE 000iB  OyIo
chopMOBaHO Ha pOCIIMHAX copTy ManbBiHa 18,6
mr., gemio menme y copry Ko63a (15,7 mrT.) i
HaiimeHnIe y copty AxHymka (13,2 mwrt.), pi3HULs
cranoBmia 5,4 mr. a6o 41,0 % (tabun. 1). 3a paHHbOI
ciBOu npu Temneparypi rpyHty 6—8°C Ha pocnuHax
copTy AHHyIIKa Oysi0 C()OPMOBAHO B CEPEIHHOMY
11,6 606iB, copty Kob3a — 14,3, copty MainbBina —
17,8 ©006iB. HaiiGinpmry kinmbkicte 000iB (B
CepeaHbOMY 3a TPU POKH Ta 3a BapiaHTaMu 00pOOKH
Hacinus): 14,3; 16,6; 19,3 BiANOBiZHO IO COPTIB
OyJ0 OTpUMaHO 3a CiBOM B MPOTPITHHA TPYHT [0
temneparypu 14-16°C, 1m0 miATBEPIKYETHCS
iHmmMu aBropamu [8, 12, 14]. ¥V cepennsomy 3a
POKaMHU KUIbKICTh 000IB 3aJIe)KHO BiJl BapiaHTIB
JOCIIiy BapitoBajia B Mexkax Bij 14,1 1o 17,4 wit. 3a
00poONeHHsT HAaciHHA TyMicOIOM iX KIiJIBKICTb
30inpryBanacs Ha 1,6 wT., agantoditom — Ha 3,3
mT. abo Ha 23,3 %, pocT-KOHIIEHTpaT — Ha 2,8 MIT.
abo na 19,5 %, a o00OpobnenHs ¢yHAAa30I0M
3abe3nedyBasio HaiMeHy npudasky — 0,9 mT. ado
Ha 6,1 % MOPIBHSIHO 3 KOHTPOJIBHUM BapiaHTOM.
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resulted in pod aborts. All this caused a sharp
decrease in the yield of the soybean cultivars,
especially early sown. The HTC of the 2019
soybean growing was 0.52, which meaning that
the vegetation occurred under dry conditions
(0.5<HTC<0.9).

In 2021, the beginning of the growing period
was optimal (1<HTC<1.3), which contributed to
the highest germinability of seeds in the field. The
mean daily air temperature in June was 20.8°C;
the precipitation amount was 81.9 mm (138.8% of
the long-term average). However, later the hot
summer negatively affected the growth and
development of soybean plants (0.5<HTC<0.9).
The mean daily air temperature in July was
26.4°C; the precipitation amount was only 16.2
mm (22.8% of the long-term average).
Subsequently, the unfavorable conditions during
the vegetation period and relatively high seedling
density caused competition between soybean
plants, reducing their survival. This amount of
precipitation was not enough for the pod
formation. In general, the HTC of the soybean
growing period in 2021 was 1.03, meaning that
the vegetation occurred under sufficiently wet
conditions (1.0-1.3).

Analysis of biometric parameters showed
that, on average across the three years, cv.
‘Malvina’ had the largest number of pods per plant
(18.6); cv. ‘Kobza’ had somewhat fewer pods per
plant (15.7); and cv. ‘Annushka’ had the fewest
pods per plant (13.2). The difference was 5.4 pods
or 41.0% (Table 1). When the cultivars were sown
early, at a soil temperature of 6—8°C, the mean
number of pods per plant was 11.6, 14.3 and 17.8
in cvs. ‘Annushka’, ‘Kobza’ and ‘Malvina’,
respectively. The mean largest number of pods
(averaged across the three years and seed
treatments) was 14.3, 16.6 and 19.3, respectively,
when the cultivars were sown in the soil warmed
to 14-16°C, which is confirmed by other authors
[8, 12, 14]. On average across the study years, the
number of pods per plant varied from 14.1 to 17.4,
depending on the experimental variant. When
seeds were treated with Humisol, there were 1.6
pods more per plant; Adaptophyt increased the
number of pods per plant by 3.3 pods or 23.3%;
Rost-concentrate - by 2.8 pods or 19.5%; and
Fundazol treatment resulted in the smallest
increase of 0.9 pods or 6.1% compared to the
control.
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Tadanus 1. [IpoxyKTHBHICTH POCIIMH COT 3aJIEKHO BiJl COPTY, CTPOKIB CiBOM Ta MepeAriociBHOro o0poOiieHHs Ha-
cinns (cepenne 3a 2018, 2019, 2021 pp.)
Table 1. Soybean plant performance in different cultivars depending on sowing timeframes and pre-sowing seed
treatments (mean for 2018, 2019 and 2021)

Crpox KiHLKiCTb Ha 011- Maca Ha-
. Hilf pocnuHi, WT. / | CiHHS 3 Of1- Maca 1000
Coprn cisbu (B) Number per plant Hi€i poc- IIT. HACIHUH, T
(A)/ Cul- | /Sowing Ipenaparu (C) / Agent (C) . ;
tivar (A) | timeframe 600iB / - TTHHH, ?/ / Thou's and
cinns / | Seed weight | seed weight, g
(B) pods
seeds per plant, g
6e3 o6pobenns / No treatment 10.9 23.6 2.9 115.3
panniii / | rymicon / Humisol 11.4 27.8 3.4 120.3
Early amanrodir / Adaptophyt 12.4 30.2 3.7 122.1
(6-8°C) | poct-kounentpar / Rost-concentrate 12.0 29.3 3.6 121.3
_g ¢bynpason / Fundazol 11.2 27.2 3.3 119.8
é 6e3 o6pobnenns / No treatment 12.3 27.6 3.5 117.5
Z Cepenniii | rymicon / Humisol 13.8 31.0 3.9 121.7
3 / Medium | amanrodit / Adaptophyt 15.0 33.7 4.3 128.4
E (10-12°C) | pocr-konnentpar / Rost-concentrate 14.6 32.7 4.1 124.1
& ¢dynnazon / Fundazol 13.0 29.3 3.7 121.4
é 6e3 o6pobnenns / No treatment 12.7 29.0 3.8 114.2
mishiii /| rymicon / Humisol 14.3 32.7 4.3 119.3
Late amanrodit / Adaptophyt 15.9 36.3 4.8 121.3
(14-16°C) | poct-konuentpar / Rost-concentrate 14.9 34.1 4.5 121.0
¢byunason / Fundazol 13.7 31.2 4.1 119.0
6e3 o6pobnenns / No treatment 12.7 29.0 3.8 124.0
pamniii / | rymicon / Humisol 14.3 32.7 4.3 127.0
Early amanrodit / Adaptophyt 15.9 36.3 4.8 130.3
(6-8°C) | pocr-konuentpar / Rost-concentrate 154 35.2 4.6 128.1
¢yunason / Fundazol 13.3 30.5 4.0 126.2
E 6e3 o6pobnenns / No treatment 145 30.5 4.0 126.7
S Cepenniii | rymicon / Humisol 16.1 33.8 4.4 130.0
3 / Medium | amanrodit / Adaptophyt 17.7 37.2 4.9 134.7
3 (10-12°C) | pocr-xonuenTpar / Rost-concentrate 17.2 36.1 4.7 133.9
< dynnason / Fundazol 15.2 32.0 4.2 128.2
6e3 obpobnenns / No treatment 14.8 31.8 4.3 125.5
misuiii /| rymicon / Humisol 16.3 35.0 4.8 129.4
Late amanrodit / Adaptophyt 18.5 39.8 54 131.7
(14-16°C) | pocr-rxonuenTpar / Rost-concentrate 18.1 39.0 5.2 130.2
¢yunason / Fundazol 15.4 33.0 4.5 127.9
6e3 o6pobnenns / No treatment 15.7 34.1 4.5 126.7
panniii / | rymicon / Humisol 18.0 39.2 5.2 129.7
Early amanrodit / Adaptophyt 19.4 42.1 5.6 132.4
(6-8°C) | pocr-konuentpar / Rost-concentrate 19.0 41.2 5.4 131.7
< ¢dynmason / Fundazol 17.0 37.0 4.9 128.2
% 6e3 06pobnenns / No treatment 16.6 35.8 4.8 129.6
= Cepenniii | rymicon / Humisol 18.7 40.2 5.4 1324
= / Medium | aganrogir / Adaptophyt 20.8 44.7 6.0 136.9
'E (10-12°C) | pocr-kounentpar / Rost-concentrate 20.2 43.4 5.8 133.3
g dynaason / Fundazol 17.7 38.0 5.2 131.2
p= 6e3 oOpobnenns / No treatment 17.0 37.6 5.0 128.4
mizHii / | rymicon / Humisol 19.1 42.2 5.7 130.2
Late amarrrodit / Adaptophyt 21.2 46.9 6.3 133.9
(14-16°C) | pocr-kounentpar / Rost-concentrate 20.6 45.6 6.1 132.9
¢yunason / Fundazol 18.4 40.9 5.5 129.2
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IMomiOHa TeHpmeHIis cmocTepiraimacs i 3a
[IOKa3HUKOM KIJIBKOCTI HAaciHHA Ha OAHIH
pocnuHi. 3a POKHM [OCIHIIKEHb HaWOIIbITY
KiJTBKICTh HaciHHA Oyno chOpPMOBaHO COPTOM
ManeBina (40,6 mT.), mem0 MEHIIY y COPTY
Ko63a (34,1 mT.). i HallMeHIIy — y COpTYy
Annymka (30,4 mwr). HaliMmeHme HaciHHS Ha
KOXKHIH pociuHi popMyBaocs B yciX cOpTiB coi
3a ciBOM B mepmwuii CTpoK (y copTy AHHyIIKa —
27,6, y copty Kob3a — 32,7, y copry ManbBina —
38,7 mT). 3a ciBOM y Tperiii CTpPOK TIpHU
temneparypi rpyHTy 14—-160C KinbKicTh HACIHUH
Ha KOXHIW pOCIUHI 30iabpIIuiacs BiAMOBIIHO 10
copriB Ha 5,1, 3,0 i 3,9 mt. 3a ciBOu B apyruit
CTPOK  cmocTepiraiocss 3MEHIICHHS  4YHUCia
HAaCiHMH Ha OAHIH pPOCIWHI TMOPIBHAHO i3
MoCiBaMH B TPETill CTPOK — y copTy AHHYIIIKa —
Ha 3,3,y copty Ko63a — Ha 1,2, y coptry MainbBina
—mna 1,7 mr.

VY cepenHbOMY 332 pOKaMH KiJIbKiCTh HACIHHS
Ha POCJIMHI 3aJIe)KHO BiJl BapiaHTiB Oylia B Me)Kax
Big 31,0 mo 38,6 mr. 3a 0OpoOeHHS HACiHHSA
TyMiCOJIOM HOTO KiNbKicTh 30inmburyBanacs Ha 4,0
mT. (a6o Ha 12,8 %), amantoditom — Ha 7,6 T,
(abo Ha 24,4 %), 3a 0OpOOKHU POCT-KOHIICHTPATOM
KinpKicTe 000iB 3pocTtanma Ha 6,4 mrT. (abo Ha
20,6 %), a oOpobOka (yHaa3010M 3abe3mneuyBaia
HaiiMeHIy npubaBKy — Ha 2,2 mrt. (abo Ha 7,2 %)
MOPIBHSHO 3 KOHTPOJIBHUM BapiaHTOM.

Haii6inpury Macy HACIHHS oyrno
chopmoBaHo y BapiaHTax ciBOM coi coptry
Marnsgina 5,4 1, nemo MeHmry y copty Ko63a — 4,5
I i HaiimMmeHmy y copty AHHymka — 3,9 r. Maca
HACiHHS 3 OJ{HI€T POCIIMHH B CEPEIHHOMY 32 POKH
JOCTIKEHb Ta BapiaHTaMu 0OpOOJIeHHs] HACIHHSA
B TMOCiBax TPEThOIO CTPOKY CTAHOBWJIA y COPTY
Annymka 4,3 1, y copry Ko63a — 4,8, y copry
Maneina — 5,7 1, abo Oyna OiNBIIOI0 TTOPIBHIHO
3 MepUIMM CTPOK. Y CepeHhOMY 3a pOKaMmH,
copraMu Ta CTPOKaMH CiBOM Maca HaciHHS Ha
POCIWHI 3alIe)XHO BiJ BapiaHTa 0OpOOIEHHS
HaciHHs BapitoBana Bix 4,1 10 5,1 . O6poOaeHHS
HACiHHs TyMicoJIOM 30iNbIIyBajo Macy HaciHHS
Ha 0,5 r (abo Ha 13,1 %), agantoditom —Ha 1,0 T
(25,1%), poct-konuenrparom — Ha 0,8 r (20,2%),
a  oOpoOka  ¢yHmazonmoMm  3abesmeuyBaina
HaliMeHmy mnpubaBky — 0,3 r (abo nHa 7,7%)
MOPIBHSHO 3 KOHTPOJIBHUM BapiaHTOM.

3a pokM JIOCIHiJDKEHHS HalOinpma Maca
1000 HaciHuMH cmocrtepirajacsi y BapiaHTax coi
copry MansBina 131,1 1, memjo MeHmie y copry
Ko63a (128,9 r) i HalimeH1Ie y copTy AHHYIIKA —
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There was a similar trend in the number of
seeds per plant. Across the study years, the mean
greatest number of seeds was recorded for cv.
‘Malvina’ (40.6); cv. ‘Kobza’ formed slightly
fewer seeds per plant (34.1); and cv. ‘Annushka’
had the fewest seeds per plant (30.4). The fewest
seeds on per plant were noted in all soybean
cultivars sown within the first timeframe (cv.
‘Annushka’ - 27.6; cv. ‘Kobza’ - 32.7; and cv.
‘Malvina’ - 38.7). Upon sowing within the third
timeframe, at a soil temperature of 14—160C, the
number of seeds per plant increased by 5.1, 3.0,
and 3.9 seeds, respectively. Upon sowing within
the second timeframe, a decrease in the number of
seeds per plant was observed compared to the
third timeframe: by 3.3 seeds in c¢v. ‘Annushka’,
by 1.2 seeds in cv. ‘Kobza’ and by 1.7 seeds in cv.
‘Malvina’.

On average across the study years, the
number of seeds per plant ranged from 31.0 to
38.6 seeds in different experimental variants.
Upon Humisol treatment of seeds, there were 4.0
seeds more per plant (or 12.8% more);
Adaptophyt increased the number of seeds per
plant by 7.6 seeds (or by 24.4%); Rost-concentrate
increased the number of seeds per plant by 6.4
seeds (or by 20.6%), and Fundazol treatment
resulted in the smallest increase of 2.2 seeds (or
7.2%) compared to the control.

The largest weight of seeds per plant of 5.4
g was recorded for soybean cv. ‘Malvina’ sown
within any timeframe; in cv. ‘Kobza’, this
parameter was slightly lower (4.5 g); and in cv.
‘Annushka’, the smallest weight of seeds per plant
of 3.9 g was observed. In cv. ‘Annushka’ sown
within the third timeframe, the weight of seeds per
plant averaged across the study years and seed
treatments was 4.3 g variety; in cv. ‘Kobza’ sown
within the third timeframe, it was 4.8 g; and in cv.
‘Malvina’ sown within the third timeframe, it was
5.7 g: these values were higher than the
corresponding ones in the cultivars sown within
the first timeframe. On average across the study
years, cultivars and sowing periods, the weight of
seeds per plant varied from 4.1 to 5.1 g, depending
on seed treatment. Treatment of seeds with
Humisol increased the weight of seeds per plant
by 0.5 g (or by 13.1%); Adaptophyt treatment - by
1.0 g (25.1%); Rost-concentrate treatment - by 0.8
g (20.2%); and Fundazol treatment resulted in the
smallest increase of 0.3 g (or 7.7 %) compared to
the control.
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120,4 1. Hait6inpma maca 1000 Hacinuu Oyrna y
pOCIWH, BUPOIIEHUX B MOCIBax APYTOTO CTPOKY
ciBOm i craHoBMiIa y copty AHHymKa 122,61,y
copry Ko63a 130,7, y copry MansBina — 132,71,
abo Oyma OLTBIIOID 3a MEpPHIIOTO 1 TPETHOTO
CTPOKY, IIO B LIJIOMY MiITBEP/KYETHCA 1HIIUMH
aBropamu [12, 14]. V cepeauboMy 3a poKamu,
copTamu Ta ctpokamu ciBou maca 1000 HaciHmH
3aJeXHO BiJg BapiaHTy oOOpoONeHHS HaciHHSA
KonuBamacs B Mexax Bim 123,1 mo 130,2 r
O6poOneHHs HACIHHA TyMiCcOJIOM 301NBIIyBaoO
macy 1000 macinmua Ha 3,6 T (abo Ha 2,9 %),

agantopitrom — Ha 7,1 T (5,8 %), pocr-
KoHIIeHTpatoM —Ha 5,4 1 ( 4,4 %), a 00poOneHHs
dbyHaa3070M 3a0e31eyyBajo HaMEHIIY
npudaBKy 2,6 T (2,1 %) mnopiBHSHO 3

koHTponeM. L[i pe3ymbraTH y3ro[KYyIOThCS 3
JaHUMM iHIIOro aBropa [25]. 3a pesyiabTaTaMu
3aCTOCYBaHHsI agantodiTy B IOCiBaX SYMEHIO
siporo Maca 1000 HacinuH 30inpuryBanocs Ha 0,9—
2,2 T i gocsraia HalGiNbIIOT BETUYUHU Y COPTY
[MaTpumiit micns o6poOku anantoditom — 45,8 T.

Hammmu nociikeHHSIMHU BCTaHOBIICHO, 110
ypoxalHicTh 3epHa coi B CximHomy Jlicocremy
VYkpainu 3aJeXUTh HE TUIBKU BiJl CTPOKIB CiBOH i
XapakTepy BECHH, a W BiJf IOTOJHUX yMOB JiTa
(Tabm. 2).

Y cepenHboMy 3a pOKaMu JOCIIKCHHS
HaiiBUIla BPOXKaWHICTH 3epHa B nmocmimi (2,48
1/Ta) popmyBanacs y copry KobO3a y BapiaHTi 3
Cepe/IHIM CTPOKOM CiBOM 3a TeMIiepaTypH IPyHTY
10-120C i 3a ymoBH 00pOOJIEHHS HACIHHS POCT-
KOHIIeHTpaToM. Skmjo  mpoaHamizyBaTu  3a
poxamu, To y 2018 Ta 2021 pp. BpokaiiHicTh Oyna
HaiOUIBIIO Yy BapiaHTax CEepPeIHBOr0 CTPOKY
ciBOM y copTy MasbBiHa 3a YMOBH OOpOOJICHHS
HaciHHs agantoditom (2,24 ta 2,69 1/ra), y 2019
p. — Yy BapiaHTi cCepeHbOTO CTPOKY CiBOM Y COPTY
Ko63a 3a ymoBH 0OpOOJICHHS HACIHHS POCT-
KoHIIeHTpaToM — 2,91 T/ra.

VY cepeaHbOMY 3a POKaMH JIOCIIiJDKCHHS,
HaWBHINA Pi3HUI 3a BPOXKaWHICTIO 3epHA COl
Oyna 3a (akTopoM COpT, a caMe COpPT AHHYIIKa
CyTTeBO moctynascsa copraM Ko63a Ta ManbsBina
i usg pisaung cradoewna 0,31 Ta 0,43 T/ra.
Pisauns wmix copramum Kob63a Ta MainbBina
craHoBuna — 0,12 1/ra i Oyna B Mexax MoxXuOKH
nocainy (mpu HIPos 3a dpakropom A — 0,15 1/ra).

Across the study years, the greatest
thousand seed weight of 131.1 g was observed in
soybean cv. ‘Malvina’; in cv. ‘Kobza’, this
parameter was slightly lower (128.9 g); and cv.
‘Annushka’ showed the lowest thousand seed
weight of 120.4 g. The greatest thousand seed
weight was recorded for plants sown within the
second timeframe: was 122.6 g in cv. ‘Annushka’,
130.7 g in cv. ‘Kobza’ and 132.7 g in cw.
‘Malvina’; these values were higher than the
corresponding ones for the first and third
timeframes, which generally is in agreement with
other researchers’ data [12, 14]. On average across
the years, cultivars and sowing periods, the
thousand seed weight varied from 123.1 to 130.2
g, depending on seed treatment. Treatment of
seeds with Humisol increased the thousand seed
weight by 3.6 g (or by 2.9%); Adaptophyt
treatment - by 7.1 g (5.8%); Rost-concentrate
treatment - by 54 g (4.4%); and Fundazol
treatment resulted in the smallest increase of 2.6 g
(2.1 %) compared to the control. These results are
consistent with another author’s data [25].
Application of Adaptophyt on spring barley
increased the thousand seed weight by 0.9-2.2 g,
with the highest value of 45.8 g in cv. ‘Patrytsii’.

We found that the yield of soybeans in the
Eastern Forest-Steppe of Ukraine depended not
only on sowing time and spring weather but also
on summer weather (Table 2).

On average across the study years, the
greatest seed yield in the experiment (2.48 t/ha)
was harvested from cv. ‘Kobza’ treated with Rost-
concentrate and sown within the medium
timeframe at a soil temperature of 10—-120C. If we
analyze by year, in 2018 and 2021, the maximum
yield was harvested from Adaptophyt-treated and
sown within the medium timeframe cv. ‘Malvina’
(2.24 and 2.69 t/ha); in 2019, Rost-concentrate-
treated and sown within the medium timeframe cv.
‘Kobza’ produced the maximum yield of 2.91 t/ha.

On average across the study years, the
greatest difference in the soybean seed yield was
due to the cultivar factor, specifically cv.
‘Annushka’ was significantly inferior to cvs.
‘Kobza’ and ‘Malvina’ and this difference
amounted to 0.31 and 0.43 t/ha, respectively. The
difference between cv. ‘Kobza’ and cv. ‘Malvina’
was 0.12 t/ha and was within the error of the
experiment (LSDys for factor A — 0.15 t/ha).
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Tadanus 2. 3abapsiieHHs 3epHa TiOpuIHUX pociuH Fi
Table 2. Soybean seed yield depending on cultivar, sowing timeframe and pre-sowing seed treatment, t/ha (mean for
2018, 2019 and 2021)

Cepenne | Cepenne 3a (ak-
Coptu .CTpOKH Poku / Year 3:1113 po- TOpz.MI/I / Avtcebrage
(A)/ cisou .(B) / Kamu / of factors
Cultivar _Sowmg Ipemapatu (C) / Agent (C) Average
(a) | Umeframe 2018 | 2019 | 2021 | across | A | B | C
(B) the years
0e3 06pobnenns / No treatment 1.3910.90 | 1.53 1.27 1.38
pauHiii / rymicoa / Humisol 158 | 115|177 1.50 1.55
Early apantodir / Adaptophyt 163131193 ] 162 1.48 [1.73
© (6-8°C) poct-koHuentpar / Rost-concentrate | 1.60 | 1.25 | 1.87 1.57 1.66
= ¢bynpaszon / Fundazol 153]1.21 163 1.46 151
é 0e3 06pobnenns / No treatment 151129173 151
g CepenHiii rymicoa / Humisol 168 | 1.45 | 1.97 1.60
=~ | /Medium apantodir / Adaptophyt 1.83]1.67213] 188 | 157|168
5 (10-12°C) | pocr-konnentpar / Rost-concentrate | 1.78 | 1.60 | 2.07 1.82
2 ¢dynmazon / Fundazol 1.60 | 1.40 | 1.83 1.61
j 6e3 0opoberns / No treatment 137 123|151 1.37
mi3Hii / rymicou / Humisol 150 (138|174 1.54
Late amanrodit / Adaptophyt 169|143 ]1.98 1.70 1.54
(14-16°C) | poct-konuentpar / Rost-concentrate 158 | 1.35 | 1.87 1.60
dynaazon / Fundazol 148 | 126 | 1.68 | 1.47
6e3 o6pobenns / No treatment 148 | 1.37 | 1.83 1.56 1.66
pamHiii / rymicou / Humisol 1.68 | 1.55 | 2.07 1.77 1.86
Early amanrodit / Adaptophyt 183|171 ] 233 1.96 1.77 | 2.06
(6-8°C) poct-koHIenTpar / Rost-concentrate 1.78 | 1.65 | 2.27 1.90 2.01
dynaazon / Fundazol 153141200 | 165 1.74
N 6e3 obpobmnenns / No treatment 1.77 | 162 [ 204 | 1.81
N Cepenniit rymicon / Humisol 193 177 | 235 | 2.02
3 / Medium amanrodit / Adaptophyt 211 1197|254 | 221 1.87 | 2.02
3 (10-12°C) | poct-romnenrpar / Rost-concentrate | 2.05 | 2.91 | 249 | 2.15
< dynason / Fundazol 1.85 [ 1.65 [ 2.20 | 1.90
6e3 o6pobenns / No treatment 156 145|183 1.61
mi3Hii / rymicos / Humisol 1.71 153 ] 211 1.78
Late amanrodit / Adaptophyt 195|177 ] 235 2.02 1.81
(14-16°C) | poct-konnentpar / Rost-concentrate | 1.88 | 1.75 | 2.27 1.97
dbynaazon / Fundazol 158 | 146|198 | 167
6e3 o6pobnenns / No treatment 166 | 1.54 | 1.94 1.71 1.80
pamHiii / rymicos / Humisol 183 | 1.77 | 2.25 1.95 2.01
Early ananrodit / Adaptophyt 2.090 182240 210 1.94 [2.19
(6-8°C) pocr-koHIenTpar / Rost-concentrate 2.08 | 1.75 | 2.37 2.07 2.16
g dynaason / Fundazol 1.73 1170 | 213 | 1.85 1.88
= 6e3 06pobnenns / No treatment 1.86 | 1.75 220 | 1.94
= Cepenniit rymicon / Humisol 201195244 | 213
= | /Medium apantodir / Adaptophyt 2241198 [269] 234 |201|214
-E (10-12°C) | poct-romnenrpar / Rost-concentrate | 2.21 | 2.05 | 2.64 | 2.27
B dynzason / Fundazol 1.87 | 181 [ 232 2.00
= 6e3 o6podnenns / No treatment 1.69 | 157 | 1.99 | 1.75
mi3Hii / rymicos / Humisol 1.83 | 1.77 | 2.25 1.95
Late amanrodit / Adaptophyt 209 1190|240 | 213 1.95
(14-16°C) | pocr-konrenTpar / Rost-concentrate 2.08 | 1.80 | 2.47 212
dbynmazon / Fundazol 167 | 165|207 ] 180
HIP o5 3a pakropamu LSD ¢s for factors: A —0.15; B—0.03; C-0.01; ABC-0.2
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Takox, ciiJl 3a3HAYUTH, IO 3HAYHOIO MipOIO
BpOXaITHICTh 3epHA 3pOCTalia 32 YMOBH 00pOOIeHHS
HaciHHA  mepel]  CiBOOK  JOCHIKYBaHUMH
npemnaparaMu, npubaBka Oyna CyTTEBOIO, B MEXax
0,10-0,38 1/ra (mpu HIP0.05 3a daxropom C — 0,01
T/ra). HaiiBuia mpubaBka BpoXalHOCTI 3epHa cOi
MOPiBHAHO 3  KOHTPOJLHMM  BapiaHToM (B
CepelHBROMY 3a POKAaMH, COpTaMH Ta CTPOKaMu
ciBOM)  cmocrepirajacs Ha  BapiaHTax 3
00pobneHHsaM HaciHHs amantoditom — 0,38 T/ra i
poct-konenTparoM — 0,37 t/ra. Taki naHi 1 oMy
30iraroThcst 3 pe3yabraTtax IHIIMX JTOCIHIIKEHb.
Hampuknan, 3adikcoBaHo  MABHINEHHS — IIif
BIUTMBOM aJanTo(iTy YpPOXKaHHOCTI SYMEHIO SPOTO
[25], constmamKy [26], kapTormuti [27], .

BB  cTpokiB  CciBOM  Ha  3EpHOBY
MPOAYKTUBHICTH COi OyB HaWMEHIINM, 30KpeMa,
cepenHiil cTpok ciBOW 3a Temmeparypu rpyHTy 10—
120C 3abe3neunB mnpudaeky 0,24 T/ra, ciBba (3a
temneparypu rpyHTy 14—-160C) 3a6e3neuyBana Bxe
He cyrreBy mnpubaBky (0,04 T/ra), mopiBHAHO 3
paHHIM CTPOKOM CiBOM 3a TeMmepaTypH IPyHTy 6—
80C (mpu HIP0.05 3a hakropom B — 0,03 1/ra).

3a eKcTpeMajbHHX TOTOAHUX YMOB, SKi
cknamucs y 2019 p., HalOUTBITY BpOXKaHICTH OyIT0
OoTpUMaHo y copty MaibBina — 1,79 1/ra, nerio
menmry — 1,71 t/ra y copty Ko63a i 1,33 1/ra — y
COpTy AHHYyUIKA.

BcraHoBieHo, 1110 10CIipKyBaHi COPTH cOT HE
OJTHAKOBO pearyBalldi Ha CTPOKH CiBOM 1 ITOTOAHI
YMOBH POKIB focmipkeHHs. Y 2018 p. HaiOinbiia
BpOXKaWHICTh JOCTIDKYBaHHX COpPTiB Oyna 3a
JIPYyToro CTPOKY CiBOHM 1,41-1,66 T1/ra, a
HaHMEHIIIOK — 3a MI3HBOTO CTPOKY ciBOM — 1,37—
1,55 t/ra. Y 2019 p., HaBmakw, HAWOLIBIIONO
BpOXKalHICTh OyJ1a 3a Mi3HBOTO CTPOKY ciBOM — 1,23—
1,37 1/ra. OTpuMaHi pe3yabTaru y3TrOIKYIOThCS 13
pe3yibpTaTaMH 1HIIHNX aBTopiB [6, 8, 12].

BucHoBkn

PesynpraramMu  CIIOCTEpEXXeHb  JIOBEACHO
BUCOKHMH BIUIMB BapiaHTIB  JIOCHIDKCHHS Ha
(dbopMyBaHHS  IHIUBIIYaNnbHOI  TPOIYKTUBHOCTI
POCIHH COl Ta MOKa3HUKH YpoxkalHOCTi. B yci poku
JOCIIPKeHHS] HalKpalll NOKa3HUKU 1HAMBIAyalIbHOI
MPOAYKTUBHOCTI POCIHH COT (POPMYBAIIHCS TTIOCIBAMH
coi copty ManbBiHa y BapiaHTaX 3 CEpeIHIM CTPOKOM
ciBom  (temmeparypa rpynry —10-12°C) i
MEPEANOCiBHOT 00pOOKH HACIHHS AIanTo(iTOM.

VY cepenHbOMy 3a POKH JOCIHIPKCHHS BHILLY
BPOKaWHICTh HACIHHS COI OTpUManM y COPTY
ManbBiHa y BapiaHTax 3 CEpeAHIM CTPOKOM CiBOM
(remneparypa rpyary — 10—12°C) i nepenmnociBHOT
00poOKH HaciHHS AnantoditoM. Y 1bOMy BapiaHTi
ypOXXaiHicTh cTaHOBUIA 2,34 T/Ta.

In addition, it should be noted that the grain
yield increased to a large extent after pre-sowing
treatment of seeds with the studied agents; the
increase was significant, ranging 0.10 to 0.38 t/ha
(at LSDO.05 for factor C 0.01 t/ha). The greatest
gain in the soybean grain yield compared to the
control (on average across years, cultivars and
sowing periods) was recorded for Adaptophyte
(0.38 t/ha) and Rost-concentrate (0.37 t/ha)
treatment. Such data generally are in agreement
with results of other studies. For example, there
was an increase in the yields of spring barley [25],
sunflower [26] and potato [27] attributed to
Adaptophyt.

The effect of sowing time on the soybean
grain yield was the smallest, in particular, sowing
within the medium time frame at a soil
temperature of 10-12°C resulted in an increase of
0.24 t/ha and sowing at a soil temperature of 14—
16°C gave no significant increase (0.04 t/ha)
compared to the early sowing period at a soil
temperature of 6—-8°C (at LSDO0.05 for factor B
0.03 t/ha).

Under the extreme weather conditions in
2019, the maximum vyield of 1.79 t/ha was
harvested from cv. ‘Malvina’ variety; cv. ‘Kobza’
yielded slightly less (1.71 t/ha); and cv.
‘Annushka’ yielded 1.33 t/ha.

The investigated soybean cultivars were
found to respond differently to sowing time and
weather in the study years. In 2018, the greatest
yield (1.41-1.66 t/ha) from the studied cultivars
was harvested when they were sown within the
second period and the smallest yield (1.37-1.55
t/ha) was harvested when they were sown late. In
2019, on the contrary, the maximum yield of 1.23—
1.37 t/ha was obtained from the late-sown
cultivars. These results are consistent with other
authors’ findings [6, 8, 12].

Conclusions

We proved the strong impact of the
factors under investigation on the individual
performance and yield of soybean plants. In all
study years, cv. ‘Malvina’ showed the best
individual performance when it was treated
with Adaptophyt before sowing and planted
within the medium timeframe (soil temperature
-10-12 °C).

On average across the study years, the
maximum yield of soybean seeds amounting to
2.34 t/ha was harvested from cv. ‘Malvina’
when it was treated with Adaptophyt before
sowing and planted within the medium
timeframe (soil temperature -10—12 °C).
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