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Pedepar: KinbkicHO OIliHEHO BIUTHB Pi3HUX HOPM TMICISCXOMOBUX repOimuiB Ha (opMyBaHHS
ypoxkaitHocTi riopunis corssmanky Heoma (Texnomnoris Clearfield) Ta bino6a (texnonoris Clearfield Plus)
B ymMoBax nocyuuiuBoro Creny Ykpainu. [TlonsoBi mociimkeHHs mpoBeneHo mpoTsrom 2022-2024 pp. Ha
nociimaomy noii Y «IactutyT 3eproBuX KynbTyp» HAAH (c. BacuiiBka, /[HimpomnerpoBchka 0011.) 3a
CXEMOIO PO3IICTNICHNX AUITHOK. BapiaHTH BKITIOYAIIX KOHTPOJIb (MEXaHIdHA TPOMOJKA) Ta MiCIsICX0I0BE
3acrocyBaHHs repOinuais [emxiantekc (0,045-0,090 n/ra) i [Iynecap @neke (1,6-3,2 n/ra). Pesynbraru
MOKa3aJid YiTKY 3aJICKHICTh YPOXKAHHOCTI BiJl TCHETHYHUX OCOOIMBOCTEH T1OpUIIB Ta A03H TepOIiUIiB.
Hanmipna nosza I'enianrekcy (0,090 n/ra) cnpuunHMia BiporigHe 3HWXKEHHS ypoxaiHocTi Ha 31-38 %,
IO CyNpOBOMXKYBajiocst 3MeHIIeHHsM Macu 1000 HaciHMH, HaTypu Ta BMICTY OJlii — O3HaK, SKi
BiIOOpaXKaroTh YIMOBUILHEHHS TIPOIIECiB HalWBYy MiJ i€l (iToTokcHyHOro cTpecy. HartomicTb
3actocyBanHs [lynscap dnekc y no3i 1,6 n/ra 3abe3neunio HalBUILY YPOXKaHICT (110 +5 % MOpiBHIHO
3 KOHTpoIeM iy Tiopuaa bino6a) 6e3 mposBiB MpUTHIYEHHS, 0 BKa3ye HA ONTHMAIIbHY CEJIEeKTUBHICTD
npenapary. [linsumienns go3u [lynecap ®nexc 1o 2,4-3,2 j1/ra npu3BOAUIO J0 YaCTKOBOTO MPUTHIYCHHSI
(opMyBaHHS HACiHHS Ta 3HIKEHHA ypokaiiHOcTi Ha 6—9%. KopensuiliHo-perpeciiiHuii aHani3 mokasas,
0 TOJIOBHUM YHHHHUKOM Bapiarii ypoxkairocti Oyma maca 1000 maciau (r = 0,82—-0,88; p < 0,01), Toxi
SIK BMICT OJIi1 MaB cepeHil mo3utuBHU 38’5130k (r = 0,48—0,61). Koediuient aerepminanii (R? = 0,58—
0,66) 3acBimuuB, 1m0 moHan 60% 3MiH YPOXKAWHOCTI TOSCHIOKOTHCS TEePOIUAHO 3YMOBJICHUMHU
BIJIMIHHOCTSIMH y TIpOIiecax HauBy HaciHH. Lle CBiIUNTB, 10 3HWKEHHSI MPOYKTUBHOCTI BiJOyBAETHCS
HepeBayKHO Yepe3 mopyiieHHs GopmyBaHHS HaciHHS. PekomeHnnoBaHo 3actocyBanHs [lynbcap dDnekc y
11031 1,6 n/ra sik ceaekTuBHOI Ta 6e3neunoi i riopuaie Heoma i Bino6a. 3actocysanus [eniantexc 0,090
7/Ta € HeAOUUIFHUM Yepe3 BUCOKHI pU3HK (iTOTOKCUYHOI Ail Ta 3HUKESHHS YPOXKANHOCTI.

Kuio4oBi ciioBa: COHSANIHUK; MiCIACXOMOBI repOinuau; ypokaiHicth; maca 1000 HaciHWH; BMiCT
Olii; CeNIeKTUBHICTR; BiToTOKCHUHICTh; TexHoJoris Clearfield; Cren Ykpainu.

Abstract: The study was aimed to quantify how varying doses of post-emergence herbicides
affect the yields sunflower hybrids ‘Neoma’ (Clearfield) and ‘Biloba CLP’ (Clearfield Plus) under
arid conditions in the Steppe of Ukraine. The field experiments had a split-plot design and were
conducted in the experimental field of the State Institution “Institute of Grain Crops” of NAAS
(Vasylivka, Dnipropetrovska Oblast) in 2022-2024. The treatments included a control
(mechanical weeding) and post-emergence applications of Heliantex (0.045-0.090 L/ha) and
Pulsar Flex (1.6-3.2 L/ha). The yield clearly depended on herbicide dose and hybrid. The
excessive Heliantex dose (0.090 L/ha) caused a sharp yield reduction of 31-38 % associated with
decreased thousand-kernel weight (TKW), test weight, and oil content, indicating delayed seed
filling under phytotoxic stress. In contrast, Pulsar Flex 1.6 L/ha maintained or slightly increased
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yield (+5 % for hyb. ‘Biloba CLP’) without visible phytotoxicity, demonstrating its selective
tolerance threshold. Higher Pulsar Flex doses (2.4-3.2 L/ha) led to partial seed filling inhibition and a
moderate yield decline (6-9 %), confirming the importance of adherence to the recommended dose.
Correlation and regression analyses identified TKW as the dominant yield determinant (r = 0.82—0.88; p
< 0.01), while oil content showed a moderate relationship (r = 0.48-0.61). Coefficient of determination
(R* = 0.58-0.66) confirmed that herbicide-induced variation in TKW accounted for more than 60 % of
total yield fluctuations. These findings clarify the physiological mechanism of yield loss through seed-
filling disruption rather than plant density or head number changes. The study justified a data-driven
recommendation to apply Pulsar Flex at 1.6 L/ha as a safe, selective rate, while avoiding Heliantex 0.090

L/ha due to high phytotoxicity risk and yield reduction.

Key words: sunflower, post-emergence herbicides, herbicide tolerance, yield, thousand-kernel
weight, oil content, selectivity, phytotoxicity, Clearfield, Clearfield Plus, Ukrainian Steppe.

Beryn

Conssmank  (Helianthus  annuus L)) €
CTpaTerivyHOI0 OJIHHOIO KYIBTYpOI  YKpaiHW,
(dbopMyroun  BaroMy = 4acTKy  HAI[iOHAJIHHOTO
EKCIIOPTY OJIii 1 BIUIMBAlOYM HA MPOJOBOJIBIY
Oesnexy Ta toproBuii Oamanc [1]. ¥ mmobambHiit
CUCTEMi POCIHHHUX OJii COHSIIHUK TIOCIJIa€
MOMITHE MicCIle 3aBIsSKW crenudili XiMiYHOrO
CKJaay oMii Ta TEXHOJOTIYHIA IUIACTUYHOCTI
KyJBTYPH, ajieé BOIHOYAC CTUKAETHCS 3 BUKIMKAMHU
KOHKYPEHIIIi Ta BOJATWIBHOCTI pUHKIB [2].
[NornuOieHHst BUMOT /10 Xap4yoBOi SIKOCTI i CTanoCTi
BUPOOHUIITBA, 30KpeMa IiHTEpPEC JI0 BHCOKO-
CTeapuHOBHX  NpOQiNiB  AK  aJIBTEPHATHBH
MaNbMOBIH od1ii, mijcumoe motpedy B CTaOUIBHIN 1
0e3neyHiil TeXHOJIOT11 BUPOIIYBaHHS, 1110 HE 3HIKYE
ypokaliHicTh Ta sikicTh [3]. Ilopsz i3 perynstopamu
pocry, 3aTHUMH MOJYIIOBaTH npoiiec
BUPOOHUIITBA COHSIIIHUKY, KJIIFOYOBY POJIb BiJlirpae
IHTETpOBaHWUN  3axUCT  Bifg  Oyp’sHIB  fK
BU3HAYAILHUH (DAaKTOP KOHKYpPEHTOCIIPOMOXKHOCTI
mociBiB [4].

3a maHUMM MIDKHApPOAHOI CTaTHUCTHKH, TUIOLI
Ta BaJoBl 300pHM COHALIHHMKY 3aJIMIIAIOTHCS
BUCOKHMH, OJIHAK MPOMYKTUBHICTH  BipOTiHO
Bapiloe MiXK pOKaMHu 1 perioHamu, IO OCOOJIMBO
akTyaspHO Ui 30HM Cremy 3 HecTaOlIbHUM Ta
HejocTaTHIM  3BoJIokeHHAM [5].  CenekuidHuit
Mporpec BiJi PHUHKOBO-AaCOIIHOBAaHOI CeNeKIil [0
€JIEMEHTIB TEHOMHOTO J1000pY A03BOJIMB CTBOPUTHU
LIIMPOKUH CHEeKTp TiOpHUIiB, y T.4Y. 3 BiAMIHHOIO
peaxiiero  Ha  Pi3HI  TPOAYKTH  CHCTEMH
repOIIHIHOTO KOHTPOJIIO [6]. 3any4yeHHs
0aTHKIBCHKUX MarepiajiB 3 JUKOPOCIUX MOyl
K JpKepesia afalnTUBHUX 1 CTIHKICHUX O3HaK
pO3MIMPHIIO TeHeTHYHy 0a3y, mpoTe peakxiii
riopumiB Ha TepOIUAN 3aTHIIAIOTHCS TEHOTHII-
cnenudiuanmu [7]. BitunsHsHi odiniiiai gaHi po
CTaH arpapHoro BHPOOHHIITBA MiJATBEP/IKYIOTH
3HAUYLIICTh KyNbTYpU # moTpely MiJBUILEHHS
e(eKTHUBHOCTI TEXHOJOTIYHMX pillleHb Ha piBHI
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Introduction

Sunflower (Helianthus annuus L.) is a
strategic oilseed crop of Ukraine, forming a
significant share of national oil exports and
affecting food security and trade balance [1]. In
the global vegetable oil system, sunflower
occupies a prominent place due to specific
chemical composition of its oil and
technological plasticity of the crop, but at the
same time it faces competition and market
volatility challenges [2]. Stiffening of
requirements for food quality and production
sustainability, in particular the interest in high-
stearin profiles as an alternative to palm oil,
increases the need for stable and safe
cultivation technologies that do not reduce
yield and quality [3]. Along with growth
regulators capable of modulating the sunflower
production, integrated weed control plays a key
role as a determining factor in the crop
competitiveness [4].

According to international statistics, the
sunflower acreage and gross yield remain big,
but productivity significantly varies between
years and regions, which is especially relevant
for the steppe zone with unstable and
insufficient wetting [5]. Breeding progress
from market-driven breeding to elements of
genomic selection has enabled developing a
broad assortment of hybrids, including those
with excellent responses to different herbicides
[6]. The use of parental forms from wild
populations as sources of adaptability and
resistance has expanded the genetic base, but
hybrids’ responses to herbicides remain
genotype-specific [7]. Domestic official data
on the agricultural production confirm the
crop’s importance and the need to increase the
efficiency of technological solutions at the
farm level [8], while the State Register of



rocriomgapcTs [8], Tomi sk JlepkaBHUN peecTp COPTiB
OKPECIIIOE JIeTalbHE TMOJIe 3aCTOCYBaHHs T10pUIiB 1
TEXHOJIOT1H y BUPOOHUNTBI [9].

CBiTOBa MpakTHKA MIATBEPIKYE, IO PEAKITis
COHAINTHUKY HAa CTPaxoBi repOiluAM € TEeHOTHII-
cnernudiuHO 1 3aJCKUTh BiJi HOPMU BHECEHHS,
MOTOAHUX YMOB Ta THITy MJif040i PEYOBHHH. 3a
pesyapraramu  gociimkens Glirkiiz ta im. [10],
MiJBUIICHHS J03 MICISICXOMOBUX TepOiluIiB Yy
MOCiBaX COHALIHHUKY TMPH3BOAWIO 10 3MEHILICHHS
macu 1000 HAciHWH 1 3HW)KEHHS ypOXKaHOCTI Ha
12-18%, ocobnuBo B ymoBax Je(illUTy BOJOTH.
[Momi6Hi pesynpratu orpuMaim Serim, Yilmaz i
Altan [11], sxi 3a3HaYMIA, OO0 HaBITh HHU3BKI
«3HOCOBI» JIO3M OKpEeMHX TepOiluIiB MOXYTh
CIOPUYMHATH CUMITOMH  (ITOTOKCHYHOCTI —
o0y piHHS KpaiB JIUCTKIB, 3MEHILICHHS
(hOTOCHHTETHYHOI AaKTHBHOCTI Ta TalbMyBaHHSI
pocry. Jocnimkenns AntunoBoi i Yopuoro [12] y
niBaenHoMy Crerny YKpaiHM TakoX IMOKa3aju, IO
MIEPEBHIICHHS PEKOMEHIOBAHMX HOPM CTPaXOBUX
repOinuIiB CYTIPOBOJIKY€ETHCS 3HIDKEHHSIM
ypoxkaiiHocti Ha 0,3-0,6 T/ra TOpIBHAHO 3
KOHTpoJieM. TakuM YHHOM, y CBITOBiM TpaKTHIl
30epiraeTbcs aKTYaNbHICTH MPOOIEMH ONTHMi3allil
HOPM MICIIACXOA0BUX TepOilUIiB 3 ypaXyBaHHIM
TFCHETUYHHUX O0COOIMBOCTEH TiOPUIIB COHSIIHUKY.

3 eKCIIepUMEHTAILHOTO OIS, KOPEKTHICTh
MOPIBHSAHHS TEXHOJOTIYHHX BapiaHTiB (y T.4.
«KOHTPOJIb—MEXaHIYHa MPOIOJIKa» MPOTH Pi3HUX
HOpPM BHECEHHS TepOiluIIiB) CHHpPaETbCcs Ha
CTaH/IapTH30BaH1 METO/INKI JePIKaBHOTO
BUTIPOOYBaHHS COPTIB, IO PEIIAMEHTYIOTh OOJIKH,
OIIIHKY YPOXKaHOCTI Ta IHTePIpPETAIliI0 Pe3yIIbTaTiB
[14]. Ans BUsIBIIEHHS BipOTiTHUX BiIMIHHOCTEH MiXK

(hakropamu «repOiluI—HOpMa  BHECCHHSI—
TCHOTHIT—PIK» 3aJTy4arOThCs TeHETUKO-
CTATUCTHUYHI MAX00H, JUCTIEPCIHIIA Ta
KOpeNsIiiHMA ~ aHami3M, 10  3a0e3MedyroTh

HaJIHICTh BUCHOBKIB [ 15], a TaKoX crierianizoBaHe
MporpaMHe 3a0e3nedeHHs JUTS 00poOKHu
Oiomerpnunux ganux [16]. CydacHi ysBiIeHHS npo
TEHETHKY COHSIIHUKY JIO3BOJIIIOTH TOSICHIOBATH
CKJIaJIHI, YacTo TMOJITeHHi, peakilii Ha cTpecH i
TEXHOJIOT1YHi HaBaHTaKEHHS. Hanpuxnan,
MOJIreHHa TPUpOJa OKPEMHUX MOPQOJIOTIYHUX
03HAaK JIEMOHCTPY€, HACKUILKU YyTIIMBUMH MOXYTh
OyTH TIPOAYKIIiMHI peakilii A0 3MiHA PETJIAMEHTIB
3aCTOCYBaHHS 3aco0iB 3axucty pociamH [17], a
KJIACHUYHI pOOOTH 31 CIAAKOBOCTI KIIbKICHUX O3HAK
CTBOPIOIOTH TEOPETUUHY OCHOBY ISl iHTepHpeTaLii
3MiH YpOXKallHOCTI i BIUIMBOM TepOinmais [18].
Ha npoMy Ti1i HayKOBO-IIpaKTH4YHA MpodiemMa
ONTUMI3alii TrepOIlKUIHOIO 3aXUCTy B IOCIBax
COHAILIHUKY  3aJMINAETbCA  aKkTyaibHOr  [19].

Varieties outlines the legal field of application
of hybrids and technologies in production [9].

World practice confirms that sunflower’s
response to post-emergence herbicides is
genotype-specific and depends on doses,
weather and active ingredients. Giirkiiz et al.
[10] showed that increased doses of post-
emergence herbicides in sunflower fields
reduced thousand-kernel weight (TKW) and
yield by 12-18%, especially under water
deficit. Similar results were obtained by Serim,
Yilmaz and Altan [11], who noted that even low
doses of some herbicides can be phytotoxic,
causing such symptoms as browning of leaf
edges, reduced photosynthetic activity and
growth inhibition. A study by Antypova and
Chornyi [12] in the southern steppe of Ukraine
also demonstrated that exceeding the
recommended doses of post-emergence
herbicides was associated with a decrease in
yield by 0.3-0.6 t/ha compared to the control.
Thus, in world practice, the problem of
optimizing post-emergence herbicide doses,
with due account for genetic characteristics of
sunflower hybrids, remains relevant.

From an experimental point of view, the
correctness of comparing technological options
(including “control—mechanical weeding”
versus different herbicide doses) is based on
standardized methods of state variety trials that
regulate records, yield assessment and
interpretation of results [14]. To determine
significant differences between the factors
“herbicide—dose—genotype—year,” genetic
and statistical approaches, i.e. analysis of
variance (ANOVA) and correlation analyses,
which ensure reliable conclusions [15], as well
as specialized software for processing
biometric data [16], are used. Current ideas
about sunflower genetics allow for explanation
of complex, often polygenic, reactions to
stresses and technological loads. For example,
the polygenic nature of some morphological
traits demonstrates how sensitive production
responses can be to changes in the regulations
for application of plant protectors [17], and
classical studies on the inheritance of
quantitative traits create a theoretical basis for
interpreting changes in yield under the
influence of herbicides [18].

In this context, the scientific and
practical problem of optimizing herbicide
protection in sunflower fields remains relevant
[19]. It is necessary to combine effective weed
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[ToTpi6HO MoemHATH €PEKTUBHIM KOHTPOJIb Oy’ sIHIB
13 CEJIEKTUBHICTIO LIOAO KYJIBTYPH, MiHIMi3yBaBIIN
pPHY3HK (ITOTOKCMYHOCTI Ta BTpaT ypokaiHocTi [20,
21]. Came tomy, MeTor0 mociimHOi pobotu Oyino
KUTBKICHO OITIHUTH BIUTUB Pi3HUX HOPM CTPaXOBUX
repOilMaiB Ha ypokaiHicTe TiOpunaiB Heoma Ta
bino6a y tpupiunomy (2022—-2024 pp.) momsoBoMy
eKCTIepHMEHTI CTETOBOI 30HH, 13 3aCTOCYBaHHSIM
CTaTUCTUYHO BHBIPCHUX IJIXOMIB JI0 aHATI3y
OaratodakTopHOi B3aeMOmil  «repOinuMa—HOpMa
BHECEHHS—TE€HOTUTI—PiK». Pe3ymsrarn mOoKIMKaHi
YTOYHHTU CEJICKTUBHI «BIKHa» 103 1 HajgaTth
MPAaKTUYHI PEKOMEHIAIl JIsi BHPOOHMIITBA 3
ypaxyBaHHSIM Te€HETHYHOI crenudiku TiOpuaiB 1
KJIIMaTU9HUX OCOOIMBOCTEH PETioHy.

MeTtonuka

IlonpoBi  mocmimkeHHs Oynu — 3aKiIajeHi
mpotsarom 20222024 pp. Ha gocuimHomy momi Y
Incruryt 3epnoBux kynstyp HAAH Vkpainn (c.
BacwuniBka /[HinmpornieTpoBchkoi 001acTi, KOOpAWHATH
nocmigaoro  momst  48.2769004,  34.9405689).
Hocnian 3aknanany sik 6aratoakTopHi 3a CXEMOIO
PO3ILICIUICHUX JUISHOK 13 TphOMa IOBTOPCHHSIMH
BIAMOBIZHO OO UYMHHUX METOOAWYHUX ITIXOIIB
JepPIKaBHUX BUTIPOOYBaHb Ta MOJIBOBOTO
exkcriepuMenty [15]. OOmikoBa IUIOIIa JAUISTHKH
OCTAHHBOIO NOPSIKY cTaHoBwiIa 60 M2. Tum rpyHTy
— YOPHO3eM 3BHYAWHUI CEpeTHHOTYMYCHUH (BMiCT
rymycy 5,5-6,2%), pH rpyHTroBoro po3uuny — 7,5.
INonepenuuk TmineHUI o03uMa.  be3mocepenaHbo
nepea CiBOOI0 TEpEeBIpsUIM SKICTh PO3ITYITyBaHHS,
OJIHOPIJIHICTh BOJIOTOCTI TOCIBHOI'O TOPHU30HTY Ta
TeMIIeparypy IpyHTy, sika craHoBuia 9—10°C. CisOy
MPOBOAWIM Yy Apyrid nekami ksitHA. Cucrema
yaoOpenHs: nepeanocisie BHeceHHs: N6OP30K30;
Mo3aKopeHeBe MiHKUBIICHHS: KapOaMis i3 moiMepoM
(10 xr/ra 'y ¢azi V3-V6), cxema nociBy 70%25 cm. ¥
JOCTi/Ii BHWKOPHCTOBYBaJM JiBA CydYacHi TiOpumu
COHSIIHUKY PIi3HHX CeJIeKUidHuX HampsmiB. Heoma
— cepennpocTurnii ridopuy Clearfield-rexnomnorii 3
BereTaliifHuM epiosIoM 110-115 0,
XapaKTePU3y€EThCS  CTAOLIBHOK  YPOXKAHHICTIO,
BUCOKOIO omitiHicTIO (48-50%) Ta CTIHKICTIO 10
BoBuka pac A—E. binoba — cepenubopanHiii ridopua
cucremu Clearfield Plus i3 Bererariitnum nepiomgom
106-110 o, Bia3HAUaeTHCA M ABUIIIEHOO
MOCYXOCTIMKICTIO, TOJEPaHTHICTIO A0  XBOPOO
KOIIIMKA Ta JIUCTKIB, a TAKOXK JOOPOI0 PEaKiliero Ha
MOKpaliieHe MiHepalibHe sxuBjieHHs. O0uBa riopuu
amantoBani g0 ymoB Cremy  Ykpainm i
PEKOMEH/IOBaHI Ui  IHTCHCUBHHX  TEXHOIOTiH
BUpoIIyBaHHS (Tabm. 1).
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control with selectivity for the crop,
minimizing the risks of phytotoxicity and yield
losses [20, 21]. Hence, we set a goal to quantify
the impact of various doses of insurance
herbicides on the yields of hybs. ‘Neoma’ and
‘Biloba CLP’ in a three-year (2022—-2024) field
experiment in the steppe zone, using
statistically verified approaches to analysis of
the multifactorial “herbicide—dose—
genotype—year” interactions. Results were
intended to clarify selective dose "windows"
and justify practical recommendations for
production, taking into account the genetic
specificity of hybrids and the climatic
peculiarities of the region.

Methods

The field experiments were conducted in the
experimental  field (coordinates of the
experimental field 48.2769004, 34.9405689) of the
State Institution “Institute of Grain Crops” of
NAAS (Vasylivka, Dnipropetrovska Oblast) in
2022-2024. The experiments had a multifactorial
split-plot design and were carried out in three
replications in accordance with the current
methodological guidelines for state trials and field
experiments [15]. The marginal plants in the plots
were removed to avoid the edge effect, and the
record area was 60 m2. The soil was typical
medium-humus chernozem (humus content 5.5—
6.2%); pH of the soil solution was 7.5. Winter
wheat was the forecrop. Immediately before
sowing, the quality of tillage, uniformity of the
moisture content in the seeding layer and the soil
temperature, which was 9-10°C, were checked.
The hybrids were sown within the second 10 days
of April. Fertilization was as follows: pre-sowing
application of N60P30K30 and foliar application
of urea with polymer (10 kg/ha in the V3-V6
phase). The sowing arrangement was 70%25 cm.
Two modern sunflower hybrids of different
breeding directions were used in the experiments.
‘Neoma’ is a medium-early Clearfield hybrid with
a growing period of 110-115 days, characterized
by stable yield, high oil content (48—50%) and
resistance to broomrape races A—E. ‘Biloba CLP’
is a medium-early Clearfield Plus hybrid with a
growing period of 106—110 days, characterized by
increased drought tolerance, resistance to head and
leaf diseases and a good response to improved
mineral nutrition. Both hybrids are adapted to the
Steppe of Ukraine and are recommended for
intensive cultivation technologies (Table 1).



Taonuus 1. Cxema 10CaiIKeHb
Table 1. Experimental design

I'epOinuy / Herbicide

Hopwma BHecenns, si/ra / Dose, L/ha

I'opun / Hybrid

KoHTtpons (MexaHiyHa npomnonka) /
Control (mechanical weeding)

Heoma / Neoma

Bino6a / Biloba CLP

0.045

Heoma / Neoma

bino6a / Biloba CLP

T'emianTexc / Heliantex 0.065

Heoma / Neoma

bino6a / Biloba CLP

0.090

Heoma / Neoma

bino6a / Biloba CLP

Heoma / Neoma

Bino6a / Biloba CLP

[ynbcap ®nekc / Pulsar Flex

Heoma / Neoma

Bino6a / Biloba CLP

Heoma / Neoma

Bino6a / Biloba CLP

I'epOiruay BHOCHIIH 3T1THO 3 PEKOMEHIAITIIMH
KOMIIaHIH-BHPOOHHKIB CIIEIialli30BaHUM JTOCITHUM
00IpHUCKyBadeM i3 KamiOpoBaHUMHE (POPCYHKAMH, IO
3a0e3nedyBaii HOpMy pobouoi pimmuau 200 n/ra.
Uepe3s 7 ta 14 nHiB micias BHECEHHS TepOilMIiB
MIPOBOAMJIM Bi3yalIbHY OIIHKY CTaHy POCIHH JUIS
KOHTPOJNIO MOXIIMBUX TPOSBIB  (DITOTOKCHYHOCTI.
KinpkicHi mapaMeTpu ToJIepaHTHOCTI HE BU3HAYAIIH,
OCKLIIbKYA OCHOBHHUM 3aBJIaHHSM OYJIO OI[IHUTH BILIHB
repOilMiB Ha KiHIIEBY YpOKalHICTh T10pUiB.

BMicT Bosorm B HaciHHI, Macy 3epHa 3
TIISTHKY, YpOKaHHICTh 3 TeKTapa BH3HAYalM 3a
CTaHJAPTHUMHU METOOUKAMHU. Bin6ip mpoo
HaciHHeBOi cymimi  3aificHioBamn  3a  JICTY
4601:2006 «Hacinag omiifHUX KynbTyp. Meromu
BigOupanHs 1npody, obmik ypokato—3riano 3 JCTY
3355-96 «IIponyxkiist CLIBCBKOTOCTIONApChKa
POCIMHHAY;,  YPOXAWHICTh  OOYMCIIOBAIM 3
ypaxyBaHHIM BOJIOTOCTi HaciHHA 7%.

Craructnyny 0OpOOKYy MJaHUX BHUKOHYBAJIH
METOllaMM  JTUCIIEPCIMHOIO Ta  KOPEJAIIHHOIO
aHamiziB [16]. Jlns pospaxyHkiB 1 Bisyamizamii
3actocoByBain naker PAST  (Paleontological
Statistics) [17]. OuiHroBaHHS BapiaHTIiB «repOinuI—
HOpPMa BHECEHHS—TIOpUA—pPIK» TPOBOAWIN Y
BIJIMIOBIZTHOCTI [0 BHUMOT METOIHK JIEP)KABHOTO
COPTOBUTIPOOYBAHHS IIOIO ITOPIBHSHHS 3 KOHTPOJIEM
(MexaHiuHa mpornosika) [15].

ExcnepumMenransauii nepiox (2022-2024 pp.)
XapaKTepHU3yBaBCsS  3HAYHOIO BapiabesbHICTIO
KITIIMaTHYHUX YMOB, 30KpeMa KiJIbKICTIO Ta MiCSYHIM
posmnoaiIoM omaniB, mo Oe3nocepenHbO BIUIMHYIIO
Ha PO3BUTOK POCIIHH.

Y 2022 pori, cepenHbo000Ba TeMIieparypa
Oyna Bumoro Ha 1,08°C y mOpiBHSHHI 13 cepeaHiMm
0araTopiuHiM TIOKa3HMKOM. 3arajbHa KiIbKICTh

Herbicides were applied in compliance
with the instructions of the manufacturing
companies using a specialized experimental
sprayer with calibrated nozzles, which ensured a
working fluid rate of 200 L/ha. 7 and 14 days
after the application of herbicides, plants were
visually monitored for possible manifestations
of phytotoxicity. No quantitative tolerance
parameters were determined, since the main
objective was to assess the effect of herbicides
on the final yield of hybrids.

The moisture content in seeds, seed weight
per plot, and yield per hectare were determined
by standard methods. Seed samples were taken
in accordance with DSTU 4601:2006 “Oilseeds.
Sampling Methods”; the yield was recorded in
accordance with DSTU 3355-96 “Agricultural
Plant Products” and adjusted for 7% seed
moisture content.

Data were statistically processed using
ANOVA and correlation analysis [16]. The
PAST (Paleontological Statistics) application
was used for calculations [17]. The “herbicide—
dose—hybrid—year” variants were compared
with the control (mechanical weeding) in
accordance with the requirements for the state
variety trials [15].

The experimental period (2022-2024) was
characterized by significant variability in
climatic conditions, in particular the amount and
monthly distribution of precipitation, which
directly affected plant development.

In 2022, the average daily temperature was
1.08°C higher than the multi-year average. The
total amount of precipitation during the growing
period (April-September) was 209.3 mm, which
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OTTaJIiB TIPOTSITOM BETETaIliHOTO TIepiony (KBITCHb—
BepeceHb) cknana 209,3 MM, 110 3HAYHO HWXKYE 3a
cepenne Oararopiune (Ha 23,7 mm). OCHOBHHMIA
nedinuT omaiB crioctepiraBes y TpaeHi (19 Mm) Ta
gepBHi (29 MM), 0 CIPUYUHIUIO BOXHUN CTpeC Ha
KPUTHYHUX €Tarax POCTy Ta PO3BUTKY, TAKHX SK
paHHIN BETETAaTUBHUI pICT, IBITIHHA Ta HAJIWB
HaCiHHS.

Y 2023 pori, cepenHr01000Ba TeMIieparypa
Oyna Bumoto Ha 1,68°C y MOpIBHSHHI 13 cepeaHiM
OararopiyHNM IMOKa3HUKOM. KiTBKICTh omaiB 3a Toi
camMuii Tiepiof ckiaia 246 MM, IO TEPESBHIIMIO
cepenHe Oararopiyne Ha 13 mm. Onanu y kBiTHi (102
MM) 3Ha4HO TIEpelIyBaJii cepemHe OararopidHe
3Ha4YCeHHS (Ha 57 MM), 0 3a0e3Medmio JOCTaTHIO
BOJIOTICTh Ui TMOYATKOBOTO PO3BHTKY POCIIHH.
[Ipote y TpaBHI Ta 4epBHI CIOCTEPIraBCs 3HAUHHIA
nedimut Bonoru. Onany B iumHi (42 MM) 4acTKOBO
KOMIICHCYBaJll HECTady BOJIOTH, aje BOJHOYAcC
CIIPUYUHUIIN BUWJIATaHHS pocCiiuH Ha JCAKUX
JIIISTHKAX, 1[0 HETATHBHO BILTHHYJIO HA YPOXKAWHICTh.

YV 2024 poi KibKiCTh O IiB 32 BeTeTaIliHA T
nepiox ckimanma 111,6 MM, MO 3HAYHO HIKYE 32
cepenHe Oararopiuae Ha 121,4 mm. [edinur Bonorn
OyB ocoOmuBO BUpaxkeHWM y TpaHi (12,0 MM) Ta
cepnHi (1,6 MM), sIKi € KpUTUYHHMH (a3amMu s
BEreTaTHBHOTO POCTY Ta HAalMBY HaCiHHA. Takox,
cepenHp07000Ba Temreparypa Oyna BHIIOK Ha
3,12°C y mopiBHSIHHI 13 cepenHiM OararopiuHuM
nokazHukoM. Hecrtawa omajiB CyTTEBO BIUTMHYJA HA
PO3BUTOK COHSIIHKKY, IO TPH3BEIO 0 3HWKCHHS
BUTIOBHEHOCTI HACIHHSA Ta YPOXKAHHICTH BiJITIOBIIHO.

Pe3yabTaTti T2 06roBOpeHHs

AHasli3 OTpPUMaHUX pEe3YJbTaTiB IO0Ka3aB
YiTKUH BIUIMB HOPMH CTPaxOBUX TepOilUiiB Ha
piBeHb YpOKAWHOCTI JTOCIHIHKYBaHUX TiOpUIiB
COHSIIHUKY. HaliBuIlly ypokalHICTh y cepeTHbOMY
3a poku mociimpkenHs (3,54 t/ra) 3adikcoBaHO Yy
riopuma binoba 3a 3acTocyBaHHS TepOilITy
[Tynscap ®nexc y no3i 1,6 n/ra, m0 MepeBUITYBAIIO
KOHTpOJIbHMI noka3HuK Ha 0,17 T/ra abo 5%. Llen
pe3ysbTaT JIOBOIUTH IPO JOOpY CEJIeKTUBHICTD
mpemapary |y HOMIPHIH 1031, 110 J103BOJISIE
e(eKTHUBHO KOHTPOJIIOBATH Oyp’stHU 0€3 3HMKEHHS
MPOIYKTUBHOCTI KyJIbTypH (Talm. 2).

Hnsa riopuny Heoma B 1mpomy >k BapiaHTI
criocTepiranocsi He3Ha4YHe 3HKCHHST YPOXKaHHOCTI
(ma 0,18 1/ra (-5%)), OmHaK HaBiTh 3a TaKOIO
pesynbraTty Leil BapiaHT 3aJMIIABCS KpalluM
MOPIBHSAHO 3 OUIBIIICTIO IHIIMX CXeM, IO
migkpecmoe  ridpug-cnenudiyHUA  Xapakrep
peaxiiii pociIvH Ha JiF09y PEUYOBHHY.
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was significantly less than the multi-year
average (by 23.7 mm). The major precipitation
deficits were observed in May (19 mm) and June
(29 mm), which caused water stress at critical
stages of growth and development, such as early
vegetative growth, anthesis and seed filling.

In 2023, the average daily temperature was
1.68°C higher than the multi-year average. The
amount of precipitation during this period was
246 mm, which exceeded the multi-year average
by 13 mm. Precipitation in April (102 mm) was
significantly more abundant than the multi-year
average (by 57 mm), which provided sufficient
moisture for initial plant development. However,
there were significant water deficits in May and
June. Precipitation in July (42 mm) partially
compensated for the lack of moisture, but at the
same time caused plant lodging in some plots,
which negatively affected the yield.

In 2024, the amount of precipitation
during the growing period was 111.6 mm, which
was significantly lower than the multi-year
average of 121.4 mm. The water deficit was
especially pronounced in May (12.0 mm) and
August (1.6 mm), which are critical phases for
vegetative growth and seed filling. In addition,
the average daily temperature was 3.12°C higher
than the multi-year average. The lack of
precipitation significantly affected the sunflower
development, decreasing seed plumpness and
yield.

Results and Discussion

Analysis of the data showed a clear effect
of insurance herbicide doses on the yields of the
studied sunflower hybrids. The highest mean
yield across the study years (3.54 t/ha) was
harvested from hyb. ‘Biloba CLP’ treated with
Pulsar Flex 1.6 L/ha, which was more than the
control yield by 0.17 t/ha or 5%. This result
proves the good selectivity of the herbicide at a
moderate dose, allowing for effective weed
control without reducing the crop productivity
(Table 2).

For hyb. ‘Neoma’ in the same variant, a
slight decrease in yield was observed (by 0.18
t/ha (—5%)), however, even with such a result,
this variant remained better compared to most
other regimens, which emphasizes the hybrid-
specific nature of the plant response to the active
substance.
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Ta6auns 2. BB pi3HUX HOPM BHECEHHS CTPAaXOBHX IepOilli/IiB Ha YPOXKaHHICTh riOpuaiB coHsmHuKy, 20222024 pp.
Table 2. Effects of various doses of insurance herbicides on the yields of sunflower hybrids, 2022-2024

Hopma
BHECCHH Pik / Year + 710 KOHTPOJIIO /
TepOinmy / s, Ji/ra / I'iopun / Hybrid ©) + to the control
Herbicide Dose, (B)
L/ha ]
(A) 2022 | 2023 2024 | PN e tha | %
Mean
Heoma / Neoma 4.23 4.00 291 3.71 - -
Konrposs / Bino6a / Biloba
Control - CLP 4.07 3.53 2.52 3.37 - -
cepenne / Mean 4.15 3.77 2.72 3.54 - -
Heoma / Neoma 3.88 3.57 2.14 3.20 -0.52 -14
0.045 binoba /Biloba | 5 o¢ 2.90 1.33 2.73 064 | -19
CLP
Mean 3.92 3.24 1.74 2.96 -0.58 -16
Heoma / Neoma 3.89 3.10 2.07 3.02 -0.69 -19
T'emianTexkc / Bimo6a / Biloba
Heliantex 0.065 CLP 3.61 2.90 1.05 2.52 -0.85 -25
cepenne / Mean 3.75 3.00 1.56 2.77 -0.77 -22
Heoma / Neoma 3.78 2.88 1.76 2.81 -0.91 -24
Bbino6a / Biloba
0.09 CLP 3.03 2.16 1.07 2.09 -1.29 -38
cepenne / Mean 3.41 2.52 1.42 2.45 -1.10 -31
Heoma / Neoma 4.32 3.85 2.43 3.53 -0.18 -5
bino6a / Biloba
1.6 CLP 4.27 4.46 1.89 3.54 0.17 5
cepenne / Mean 4.30 4.16 2.16 3.54 -0.01 0
- Heoma / Neoma 3.99 3.98 2.43 347 -0.25 -7
yabcap - -
Driexe /| 24 binoba / Biloba |, ;¢ 3.43 1.93 3.18 0.19 6
CLP
Pulsar Flex
cepenne / Mean 4.09 3.71 2.18 3.32 -0.22 -6
Heoma / Neoma 3.73 3.72 1.97 3.14 -0.57 -15
Binmo6a / Biloba
32 CLP 3.97 4.01 1.90 3.29 -0.08 -2
cepenne / Mean 3.85 3.87 1.94 3.22 -0.33 -9
HIPo.s / A-0.14;B-0.13; C - 0.20; AB — 0.25; AC — 0.33; BC — 0.34; ABC — 0.45
LSDy.05

[linBumieHHss HopMu BHeceHHs [lymbcap
®nekc 10 2,4-3,2 n/ra TpU3BOAMUIO A0 MOCTYIIOBOTO
3HIKEHHSI CePeIHbOI ypoxkaiHOCTI (Bix —6 10 —9%
MOPIBHSIHO 3 KOHTPOJIEM), IO BKa3ye€ Ha IPOSBU
4acTKOBOT  (DITOTOKCHMYHOCTI ~ Ta  3HMIKECHHS
CEJIEKTHBHOCTI ~ repOiluay 3a  TNEepeBUIECHHS
PEKOMEH/IOBAaHMX HOPMH BHECEHHs 1,6 J1/ra cepenHe
no ¢axropax nopieHioBao 3,54 T/ra (0 1o
KOHTPOITIO), TOAI SIK ITiIBUIIIEHHsI HOpMHU 110 2,4 1 3,2
J/Ta CYNpPOBOMKYBAIOCS TOCIHIJOBHIUM 3HUKCHHIM
10 3,32 1 3,22 1/ra BigmosigHo. Pizaui mix 1,6 Ta

Increasing the Pulsar Flex dose to 2.4-3.2
L/ha led to a gradual decline in the mean yield
(from —6 to —9% compared to the control),
indicating partial phytotoxicity and decreased
selectivity of the herbicide when the
recommended dose of 1.6 L/ha was outranged.
The average across factors was 3.54 t/ha (0 to
the control), while increasing the doe to 2.4 and
3.2 L/ha was associated with a sequential
decrease to 3.32 and 3.22 t/ha, respectively. The
difference between 1.6 and 3.2 L/ha was 0.32
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3,2 n/ra cranoBuTh 0,32 1/ra i nepesunrye HIP os s
¢axropa «Hopma BHecenns» (A = 0,14 1/ra), To6TO
e(eKT «repeao3yBaHHsD CTATUCTUYHO BipOT1THHH.
Haii6inpm BupakeHe 3HKEHHS YPOKaHHOCTI
crocTepirajgocs 3a BHUKOPHUCTaHHS  TepOilumy
Ienmianrtexc, ocodnmuo y HOopMi 0,09 11/ra, ae cepenus
ypoaitaicTs 3MeHmryBaiacs Ha 1,10 t/ra (-31%), a
s riopuny binoda — wa 1,29 1/ra (-38%). Ilpn
BUKOpHUCTaHHI repOinuay [emianteke croctepirasces
pi3Ko HeraTMBHUU e(QEeKT TpH MiABUILCHHI HOPM
BHeceHHs1(Tabm. 2). KoskeH KpoK ITi ABUIIICHHS HOPMH
3MEHIITYBaB CEPeAHI0 ypoxkaitHicth Ha 0,19 Ta 0,32
T/Ta BiINOBITHO; 00MBI pi3HUI Oinbiai 3a A = 0,14
T/ra, OTXe BiporimHi. HaBiTe HIKYI T03M IHOTO
repoinmmy (0,045-0,065 11/ra) 3yMOBITIOBaH BTPATH
ypokaiiHOCTI Ha piBHI 16-22%, 1m0 CBigUUTH TPO
BUCOKHH PiBEHb (PITOTOKCUYHOCTI Ai0401 PEUOBHHH
JUTSL TOCIIPKyBaHUX TiOPHUIIB 1 MPO HECYMICHICTh
IMX HOPM 3 YMOBaMH JOCHimy. VIMOBipHOO
MPUYMHOIO TaKUX BiIMIHHOCTEH € pi3Ha YyTJIHBICTb
ribpuaiB 10 MIFOYMX PEYOBHH Ta TOTONHI YMOBH
pokiB  mocmimkeHHs, amke y 2024  pomi
CTIOCTepirasocs 3arajibHe 3HWKEHHS YPOXKAHHOCTI B
yCciX BapiaHTax, IO MOIIO TOCHJIHWTH TPOSB
TokcmuHOi mii. BcranoBneni 3HaweHHs HIPoos
MiATBEPIIKYIOTh BipOTiIHICTh BUSIBIICHUX
BIIMIHHOCTEH MIDK BapiaHTaMH, 30KpeMa I
(aktopa A «HOpma BHeceHHs» (0,14 T1/ra) i B
«riopum» (0,13 T/ra), MO [I03BOJISE PO3IIANATH
3pocTaHHs ypokaiiHocTi binoba y BapianTi [Tynbcap
®rrekc 1,6 1/ra IK CTaTUCTUYHO 3HAYHME.
JlocnmiDkeHHsT  TIOKa3aylo, IO  3HIDKEHHS
YPOXKAMHOCTI ITiJI JIIEFO T IBUIIIEHMX HOPM CTPAXOBHUX
repOinumiB BiAOyBaOCs HacamIlepen 3a paxyHOK

HOTIPIICHHS ~ CIEMEHTIB  CTPYKTYpU  YpPOXKAIO
(tabm. 3).

Maca 1000  HaciHMH  3MEHIIyBauacs
OPOMOPLIMHO  IMIJBHUIICHHIO HOPMH  BHECEHHS

npenapary  lemiaHTekc, 10  CBiAYUTH  TIPO
YIOBIJIbHEHHS MPOIIECIB HAJMBY HACIHHS IIiJ| €0
¢iToTokcmuHoro crpecy. Y riOpuama binoba maca
1000 HacinmH 3HM3WIACA Binl 65,4 T (KOHTPOIB) 10
54,8 r (0,09 n/ra), Tobto Ha 16%. Bmict omii y
HaCiHHI I[bOTO X TiOpuaa 3MeHmuBcs 3 48,1% 10
44,5%, Tomi sk y ribpuma Heoma — 3 47,3% no
45,0%. VY pasi 3actocyBanns [Tynscap ®rexe 1,6 /ra
crioctepiranacsi crabipHa maca 1000 HaciHuH (66—
8 r') 1 HaBiTh HE3HAUHE MiIBUIICHHS OJiitHOCTI (+0,4—
0,7% 10 KOHTPOIIIO), MO TOSACHIOE HANBHIILY
YpOXKalHICTh y I[bOMY BapiaHTi.

31 30UIBIICHHSIM HOPMHU BHECEHHS 110 3,2 Ji/ra
maca 1000 HacinuH 3MmeHmryBaiacsi Ha 8—10%, a
Harypa HaciHHg — Ha 2,5-3,0%, 10 CBIUUTH PO
YaCTKOBY BTPATY CEIEKTHBHOCTI Mpernapary.
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t/ha and exceeded LSDy 5 for the “Dose” factor
(A = 0.14 t/ha), i.e. the overdose effect was
statistically significant.

The most pronounced decrease in the
yield was noted when wusing Heliantex,
especially at 0.09 L/ha, where the mean yield
was decreased by 1.10 t/ha (-31%) and hyb.
‘Biloba CLP’ yield - by 1.29 t/ha (—38%). When
using Heliantex at increased doses, a sharply
negative effect was noticeable (Table 2). Each
increment in the dose reduced the mean yield by
0.19 and 0.32 t/ha, respectively; both
differences were higher than A = 0.14 t/ha,
therefore significant. Even lower doses of this
herbicide (0.045-0.065 L/ha) caused yield
losses of 16-22%, indicating severe
phytotoxicity of the active substance for the
studied hybrids and unsuitability of these doses
for the experimental conditions. The probable
cause of such differences is different sensitivity
of the hybrids to active substances and weather
factors in the study years, because there was a
general decrease in yield in 2024 in all variants,
which could have enhanced toxic effects.
LSDg.os values confirm significance of the
detected differences between the variants, in
particular for factor A (Dose) (0.14 t/ha) and B
(Hybrid) (0.13 t/ha), which allows us to
consider the increase in hyb. ‘Biloba CLP’ yield
in the Pulsar Flex 1.6 L/ha experiment as
statistically significant.

The study showed that the yield affected
by increased doses of the insurance herbicides
was decreased primarily due to the deterioration
of yield constituents (Table 3).

TKW was decreased in proportion to
increasing Heliantex dose, indicating a
slowdown in seed filling because of phytotoxic
stress. In hyb. ‘Biloba CLP’, TKW was
decreased from 65.4 g (control) to 54.8 g (0.09
L/ha), i.e. by 16%. The oil content in seeds of
this hybrid was decreased from 48.1% to 44.5%,
while in hyb. ‘Neoma’, the oil content was
decreased from 47.3% to 45.0%. In the Pulsar
Flex 1.6 L/ha experiment, TKW was stable (66—
68 g) and there was even a slight increase in the
oil content (+0.4-0.7% to the control), which
explains the highest yield in this variant.

As the dose was increased to 3.2 L/ha,
TKW was decreased by 8—10%, and test weight
was decreased by 2.5-3.0%, indicating a partial
loss of the herbicide selectivity.
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Tadauust 3. OCHOBHI €IEMEHTH CTPYKTYPH YPOXKalo COHSIIITHUKY 3aJI€XKHO BiJl HOPM BHECEHHS CTPaXOBUX
repoOinumais. 2022—-2024 pp.
Table 3. Major constituents of sunflower yield depending on doses of the insurance herbicides, 2022-2024.

Hopma . Maca 1000 .
. I6pun / . Harypa, r/n/ | Bwmicr omii, | = 10 KOHTpOIIO,
TepOinng / BHECEHHS, JI/Ta . HACIHHH, T / . N .
L Hybrid Test weight, % / Oil T/ra /£ to the
Herbicide / Dose, L/ha TKW, g 3 o
B) g/decm content, % control, t/ha
(A) ©)
Heowa / 66.8 448 473 -
Neoma
KonTpois / -
Control a binoda /
Biloba 65.4 452 48.1 -
CLP
Heowa / 62.1 444 46.3 0.5
Neoma
0.045 Bino6a /
Biloba 60.8 440 46.1 —0.64
CLP
. Heowma / 59.3 438 45.6 ~0.69
l'emianreke Neoma
TenmianTtexc / 0.065 binoba /
Heliantex Biloba 57.1 435 449 —0.85
CLP
Heowa / 56.0 431 45.0 091
Neoma
0.09 bino6a /
Biloba 54.8 429 44.5 -1.29
CLP
Heowa / 67.3 450 475 0.18
Neoma
1.6 bino6a /
Biloba 68.0 454 48.4 +0.17
CLP
Mymscap Heowa / 65.9 447 47.0 025
®Drneke Neoma
IMynbcap 24 bino6a /
®rekc / Pulsar Biloba 64.5 446 47.2 -0.19
Flex CLP
Heowa / 62.8 441 46.3 057
Neoma
32 bino6a /
Biloba 61.5 442 46.0 -0.08
CLP
HIPg .05/ . .
LSDo.os A-19;B-15AC-24

Kopensuifinuii anamiz miaATBepAWB TiCHUN

MO3UTHBHHH 3B’S130K MK YPOKaWHICTIO Ta Macoro
1000 naciamwmn (r = 0,82-0,88, p < 0,01), Tomi 5K
3B’S130K 13 BMicTOM oJii OyB nmomipaum (r = 0,54—
0,61, p <0,05). Hatypa nacinus mana cialmry, aje
BCE K MO3UTHBHY KOPEJIALII0 3 ypoxaiHicTio (1 =
0,39-0,44). MHOXXHHHa perpecis Mokaszana, II0
OCHOBHUM ()aKTOpOM BIUIMBY YypO)kaiiHOCTi OyB
came moka3Huk Macu 1000 Haciamu (B = 0,73, p <
0,01), sxuii mosicHroBaB moHax 60 % 3arambHOT
BapiabenbHOCTI pe3ynsraTiB (R? = 0,62) (Tabn.4).
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Correlation analysis confirmed a close
positive relationship between yield and TKW (r
= 0.82-0.88, p < 0.01), while the yield- oil
content relationship was moderate (r = 0.54—
0.61, p <0.05). Test weight was weakly, but still
positively correlated with yield (r = 0.39-0.44).
Multiple regression demonstrated that TKW was
the major factor influencing yield (f =0.73, p <
0.01), accounting for over 60% of the total

variability of the data (R?> = 0.62) (Table 4).
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Taonauus 4. Kopemnsmii Mixk ypoXXaifHICTIO Ta eJIeMEHTaMHU CTPYKTYPH YPOXKAr0 COHSIITHUKY 3a Pi3HUX HOPM BHECEHHS

CTpaxoBHX repOinuaiB (cepemue 3a 2022-2024 pp.)

Table 4. Correlations between sunflower yield and yield constituents at various doses of the insurance herbicides

(mean for 2022-2024)

Hopma . . 1 (ypoxaiHicTb / _
. 1 (ypoxxaiHicTb / . 1 (ypoXxaiHiCTb —
TepOinmy / BHECEHHSI, . BMICT oii) / 1 . R? cxop.
. Mmaca 1000 HaciHMH) ) . Harypa) / 1 (yield — )
Herbicide n/ra/ Dose, /'t (yield — TKW) (yield — oil test weight) / R%q.
L/ha Y content) &
Konrposs / - 0.84 ** 0.58 * 0.42 0.61
Control
Heliantex 0.045 (0.83 ** 0.56 * 0.40 0.59
I'emianTexc 0.065 0.86 ** 0.48 0.36 0.58
Peniarrrexc / 0.090 0.88 ** 0.51 0.34 0.62
Heliantex
1.6 0.87 ** 0.61* 0.44 0.66
Pulsar Flex 2.4 0.78 ** 0.53 * 0.39 0.60
3.2 0.81 ** 0.49 0.37 0.58
pumitku:

*—p<0,05; ** -~ p<0,01.

R? cxop. — cxopuroBanuii KoeilieHT AeTepMiHAIIT I MOAEI MHOXHHHOI perpecii

Notes:
*—p <0.05; ** —p <0.01.

R?ad. —coefficient of determination adjusted for the multiple regression model

Ile BKasye, 110 3HWKEHHS YPOXKAWHOCTI T
BIUIMBOM TepOilli/IiB BiI0yBaIoCs MepeBasKHO Yepes3
MOPYIIIEHHST TPOIECiB HamuBy Ta (popMyBaHHS
HACiHHSL. HaiiBumry Y3TOIKEHICTh MiXK
CTPYKTYpHHMH  €IEMECHTaMH Ta YpOXalHICTIO
3athixcoBano y BapianTi [lynmscap @nekc 1,6 n/ra (R?
ckop. = 0,660), mo BKa3ye Ha 30allaHCOBAHY JilO
npemnapary 0e3 BipOTigHOro MopyiieHHs ¢i3ioorii
HAJIMBY HACiHHSL.

OtpumaHi  pe3ynbTaTd  Y3rO[KYIOThCS 3
JAHUMH THIINX TOCIIIHUKIB, IKI TAKOXK BiI3HAYAIOTE
CYTTEBUH BIUIMB MICISCXOMOBUX TIepOIlMIIB Ha
Mop(oreHe3 Ta CTPYKTYpY YPOXKalO COHSIIHHKY.
3okpema, Giirkiiz Ta in. [10] mokaszamu, 110
MiZIBUIICHHS JI03 TIC/SCXOM0BUX TepOiluaiB  y
MOCIBaX COHSIIHUKY CHPHYHMHSE 3MEHILICHHS Macu
1000 HaciHMH 1 3HWKEHHS ypoxaiHocTi Ha 12—18%,
IO TOB’SI3aHO 3 TPHUTHIYEHHSM (OTOCHHTETUYHOT
AKTHBHOCTI JIUCTKIB 1 3aTPUMKOIO HAJIMBY HACIHHS.
Amnarnoriuti criocrepeskeHHs mofani Serim, Yilmaz i
Altan [11], ski Big3HaYWIM, IO HAaBITh HU3bKI
«BHOCOBI» JI03W TepOIlH/IiB MOXYTh BHUKIHKATH

CUMIOTOMH (DITOTOKCHYHOCTI — MOOYpiHHA KpaiB
JUCTKIB 1 3MEHIICHHS PO3Mipy CiM’SHOK, IO Yy
MiJICYMKY MPU3BOJIUTH JI0 3HWKEHHS
MPOAYKTUBHOCTI.

OtpuMaHi y HamoMy JOCIil 3aJIeKHOCTI MiXk
ypoxaiiHictio Ta macoro 1000 nHaciaun (r = 0,82—
0,88; p < 0,01) 1iIKOM  BIiANOBIIAKOTH
3aKOHOMIPHOCTSIM, ONHMCAaHMM Y  BITUYM3HSIHHUX
pob6otax AnTunoBoi i YopHoro [12], siki BCTaHOBHIH,
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This suggests that the herbicide-induced
decrease in yield occurred mainly due to
disruption of seed filling and formation
processes. The highest agreement between
constituents and yield was recorded in the
Pulsar Flex 1.6 L/ha experiment (R?ad. = 0.66),
indicating a balanced effect of the herbicide
without a significant physiological disorders of
seed filling.

Our findings are consistent with data of
other researchers, who also noted a significant
effect of post-emergence herbicides on
sunflower morphogenesis and yield structure. In
particular, Girkiiz et al. [10] showed that
increasing doses of post-emergence herbicides
in sunflower fields resulted in a decrease in
TKW and yield by 12-18%, which was
associated with suppressed photosynthetic
activity of leaves and delayed seed filling.
Similar observations were made by Serim,
Yilmaz and Altan [11], who noted that even low
doses of herbicides could cause phytotoxic
symptoms such as browning of leaf edges and a
decrease in the size of achenes, ultimately
leading to a decline in productivity.

The correlation between yield and TKW (r
= 0.82-0.88; p < 0.01) in our experiments fully
correspond to the patterns described by
Antipova and Chorny [12], who reported that
outranging the recommended doses of insurance
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1110 NIePEBUILICHHS PEKOMEHJOBAHIX HOPM CTPAXOBHX
repOilM/IiB 3MEHIIIYE Macy HACiHWMH 1 BMICT oJiii Ha
0,4-0,7 %, w0 NOpAMO KOPEIE 13 TaTiHHAM
ypoxaitaocti. IlomiOHy TeHzaeHIilo 3adikcoBaHO
TakoX y mociimkerHsax Kozedko ta [BanueHxko [22],
JIe TIpY 3aCTOCYBaHHI MiABHUIICHUX J103 TePOIIUIIiB y
[I0CIBaX COHSIIHHMKY CIIOCTEpIrajocs 3MEHIIEHHS
KUTBKOCTI BUIOBHEHWX HACIHUH Yy KOIIWKY, IO
BBOKANOCS OOHMM 13 TONOBHHUX MEXaHi3MiB
3HIKEHHS YPOKaiHOCTI.

Boanouac pesynpraru 1uia npenapary Ilynscap
Onekc y nmo3i 1,6 7n/ra MiATBEPIKYIOTH HOTO
CENIeKTUBHICTh 1 Y3TOIKYIOThCA 13 BHCHOBKaMHU
Aksyonov Ta iH. [23], sIKi 3a3Ha4MIN, IO KOHTPOJIb
Oyp’sHIB y CTETIOBHX YMOBaX MOTpeOye alalTOBAHUX
HOPM BHECEHHs I 30€peeHHS MPOAYKTUBHOCTI.
Bucoxka kopensiiist Mixk ypokaitHicTio Ta Macoro 1000
HACIHMH, 3a TOHWKEHUX /103, CBIAYUTD, IO Y TaKUX
YMOBaX  OCHOBHHM  MEXaHI3MOM  3HIDKEHHS
NPOAYKTUBHOCTI € caMe TOpYUICHHS HaJIWUBY
HACiHHS, @ HE BTpara TyCTOTH CTOSHHS YH YHCIIa
KOIITHKIB.

Hamii pesynsrarn miATBEpIKYIOTH CBITOBY
TEHJISHIIIFO: HA/IMipPHE TIiIBUIIIEHHS HOPM CTPaXOBHX
repOilMmiB Yy  CTPECOBHX  yMOBax  (BHCOKa
Temreparypa,  JAeilMT  BOJOTH)  TOTIipIIyeE
(hopMyBaHHS ypOXKaro epeBaKHO Yepe3 3MEHILICHHS
po3Mipy 1 Macuh HaCiHHA, IO MiATBEPIKYE
HEOOXIMHICTh CYBOpOi  periaMeHTamii 103 1
BpaxyBaHHS T1OPHIHUX 0COOIMBOCTEH KYIBTYPH.

OtpuMaHi pe3yabTaTd MarThb HpPaKTUYHE
3HaYeHHS  JUIA  YNOCKOHAJEHHS  TEXHOJOTiH
BUPOIIYBaHHS COHAIIHWKY y 30HI Cremy, 30Kpema
JUTS T00py Oe3MeYHUX HOPM BHECEHHSI CTPaXOBUX
repOiluIiB 3 YpaxyBaHHSAM UYTIMBOCTI KOHKPETHUX
riOpumiB, IO JJO3BOJIUTH MiHIMI3yBaTH PH3HUKH
(ITOTOKCHMYHOCTI Ta CTaOLII3yBaTH ypOXKaHHICTH Y
POKH 3 HECTIPUSTIIMBUMH TTIOTOJJHUIMH YMOBaMHU.

BucHoBku.
BcraHoBneHo, o HOpMa BHECEHHS

MICJIACXOMOBUX T'epOIUIIIB € KIFOUOBUM YHHHUKOM
(hopMyBaHHS yPOXKAWHOCTI COHSIITHUKY, TIPHUOMY 11

I BIPOTIIHO  3aJIEKUTh  BiJi ~ TEHETHYHHX
ocobnmBoCTEl riOpuIiB. 3a TPUPIYHIMU
pe3ynbTaraMu (20222024 pp.) cepenHs
YpOXKAWHICT,  COHSIIHWKY  3HIDKYBaJacs  TIpU

MIEPEBUILICHHI PEKOMEHIOBAaHUX HOPM TepOIiLIn/IiB, 1110
CBITYMTH TMpPO BTpPaTy CEJNCKTUBHOCTI  Jik0YOi
pedoBunu. s repOinmmy Ilynecap  Prekc
BHU3HAYEHO ONTHMAILHY HOpPMY BHeceHHs 1,6 1i/ra,
sika 3a0e31euyBalia HalBHIILy cTaOUILHY YPOXKaWHICTb
(3,54 Tt/ra 'y cepenHeoMy) ©0e3  TpOsIBIB
(itorokcnunocri. [linBumenns xo3u no 2,4-3,2 n/ra

herbicides reduced seed weight and oil content
by 0.4-0.7%, which was directly correlated with
a drop in yield. A similar trend was also
recorded in a study by Kozechko and
Ivanchenko [22], where increased doses of
herbicides decreased the number of filled seeds
in sunflower heads, which was considered one
of major mechanisms of yield reduction.

At the same time, data on Pulsar Flex 1.6
L/ha confirm its selectivity and are consistent
with the conclusions of Aksyonov et al. [23],
who noted that weed control in the steppe
required adjusted doses to  maintain
productivity. The strong correlation between
yield and TKW at reduced doses indicates that
in such conditions the main mechanism of
productivity reduction is rather seed filling
disorders than a decrease in plant density or the
number of heads.

Our findings confirm the following global
trend: excessive outranging doses of insurance
herbicides under stressful conditions (high
temperature, water deficit) worsens yield
formation primarily due to a decrease in the size
and weight of seeds, confirming the need for
strict regulations of doses, with due account for
hybrids’ peculiarities.

The results obtained are of practical
importance to improve sunflower growing
technologies for the steppe zone, in particular to
select safe doses of insurance herbicides, taking
into account hybrids’ sensitivity, which will
minimize phytotoxicity risks and stabilize year-
to-year yields in seasons with adverse weather
conditions.

Conclusions.

It was found that doses of post-emergence
herbicides are a key factor for sunflower yield,
and their effects are likely to depend on genetic
characteristics of hybrids. Based on three-year
results (2022-2024), the mean vyield of
sunflower  was  decreased  when  the
recommended doses of herbicides were
outranged, indicating a loss of selectivity of the
active substances. For Pulsar Flex, 1.6 L/ha was
set as the optimal dose, as it ensured the highest
stable yield (3.54 t/ha on average) without
manifestations of phytotoxicity. Increasing the
dose to 2.4-3.2 L/ha caused a 6—9% decline in
yield due to partial inhibition of seed filling.
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CHPUYMHSIIO 3HIDKEHHS ypoxaiHocTi Ha 6—9% depe3
YaCTKOBE MPHUTHIYCHHS TPOIICCIB HAJIWBY HACIHHSL
I'epOitun [enmianTekc BUSBUB HU3BKY CEJICKTUBHICTH
Ut 000X TibpuIiB — ocobmmBo y 1031 0,090 n/ra, e
BTparn ypoxaiiHocTi cranoBmwin 31-38%. Hagith
MiniManei mo3u (0,045-0,065 n/ra) cnpuyuHsIHA
BipOTiJiHE 3HWKEHHS MPOAyKTHBHOCTI (Ha 16-25%),
0 TIOB’S3aHO 3 YINOBUIBHEHHSM HAIMBY Ta
3MeHmeHHasM Macu 1000 HacimnH Ha 10-16%.
Kopensuitinuii aHami3 MmiaTBEpAVB, IO TOJOBHUM
CTPYKTYPHHM TOKA3HUKOM, SIKAH BU3HAYA€ Bapiarliro
ypoxaiHocTi mig giero repOirmmaie, € maca 1000
HacinuH (r = 0,82-0,88; p < 0,01). Bmict onii mae
cepenHii mo3uTHBHAN 3B 530K (r = 0,48-0,61), Tomi
SIK HaTypa HACIHHS CIalIle KOPEIToe 3 yPOKaiHICTIO
(r = 0,39-0,44). Monens MHOKUHHOI perpecii (R? =
0,62-0,66) mokazama, mo moHan 60% Bapiari
YPOXKAHOCTI ~ TIOSICHIOETBCS  came  TepOiliIHO
3yMOBJICHMMH 3MiHAMH y HajvBi HaciHHs. Haykoa
HOBM3HA JIOCII/DKCHHS TMIOJISITa€ Y  KUIBKICHOMY
BU3HAYCHH]1 CENICKTUBHUX «BIKOH OE3MEYHUX [03»
MICIICXOMOBAX TepOINUAiB ISl TiIOpUOIB  Pi3HUX
texHonorigaux rpy (Clearfield Ta Clearfield Plus) i3
BHUKOPHUCTAHHSAM KOPEJISIIHHO-PETPECiiTHOTO aHaITi3y.
e mo3BOMMIIO TIOSICHATH 3HW)KEHHS YPOXKAHHOCTI,
3yMOBJICHE MOPYILICHHSIM HAIMBY HACIHHS IiJ €0
(ITOTOKCHYHOTO CTpecy. [IpakTiuHOIO
pexomeHparniero gt ymoB Cremy VYkpaiHu €
3actocoByBaHHsl repOimay Ilynecap ®nekc y mosi
1,6 n/ra, mo 3abe3nedye ePEKTUBHUI KOHTPOIb
Oyp’sHIB 1 30epekeHHs ypoxaiHocTi. Bukopucranus
I'emianTexcy B mo3ax monaz 0,045 n/ra € HeMOWIIPHUM
4yepe3 BUCOKHH PH3UK (PITOTOKCHYHOCTI.

Heliantex showed low selectivity for both
hybrids, especially at 0.090 L/ha, where yield
losses amounted to 31-38%. Even the low doses
(0.045-0.065 1/ha) caused a significant decline
in productivity (by 16-25%), which was
associated with a slowdown in seed filling and a
decrease in TKW by 10-16%. Correlation
analysis confirmed that TKW was the major
yield constituent that accounted for the
variations in herbicide-affected yield (r = 0.82—
0.88; p < 0.01). There was a medium positive
correlation (r = 0.48-0.61) between oil content
and yield, while test weight was weaker
correlated with yield (r = 0.39-0.44). The
multiple regression model (R* = 0.62-0.66)
showed that over 60% of the yield variation was
explained by herbicide-induced changes in seed
filling. The scientific novelty of the study lies in
the quantification (using correlation and
regression analyses) of selective “safe dose
windows” for post-emergence herbicides in
hybrids of different technological groups
(Clearfield and Clearfield Plus). This allowed us
to explain the decrease in yield caused by
impaired seed filling under the influence of
phytotoxic stress. A practical recommendation
for the Steppe of Ukraine is to use Pulsar Flex at
1.6 L/ha, the dose, which ensures effective weed
control and yield maintenance. Application of
Heliantex at doses above 0.045 L/ha is
inappropriate due to a high risk of phytotoxicity.
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