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Abstract. The cultivation of high oleic sunflower hybrids is very promising as sunflower is highly
competitive on the international market and has a growing demand for oil as the main product of its
processing. Despite the significance of sunflower as one of Ukraine’s traditional crops, its cultivation
technology still has many unresolved issues. Among the elements of cultivation technology aimed
atincreasing crop yields, research with high-oleic hybrids is of particular importance, as it requires
studying the level of mineral nutrition and the need for sulfur application, considering their impact
on the oleic acid content. The purpose of the study is to determine the effect of sulfur at different rates
of mineral fertilisers on the formation of productivity of high-oleic sunflower plants on typical low-
humus chernozems of the Right-Bank Forest-Steppe of Ukraine. The research programme envisaged
the establishment of a field trial in 2015-2017. The research was conducted in the form of a two-
factor field experiment. The experimental program provides for the study of the following factors:
factor A - mineral fertiliser application rates, factor B - sulfur application. The study was conducted
using generally accepted methods for scientific research in crop production. The study revealed
that the maximum amount of dry matter was accumulated in the variants with the introduction of
N, R.K..+S,,andN,, R K. +S. . The addition of sulfur increases the dry matter yield from 5.69% to
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9.27%. The highest yield of sunflower seeds is formed by applying N, ,R.K,..+S,, -4.12 t/ha. A further

90~ 7577135
increase in the rate of application of mineral fertilisers does not lead to a significant increase in yield.
The introduction of S, in combination with N, R, K. allows increasing the yield of sunflower seeds
by 0.35 t/ha or 9.28%. The correlation and regression analysis of the obtained research results shows
a close correlation between the accumulation of dry matter mass in BBCH55-57 and BBCH 65-67 and

the level of yield (respectively r=0.917 and r=0.972). The highest fat content in seeds (49.7%) with the
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highest oleic acid content (88.5%) and the maximum oil yield (2.05 t/ha) is provided by the cultivation

of the ES Romantic hybrid with the introduction of N,

R K

+
90~ 757 7135 SBO
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ANALYSIS OF RECENT RESEARCH

AND PUBLICATIONS
The share of foreign-bred hybrids in Ukraine is
60-70%. In addition to high productivity, foreign
hybrids also have high quality indices, which are
best manifested in the environments where they
were produced. In the harsh soil and climatic,
agronomic, and extreme weather conditions
of Ukraine, they may not have advantages over
domestic varieties. Therefore, it is important
to consider their bioadaptability and disease
resistance. Adaptation of sunflower hybrids to
different soil and climatic conditions in view
of constant climate change should be based on
a detailed analysis of the response to chang-
ing conditions and crop cultivation technology.
Sunflower is a culture of moderate climate zone
and is quite flexible to weather and soil changes
(Yeremenko et al., 2018; Chutamard et al., 2011).
The introduction of hybrids with high yield po-
tential into production is complicated by the
issue of ecological adaptation: the potential of
the cultivation zone cannot rise in proportion
to the growth of the genetic potential of hybrids
(Calamai et al, 2018; Canavar et al., 2010). The ad-
aptability of hybrids is an extremely important
feature due to variable abiotic and biotic envi-
ronmental factors (Gonzales et al., 2013). Sun-
flower is characterised by high adaptability (De-
baeke et al., 2017).

Sunflower reacts intensively to changes in
mineral nutrition, and therefore it is important
to regulate it by applying mineral fertilisers. This
agricultural measure maximises the impact on

)

plant growth and development, which subse-
quently affects the yield (Kokovikhin et al., 2015).
An optimally formed sunflower agrocenosis
contributes to the formation of high-quality
seeds (Nel et al., 2000) It is the formation of an
agrocenosis with optimal plant density and opti-
mal supply of nutrients that ensures the growth
of its productivity (Gholinezhad et al., 2009).

Morphological features of a plant are va-
rietal characteristics, but they can change un-
der the influence of environmental factors and
growing technologies (Ion et al., 2015). The appli-
cation of nitrogen fertilisers increased the yield
of sunflower hybrids and the diameter of the
baskets (Ahmad et al, 2017). The growth of leaf
surface area and photosynthesis processes in
them largely depend on the influence of differ-
ent rates of mineral fertilisers (Yeremenko, 2017
Nizamov, 2018).

Sunflower responds positively to nutrients
and soil cultivation. Thus, the efficiency of differ-
ent tillage and fertilisation systems was studied
in field experiments at the Institute of Oilseeds
of the National Academy of Agrarian Sciences
of Ukraine in Zaporizhzhia Oblast. The largest
weight of 1000 seeds were formed under the
classical tillage system and depended on fer-
tiliser: control - 50.0-50.6, with N, - 515-51.8,
N,,P,, - 519-52.3, N, P, K., - 524-527 g. The
highest yield in the hybrid Ratnyk (3.34 t/ha) was
observed when cultivated with the introduction
of N, P, K_ forpre-sowing cultivation and treat-

60~ 607760
ment of crops in the phase of 6-8 pairs of true
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leaves with a mixture of ‘Rost-kontsentrat’ and
‘Khelatyn oliyni’ (Polyakov et al., 2017).

Sunflower is a highly sulfur-sensitive crop.
A feature of the crop’s mineral nutrition is its
higher sulfur intake: three times higher than
that of cereals, which make up almost 50% of
rapeseed’s needs. Sulphur plays an important
role in plant nutrition and is one of the nine
elements necessary for plant nutrition (Hayfa
et al.,, 2003). In cells, it performs the following
biological functions: energetic, structural (as
part of proteins, carbohydrates, lipids, etc.),
catalytic (in the active centre of enzymes, a
component of cofactors), redox (balance in
the cell), initiating (during cell division), and
growth (in the polypeptide chain during pro-
tein synthesis). Sulphur is actively consumed
by cultivated plants in the biological cycle and
is alienated from the harvest. Sufficient sulfur
nutrition increases the resistance of plants to
low temperatures, drought, diseases, and soil
salinity. In old leaves, it is highly labile and is
a source of a certain amount of mobile sulfur
for the meristems of young leaves and roots,
which are in greater need of it and actively di-
viding (Shevyakova, 1979). With sulfur starva-
tion, the leaves do not die off, although their
colour becomes paler.

Studies have also shown that sulfur-con-
taining fertilisers contributed to a more inten-
sive supply of nitrogen, phosphorus, potassium,
calcium, magnesium, sulfur and a number of
trace elements to corn, sugar beet, potato and
rapeseed plants (Bloem et al., 2002).

The purpose of the study is to determine
the sulfur influence on the formation of high-
oleic sunflower plant productivity on typical
low-humus black soils of the Right-Bank For-
est-Steppe of Ukraine at different rates of min-
eral fertiliser application.
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MATERIALS AND METHODS

The study was conducted in an 8-seed station-
ary grain-tilled crop rotation of the Department
of Plant Production at the Agronomic Research
Station of the National University of Life and En-
vironmental Sciences of Ukraine and in the an-
alytical research laboratory of the Department
of Plant Production in 2015-2017. The soils of the
experimental field are typical low-humus me-
dium loamy chernozems with a humus content
of 4.38-4.53% in the topsoil and a pH of 6.9-7.3 in
the salt extract.

The research station is located in the Kyiv
Oblast. The annual precipitation is 543 mm.
Their distribution by vegetation period and in-
tensity is uneven. In 2015 and 2017, there were
some deviations of the main weather indicators
from the long-term average, while in 2016 they
were close to the long-term average and the
most favourable for crop growth and develop-
ment. The weather conditions in 2015 showed
certain unique characteristics: the amount of
precipitation at the beginning of the growing
season was below the long-term average. While
the deficit was compensated for at the beginning
of the growing season through soil moisture use,
the June drought was complicated by high tem-
peratures. The moisture deficit in the first half
of the 2017 growing season was accompanied by
severe frosts in the third decade of April.

The study programme envisaged a two-fac-
tor field experiment in 2015-2017. The following
factors were to be studied: factor A - mineral
fertiliser application rates, factor B - sulfur ap-
plication (Table 1). Fertiliser application rates
were calculated using the balance method for
the planned yield, considering the content of the
main mineral nutrients in the soil.

The subject of the study was a hybrid of
high leucine sunflower ES Romantic (applicant
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Euralis Semences Ukraine LLC), which is resist-
ant to broomrape races A-G. Ripening group:
mid-early. Development type: moderately inten-

sive. Plant height: 165-175 cm, head diameter: 22-
24 cm, head inclination: semi-raised. Fat con-
tent: 49-50%, oleic acid content: 88-89%.

Table 1. Efficiency of fertiliser application for sunflower cultivation
(experimental scheme)

Fertiliser application rates (factor A) / variant designation

Fertiliser application rates (factor A) / variant indication

1.N_R K

oRsoKgo (cONtrol)

2.N_R..K

90 75 135

3.N_ R _K

120 '100° "180

1.N_R K

+
60 50 90 SSO

2N R K, + S,

90" 75 135

3.N_ R K _+S

120" 100 "180 30

The cultivation technology is standard for
the Forest-Steppe zone, except for the elements
under study. Phosphorus and potassium fer-
tilisers were applied for basic tillage, nitrogen
fertilisers were applied in fractions: part for ba-
sic tillage, the rest for pre-sowing cultivation;
sulfur was applied in the form of ammonium
sulfate ((NH,),SO,) for pre-sowing cultivation.

The area of the sample plot is 50 m?, the
repetition rate is four times, and the placement
of variants is sequential. The research was con-
ducted using generally accepted methods of sci-
entific research in agronomy (Rozhkov, 2016).

RESULTS AND DISCUSSION

The study of the dynamics of dry matter accu-
mulation depending on the mineral nutrition
system of sunflowers is of considerable scien-
tific and practical interest. Dry matter is closely
related to varietal characteristics and mineral
fertiliser application rates (Fig. 1). The dry mat-
ter content of plants was determined by the
main stages of growth and development of sun-
flower plants.

2)

The level of fulfilment of the biological
potential of varieties and hybrids depends on
the climatic conditions of a particular year,
cultivation technology and their interaction
(Kalenska et al., 2010, Ion et al., 2013; Mijic et
al., 2020), which is confirmed by the results of
this research: the accumulation of dry matter
is uneven and depends on the factors studied.

The dry matter content of microstag-
es of BBCH 15-17 (rosette phase) ranged from
544 g/m? in the control variant to 629 g/m?
when N, R, K., +S,, was applied. At the begin-
ning of the growing season, this indicator was
significantly influenced by the rates of miner-
al fertilisers, while sulfur input had no signifi-
cant effect. During the period BBCH 15-17-BBCH
55-57, due to the active growth and development
of plants, the dry matter content increased by
more than4times and was the highestin the var-
iant with the introduction of N, R, K. +S., In
the microstages of BBCH 55-57 (budding phase),
it is noted that sulfur affects the accumulation
of dry matter in variants with increased rates of
mineral fertilisers.

Plant and Soil Science (12)1
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Figure 1. Dynamics of dry matter accumulation by sunflower plants, g/m2 (average for 2015-2017)
Note: LSD,, BBCH - 15-17=0,28; BBCH - 55-57=187: BBCH - 65-67=254; BBCH - 85-87=374

In the later phases (period of BBCH 65-67 —
BBCH 85-88), more intensive accumulation of
dry matter occurs in variants with the intro-
duction of N, R, K.+S,, and N, R K. +S..
In the microstages of BBCH 85-88 (ripening
phase, seed moisture content of 15%), the dif-
ference between the variants with the maxi-
mum mineral fertilisation is not significant,
which is explained by the extended perfor-
mance of leaves when N, R K _+S, was ap-
plied, less affected by diseases.

Thus, the introduction of sulfur increases
the accumulation of dry matter by sunflow-
er crops from 569% in the control variant to
9.27% - with the introduction of N, R_.K....

The yield level is determined by a set of
zonal agrotechnological measures and weather
conditions. A number of scientific studies have

shown that the interaction of hybrid-fertiliser
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factors has the greatest impact on yields as new
hybrids are introduced and put into production.
Moreover, intensive hybrids require more nutri-
ents to generate high yields, and in some years,
especially with a water consumption factor of
more than 1, the share of fertiliser influence
increases to 60%. However, these studies were
conducted with linoleic hybrids with a linoleic
acid content of 55-60%. Therefore, research on
high-oleic hybrids requires studying the level
of mineral nutrition, the need for sulfur appli-
cation, based on their impact on the content of
oleic acid. The results of this study demonstrate
that weather conditions have a significant im-
pact on sunflower yields (Table 2). Thus, for all
variants of the experiment, the highest yield
was obtained in 2016, which was the most com-
mon in terms of multi-year indicators, and the
lowest in 2017.
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Table 2. Sunflower yield, t/ha

Fertilisation variants Years The average for
2015 2016 2017 20152017
Ng.R. K, (control) 3.15 3.45 3.11 3.24
Ng,ReoKoo*Ss, 3.38 3.73 331 3.47
NoR K s 3.69 4.11 3.52 3.77
NyoR K .. +S, 4.03 4.55 3.79 4.12
N,oR 00K 50 3.81 4.38 3.64 3.94
N,oR 100K 0S50 4.04 3.83 4.19
LSD, 0.16 0.18 0.15

It was revealed that sunflower yield is de-
termined by the level of mineral nutrition. On
average, over 3 years of research, whenN_ P_ K,
(control) was applied, the seed yield was the low-
est and amounted to 3.24 t/ha. The application
of mineral fertilisers at the rate of N, P K __in-
creased the yield of sunflower compared to the
control variant by 0.53 t/ha or 16.4%. With an
increase in the application rate to N, P, K.,
the seed yield increases to 3.94 t/ha (+07 t/ha
(+21.6%) compared to the control).

The highest seed yield was obtained by ap-
plying N, R K ..+S, and amounted to 412 t/ha.
A further increase in the rate of application of
mineral fertilisers does not lead to a significant
increaseinyield. The introduction of S, in com-
bination with N, R K . allows increasing the
yield of sunflower seeds by 0.35 t/ha or 9.28%.

Thus, based on the findings, it can be argued
that the introduction of S,, on the background
Of N90P75K]35
formation of the crop when growing a high-oleic
sunflower hybrid ES Romantic. The correlation

and regression analysis of the obtained research

provides optimal conditions for the

)

results shows a close correlation between the
accumulation of dry matter in 55-57 BBCH and
the level of yield (r=0.917) (Fig. 2). A closer direct
correlation between the mass of dry matter and
yield was noted in BBCH 65-67 (r=0,972).

The dependencies obtained can be de-
scribed by regression equations: Yield, t/
ha=.80370 + 0.01051 X dry matter weight, g/m?
(BBCH - 55-57); yield, t/ha=-07319 + 0.00674 X
dry matter weight, g/m? (BBCH - 65-67).

Various factors determine the fat content
of seeds. The main ones are the genetic char-
acteristics of hybrids and mineral application
rates, which are confirmed by the findings of
this study (Table 3). Analysis of the fertilisation
rates’ influence on the fat content of seeds, re-
vealed that the highest values (49.7%) were in
the variant with N, R K . +S, . The minimum
amount of fat (46.2%) was observed in the
N,,.R,,, K5 Variant, which is associated with
excess nitrogen, which leads to an increase in
the protein content in the nucleus as there is an
inverse correlation between the protein and fat
content in the kernel.

Plant and Soil Science (12)1
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Figure 2. Correlation between yield (y) and dry matter weight (X) of sunflower seeds in microstages
BBCH 55-57 and BBCH 65-67 (Average for 2015-2017)
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Table 3. Oil quality indicators and yield (average for 2015-2017)

Quality indicators
Fertiliser variant
fat content, % oleic acid content, % oil yield, t/ha
NgoRsoKy, (control) 47.3 85.6 1.53
NgoRooKog#Ss 48.8 86.7 1.69
NgoR oK. e 48.1 87.3 1.81
NgoR,K o +S. 49.7 88.5 2.05
N,oR 00K s 46.2 83.4 1.82
NoR 100K e S0 47.2 85.1 1.98
LSD, 1.4 33

Excess nitrogen affects the content of
oleic acid, leading to its reduction, which is
undesirable for high-oleic hybrids. The lowest
content of oleic acid was observed in the var-
iant N, R, K, — 834% against 87.3% when
N, R,.K.. was applied. All fertiliser variants
with sulfur application showed a tendency to
increase the content of oleic acid. However, on
average over 3 years, this difference was within
the margin of error.

The studies conducted show that, in gen-
eral, the fertiliser variants under study provide
a high yield of oil per unit area. However, the
highest oil yield is provided by the cultivation of
the ES Romantic hybrid with the introduction
of N, R K ..+S, and is 2.05 t/ha, which is more
than 0.52 t/ha compared to the control variant.

CONCLUSIONS AND PROSPECTS

The study revealed that the maximum amo-
unt of dry matter was accumulated in the

variants with the introduction of N, P K _.+S_,

and N, P, K _+S_. The addition of sulfur con-
tributes to an increase in dry matter weight
from 5.69% to 9.27%.

The highest yield of sunflower seeds is
formed by applying N, R K. +S, - 412 t/ha.
A further increase in the rate of application of
mineral fertilisers does not lead to a significant
increase in yield. The introduction of S, in com-
bination with N, R,.K._. allows increasing the
yield of sunflower seeds by 0.35 t/ha or 9.28%.

The correlation and regression analysis of
the obtained research results shows a close cor-
relation between the accumulation of dry mat-
ter mass in BBCH55-57 and BBCH 65-67 and the
level of yield (respectively r=0.917 and r=0.972).

The highest fat content in seeds (49.7%) with
the highest oleic acid content (88.5%) and the
maximum oil yield (2.05 t/ha) is provided by the
cultivation of the ES Romantic hybrid with the

introduction of N, P K ..+S, .
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A.B. lOHUK

KaHanaaT CiibCbKOroCnoAapCbKMX HayK, AOLEHT

HauioHanbHWIM yHiBepcUTET BiopecypciB i NPUPOAOKOPUCTYBAHHA YKpaiHM
03041, syn. lrepois O6opoH#u, 15, m. Kunis, YkpaiHa

EdeKkTuBHICTb A,O6GPUB Npu BUpOLLyBaHHI BUCOKOOJI€iIHOBOIro
COHSILUHMKY Ha YOpPHO3eMaX TUMNOBUX MaJIOryMyCHMX

AHoOTauUif. BupoulyBaHHS BUCOKOOJIEIHOBUX TiOPUIIB COHALIHUKY € IOyKe IEePCIEeKTUBHUM,
OCKIiJIbKM COHSIIHUK € BUCOKOKOHKYPEHTHUM Ha MDKHApOIHOMY PUHKY Ta Ma€ 3pOCTAOYUN
TIOTIMT Ha OJIi0 AK OCHOBHUM IIPOAYKT MO0 IepepobKu. He3Baykarouy Ha BasKJIUBICTh COHAIIHUKY
K OJHIi€l 3 TpaAuLINMHUX KyAbTYp B VYKpaiHi, TeXHOJOTiA MOTr0 BUPOIIyBAaHHSA BCe Ile Mae
faraTo HeBUpilIeHWX NUTaHb. Cepel, €JeMEeHTIB TexXHOJOril BUPOIIyBaHHS, CIIPAMOBaHUX
Ha MiOBUINEHHS BPOXKAWHOCTI KYJIBTYpH, OCOBJIMBOTO 3HAueHHS HabyBalOTh MOCIIIKEHHS 3
BMCOKOOJIETHOBMMHU TibpuAaMy, OCKIJIBKM BOHU ITOTPe6YIOTh BHMBYEHHSA PiBHA MiHepaJIbHOTO
JKUBJIEHHSA Ta IOTpebU y BHECEHH] CipKU 3 ypaxXyBaHHAM iX BIUIMBY Ha BMICT 0J1eiHOBOI KMCJIOTH.
MeTa HAOCTiIKeHHA - BU3HAUUTKU BIUIUB CIpKM B pi3HUX HOpMax MiHepaJIbHUX HO6pPUB Ha
bopMyBaHHA NTPOAYKTHUBHOCTI POCIIMH BUCOKOOJIEIHOBOI'O COHSMIHUKY Ha YOpPHO3eMaX TUIIOBUX
MasiorymycHux I[IpaBo6epeskHoro JlicocTemy Vkpainu. ITporpaMa [OOCHTiIXKeHb IMepeznbdadasia
3aKJIalaHHA IT0JIBOBOTO NOCHiAY BIPOAOBXK 2015-2017 poxiB. [JoCnimReHHS IpoBogunu y dopmi
IBOGaKTOPHOTO IOJILOBOTO AOCimy. [TporpaMoio Hociify repenbadyeHO BUBYEHHS HACTYITHUX
dakTopiB: GpakTOp A — HOpPMM BHECEHHS MiHepayJbHUX H06puB, GpakTOop B — BHECEHHS CipKU.
JocriReHHS IPOBOAUIN 3 BUKOPHUCTAaHHAM 3araJIbHOIIPUMHATHIX METOiB HAyKOBUX AOCIiAKeHb
Yy POCIWHHUUTBI. JOCTIiAKeHHIMU BCTAHOBJIEHO, LII0 MaKCHMMaJIbHa KiJIBKICTh CyXOl peYOBHUHU
HaKoImMYyBasacsa y BapiaHTax i3 BHeceHHaMm N, R K .+S.0 Ta N, R K. +S . BHeCceHHA CipRU
36ibIIIye BUXif, CyX0l peYoBUHU 3 5,69% 10 9,27%. HaliBUIa BpOKAaMHICTh HACIHHA COHSAIIHUKY
dopmyeTbea mpu BHeceHHi N R, K. +S,  -4]12 1/ra. [lojanbie 36inblIeHHs HOPMU BHECEHHS
MiHepaJIbHIX JOOPUB He NIPU3BOAUTD A0 CYTTEBOTO IJBUIIEHHA BPOKAMHOCTI. BHeceHHS S, ¥
roeaHaHHi 3 Ny R K .. I03BOJNAE MiABUIIUTY BPOKANHICTh HACIHHA COHAIIHUKY Ha 0,35 T/ra abo
9,28%. KopendilillHO-perpeciHuil aHali3 OTPUMaHUX pe3yJbTaTiB IOCHIiJKeHb CBIIUUTH IIPO
TiCHUHM KOpEeNSILiMHUM 3B'S30K MK HAKOIIMYEHHSIM Macu cyxol pedoBuHHU y YC 55-57 i UC 65-67
Ta piBHEM ypoKarHOCTi (BiAmoBigHo r=0,917 i r=0,972). HallBUIIMIT BMICT JXUpPY B HACiHHi (49,7%)
3 HaM6UIBIIUM BMICTOM 0s1eiHOBOI KUCJIOTH (88,5%) Ta MaKCUMaJIbHUM BUX0AOM ojii (2,05 T/ra)
3abe3neuyeThbcs 32 BUPOIyBaHHA ri6puzia EC POMaHTHK 3 BHECEHHAM Ny R, K. tS,,

Kno4yoBi cnoBa: OJifiHI KynbTypH, Tribpugu, MiHepasbHe J>XUBJIEHHS, HOPMHU BHECEHHS
MiHepalbHUX JO6PHUB, Cyxa peUoBHHA, YPOIKANHICTb
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