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Winter rapeseed is a promising and economically attractive crop that can be successfully grown
in virtually all soil and climate zones of Ukraine. Modern winter rapeseed cultivation technologies
have their own characteristics, which may vary depending on the conditions and growing area.
Therefore, determining the impact of weather factors on the formation of winter rapeseed hybrid
yields in the conditions of the right-bank forest-steppe is an extremely important issue and requires
in-depth field research, taking into account the selection of sowing dates and rates.

As a result of three years of research, the impact of weather factors on the seed productivity
of winter rapeseed hybrids has been identified. Several critical periods in the cultivation of winter
rapeseed were identified: the germination period (August-September) and the flowering and seed

filling period (May-June). In the first case, plant density was at risk, while in the second case, pod
formation and the weight of 1,000 seeds were at risk.

According to observations, the amount of precipitation during the seed formation and filling
period varied significantly depending on the year. In 2019, 323.3 mm of precipitation fell in
May-June, in 2020 — 193.9 mm, and in 2021 — 231.4 mm. These figures exceeded the long-term
average by 182.3, 52.9, and 90.4 mm, respectively.

The reduction in the sowing rate to 200 thousand pieces/ha of similar seeds contributed to a
significant shortfall in the winter rapeseed harvest. At the same time, the Pancher hybrid produced
only 3.62 t/ha of seeds under optimal date and 2.94 t/ha under late sowing date. Under similar
growing conditions, the Fencer hybrid produced seed yields of 3.87 and 3.27 t/ha, respectively.

Sowing winter rapeseed at the optimal date with a rate of 500 thousand pieces/ha of similar
seeds allowed the most effective realization of the biological potential of hybrids for productivity
formation. Under these growing conditions, the Pancher hybrid yielded an average of 4.37 t/ha
over the years of research, while the Fencer hybrid yielded 4.55 t/ha of seeds.

Key words: precipitation, air temperature, sowing rate, sowing date, yield.

3aobapnuii O.C., Ilenex JI.B. Bniue nozoonux ghakmopie na gropmysanus 6podicaro HAcinHs
pinaxy o3umozo (Brassica napus L.) é ymoeax Jlicocmeny Ilpagobepescnozo

Pinax ozumuii € documsv nepcnekmueHo ma eKOHOMIYHO NpUBabIUBoI0 KYIbMypoio, Wo
Modice 3 YCNIXOM BUPOWYBAMUC NPAKMUYHO Y 6CIX IPYHMOBO-KIIMAMUYHUX 30HAX YKpainu.
Cyuacui mexnonozii upowyeants pinaky 03umo20 Maiomv C60i 0COONUBOCMI, 60OHU MOICYHIb
BIOPIZHAMUCS 3A7E)CHO 8I0 YMO8 MA 30HU SUPOWYEants. Tomy GUBHAYEHHS GNIUGY NO2OOHUX
gaxkmopie Ha opmysaHHs 6podcar0 HACIHHA 2ibpudie pinaxy ozumoeo 6 ymoeax Jlicocmeny
nPasodepedcHozo € HA038UYALIHO BAICTUBUM NUMAHHAM I NOMPeOYe NPOBeOeHHs. NOIUONeHUX
NONbOBUX OOCTIONCEHD 3 YPAXYBAHHAM NIOOOPY CMPOKIE Mda HOPM BUCIEY.

YV pesynomami mpupiunux 0ocniodicenb 6UABIEHO BNIUE NO2OOHUX PAKMOPI6 HaA POPMYEaAHHs
HACIHHEBOT NPOOYKMUBHOCMI 2ibpudie pinaxy ozumoeo. Bussneno dexintvka Haubinbw kpumuy-
HUX nepiodie y 8UPOWYBaHHi pinaxy 03uMoz2o: ye nepioo cxodie (cepneHv-gepecens) ma nepioo
YGIMIHHA [ HAUBY HACIHHA (Mpasenb-uepeeHs). Y nepuiomy eunadky nio 3azposoio 6yna 2yc-
MOmMa cmosHHs pOCIuH, modi AK y Opyeomy — 3axaaoka cmpyuxie ma maca 1000 nacinun.
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32iono cnocmepedicens, Kinvkicmb onadie y nepioo hOopmMy8aHHs ma HAIUEY HACIHHA CYm-
meso 8iopisHaANacy y 3anexchocmi 6i0 poky. Tax y 2019 poyi 3a nepiod mpasenb — uepsets
sunano 323,3 mm, y 2020 poyi — 193,9 mm, y 2021 poyi — 231,4 mm. L{i noxaznuxu nepesuuyyganu
cepeoHio bazamopiuny Hopmy, 8i0nogioHo, na 182,3; 52,9 ma 90,4 mm.

uuocennsn nopmu ucigy 00 200 muc. wm./2a cxodiCUX HACIHUH CHPUSTIO CYIMMEBOMY He)o-
6opy 8pooicaro HaciuHa pinaky ozumoeo. Ilpu yvomy 2iopuo Ilanuep cpopmysas nuwe 3,62 m/ea
HACIHHs 30 onmumanvHux i 2,94 m/2a 3a nisuix cmpokig ciebu. 3a aHAnO2IYHUX YMO8 BUPOULY-
sanHs 2iopud Denyep cghopmysas ypodcail HAciHKA Ha pieni 3,87 ma 3,27 m/2a, 8i0n06ioHO.

Bucie pinaxy o3umozo ¢ onmumanvui cmpoxu 3 Hopmoio 500 muc. wm./2a cxox#cux HACIHUH
00360/1U8 HAUOIILW eheKmUeHO peanizyeamu 6ion02iuHULL nomeHyian 2iopudie 01 YopMySaHHs
NPOOYKMUSHOCMI. 3a makux ymoe supouysanus 2iopudy Ilanuep 6y10 ompumaro, y cepeOHboMy
3a poku docaioxcernnv, 4,37 m/ea, mooi sax 2iopud @enyep 3abesneuus opmysanns 4,55 m/ea
HACIHHA.

Knrouosi cnosa: cyma onadie, memnepamypa nogimps, HOpMa 6uUcigy, cmpoku cigbu ypo-
JHCATHICTG.

Formulation of the problem. The issue of food security in Ukraine and world-
wide is becoming increasingly relevant. One possible solution to the food problem is to
expand the area under winter rapeseed cultivation. It is well known that the versatility
of rapeseed allows it to be widely used in the food, industrial and many other sectors of
the economy.

Important issues in the cultivation of winter rapeseed are the choice of sowing dates
and sowing rates. However, all these factors are technologically controllable, while
problems related to weather conditions can be reduced by selecting high-quality hybrids
recommended for a specific growing area.

Analysis of recent research and publications. The high profitability of the agricul-
tural sector is ensured by growing economically viable crops using modern innovative
technologies. Among oilseeds, rapeseed (Brassica napus L.) ranks second in the world
and Ukraine, as the unique biological and chemical properties of its seeds determine its
wide prospects for use in many sectors of the national economy [1].

As is well known, climate change is a global threat to the development of the agro-in-
dustrial complex, natural ecological systems, the economy and humanity as a whole.
The threatening nature of this issue for agriculture can be confirmed by analysing cli-
mate change model forecasts for several decades ahead, which, according to the authors,
are not very optimistic [2, 3].

Climatic resources play an important role in agriculture. In Ukraine, they vary
according to the geographical location of the territories. Instability in agricultural pro-
duction is primarily due to climatic conditions. Recently, there has been a trend towards
an increase in the average annual temperature, which is one of the key meteorological
factors in crop formation [4].

The indicator of the compatibility of the biological characteristics of a crop in com-
bination with agricultural technology and climatic conditions determines the productiv-
ity of these crops. The highest productivity can be achieved when the plant fully utilises
the potential of climatic resources [5].

The cultivation of winter rapeseed in conditions of climate change is an extremely
important issue, which is why it has been studied by a number of foreign and domestic
scientists [6-8].

The cultivation of winter rapeseed in Ukraine is environmentally safe, as it does
not require the use of pesticides and other chemical protection agents. Rapeseed oil is
particularly valuable because of its beneficial effects on health. It contains various fatty
acids, vitamins and microelements. It is known that rapeseed oil producers are working
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to expand exports, which will contribute to raising the country’s international status and
increasing its income [9].

The main criterion for the leadership of winter rapeseed among other agricultural
crops is the creation of a large number of new hybrids that do not contain erucic acid in
oil and have a minimum of glucosinolates in rapeseed meal. Rapeseed oil is considered
one of the most valuable in the world in terms of its nutritional qualities. Often, winter
rapeseed cultivation technology has its own characteristics depending on the region of
cultivation, which raises many questions about the scientific justification of its individ-
ual elements [10].

Rapeseed and its processed products, in particular oil, are in high demand worldwide
and occupy a large export niche. The largest areas of rapeseed cultivation are concen-
trated in China, India, the United States and Canada. In Ukraine, winter rapeseed is
grown in most regions of the country, but it has proven itself best in Vinnytsia, Poltava,
Kherson, Zhytomyr, Kyiv, Kharkiv, Odesa, and others. The area under winter rapeseed
cultivation is growing every year, because even in unstable climatic conditions, winter
rapeseed can provide a good harvest [11].

In Ukraine, winter rapeseed is most often used as a technical crop for the purpose
of obtaining seeds and, accordingly, oil from it. In some regions, rapeseed is grown
for green fodder for animals and green manure. In addition, it is an excellent honey
plant [12].

Practice shows that growing winter rapeseed in the forest-steppe and steppe zones
in dry and very dry years has significant advantages over grain crops. For the most part,
rapeseed goes through the reproductive development phase somewhat earlier and thus
avoids drought, the probability of which is very high in the subsequent period [13, 14].

Winter rapeseed is characterised by its cold resistance and undemanding heat
requirements. Seeds can germinate at temperatures as low as 1-3 °C, but the optimum
temperature is considered to be between 15-18 °C. Under such conditions and with suf-
ficient moisture, seedlings begin to appear as early as the fifth day after sowing. A drop
in temperature of several degrees leads to a delay in emergence of up to 8-10 days, and
a lack of moisture delays emergence to 15-18 days. The growing season of winter rape-
seed in autumn lasts until the average daily temperature drops to 5 °C. One month after
emergence, a rosette of 5-9 leaves forms. During this period, rapeseed can withstand
frosts down to -8 °C [15].

It is well known that winter rapeseed is a demanding crop in terms of wintering con-
ditions. The best conditions for it are a mild winter with sufficient rainfall in autumn,
a gradual onset of frost and stable snow cover. Unfortunately, such conditions are not
typical for all regions of Ukraine where winter rapeseed is grown [16].

Due to the variability of weather conditions and frequent moisture deficits, obtaining
a high yield of winter rapeseed is quite a difficult task. Only a professional approach to
the technological aspects of cultivation can ensure high production profitability [17].

Ukrainian scientists note that the most suitable regions for winter rapeseed cultiva-
tion are the central, eastern and western areas of the Forest-Steppe, Polissya, and the
Northern Steppe. In addition, there are regions that are less suitable, including Transcar-
pathia and the Southern Steppe [18].

As is well known, winter rapeseed is very demanding in terms of moisture supply, as
it requires almost twice as much moisture as cereals, and its transpiration coefficient is
between 500 and 750 units. To obtain a guaranteed high yield, it is necessary to have at
least 600-800 mm of precipitation per year. The lower limit at which it is still profitable
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to grow winter rapeseed is 400-500 mm of precipitation per year. The moisture require-
ments of winter rapeseed during the growing season vary greatly. Scientists note that
the most critical needs of winter rapeseed are during the budding, flowering and seed
filling phases [19].

Scientists note that due to global warming and critical lack of precipitation during
various periods of vegetation, winter rapeseed requires differentiation of cultivation
technology elements [20].

Many scientists note that air temperature and moisture availability have the most
significant impact on winter rapeseed productivity [21, 22]. Other scientists add that,
in addition to temperature and moisture, important factors affecting yield are solar
radiation and the degree of its absorption by crops, soil fertility, the level of agricul-
tural technology, varietal characteristics of plants, and the photosynthetic potential of
crops [23, 24].

The productivity of winter crops depends on a number of abiotic factors, among
which meteorological conditions play a major role. Analysing a significant number of
studies, given the diversity of soil and climatic conditions, it can be noted that this issue
is still relevant and requires clarification for specific regions. Climatic conditions are the
main factor determining the average yield of field crops [25].

The purpose of the study was to determine the effect of average daily air tempera-
ture and precipitation on the formation of winter rapeseed hybrid seed yield.

Materials and methods of research. Field studies with winter rapeseed hybrids
were conducted in the Vinnytsia region. The climate of the study site is temperate con-
tinental, characterised by mild winters and warm, humid summers.

The soils of the experimental field are grey forest soils. They have a light, medi-
um-loamy granulometric composition. The humus content in the soil is 2.2%. The phos-
phorus content in the soil is 19.5 mg-eq per 100 g of soil, and potassium is 9.6 mg-eq
per 100 g of soil. Hydrolytic acidity is within 4.6, and the sum of absorbed bases is
15.2 mg-eq per 100 g of soil.

Field studies were conducted with two different winter rapeseed hybrids, originally
developed by BASF. Both hybrids are included in the State Register of Plant Varieties
Suitable for Distribution in Ukraine in 2015.

Pancher is an early-maturing winter rapeseed variety. It is characterised by high
stable yields, good winter hardiness, drought resistance, and high oil content in the
seeds. The hybrid is characterised by rapid development in the autumn and resistance
to lodging.

Fencer is a late-maturing winter rapeseed hybrid. It is characterised by excellent
winter hardiness and high oil content. The hybrid has rapid autumn development, which
allows it to be sown late. It is quite resistant to lodging and pod cracking at high fertiliser
doses.

The experiment involved sowing winter rapeseed hybrids at the optimal time
(15 August) and late (30 August). Rapeseed hybrids were sown at rates of 500, 400, 300
and 200 thousand viable seeds per hectare.

Field studies were conducted in accordance with generally accepted methods, and
statistical processing of yield data was performed using the method of variance anal-
ysis [26].

Presentation of the main research material. It was noted that the average daily
air temperature and precipitation during the years of the study differed slightly from the
long-term average data (Table 1).
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Table 1
Hydrothermal conditions during the years of research
Month Average daily air temperature, °C Precipitation, mm
18/19 | 19/20 | 20/21 *ALD 18/19 | 19/20 | 20/21 *ALD
August 22.4 21.5 22.7 19.4 329 52.8 54 55.0
September 16.6 16.4 18.5 14.1 63.6 | 41.7 57.7 61.0
October 11.0 11.1 14.1 8.1 56.3 22.1 | 103.1 35.0
November 2.5 7.6 5.1 1.7 544 | 28.2 12.9 37.0
December -0.4 2,7 2.2 -2.8 55.8 19.4 76.7 35.0
January -2.5 0.4 -0.4 -3.8 74.1 10.3 41.1 28.0
February 2.6 3.1 -1.2 -2.7 34.6 60.5 493 33.0
March 6.2 6.5 3.1 1.9 30.2 32.7 57.3 32.0
April 11.0 9.9 8.0 14.7 34.0 32.0 38.4 40.0
May 16.4 13.7 15.0 18.2 232.6 | 108.0 | 138.5 54.0
June 22.5 21.3 20.6 20.0 90.7 85.9 92.9 87.0
July 20.5 22.1 233 19.4 36.8 549 | 1229 73.0
Year: 10.7 11.4 10.9 8.2 796.0 | 548.5 | 796.2 570.0

*Note — average long-term data

The sowing period and emergence of seedlings are important stages in the cultiva-
tion of winter rapeseed. Quite often, due to insufficient rainfall, some of the seeds may
not germinate, while others may form patchy seedlings.

The amount of precipitation in August 2018 was 32.9 mm, which was 40.2% below
normal. The average daily air temperature during this period was 3.0 °C above the long-
term average. In 2019 and 2020, the average daily air temperature during the sowing
period (August) was also above normal, by 2.1 and 3.3 °C, respectively. With long-term
averages of 55.0 mm, precipitation in 2019 was 52.8 mm and only 5.4 mm in 2022.

The total amount of precipitation from August to November inclusive was 207.2 mm
in 2018, 144.8 mm in 2019, and 179.1 mm in 2020.

According to observations, the amount of precipitation during the winter months
was as follows: 164.5 mm in 18/19, 90.2 mm in 19/20, and only 167.1 mm in 20/21.
The average daily air temperature in these months (December-February) exceeded the
long-term average and was -0.1 °C in 18/19, 2.07 °C in 19/20 and 0.2 °C in 20/21, while
the long-term average was -3.1 °C. Therefore, no particular problems with freezing and
death of winter rapeseed plants were observed.

During three years of research, the temperature regime in March significantly
exceeded the long-term average. This allowed winter rapeseed plants to fully resume
their vegetation in the third decade of the month. The amount of moisture received dur-
ing this period varied. In March 2019, precipitation amounted to 30.2 mm, while in 2020
it was 2.5 mm higher. These figures were close to the long-term average (32.0 mm).
However, it should be noted that in March 2021, precipitation exceeded the norm by
79% and amounted to 57.3 mm.

The third decade of March and April in the forest-steppe of the right bank are marked
by the intensive growth and development of winter rapeseed plants. At this time, the
phases of development change quite rapidly: stemming, leaf mass growth, primary and
secondary flower stalks are formed, and rapeseed plants reach budding.
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The average daily temperatures in April over the three years ranged from 8.0 to
11.0 °C, which is slightly below the long-term average (14.7 °C), while precipitation for
this month in 2019 and 2020 was 15-20% below normal. Only in 2021 did the amount
of precipitation for this month come close to the long-term average, reaching 38.4 mm.

The period from May to June inclusive is important for the formation of winter
rapeseed yield indicators, as this is when the flowering and seed filling phases occur.
Therefore, it is very important at this time to monitor and protect rapeseed plants from
diseases and pests.

It should be noted that the temperature regime during these months in the years of
research was close to the long-term average, while the amount of precipitation differed
significantly. In 2019, 323.3 mm of precipitation fell in May—June, in 2020 — 193.9 mm,
and in 2021 — 231.4 mm. The long-term average was 141.0 mm.

As a rule, in the Vinnytsia region, winter rapeseed is harvested in July. Early-ma-
turing hybrids are harvested in the first ten days of July, while mid- and late-maturing
hybrids are harvested starting in the second ten days. The weather conditions in July
during the years of the study were favourable for seed harvesting.

Analysing the yield data obtained over the years of research, it should be noted
that weather conditions had a significant impact on the productivity of winter rape-
seed crops. The most favourable year for seed formation in winter rapeseed hybrids
was 2019 (Table 2). In the variants with optimal sowing date, the rapeseed yield was
3.98-4.77 t/ha for the Pancher hybrid and 4.23-4.91 t/ha for the Fencer hybrid. Slightly
lower seed yield indicators were observed in the variants of the experiment with late
sowing date. Thus, for the Pancher hybrid, they ranged from 3.38 to 4.51 t/ha, while for
the Fencer hybrid, they ranged from 3.68 to 4.69 t/ha.

Hot and dry conditions during flowering and seed filling (May-June) in 2020 had a
negative impact on winter rapeseed yields. It was the lowest in three years of research.
At the same time, the yield indicators for the Pancher hybrid at optimal sowing date were
in the range of 3.00-3.81 t/ha, while at late sowing date they decreased to 2.15-3.53 t/ha.
In winter rapeseed of the Fencer hybrid, the seed yield was 3.15-3.95 t/ha in variants
with optimal sowing date and 2.68-3.76 t/ha in variants with late sowing date.

The yield of winter rapeseed in 2021 was as follows: under optimal sowing date, the
Pancher hybrid yielded 3.87-4.53 t/ha of seeds, while under late sowing date, it yielded
3.28-4.31 t/ha. Slightly higher crop yields were observed when growing the Fencer
hybrid. Under optimal sowing date, the hybrid yielded 4.23-4.80 t/ha of seeds, while
under late sowing date, it yielded 3.45-4.64 t/ha.

On average, over the years of research, it has been established that growing winter
rapeseed hybrids with a sowing rate of 500 thousand seeds per hectare of similar seeds
allows for the highest seed yield. Thus, in variants with optimal sowing date, the yield
of the Pancher hybrid was 4.37 t/ha, while in variants with late sowing date, it was
4.12 t/ha. Growing the Fencer hybrid with optimal sowing date and a sowing rate of
500 thousand seeds/ha of similar seeds yielded 4.55 t/ha of seeds. With late sowing date,
the yield of the hybrid decreased to 4.36 t/ha.

On average, the least productive option was growing winter rapeseed hybrids at late
sowing date and a sowing rate of 200 thousand seeds/ha of similar seeds. Under these
conditions, the yield of the Pancher hybrid was 2.94 t/ha, and that of the Fencer hybrid
was 3.27 t/ha.

Calculations of the impact of the studied factors on the formation of winter rapeseed
seed productivity showed that factor C (sowing rate) had the greatest impact, accounting
for 32.7% (Fig. 1).
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Table 2
Yield of winter rapeseed hybrids depending
on sowing dates and sowing rates, t’ha
Hybrid | Sowing date Sowing rate Yield, t/ha
(Factor A) | (Factor B) (Factor C) 2019 2020 2021 | Average
500,000 pcs/ha 4.77 3.81 4.53 4.37
Optimal 400,000 pcs/ha 4.63 3.62 4.42 4.22
sowing date | 300,000 pcs/ha 457 3.56 436 4.16
200,000 pcs/ha 3.98 3.00 3.87 3.62
Pancher
500,000 pcs/ha 451 3.53 431 4.12
Late sowing | 400,000 pcs/ha 433 3.31 4.20 3.95
date 300,000 pcs/ha 4.08 3.03 4.02 3.71
200,000 pcs/ha 3.38 2.15 3.28 2.94
500,000 pcs/ha 491 3.95 4.80 4.55
Optimal 400,000 pcs/ha 4.78 3.83 4.68 4.43
sowing date 300,000 pcs/ha 4.71 3.77 4.60 4.36
200,000 pcs/ha 4.23 3.15 423 3.87
Fencer
500,000 pcs/ha 4.69 3.76 4.64 4,36
Late sowing 400,000 pcs/ha 4.55 3.63 4.47 422
date 300,000 pcs/ha 4.36 3.42 4.22 4.00
200,000 pcs/ha 3.68 2.68 3.45 3.27
LSD,, (average for 2019-2021), t/ra: A —0.04, B - 0.04, C - 0.05, ABC - 0.10

The next most influential factor was factor B (sowing date) — 9.4%. The least influ-
ence on the formation of seed productivity of winter rapeseed crops was from factor A
(hybrid), which accounted for only 4.0%. Other unaccounted factors, including weather
conditions, had a significant impact on seed productivity, accounting for 53.9%.

Fig. 1. Weight of factors influencing seed productivity of winter rapeseed
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Conclusions and suggestions. According to observations, precipitation for the period
2018-2019 amounted to 796.0 mm, in 2019-2020 — 548.5 mm, while in 2020-2021 it
was 796.2 mm, which made it possible to form, in variants with optimal sowing date and
a sowing rate of 500 thousand pieces/ha of similar seeds, the yield of the Pancher hybrid
at the level of 4.77; 3.81 and 4.53 t/ha of seeds. The seed yield of the Fencer hybrid,
under similar growing conditions, was 4.91, 3.95 and 4.80 t/ha, respectively.
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