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Ukraine is known in the world as a potential producer and exporter of grain crops. In addition,
grain, especially winter wheat, is characterized by high quality indicators, which can be achieved
by growing it mainly in the southern region. Grain yield levels can vary significantly from year
to year, which depends on a number of factors: weather and climate conditions of the growing
season, including the amount of atmospheric precipitation, precursor and agrobackground of
nutrition, weediness of the field, plant protection measures, soil cultivation, selection of varietal
composition, crop care, other elements of technology. After all, it is the clear implementation of
all technological measures that will allow us to obtain stable productivity not only of grain, but
also of other agricultural crops. The article provides data on the results regarding the influence
of resource-saving elements of the technology, namely, the selection of the predecessor and the
variety itself in terms of ecotypes. The research was carried out on southern chernozem during
the years 2016-2023, which differed slightly in terms of temperature and to a greater extent in
the amount and distribution of precipitation during the growing season of plants of winter wheat
varieties. all studies were conducted according to zonal methodological recommendations. Of
course, the higher productivity of grain plants will be formed on fertile soils, which, in addition
to the necessary available nutrients, accumulate and retain a greater amount of moisture. This, in
turn, again depends on the selection of agricultural crops in the crop rotation, the main measures
of their cultivation and the amount of post-harvest root residues that remain after the end of the
growing season and their incorporation into the soil after harvesting. Our long-term research
has established that it is quite possible to significantly increase the grain productivity of winter
wheat even on the basis of saving resources. This can be provided completely free of charge by
component technologies — the selection of the predecessor and variety. If it is possible to apply
mineral fertilizers, then grain yield increases by 35-40%. The ability of winter wheat varieties of
different ecotypes to form close levels of grain yields in the Southern Steppe zone of Ukraine in
recent decades under changes in climatic conditions has also been determined.

Key words: winter wheat, varieties, predecessor, mineral fertilizers, ecotype, grain yield,
vegetation conditions.
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T'amatonosa B.B., Xoneuxo JL.I., Baknanosa T.B. Pecypco3bepizaioui (exonoziuni) nioxoou
00 eupoonuymea 3epna nuienuyi o3umoi 6 3oni Iliedennozo Cmeny Yxpainu

Yipainy snatomo y ceimi ax nomenyitinozo upoOHuKa ma ekcnopmepa 3epHOGUX KYIbmyp.
Lo moeo dic 3epHo 1t 0cobaU60 nuLeHUYsA 03UMA XAPAKMEPUIYIOMbCS BUCOKUMU NOKAZHUKAMU KO-
Ccmi, 4020 MOJNCAUBO QOCASMU 30 BUPOULYBAHHSL 1I020 NEPEBANCHO 8 NiIBOeHHOMY peioHi. Pigni
8DPOOICAUHOCT 3EPHOBUX 30 POKAMU MOJICYMb ICHOMHO PISHUMUCH, WO 3ANeHCUMb 8i0 psdy YUH-
HUKIB: NO20OHO-KIIMAMUYHUX YMO8 8e2emayiiiHo20 nepiody y m. u. KilbKOCmi ammocgeprux
onadie, nonepeonuxa i azpoQomy dicugients, 3abyp AHenocmi nous, 3axo0ie 3axucmy pociu,
00pobImKy IpyHmy, 0000py copmo6o2o cKkaady, 00210y 3a NOCIBAMU, IHUUX eeMEHMIE MeXHO-
n02ii. Adoice came uimie BUKOHANHS YCIX MEXHONOIUHUX 3aX00i6 00360AUMb OMPUMYEANU CIMATY
NPOOYKMUBHICMYb He Juuie 3ePHOBUX, d U THUUX CLTbCbKO2OCNOOAPCLKUX KYAbmyp. Y cmammi
HageoeHo 0aHi pe3yibmamie ujooo 6HAUBY PeCypPCOOUJaAOHUX elleMenmie mexHonozii, a came
0000py nonepedHuxa ma 6e3nocepeOHbo copmy y po3pizi ekomunie. [JoCiiodNceHHs npo8edeHo
Ha 4opHo3eMi nigoenHomy 6npooosdic 2016-2023 poxie, ski 0ewjo pi3HUIUCS 30 MEeMNEPamypHuM
pedcuMom i OLIbULOI0 MIPOKO 3a KIILKICMIO MA PO3N0OLIOM 0ONaodié 6NPo00BIHC 8e2emayiuHo20
nepioody pociun copmie nueHuyi 03UMOi. yci 00CiOHCeHHA NPOBOOUNU 32iI0HO 30HATILHUX MemOo-
OUUHUX PeKOMEHOAYitll. 38ICHO JiC BUUOI0 NPOJYKMUBHICIb 3¢PHOBUX POCIUH O)0e (hopmysamucsy
Ha poolo4ux IPYHMAx, AKi OKpIM HeOOXIOHUX OOCMYNHUX eNeMeHmie HCUBLEHHS, HAKONUYYIOMb
i ympumyroms 6inbuty Kinbkicms gonozu. Lle 6 ceoto uepzy, 3H08y i 3anedcums 8i0 0000py
CLIbCHKO2OCNO0APCLKUX KYIbMYP Y CIBO3MIHI, OCHOBHUX 3aX00i8 iX 8Upouyy8amHs Ui KilbKOCmi
NICTANCHUBHO-KOPEHEBUX PeulmKis, o 3a1Uacmsbcsa no 3aKinyenHi eecemayii ma 3apooku ix
6 IpyHm nicaa 3o0upanna. Hawumu mpusanumu 00CcriodHcenHAMU 6CMAHOBIEHO, WO ICIOMHO Nio-
BULUMU 3ePHOBY NPOOYKMUGHICMb NUEHUYT 03UMOI HAGIMb HA 3AcaA0ax 3A0WaA0ICEHHS PeCypCis,
yinkom moxcauso. Lle 30ammui 3ab6e3neuumu 306¢Cim 6E3KOUMOBHO CKIA008E MEXHONL02IT — 000Ip
nonepeoHuxa ma copmy. fxujo dic € modxcaugicmes gnecmu mMinepanvri 000puea, mo 8podicall-
Hicmb 3epHa 3pocmac Ha 35-40%. Taxoorc eusnaueno 30amuicms copmie nueHuyi 03umMoi pisHux
exomunie popmysamu onuzvKi pieHi epooicais 3epna y 30Hi ITiedennoco Cmeny Ykpainu 3a 3miHu
KALMamuyHux ymo8 8 OCIaHHi 0ecsimupidusi.

Knrouoei cnosa: nuenuys osuma, copmu, nonepeoHux, MiHepaivbHi 0obpusa, ekomun, ypo-
JHCatiHiCMb 3epHa, YMO8U gecemayii.

Formulation of the problem. The task of sustainable grain production in Ukraine
has been and remains a priority. However, during wartime and post-war periods, due
to the weakening of the economic situation, the main approaches to the technology
of growing grain crops need to be rethought. In most cases, it is advisable to intro-
duce resource-saving elements that would ensure stable production while simultane-
ously forming high-quality grain. To achieve this, it is necessary to move away from
intensive measures towards well-known and previously tested low-cost elements in
agriculture and crop production. The introduction of modern varieties of grain crops
adapted to the conditions of the zone and the return to crop rotation in agricultural
systems should become the most important reserves for increasing grain production.
This, under the same costs of cultivation, ensures yields of different levels and grain
quality [1, 2].

Also, the total cost of grain production varies slightly, and one of the important
elements in technology, such as the sowing period and other factors, plays a role. The
yield of grain and economic indicators can vary significantly depending on the correctly
selected variety, nutrient background, and optimal sowing period [3-5]. At the same time
as determining the sowing period, it is necessary to correctly determine the seeding rate,
which in recent years, due to changes in climatic conditions and soil moisture, should be
reduced [6, 7]. The characteristics of the variety, specifically its ability to tiller, should
be given special attention when considering reducing the seeding rate. Modern varieties
have the ability to form 12-17 tillers per plant [1, 5]. By reducing the seeding rate, the
cost of cultivation will also be lower, and at the same time, the same amount of seed
material can be used to sow a larger area. This is especially important for sowing scarce
varieties of winter crops and with the increasing cost of seeds.
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By reducing the seeding rate and optimizing plant nutrition, more stems and nodal
roots are formed on the plants [7]. It is known that sowing periods significantly affect
grain yields and key indicators of its quality. Early sowing causes plants to accumu-
late significant above-ground biomass from autumn, which leads to unproductive water
consumption from the soil. Additionally, due to overgrowth and a decrease in sugar
formation in tillering nodes, winter hardiness is reduced. Furthermore, early sowings
are significantly damaged by cereal flies and aphids [9, 10].

It is crucial to protect the seed and young plants from damage by pathogenic micro-
flora and soil pests during autumn vegetation. This will lead to a decrease in field uni-
formity of seeds, uneven emergence, and ultimately to weed infestation and yield loss.
An effective and cost-effective measure against these phenomena is pre-sowing treat-
ment of seed material [11-14]. Accordingly, this studied factor has a positive effect on
the field uniformity of seeds, enhances cold acclimatization of plants, and increases
sugar accumulation [15, 16].

All growth processes of winter grain crops are largely determined by optimizing
their nutrition. The different availability of nutrients in the soil directly determines the
indicators of fertility and predecessors [2, 17]. After growing a specific crop in the field,
there is a different amount of available NPK, moisture, weed seeds, etc. However, even
by placing winter wheat after sunflower and selecting the variety composition and tech-
nological elements in the conditions of the Southern Steppe of Ukraine, it is possible to
achieve stable grain productivity [18].

Productivity of all plants, including winter grain crops, is significantly influenced
by weather and climatic conditions during the growing season, particularly the amount
of precipitation. This dependence has been practically determined for all regions of
Ukraine [19-23].

Plants of almost all varieties, regardless of the cultivation zone, positively respond
to optimized nutrition, especially on depleted soils and poorer predecessors [24]. The
application of mineral fertilizers, especially in specific doses and during the most impor-
tant periods of plant growth, contributes to a significant increase in grain yields of cereal
crops, including winter wheat [25-28]. The productivity is further increased in fields
with optimal NPK content, achieved through the combination of technological elements
and fertilizer application, especially under favorable climatic conditions [29-33].

As we have mentioned, the productivity of winter and spring grain crops increases
when fertilization is included in the technology. This is due to the enhancement of plant
growth processes, increased leaf area, and intensified photosynthetic activity, which
ensures efficient use of moisture by crops for grain formation with minimal losses due to
evaporation [34-36]. This is primarily achieved through optimized nutrition and selec-
tion of suitable varieties of cereal crops, including winter barley [37, 38].

In recent years, deviations from the basic principles of agriculture, such as the
disruption of crop rotation, reduction in areas under legumes that enrich the soil with
organic matter and nitrogen, changes in climatic conditions, and the need for cost-ef-
fective measures for fertilizer application and optimized nutrition have become increas-
ingly important [39]. Additionally, the combination of nutrition and other important
technological components contributes to the production of high-quality grain in winter
crops [40-42].

Overall, the yield and grain quality of winter wheat depend on the availability of
essential nutrients, particularly nitrogen, the selection of suitable varieties (taking
into account their biological characteristics), precipitation during the growing season
and during the milk-wax maturity stage, air temperature from the beginning of spring
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vegetation to the start of heading, the duration of the period from the beginning of spring
vegetation to the start of intensive growth, and other factors. These details are crucial!
Each measure should be implemented clearly and sequentially, according to zonal rec-
ommendations and considering the biological characteristics of the variety. Moreover,
they should be resource-saving, as the economic condition of farms is weakened and
requires the selection of cost-effective technological elements.

Materials and methods. The study on winter wheat varieties was conducted at the
Experimental Field of the Educational-Scientific-Practical Center of Mykolaiv National
Agrarian University. The soil is southern chernozem, with a humus content of 3.0-3.3%
and optimal water-physical properties. It has a moderate supply of available nutrients
(NPK). The weather conditions during the winter wheat growing years were typical for
the Southern Steppe region of Ukraine but varied in terms of temperature regime, pre-
cipitation amounts, and winter survival conditions.

In a three-factor study conducted from 2015 to 2022, we determined the response
of varieties (factor A) to their ability to produce grain yield depending on their place-
ment in relation to the predecessor (factor B). The predecessors included fallow, corn,
winter wheat (stubble), and sunflower. Regionalized varieties, namely Kuyalnyk (medi-
um-early, registered in 2003), Odessa Dove (early-maturing, 2011), Blago (early-matur-
ing, 2011), and Vidrada (medium-early, 2010), were grown under extensive predecessor
conditions without the application of mineral fertilizers, except for N, P, at sowing
with early spring top-dressing of N, (factor C).

During the period from 2016 to 2023, research was conducted on varieties of steppe
ecotype to study the growth, development, and grain productivity. Eight varieties were
selected: Blago, Kokhana, Khersonska 99, Ovidiy, Pylypivka, Lastivka Odeska, Slu-
zhnytsya Odeska, and Uzhynok. For the selection of winter wheat of the forest-steppe
ecotype, six varieties were taken for study: Charodiika Bilotserkivska, Lisova Pisnia,
Vidrada, Shedra Niva, Poliska 90, and Artemida.

Regionalized varieties of winter wheat from well-known breeding institutions in
Ukraine were used for the cultivation zone. The agronomy techniques for their cultiva-
tion were generally accepted for the southern region. The experiments were conducted
according to the methods of experimental research [43-45].

Results and discussion. The three-factor study determined that regardless of the
variety characteristics and conditions of the vegetation period, higher grain yield was
formed with fallow as the predecessor (Table 1).

Of course, the productivity varied among the varieties and was even more influenced
by the weather and climatic conditions of the cultivation years.

The level of grain yield of all studied varieties of winter wheat on all predecessors
on fertilized backgrounds increased significantly, which is clearly illustrated in fig. 1.

Among the winter wheat varieties used in the study, Kuyalnik (the oldest variety
included in the registry) and Vidrada stood out with slightly higher yields.

In terms of predecessors, all the winter wheat varieties included in the study achieved
higher grain yields regardless of their variety characteristics and vegetation period
conditions when grown after fallow (Fig. 2). On average, the studied varieties yielded
4.51 t/ha when grown after fallow. The yields after maize, barley, and sunflower were
3.34, 3.24, and 3.21 t/ha, respectively. The application of mineral fertilizers for winter
wheat (N, P, before sowing and N, as early spring top-dressing at the beginning of
vegetation recovery) significantly contributed to the increase in grain yield. Over the
years of the study, the average grain yields for the accepted predecessors were: 6.12,
4.54,4.41, and 4.42 t/ha, respectively.
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Table 1

Impact of cultivation conditions on grain yield of winter wheat varieties
(average for 2016-2021), t/ha

No fertilizers
Predecessor Sort (predectz;s:crt(l)):cck)ground) N, P, +N,, (Factor C)
(Factor B) (Factor A) " -
average | fluctuations | average | fluctuations
yield over the years | yield over the years
Black steam | Kuyalnik 4.65 3.28-5.47 6.24 4.48-7.43
Golubka Odeska 4.44 3.09-5.55 5.90 4.26-7.54
Blago 4.18 3.12-5.08 5.81 4.24-6.92
Vidrada 4.76 3.77-5.78 6.49 5.15-7.88
Corn Kuyalnik 3.39 2.76-4.89 4.65 3.78-6.71
Golubka Odeska 3.25 2.54-4.53 4.44 3.49-6.23
Blago 3.22 2.31-4.60 4.38 3.27-6.32
Vidrada 3.49 2.67-4.94 4.68 3.69-6.78
Winter wheat | Kuyalnik 3.26 2.73-4.78 4.45 3.75-6.56
Golubka Odeska 3.14 2.49-4.58 4.27 3.42-6.29
Blago 3.17 2.43-4.57 431 3.33-6.27
Vidrada 3.38 2.85-4.91 4.60 3.91-6.78
Sunflower Kuyalnik 3.23 2.28-3.83 4.48 3.15-5.26
Golubka Odeska 3.11 2.23-3.91 432 3.08-5.37
Blago 3.08 2.21-3.74 4.28 3.04-5.15
Vidrada 3.31 2.54-4.93 4.60 3.40-6.71
6,00
grain yield, t/ha
5,00
4,00 3,63

3,00

2,00

1,00

0,00

Kuyalnik

Blago

5,09
426 4,73 4,69
3’49 l 3,41 I 3,74 I

Golubka Odeska
on the background of the predecessor

Vidrada

u for making N30P30+N30

Fig. 1. Response of studied winter wheat varieties to grain yield optimization
through nutrition (average for predecessors from 2016-2022), t/ha
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It should be noted that the yield increases from the application of mineral fertilizers
varied slightly depending on the predecessors and averaged: after fallow — 35.2%, after
maize — 35.9%, after barley — 36.1%, and after sunflower — 37.7%. This indicates a
slight tendency for an increase in grain yield increase after a predecessor that depletes
the soil more in terms of mobile nutrient elements due to their higher removal by the
crop. Additionally, when winter wheat was sown on fertilized backgrounds, the dif-
ference in yield levels between non-fallow predecessors was noticeably leveled out. It
practically disappeared, as clearly illustrated in Fig. 2.

7

grain yiehl, tha 6,1
6 —
5 4,51 4,54 4,41 4,42
4 ‘ 4 : :
33 3,24 321
3 | |
2 { |
1 | |
0
Black steam Ccorn Sstubble Sunflower
against the background of an unfertilized predecessor u for making N30P30+N30

Fig. 2. The significance of predecessor and nutrition optimization on the grain yield
of winter wheat (average for varieties from 2016-2022), t/ha

At the experimental site of the National Scientific Center “MNAU”, demonstra-
tion crops of grain crops are annually planted for testing and determining the most
adapted high-yielding varieties, including winter wheat. On the International Field Day
of MNAU on June 1-3, participants were presented with 240 varieties and hybrids of
winter and spring cereals, rapeseed, and other crops of Ukrainian and foreign breeding.
Taking into account significant climate changes that have occurred in recent decades,
we have determined and compared the grain productivity of winter wheat varieties of
steppe and forest-steppe ecotypes.

The studies have shown that in years of cultivation, winter wheat varieties of both
ecotypes formed grain yields at similar levels. The difference in the variety composi-
tion was within the margin of error in most years of the study. However, the grain yield
varied significantly over the years of cultivation. It was significantly higher in years
favorable for moisture and significantly lower in drought years. Nevertheless, no signif-
icant difference in average grain yield values between ecotypes was observed (Fig. 3).

In our opinion, the equalization of grain yield levels between varieties of different
ecotypes is associated with practically identical, or at least very similar, conditions of
the vegetative period of winter wheat plants due to changes in climatic factors that have
occurred in recent decades. This requires further research to determine the most produc-
tive and adapted varieties of winter wheat for specific growing conditions.
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7,00 grain yield, t/ha

5,96

6,00

5,92

5,17 52

5,00 |
4,24

4,00 | |
3,00 | |
2,00 | |
1,00 | |
0,00

varieties of the steppe ecotype (8 varieties) forest-steppe ecotype varieties (6 varieties)

average yield by studied varieties
 the highest level of harvest
# minimum harvest level

Fig. 3. Grain yield and its fluctuations in years of cultivation depending on the ecotype
of varieties (average for 2017-2023), t/ha

Conclusions. Winter wheat forms grain yield depending on the predecessor. This is
primarily determined by the amount of moisture and the availability of nutrients remain-
ing in the soil after its harvest for the next crop rotation.

Regardless of the predecessor and variety characteristics, winter wheat significantly
increases grain productivity (by 35-40%) against the background of fertilizer appli-
cation. Moreover, the use of fertilizers practically eliminates the significance of the
predecessor.

In recent decades, breeding institutions in Ukraine have created a significant number
of varieties with a stable grain yield potential (at the level of 5 t/ha or more) with simul-
taneously high indicators of its quality. Research has identified the most productive
varieties for the Southern Steppe region of Ukraine.

It has been established that the direct selection of a predecessor and a high-yielding
variety are the most resource-saving measures in the overall technology of winter wheat
cultivation and can ensure stable yield levels and overall grain production in Ukraine
without significant additional costs. This is especially important for the country during
times of war and the post-war period.
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