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The study investigates the patterns of yield formation in buckwheat (Fagopyrum esculentum
Moench) and millet (Panicum miliaceum L.) in the Southern Steppe of Ukraine under the influence
of agroclimatic factors and adaptive cultivation technologies. Particular attention is given to the
analysis of the interaction between temperature regimes and soil moisture during critical growth
stages, including flowering and grain filling, and their impact on crop productivity and grain
quality. It was established that buckwheat exhibits high sensitivity to temperature fluctuations
and uneven precipitation distribution, resulting in reduced fruit set and grain weight. In contrast,
millet demonstrates greater stress tolerance, more efficient water utilization, and the ability to
maintain stable yields under drought conditions, making it a promising crop for adaptive farming
systems in the Southern Steppe.

The study systematically examines the effects of agronomic practices on crop yield stability,
including optimization of sowing dates, selection of stress-tolerant varieties, balanced mineral
fertilization, soil management for moisture conservation, and monitoring of hydrothermal
coefficients throughout the growing season. It was shown that the integrated application of these
adaptive measures reduces the risk of yield losses during critical growth phases, maximizes
the realization of potential productivity, and enhances the stability of cereal crop yields under
variable climatic conditions.

@ @ © Averchev O.V., Nikitenko M.P., 2026
CrarTst nommproeThest Ha ymoBax minensii CC BY 4.0




| Taspiiicekuit HaykoBuii Bicauk. Cepist: Ciibebkorocnonapebki nayku. Burm. 149. Yactuna 1

4

Special attention was given to the evaluation of modern buckwheat varieties (“Dikul”,
“Devyatka”, “Antaria’) and millet varieties (Denwikske, “Kharkiv 317, “Bila Altanka™) in
terms of their ecological plasticity and adaptability within cropping systems. The results indicate
that the combination of varietal selection and adaptive agronomic practices is a key factor in
improving yield stability, optimizing resource use, and maintaining agroecosystem sustainability
in the drought-prone Southern Steppe of Ukraine.

The findings of this research provide a scientific and methodological basis for the practical
implementation of adaptive cultivation technologies, increasing crop resilience to abiotic stresses,
enhancing resource efficiency, and supporting regional food security.

Key words: buckwheat, millet, crop productivity, adaptive practices, stress tolerance,
Southern Steppe, yield, cultivars.

Aeepues O.B., Hiximenko M.II. Bnaue azpoxnimamuunux gpaxmopie ma adanmuenux
MexH0102ill Ha nPOOyKmueHicmy zpeuxu ma npoca é ymoesax Iligdennozo Cmeny Yxpainu

Y emammi oocniooceno 3axonomiprocmi popmysanns npodykmuernocmi epeuxu (Fagopyrum
esculentum Moench) ma npoca (Panicum miliaceum L.) y Ilis0ennomy Cmeny Ykpainu nio enuu-
60M ACPOKMIMAMUYHUX PAKMOPI6 Ma A0aANMUSHUX MeXHON02IYHUX 3ax00ie. Ocobausa ysaza
npuodinena ananizy 63aemMooli meMnepamypHo20 pexcumy ma 6010203a0e3nevents y KpUmudHi
@aszu po3eumKy pociuH, 30Kpema YeiminHa ma HAAUGy 3epHd, ma iXHbOMY GNAUGY HA POPMY-
6aHHsA YpodicauHocmi ma sAkicms npodykyii. Bemanoeneno, wjo epeuxa Xxapakmepusycmucs
BUCOKOIO UYMIUBICIIO 00 MeMNepamypHux KOJIUBAHb | HEPIBHOMIPHO20 PO3NOOLLY Onaodis, ujo
NPOABIAEMbCA Y 3HUNCEHHI KibKocmi 3a6 131 ma macu 3epHa. TIpoco 6i03Havaemvcs Oinbuior
cmpecocmitikicmio, 30amuicmio epekmusHiule UKOpUCTO8Y8amu O0CMYNHY 60J102y Md NiOMpu-
My8amu npoOYKMUGHICIb Y NOCYWLIUBE POKU, WO POOUMb 11020 NEPCHEKMUBHOTO KVIbIMYPOIo O
adanmusHux cucmem semaepoocmea 6 ymosax Iliedennozo Cmeny.

YV pobomi cucmemamuzoeano 6nnue acpomexnHono2iuHux 3ax00i8 Ha cmadiibHicmbs NPOOYK-
mugHocmi Kyivmyp. 30Kpema, 00CHONCEHO eheKMUBHICIb ONMUMI3ayii cmpokie ciebu, niobopy
copmis i3 ni08UWEHOI0 CMPECOCMIUKICIO, 3ACMOCYBARNS 30AAHCOBAHO20 MIHEPATILHO20 HCUG-
JIeHH3l, 0OPOOIMKY IPYHMY 0I5l 30€PedCeH s B0NI02U, A MAKONC MOHIMOPUHEY 2I0pOMePMItHO20
Koegiyienma enpodoeaic eecemayii. Ilokaszano, wjo KomMnjiekcHe UKOPUCMAHHSA YUX aoanmue-
HUX 3aX00i8 00360JIA€ 3HUUMU PUSUKU 3MEHULEHHS 8POICAUHOCIMIT Y KPUMUYHI (ha3u pO36UMKY,
3a6e3neyumu peanizayiro NOMeHYiluHo20 NPOOYKMUBHO20 PecypCy POCIUH | nioguwyumu cmaoine-
HICMb YPOJUCAUHOCMI KPYN SIHUX KYAbMYP Y 3MIHHUX KIIMAMUYHUX YMOBAX.

Ocobausy ysazy npudineno oyinyi cyyacnux copmie epeuxu («Juxynvy, «/les amra», «Anma-
pisy) ma npoca (Heusikcoke, «Xapriscoke 31», «bina Anemanka») wooo ix 30amnocmi 3abesne-
Yygamu eKoI02iuHy NAACMUYHICIG | A0aGNMUBHICG CUCMeM 8upowysants. Bemanosneno, wo
NOEOHAHHS CeNeKYiliHO020 0000py Copmis i3 a0anmMueHUMU MEXHOIO02IUHUMU 3AX00AMU € KIo-
YOBUM YUHHUKOM NIOBUUEHHS CIAOLTbHOCMI NPOOYKIMUSHOCMI, ePEeKMUBHO20 GUKOPUCTIANHS
nPUPOOHUX pecypcie ma 36epedcents azpoekocucmem y nocyunusux ymogax Iliedennoeo Cmeny
VYxpainu.

Pezynomamu 0ocniodcents Modcyms cy2y8amu HaAYKO8O-MemoOUUHOI OCHOBOIO 01 NPAK-
MUYHO20 BNPOBAONCEHHS AOANMUBHUX MEXHON02IU Y BUPOOHUYMBO KDY AHUX KYIbmyp, NiO6uU-
wienHs ix cmitikocmi 00 abioOMUdHUX cmpecie, ONMUMI3ayii BUKOPUCMAHHS NPUPOOHUX PECYPCI8
ma 3abe3neuents npooo8oIbYOI Oe3nexu peciony.

Knrouosi cnosa: epeuxa, npoco, npoOykmugHicm Kyivbmyp, A0anmueHi 3axo0u, Cmpecocmii-
kicms, Ilisdennuti Cmen, 8podicatiHicms, copmu.

Problem Statement. In the context of ongoing climate change and the increasing
incidence of extreme weather events, ensuring the stable productivity of agricultural
crops has become a matter of strategic importance for food security. This issue is par-
ticularly critical for cereal crops, which represent a fundamental component of human
nutrition and hold substantial potential within adaptive agricultural systems.

Crop yield formation is a complex, multifactorial process shaped by the interac-
tion of abiotic factors (temperature, water availability, solar radiation), biotic factors,
and anthropogenic influences. Even minor deviations of environmental conditions from
optimal levels during critical growth stages can result in significant reductions in yield.
Specifically, it has been demonstrated that elevated temperatures and water deficits
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during the flowering and grain-filling phases can markedly limit the realization of a
crop’s productive potential.

In the Southern Steppe of Ukraine, this challenge is further complicated by the
region’s highly continental climate, uneven precipitation distribution, and frequent
occurrences of both atmospheric and soil drought. Under these conditions, identifying
the key determinants of cereal crop productivity and quantifying their relative contribu-
tion to yield formation is of particular importance.

Accordingly, there is a need for a comprehensive analysis of the effects of agrocli-
matic and agronomic factors on cereal crop productivity, aimed at substantiating adap-
tive cultivation strategies.

Review of Recent Studies and Publications. Recent scientific research indicates
that the productivity of cereals and other small-grain crops is determined by a complex
interplay of factors, among which meteorological conditions, agronomic practices, and
the genetic characteristics of cultivars play a leading role.

A substantial body of literature has focused on assessing the impact of climatic fac-
tors on crop performance. It has been established that air temperature, duration of solar
radiation, and moisture regime govern the intensity of photosynthetic processes, the
development of generative organs, and grain filling. Specifically, for buckwheat, it has
been shown that solar radiation and precipitation directly influence the number of grains
per plant, whereas low temperatures and abrupt fluctuations in temperature regime
reduce overall productivity [4].

For millet-type crops, the influence of meteorological factors varies depending on
water availability. Under conditions of adequate soil moisture, photoperiod duration
emerges as the determining factor, while under water stress, the amplitude of daily tem-
peratures and thermal regime gain increased significance [1]. These findings underscore
the necessity of a differentiated approach to evaluating yield determinants based on
specific growing conditions.

In addition to climatic factors, agronomic elements play a crucial role. Studies
demonstrate that the level of mineral nutrition, particularly nitrogen, and the irrigation
regime significantly affect buckwheat productivity by enhancing photosynthetic activity
and delaying plant senescence [5,6].

In the context of global climate change, it has been observed that rising temperatures
generally tend to reduce the yields of most crops, including cereals, due to a shortened
growing season and intensified water stress [2].

At the same time, certain crops, such as millet, exhibit relatively high tolerance to
drought and elevated temperatures, which is considered an important adaptive advan-
tage [3].

Overall, contemporary research highlights the multifactorial nature of cereal crop
yield formation and confirms the critical role of climatic conditions in combination with
agronomic practices. However, existing scientific data are often fragmented and do not
fully account for regional specificity, indicating the need for further investigation in this
area [10,11].

Unresolved Research Gaps. Despite a substantial body of research dedicated to
the formation of cereal crop yields, several critical aspects remain insufficiently studied
and require further scientific substantiation. In particular, the following issues warrant
clarification:

e The characteristics of realizing the bioclimatic potential of the growing season
for cereal crops under the conditions of the Southern Steppe of Ukraine;
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e The influence not only of total precipitation but also of its intra-seasonal distribu-
tion on the productivity of buckwheat and millet;

e General patterns of interaction between temperature regime and water availabil-
ity during critical periods of plant growth and development;

e The role of agronomic factors in mitigating the negative effects of climatic stress;

e The development of adaptive cultivation approaches for cereal crops in the con-
text of contemporary climate change.

Existing scientific data are often fragmented and do not provide a comprehensive
understanding of the interactions among the main determinants of productivity, high-
lighting the need for further research in this area.

The objective of this study is to identify the patterns of buckwheat and millet pro-
ductivity in relation to agroclimatic factors in the Southern Steppe of Ukraine and to
substantiate adaptive approaches for their cultivation.

Presentation of the Main Material. The productivity of cereal crops in the South-
ern Steppe of Ukraine is determined by the combined influence of agroclimatic and
agronomic factors, among which thermal resources, water availability, their interaction
during critical growth stages, and adaptive cultivation practices play a leading role.

The region’s climate is characterized by abundant thermal resources, enabling the
accumulation of high sums of active temperatures throughout the growing season. This
creates favorable conditions for the growth and development of thermophilic crops,
particularly millet and buckwheat. At the same time, the uneven distribution of temper-
ature and frequent occurrences of extreme heat pose risks to the realization of the crops’
productive potential, as illustrated in Figure 1.

Temperature, Photosynthesis,
precipitation, air flowering, grain Cereal crop
humidity, filling, water productivity
agronomic practices regime

Fig. 1. Schematic representation of the influence of agroclimatic factors
on cereal crop productivity.

The temperature regime is one of the key determinants of yield formation. For
millet, as a thermophilic crop, elevated temperatures within optimal ranges promote
the intensification of growth processes and the accumulation of yield. In contrast, the
impact of temperature on buckwheat is more complex: temperatures above 28-30 °C,
particularly during flowering, suppress pollination and reduce grain set. Consequently,
temperature stress is particularly critical for buckwheat, explaining its lower yield sta-
bility compared to millet, as shown in Table 1.

Water availability is a limiting factor in most years for crop cultivation in the South-
ern Steppe. Research indicates that not only the total amount of precipitation but also its
distribution throughout the growing season is of primary importance. The greatest sensi-
tivity to moisture deficit occurs during flowering and grain-filling stages, when the major-
ity of yield is formed. Insufficient moisture during this period leads to reduced photosyn-
thetic intensity, accelerated plant senescence, and the development of poorly filled grains.

The analysis of the relationships between crop yield and meteorological indica-
tors reveals the presence of strong correlations. Buckwheat exhibits high sensitivity to
temperature (negative correlation) and to relative air humidity (positive correlation),
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indicating its strong dependence on favorable moisture conditions. In contrast, for mil-
let, thermal resources constitute the determining factor, while the crop shows lower sen-
sitivity to fluctuations in water availability. This confirms the higher adaptive capacity
of millet under drought-prone conditions, as illustrated in Figure 2.

Table 1
Influence of agroclimatic factors on the productivity of buckwheat and millet
Cro Critical phase Critical AYield | Correlation
P P conditions (%) coefficient (r)
Temperature
Buckwheat Flowering, grain filling >30°C —12...-18 —0.76
Millet Tillering — stem elongation 20-28 °C +5...48 —0.52
Precipitation
Buckwheat Bud formation — flowering 150200 mm | +10...+15 0.56
Millet Emergence — tillering 100-150 mm +4...+7 0.38
Precipitation distribution
Buckwheat Flowering, grain filling Uneven -10...~15 -
Millet Flowering, grain filling Uneven -5..-10 -
Air humidity
Buckwheat Flowering 60-80 % +7...+12 0.56
Millet Vegetative growth 40-60 % +3...46 0.30
Hydrothermal coefficient (HTC)
Buckwheat Entire growing season 1.0-1.2 +12...+18 0.72
Millet Early growth stages 0.8-1.0 +5...49 0.48
15 20
—— Buckwheat —*— Buckwheat Optimal precipitation/HTC
—e— Millet —e— Millet (ITC within range)
10 Tillering-stem elongation 15
+5 a8 =-052
+5 10
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Fig. 2. Graphs illustrating the dependency of buckwheat and millet yield
on temperature and precipitation
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Comparative analysis of the ecological plasticity of the crops demonstrates that
millet utilizes water more efficiently and is capable of maintaining productivity under
high temperatures and limited precipitation. This is attributed to its physiological traits,
including lower transpiration rates and the ability to complete grain formation over a
shorter period. Conversely, buckwheat requires higher levels of moisture and is more
sensitive to temperature stress, which constrains its productivity in dry years.

A key strategy to enhance yield stability involves the implementation of adaptive
agronomic practices. In contemporary conditions, particular importance is given to
optimizing sowing dates according to thermal and water regimes, selecting cultivars
with increased tolerance to abiotic stressors, and rational use of mineral fertilization.
Additionally, the improvement of soil management systems aimed at moisture conser-
vation and enhancement of the soil’s hydro-physical properties plays a significant role,
as shown in Table 2.

Table 2
Elements of adaptive cultivation technology for buckwheat and millet
under the conditions of the Southern Steppe of Ukraine

Element Crop Adaptive Feature Effect on Productivity
Buckwheat | Late April —early May | Avoidance of high temperatures and water
Sowing dates . ' deficit during cntllcal flowering and grain-
Millet | Mid-late May, after soil filling stages
e warming to 1012 °C Ensures favorable conditions for early
growth and development
Buckwheat | Dikul”, “Devyatka”, Enhances yield stability under hot and
Cultivars “Antaria” drought-prone summer conditions
” “Denvikske”, “Kharkiv | Supports adaptive potential and consistent
Millet 317, “Bila Altanka” productivity under stress conditions
Buckwheat | Basal phosphorus and
Fertilization potassium, balanced Supports grain formation and
Millet nitrogen, micronutrients photosynthesis during stress periods
(B, Zn, Fe)
Soil Buckwheat | Fine soil crumbling Conserves soil moisture, ensures uniform
management . before sowing; minimal | germination, and maintains productivity in
Millet tillage under drought— critical phases—
Monitoring | Buckwheat
of Temperature forecasts Optimizes agronomic measures accordin;
hydrothermal and HTC analysis PUMIZES agh o . &
. . . to specific weather conditions, particularly
coefficient Millet to adapt sowing and important for buckwheat
(HTC) and irrigation P
weather risks

In summary, the formation of cereal crop productivity results from the complex
interaction of climatic and technological factors, with thermal and water availability
during critical developmental stages playing a decisive role. The rational integration of
these factors with adaptive agronomic practices enhances both the stability and overall
yield of buckwheat and millet under the conditions of the Southern Steppe of Ukraine.

Conclusions. The productivity of buckwheat and millet in the Southern Steppe of
Ukraine is determined by the interaction of agroclimatic factors, including temperature,
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humidity, and precipitation distribution, as well as adaptive elements of cultivation tech-
nology. The flowering and grain-filling stages are the most critical periods for yield
formation in both crops, during which water deficit and elevated temperatures reduce
the number of grains and their weight. Buckwheat exhibits higher sensitivity to temper-
ature stress and uneven moisture availability, whereas millet demonstrates greater stress
tolerance and the ability to maintain productivity under drought conditions.

The effective implementation of adaptive measures—such as optimization of sowing
dates, selection of stress-tolerant cultivars, balanced fertilization, soil management for
moisture conservation, and monitoring of weather conditions—enhances yield stabil-
ity and facilitates the realization of the crops’ productive potential. The use of modern
buckwheat and millet cultivars with increased resistance to abiotic stresses provides
ecological plasticity and adaptability within the cropping system.

The proposed recommendations for adaptive cultivation technology of cereal crops
can serve as a foundation for improving productivity and promoting efficient resource
use under the arid conditions of the Southern Steppe of Ukraine.
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