
88 Environmental Research, Engineering and Management          2026/82/1

Varietal Effects  
on Winter Wheat 
Competitiveness in the 
Steppe Region of Ukraine

EREM 82/1
Journal of Environmental Research, 
Engineering and Management
Vol. 82 / No. 1/ 2026
pp. 88–99
10.5755/j01.erem.82.1.40939

Varietal Effects on Winter Wheat Competitiveness  
in the Steppe Region of Ukraine

Received 2025/05 Accepted after revisions 2025/11

https://doi.org/10.5755/j01.erem.82.1.40939

Volodymyr L. Matyukha¹, Yurii I. Tkalich2, Oleksandr І. Tsyliuryk2, Serhii S. Semenov1*, 
Oleh O. Didur3, Nina O. Khromykh3, Andriy V. Kokhan4, Andreii V. Shepel5

*Corresponding author: semenmart@gmail.com 

Winter wheat competitive ability against weeds in agrophytocenoses is determined, in part, by varietal char-
acteristics, with implications for the grain yield of this globally important crop. Field experiments conducted in 
2021–2023 were aimed at evaluating the competitive ability of the newest winter wheat cultivar of Ukrainian se-
lection (Tsarychanka, Koshova, Oleksiyvka, Hratsiya Myronivska, Vezha Myronivska, Estafeta Myronivska) in the 
Steppe arid conditions. Weed abundance and pressure were determined by the dominant species Sinapis arvensis, 
Fumaria officinalis, Raphanus raphanistrum, and Thlaspi arvense, and varied depending on the crop development 
phase, maturity group of cultivars, and weather conditions. Early- maturing wheat cultivar displayed the highest 
biometric and structural parameters, such as plant height, leaf surface area, spike length, grain number per spike, 
and 1000 kernel weight, and were also characterized by the lowest weed air-dry mass in crops. Grain yield varied 
depending on the growing season conditions, reaching the highest average for all maturity groups in 2022 (7.12 t/
ha), which was the highest for early-maturing cultivar in all years of research (6.31 t/ha). Thus, early-maturing 
cultivar excelled in terms of resistance to weed competition, adaptation to adverse climate conditions, and pro-
ductivity, and were determined to be the most competitive among the newest cultivar of winter wheat created by 
Ukrainian breeders. 
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Introduction
In modern grain production, crop competition with 
weeds remains a challenging problem, which can 
significantly affect the agrophytocenoses productivi-
ty, including the winter wheat crops. According to the 
International Weed Science Society data (Bryson and 
DeFelice, 2009), annual yield losses due to the impact 
from weeds ranged from 20% to 40%, depending on 
the region, climatic conditions and applied protection 
technologies. In the countries with high-technology ag-
riculture, the main focus is on integrated weed control, 
while in regions with less developed technology, me-
chanical weeding is more intense due to limited chem-
ical crop protection (Nath et al., 2022; Md-AKhir et al., 
2022; Schnee et al., 2023). In Europe, North and South 
America, and Australia, a key problem is the evolution 
of herbicide resistant weeds due to overuse of selec-
tive active ingredients. Hence, weeds have developed 
resistance to several herbicide modes of action, forcing 
farmers to use integrated strategies including mechan-
ical eradication, crop rotation, mulching, and herbicide 
tank mixes (Maqsood et al., 2018; Abrell et al., 2024; 
Zhuolin et al., 2024). In South Asia, China and Africa, 
the weed sprectrum and abundance, caused by weeds’ 
rapid growth and reproduction due to long growing 
season, not only reduce yields, but also negatively af-
fect ecosystems (Lundgren and Anderson, 2023; Zhang 
et al., 2024). In the Ukraine, including the northern 
Steppe, winter wheat crop competition with weeds is 
associated with the wide distribution of annual and 
perennial dicotyledonous weeds, such as Descurainia 
sophia, Capsella bursa-pastoris, Cirsium arvense, as 
well as cereals, including Echinochloa crus-galli and 
Apera spica-venti (Tsyliuryk, 2023). Wheat competitive 
ability with weeds is often affected by environmen-
tal conditions, in particular, insufficient and unstable 
moisture, which reduces both crop competitive ability 
and herbicide efficacy (Shevchenko et al., 2023).

In the Steppe of Ukraine, the competitive ability of win-
ter wheat cultivar is an important trait that determines 
the crop’s ability to maintain grain yield potential while 
competing with wild flora for resources, which often 
possess higher tolerance to abiotic stress. The effective 
selection of winter wheat cultivar adapted to the steppe 
climate and associated abiotic stress can help offset 
the negative impact of unwanted vegetation (Zubets, 
2010; Matyukha, 2012). Varietal characteristics, such 

as rapid initial growth, forming the high stalks den-
sity, and optimal root architecture for nutrient uptake 
influences cropping efficiency (Nazarenko et al., 2019; 
Ghosh et al., 2023). In addition, the use of cultivar 
adapted to local conditions coupled with modern ag-
ronomic and integrated weed management practices 
is key to addressing the problem of traditional weed 
control technologies insufficiency (Lacroix et al., 2024; 
Masson et al., 2024; Namatsheve et al., 2024). The main 
characteristics that determine the winter wheat varie-
tal competitive ability with weeds are morphological 
and physiological features (Lozinsky et al., 2020; Holyk 
et al., 2024). In particular, early canopy closure is a fea-
ture of some tall cultivar with a well-developed leaf 
apparatus, rapidly shading the soil surface and limiting 
weed germination. This intensive initial growth is also 
advantageous for the competition for light, moisture 
and nutrients (Tkalich and Shevchenko, 2020; Topko 
and Kovalyshyna, 2020).

Sustainability metrics such as environmental loading 
becomes especially important due to agricultural in-
tensification, particularly if certain modes of action or 
application practices are associated with environmen-
tal risks (Krainiuk et al., 2024). In this sense, the use 
of wheat cultivar with increased competitive ability en-
hances ecosystem services (Gong et al., 2016; Sharma 
et al., 2019). On the contrary, the lack of systematic 
research on the genetic ability to compete with weeds 
creates a scientific gap (Olesen et al., 2004; Kaur et al., 
2021). Since winter wheat occupies a leading place 
among grain crops (Kalenska et al., 2019), the study 
of its sustainability is important both from a scientific 
perspective and for practical agriculture. This task is 
strategic for increasing the food security of Ukraine and 
the world as a whole. The purpose of this work was to 
assess the prospects of the newest winter wheat culti-
var with differential maturity traits created by Ukrainian 
breeders in terms of competitive ability in agrocenoses.

Methods
Study area
Field experiments were conducted in 2021–2023 in the 
demonstration range areas of the Institute of Grain 
Crops of the NAAS of Ukraine, located on the basis of the 
Dnipro Research Farm (48˚23'06.0''N, 35˚03'21.2''E), 
Dnipro city (Fig. 1a).
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The study region was conducted in the Steppe zone, 
which covers 40% of the total territory of Ukraine 
(Burykina and Tsurkan, 2020) and is characterized by 
significant temperature differences between usual-
ly hot summers and cold, wet winters (Khromykh et 
al., 2018). The continental features of the steppe cli-
mate are complemented by frequent droughts with dry 
winds, high air temperatures, low precipitation, and 
high evaporation (Department of Ecology and Natural 
Resources of the Dnipropetrovsk Regional State Ad-
ministration, 2022). Weather conditions in 2021–2023 
differed significantly in precipitation (Fig. 1b) and tem-
perature indicators (Fig. 1c) both from the multi-year 
norm and in different years of research. In 2021, the 
wheat vegetation recovery period (late March–April) 
was marked by low air temperatures and a gradual 

decrease in precipitation with a transition to drought 
in late April-early May; in the summer of 2021, heavy 
precipitation in the form of short-term showers was 
observed only in the first decade of June. In the spring 
of 2022 and 2023, the temperature regime and precip-
itation levels were significantly more favorable than 
the previous year for active wheat growth, while the 
summer period was characterized by drought, when 
precipitation was significantly below the climatic norm, 
especially in June.

The soil cover in the areas of the demonstration range 
was represented by ordinary chernozems, medium 
loamy and low in humus, which contains 3.1–3.2% hu-
mus, 0.17–0.19% gross nitrogen, 0.12–0.13% phospho-
rus, and 2.1–2.2% potassium in the arable layer.
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Table 1. Characteristics of winter wheat cultivar used in the field experiments in 2021–2023

Cultivar Vegetation period, days Plant height, cm Definition of variety

Tsarychanka 265–296 92–102 early-maturing, medium height

Koshova 279–296 75–103 early-maturing, medium-sized

Oleksiyvka 278–281 80–88 mid-early, short stature

Hratsiya Myronivska 279–283 78–82 mid-early maturity, low-growing

Vezha Myronivska 273–280 71–84 mid-maturing, low-growing

Estafeta Myronivska 275–284 91–95 mid-maturing, medium-sized

(a) (b)

(c)
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Design of the field experiments
Experimental plots with an area of 40.0 m2 (2.0 m × 10.0 
m) were arranged in the field in triplicate. Agricultural 
techniques for growing winter wheat corresponded to 
general recommendations for the Steppe zone (Lebid’ 
et al., 2008). The main soil cultivation was carried out 
using a conventional plowing system to a depth of 20–
22 cm, followed by leveling and cultivation before sow-
ing. Six winter wheat (Triticum aestivum L.) cultivar of 
Ukrainian selection, registered in (Ahrari razom, 2023), 
were used in field experiments (Table 1).

Winter wheat was sown in the second half of Septem-
ber, at a seeding rate of 4.5–5.0 million grains/ha. Gran-
ular complex fertilizers (ammophoska, nitroammo-
phoska) were applied simultaneously with sowing (in 
rows) at the rate of P10–12. To nourish plants during the 
growing season, mineral fertilizers were used in doses 
of N60P60K30, which were applied during the main tillage 
of the soil and with subsequent in-crop application of 
nitrogen fertilizers (N30) at the tillering stage Zadoks 
10–19. Harvesting of winter wheat cultivar of different 
maturity groups was carried out in July–August, using 
a small-sized combine harvester “Sampo-500”.

Data collection
Experimental plant material (10 randomly selected 
winter wheat plants in each variant) was collected at 
physiological maturity to characterize plant height, leaf 
surface area, spike length, grain number in spikes, and 
1000 kernel weight. Leaf surface area of wheat plants 
was calculated according to (Chanda and Singh, 2002; 
Racz et al., 2021) using the formula: S = k × L × W, 
where S is the leaf area, L is the leaf length, W is the 
maximum leaf width, k is the shape coefficient that 
takes into account the leaf width unevenness (for wheat 
plants, k = 0.75). The spike length was determined by 
measuring from the spike base to its top, excluding the 
awns. To assess the grain number per spike, the total 
grain number in each spike was counted in all rows. 
The 1000 kernel weight was determined by weighing a 
sample of 1000 grains, previously cleaned of impurities 
and dried to a moisture of 14%, carried out in at least 
three repetitions for each variant. Weed quantitative 
and species composition was recorded before herbi-
cide application and before harvesting, when all weed 
plants were pulled out and dried to determine their 
air-dry aboveground biomass. The determination of 
the yield of winter wheat cultivar was carried out when 

the grain of each variety reached full ripeness and the 
grain moisture content was corrected to 14%.

Statistical processing 
In the course of statistical processing of the obtained 
data, descriptive statistics were calculated (mean X 
and standard deviation SD), followed by analysis of 
variance and a multiple comparison method (Tukey’s 
HSD test). The difference in means was considered sta-
tistically significant at P < 0.05. Tukey’s HSD (Honestly 
Significant Difference) test was performed, subsequent 
to an analysis of variance (One-Way ANOVA), using the 
Statgraphics Centurion 19 (Version 19.5.01) package. 
If the ANOVA procedure revealed no significant differ-
ences between intergroup and intragroup variances, no 
further multiple comparisons were carried out. How-
ever, if the P-value of the F-test was below 0.05, the 
second stage was initiated – pairwise comparisons of 
sample means.

Results and Discussion
Observations of the new winter wheat cultivar of Ukrain-
ian selection in the field experiments during 2021–2023 
period revealed variations in morphometric indicators 
of wheat plants from different maturity groups, includ-
ing plant height and leaf surface area (Fig. 2).

The tallest wheat plant height was in early-maturing 
cultivar, which corresponds to the characteristics pro-
vided by the originators. The height of the mid-early 

Fig. 2. Development data of winter wheat cultivar in field studies 
(averaged for 2021–2023)
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The tallest wheat plant height was in early-maturing cultivar, which corresponds to the characteristics 
provided by the originators. The height of the mid-early cultivar, Oleksiyvka and Hratsiya, exceeded the varietal 
standards (on average by 11%), and the mid-maturing cultivar Estafeta and Vezha met the varietal standards. The 
largest leaf surface area was formed by early-maturing Tsarychanka variety (13.8 ± 1.5 cm2), which was almost 
9% higher than the smallest indicator of plants of the mid-maturing Vezha variety. 

The morphometric parameters characterizing the success of ear formation in winter wheat plants were also 
most significant in early-ripening cultivar, according to averaged data for 2021–2023 (Table 2). One-Way 
ANOVA of the specified morphometric parameters yielded a P-value for the F-test of less than 0.05, indicating a 
statistically significant difference among the means of the analyzed pairs of the corresponding parameters. The 
results of the subsequent Tukey’s test revealed specific features of the yield structure traits and the advantages of 
the winter wheat cultivars. 

Table 2. Biometric and structural indicators of wheat cultivar in earing – full ripeness phase (x ± SD) 

Note. Different letters in a column indicate a significant difference in means by Tukey's test (P ≤ 0.05). 

The above set of wheat plants characteristics of different maturity groups reflects the initial growth rate, the 
ability to form a high stalks density and suppress weeds through shading, as well as to the effective use of 
resources, which ultimately determines the competitive stability of winter wheat in the agrocenoses. It is obvious 
that the large leaf surface area in early-maturing wheat cultivar contributed to more intensive photosynthesis, 
which enhanced the development of yield components. As a result, in the phase of earing – full ripeness, the 
early- maturing cultivar reliably exceeded the mid-early and mid-maturing winter wheat cultivar, according to all 
biometric and structural characteristics. As to the spike length and 1000 grains weight, the early-maturing 
cultivar were the most ahead of the mid-maturing cultivar (by 8.4% more on average), while the number of 
grains per spike was the greatest advantage compared to the mid-early cultivar (up to 10.7%). 

In general, the stability of winter wheat agrocenoses can be assessed by their ability to maintain high 
productivity, structure and functionality under the influence of adverse factors, including climate and weather 
conditions, as well as competition from a wide range of weed plants. The same indicators are given by other 
researchers to characterize the agrocenoses resistance to destabilizing factors, which ensures high crop stability 
(Yanev, 2022; Johansson et al., 2023). 

To assess the influence of weather factors on the studied wheat cultivar crops, it should be taken into 
account that in the Steppe conditions, the critical growth period of winter wheat occurs in May–June. During the 
field experiments in 2021–2023, the specified period was characterized by extremely uneven precipitation, 
which created differential plant development and crop formation responses of the wheat cultivar from different 
maturity groups. In particular, early-maturing cultivar had time to effectively complete the critical growth period 
in June under more favorable conditions, before the onset of a long drought, and achieve high biometric and 
structural characteristics. On the contrary, mid-early and mid-maturing cultivar, due to a longer growing season, 
were affected by high temperatures and drought in July, which partially caused their lower yield. That is, the 

Winter wheat 
variety

Wheat maturity 
group

Spike length, cm Grain number per 
spike, pcs

1000 grain weight, g

Tsarychanka early-maturing 8.9 ± 0.4a 34.0 ± 2.0a 42.3 ± 2.7a

Koshova early-maturing 8.7 ± 0.5a 32.2 ± 2.3b 40.8 ± 3.2a

Oleksiyvka mid-early 8.6 ± 0.5a 30.1 ± 2.2c 39.1 ± 2.0b

Hratsiya mid-early 8.4 ± 0.4a 29.5 ± 2.2c 38.2 ± 2.4b

Vezha mid-maturing 8.2 ± 0.6a 32.0 ± 2.2b 38.8 ± 1.8b

Estafeta mid-maturing 8.0 ± 0.5b 31.7 ± 2.0b 38.1 ± 2.2b
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most significant in early-ripening cultivar, according to 
averaged data for 2021–2023 (Table 2). One-Way ANO-
VA of the specified morphometric parameters yielded 
a P-value for the F-test of less than 0.05, indicating a 
statistically significant difference among the means of 
the analyzed pairs of the corresponding parameters. 
The results of the subsequent Tukey’s test revealed 
specific features of the yield structure traits and the 
advantages of the winter wheat cultivars.

cultivar, Oleksiyvka and Hratsiya, exceeded the varietal 
standards (on average by 11%), and the mid-maturing 
cultivar Estafeta and Vezha met the varietal standards. 
The largest leaf surface area was formed by early-ma-
turing Tsarychanka variety (13.8 ± 1.5 cm2), which was 
almost 9% higher than the smallest indicator of plants 
of the mid-maturing Vezha variety.

The morphometric parameters characterizing the suc-
cess of ear formation in winter wheat plants were also 

Table 2. Biometric and structural indicators of wheat cultivar in earing – full ripeness phase (x ± SD)

Note. Different letters in a column indicate a significant difference in means by Tukey's test (P ≤ 0.05).

Winter wheat variety Wheat maturity group Spike length, cm Grain number per spike, pcs 1000 grain weight, g

Tsarychanka early-maturing 8.9 ± 0.4a 34.0 ± 2.0a 42.3 ± 2.7a

Koshova early-maturing 8.7 ± 0.5a 32.2 ± 2.3b 40.8 ± 3.2a

Oleksiyvka mid-early 8.6 ± 0.5a 30.1 ± 2.2c 39.1 ± 2.0b

Hratsiya mid-early 8.4 ± 0.4a 29.5 ± 2.2c 38.2 ± 2.4b

Vezha mid-maturing 8.2 ± 0.6a 32.0 ± 2.2b 38.8 ± 1.8b

Estafeta mid-maturing 8.0 ± 0.5b 31.7 ± 2.0b 38.1 ± 2.2b

The above set of wheat plants characteristics of differ-
ent maturity groups reflects the initial growth rate, the 
ability to form a high stalks density and suppress weeds 
through shading, as well as to the effective use of re-
sources, which ultimately determines the competitive 
stability of winter wheat in the agrocenoses. It is obvious 
that the large leaf surface area in early-maturing wheat 
cultivar contributed to more intensive photosynthesis, 
which enhanced the development of yield components. 
As a result, in the phase of earing – full ripeness, the 
early- maturing cultivar reliably exceeded the mid-early 
and mid-maturing winter wheat cultivar, according to 
all biometric and structural characteristics. As to the 
spike length and 1000 grains weight, the early-matur-
ing cultivar were the most ahead of the mid-maturing 
cultivar (by 8.4% more on average), while the number of 
grains per spike was the greatest advantage compared 
to the mid-early cultivar (up to 10.7%).

In general, the stability of winter wheat agrocenoses 
can be assessed by their ability to maintain high pro-
ductivity, structure and functionality under the influ-
ence of adverse factors, including climate and weather 
conditions, as well as competition from a wide range of 
weed plants. The same indicators are given by other re-
searchers to characterize the agrocenoses resistance 

to destabilizing factors, which ensures high crop sta-
bility (Yanev, 2022; Johansson et al., 2023).

To assess the influence of weather factors on the stud-
ied wheat cultivar crops, it should be taken into account 
that in the Steppe conditions, the critical growth period 
of winter wheat occurs in May–June. During the field 
experiments in 2021–2023, the specified period was 
characterized by extremely uneven precipitation, which 
created differential plant development and crop for-
mation responses of the wheat cultivar from different 
maturity groups. In particular, early-maturing cultivar 
had time to effectively complete the critical growth 
period in June under more favorable conditions, be-
fore the onset of a long drought, and achieve high bio-
metric and structural characteristics. On the contrary, 
mid-early and mid-maturing cultivar, due to a longer 
growing season, were affected by high temperatures 
and drought in July, which partially caused their lower 
yield. That is, the highest biometric and structural indi-
cators of early-maturing winter wheat cultivar indicate 
better adaptation to changing and unfavorable climate 
conditions of the Steppe zone (Slafer et al., 2023).

Weed influence on the growth, development and yield 
of winter wheat is realized through their competition 
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Table 3. Weed abundance in winter wheat treatments collected at three different phenological phases (average for 2021–2023, x ± SD)

Note. Different letters in a row for number of weeds and in a column for air-dry mass indicate a significant difference in means by Tukey’s 
test (P ≤ 0.05).

Wheat  
maturity group

Number of weed plants, pcs./m2 

Air-dry mass of weeds, g/m2

Tillering phase
Earing phase 

(exit into the tube)
Harvest phase

Early-maturing 5.13 ± 0.49a 0.53 ± 0.04b 0.13 ± 0.03c 1.79 ± 0.12a

Mid-early 3.73 ± 0.59а 0.08 ± 0.01b 0.02 ± 0.01c 3.54 ± 0.14b

Mid-maturing 3.33 ± 0.63а 0.23 ± 0.02b 0.05 ± 0.01c 4.44 ± 0.27c 

for vital resources (water, light, minerals) in the agro-
cenoses. According to the results of field experiments, 
the main weeds that dominated the crops of all wheat 
cultivar were field mustard (Sinapis arvensis L.), com-
mon fumitory (Fumaria offcinalis L.), wild radish (Ra-
phanus rafanistrum L.), and field pennycress (Thlaspi 
arvense L.), which were mostly in the lower tier. The to-
tal number of weed plants of all mentioned species, av-
eraged for the years 2021–2023, changed significantly 
during the growing season of each winter wheat vari-
ety, and also varied depending on the variety maturity 
group (Table 3). A one-way ANOVA of weed abundance 
in winter wheat crops at different growth stages (for 
each ripening group) yielded an F-test P-value of less 
than 0.05, indicating a statistically significant difference 
in mean weed abundance and mass values. The results 
of the Tukey test revealed that weed abundance effec-
tively decreased as the plants progressed from the til-
lering phase to the earing phase. 

In the winter wheat tillering phase (in April), weed 
abundance in the early-maturing cultivar exceeded the 
numbers in the mid-early and mid-maturing cultivar 
(by 1.5 and 1.4 times, respectively). However, earlier 
onset of growth in spring translated to earlier canopy 
closure, which was sufficient to effectively shade weeds 
and reduce their competitiveness. In the phase of ear-
ing-emergence into the tube (in May–June), the weed 
number in the crops of all wheat cultivar decreased 
sharply (by 46 times in mid-early cultivar), remaining 
the largest in early-maturing cultivar. The tendency 
towards a decrease in the weed number persisted un-
til the end of the growing season, so before crop har-
vesting (in July-August) weediness was minimal in 
winter wheat crops of all maturity groups. The weeds 
remained did not pose a threat to the crop because 
they were completely shaded by the well-developed 
wheat plants, which eliminated the need for herbicides. 

According to results of the field experiments in 2021–
2023, the wheat variety’s ability for crop growth and 
vigor under favorable climatic conditions ensured the 
culture superiority over weeds at all development stag-
es, which made it possible to minimize crop losses and 
reduce the need for chemical plant protection. Similar 
conclusions were drawn (Matyukha and Tkalich, 2008) 
regarding the possibility of reducing the herbicide load 
on wheat crops through the use of cultivar with highly 
competitive ability. Our finding coincides with data pub-
lished by (Beres et al, 2010) regarding the dependence 
of the competitive ability of agrocenoses on the optimal 
number of crop plants per unit area, which contributes 
to the formation of a favorable microclimate that limits 
the development of weeds.

As for the air-dry mass of weeds, the largest was found 
in crops of mid-maturing cultivar, which exceeded the 
indicators for early-maturing and mid-early cultivar by 
2.5 and 1.3 times, respectively. Therefore, the early-ma-
turing wheat cultivar had the lowest weed mass at the 
end of the growing season, which indicates poor weed 
plant development, when compared with their high num-
ber. This pattern is associated with a shorter vegetation 
period of early-maturing cultivar, which ensured faster 
initial growth and, as a result, denser optical coverage 
of the soil surface and more effective shading of weeds, 
which led to a decrease in their biomass. On the contrary, 
the largest air-dry weed mass in crops of mid-maturing 
cultivar can be explained by the wheat plant later growth, 
which led to less soil surface shading and provided an 
opportunity for the weed seedlings emergence and more 
successful development. Similar data were reported by 
Drews et al. (2009) about the weaker weed plants growth 
in crops of mid-maturing winter wheat cultivars that 
were characterized by almost horizontal leaf inclination 
and higher leaf area index.
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Our findings regarding the higher competitiveness of 
winter wheat cultivar, which are characterized by an 
intensive type of initial development, coincide with 
the data of other authors. In particular, Korkhova et 
al. (2023) reported that mid-maturing Podolyanka 
and mid-early Smuglyanka wheat cultivar capable 
of intensive growth due to their morpho-physiolog-
ical characteristics, effectively suppressed weeds in 
crops. In contrast, wheat cultivar with shorter plant 
height or slower initial growth are less competitive in 
weedy agrocenoses (Ramesh et al., 2017; Dhakar et 
al., 2022). The patterns we found are also confirmed by 
the results of field experiments conducted in Germany 
(North Rhine-Westphalia), which aimed to evaluate the 
effectiveness of several mid-maturing winter wheat 
cultivar with different shading capabilities in suppress-
ing weeds under organic farming conditions (Drews et 
al., 2009). According to these authors, the more com-
petitive cultivars Astron and Pegassos, in which weed 
growth was lower, had greater plant height, leaf ground 
cover area and light absorption compared to the less 
competitive cultivar Greif.

World-known cultivar of winter wheat are usually char-
acterized by high yield potential, adaptability to various 
soil and climatic conditions, and stability of development 
even under adverse weather conditions. However, their 
ability to form stable agrocenoses may vary depending 
on varietal characteristics and the level of resistance to 
competition with weeds. For example, RGT cultivar Re-
form, Skagen, Julia, Tobak, and Kubus with a powerful 
leaf surface, high initial growth rate and the ability to 
bush, suppressed better the weeds creating unfavorable 
conditions for their development (Harker and O’Dono-
van, 2013; Jabran et al., 2017). Competition between 
crops and weeds increases significantly under high tem-
peratures and moisture deficit, therefore, in the Steppe 

conditions insufficient adaptability of foreign cultivar is 
often observed weakening their competitiveness in ag-
rocenoses and reduces productivity, as established by 
Kalenska et al. (2019). That is, competitive resistance to 
weeds must be determined through a comprehensive 
assessment of variety characteristics, although this top-
ic is not always considered in detail in the methodologi-
cal approaches used for such studies. So, the results of 
this three-year field experiment allow us to characterize 
early-maturing and mid-early winter wheat cultivar of 
Ukrainian selection as more competitive due to the early 
start of vegetation, more rapid plant growth in the first 
phases of development, as well as due to improved ab-
sorption of nutrients in the competition with weeds.

On-farm winter wheat grain yield attainment that corre-
sponds to the genetic potential of each variety is largely 
determined by agronomic and climatic factors. Regard-
ing the influence of weather conditions, the tillering 
phase (April), phase of earing-emergence into the tube 
(May) and grain ripening (June), which are critical for 
the yield of winter wheat, should be taken into account. 
In 2021–2023, we can note the key role of elevated air 
temperatures and uneven distribution of precipitation 
during the winter wheat vegetation, especially in June. 
Such conditions caused abiotic stress in winter wheat, 
which had a negative impact on grain formation and final 
yield, and led to significant variability of indicators both 
by research years and maturity groups (Table 4). One-
Way Analysis of Variance (ANOVA) on the yield of winter 
wheat cultivar across individual years revealed an F-test 
P-value of less than 0.05, indicating a statistically sig-
nificant difference in the mean yield of the wheat culti-
var over the years. Tukey’s test results confirmed this 
during pairwise comparisons. No statistical difference 
was found for the three-year generalized yield, and the 
F-test P-value was > 0.05 (by One-Way ANOVA).

Table 4. Grain yield performance of winter wheat cultivar grown in the Steppe region of Ukraine, t/ha (x ± SD)

Note. Different letters in the row for individual years and in the column for the average yield over 2021–2023 indicate a significant difference 
in values (by Tukey’s test, P ≤ 0.05).

Winter wheat variety 2021 2022 2023 Average (2021–2023)

Tsarychanka 4.51 ± 0.16a 7.41 ± 0.27b 7.10 ± 0.29b 6.34 ± 1.59a

Koshova 4.40 ± 0.19a 7.30 ± 0.32b 7.21 ± 0.28b 6.30 ± 1.65a

Oleksiyvka 4.02 ± 0.15a 7.01 ± 0.28b 5.60 ± 0.21c 5.54 ± 1.50a

Hratsiya 4.31 ± 0.20a 6.90 ± 0.27b 7.21 ± 0.26b 6.14 ± 1.59a

Vezha 4.11 ± 0.16a 7.20 ± 0.31b 7.01 ± 0.28b 6.11 ± 1.73a

Estafeta 4.10 ± 0.17a 6.90 ± 0.26b 7.10 ± 0.25b 6.03 ± 1.68a
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In all research years, early-maturing winter wheat cul-
tivar received more favorable conditions for the crop 
formation and ripening, since their growing season 
ended in June. Mid-early and mid-maturing cultivar, 
which required a longer growing season, were affected 
by high temperatures and drought during grain ripen-
ing, which negatively affected their productivity. The 
obtained results are consistent with previously estab-
lished (Matyukha et al., 2023) key impact of relative air 
humidity in the milk ripeness phase on the mid-matu-
ring Podolyanka variety productivity. Similar data from 
other authors (Woźniak, 2019; Kudria et al., 2021) re-
garding the variability of winter wheat yield in different 
research years confirm the significant influence of the 
weather conditions of each growing season on the re-
alizing the genetic potential of cultivar.

Our findings parallel the results of research conducted 
in the Steppe zone of Ukraine (Kalenska et al., 2019), 
which show that taking into account the Steppe complex 
climatic factors, the optimal selection of adapted wheat 
cultivar and a rational approach to agricultural technolo-
gy make it possible to significantly reduce the crop com-
petition from weeds and improve the competitive ability 
of agrocenoses. Such measures will help not only to re-
duce the weed pressure, but also to increase the wheat 
yield due to more efficient use of resources. Ensuring the 
viability of winter wheat production systems is one of the 
key elements of sustainable agriculture in the Steppe of 
Ukraine. In this sense, the vegetation and productivity 
features of new early-maturing, mid-early and mid-ma-
turing winter wheat cultivar revealed in field experiments 
will serve to develop successful strategies for the cre-
ation of productive and sustainable agrocenoses.

Although the average yield of winter wheat in Ukraine 
is still significantly lower than in Western European 
countries, this does not necessarily indicate a lower 
genetic potential of Ukrainian breeding. The cultivars 
Hratsiia Myronivska and Estafeta Myronivska demon-
strate high winter hardiness and drought tolerance, 
which are critically important for Steppe conditions, 
whereas European cultivars such as Evklid (France) or 
Urbanus (Austria), despite their high yield potential, of-
ten show insufficient adaptability to Ukrainian soil and 
climatic conditions, as confirmed by previous studies 
(Berdnikova and Kucherak, 2021). Thus, the newest 
Ukrainian cultivars provide better yield stability and 
greater competitive resilience under conditions of lim-
ited resources and abiotic stress.

Our research is of particular importance as it focuses on 
two critical global challenges of modern agriculture: food 
security and sustainable farming under climate change.

First, the study provides valuable data on adaptation 
to stress conditions, which is a global issue due to in-
creasing temperatures and droughts becoming typical 
for many regions worldwide. The results demonstrate 
how cultivars bred to survive the harsh conditions of the 
Ukrainian Steppe with high drought tolerance can serve 
as valuable genetic material in international breeding 
programs. The conclusions regarding the phenotypic 
response of different maturity groups, particularly ear-
ly-ripening cultivars, to abiotic stress directly contrib-
ute to the development of resilience strategies in other 
countries with continental climates (e.g., parts of Cen-
tral and Eastern Europe, Asia, and North America).

Second, the study has a direct impact on sustainable 
weed management strategies. Given the global trend 
toward reducing the use of chemical crop protection 
products, research focusing on cultivar competitive-
ness as an environmentally friendly alternative to 
herbicides is becoming increasingly relevant. The ob-
served pattern showing that early-ripening Ukrainian 
cultivars with better biometric indicators (such as plant 
height and leaf area) suppress weeds more effectively 
provides practical recommendations for the interna-
tional community regarding Integrated Weed Manage-
ment, helping optimize cultivar selection and reduce 
the chemical load on the environment.

Thus, Ukrainian breeding, as examined in this study, 
serves as an important model example of utilizing ge-
netic resources to ensure yield stability and environ-
mental sustainability under global change conditions.

Conclusions
We sought to fill a critical knowledge gap for winter 
wheat production systems in the Steppe region of 
Ukraine by conducting a comprehensive assessment 
of competitiveness of the new winter wheat cultivar 
of different maturity groups in agrocenoses. The rela-
tionship between varietal morphological and physio-
logical winter wheat features and the competitive abil-
ity with respect to the most common weeds (Sinapis 
arvensis L., Fumaria offcinalis L., Raphanus rafanis-
trum L. and Thlaspi arvense L.) was established. Weed 
abundance and mass of the crops of all winter wheat 



96 Environmental Research, Engineering and Management          2026/82/1

cultivar significantly decreased during the growing 
season, while the lowest air-dry mass of weeds was 
in early-maturing cultivar. In addition, winter wheat 
early-maturing cultivar had the higher biometric and 
structural indicators, including the plant height, leaf 
surface area, grain number per spike, and weight of 
1000 grains, as well as the highest yield in all years 
of research, which indicates their better adaptation to 
unstable climatic conditions and highly competitive 
stability. The obtained results make it possible to sci-
entifically justify the selection of new winter wheat cul-
tivar, which are able to provide optimal suppression of 
weeds and create prerequisites for stable production of 
high grain yields.

Future research should focus on identifying the phys-
iological mechanisms of competitiveness at the bio-
chemical and molecular levels, as well as on evaluating  
the long-term effects of competitive cultivars on weed 

population dynamics and soil biological activity under 
different farming systems.
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