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Summary

Background. The aim of the study was to determine the effect of different levels of weed infestation
on the morphological and physiological characteristics and structural elements of the yield of the winter
wheat Duma Odeska variety in the conditions of the Southern Steppe of Ukraine.

Results and Conclusions. A data analysis showed that the winter wheat Duma Odeska variety formed
seedlings even with a lack of soil moisture (moisture at a depth of 10 cm — 13.5 %) and demonstrated
intensive development of leaf mass up to 33 + 35 g/m? in the shoot phase. In the tillering phase, the aver-
age number of productive stems was 3 + 5 pcs./plant, and the tillering coefficient was 3.2, which contrib-
uted to early row closure and partial weed suppression. At a medium level of contamination
(150 + 200 plants/m?), the main productivity indicators decreased moderately: the number of productive
stems was 518 pcs./m?, the number of grains per year was 32.2, the mass of 1,000 grains was 41.1 g, and
yield was 4.75 t/ha. With high contamination (more than 250 plants/m?), the number of productive stems
decreased to 446 pcs./m?, the number of grains per ear to 29.4, the mass of 1,000 grains to 38.7 g, and
yield to 3.92 t/ha. The following types of weeds caused the greatest damage: common millet, wild oats,
creeping mustard, common poppy, nettle and fescue. These species dominated the three waves of weed
germination during the growing season. The variety showed relative drought and heat tolerance, including
the preservation of the assimilation surface under temperature stress up to +35 + +36 °C in the earing
phase and root penetration to 120 +~ 140 cm. However, the positive characteristics of the variety did not
fully compensate for weed pressure above 200 plants/m?, especially under the conditions of a moisture
deficit. The practical importance of the study lies in identifying weed-density thresholds that can guide
control measures in the Southern Steppe of Ukraine.
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Introduction

The relevance of the subject is due to the instability of climatic conditions in the
Steppe zone of Ukraine, which is becoming the main limiting factor in the cultivation
of winter wheat. The increasing frequency of dry periods, uneven precipitation distri-
bution and rising average annual temperatures negatively affect plant growth and de-
velopment. In the conditions of water scarcity, the ability of varieties to maintain yields
at a stable level is important. This determines the need for systematic research of
drought-resistant genotypes and actualizes the approach to selection for adaptability.
The issue is caused by insufficient theoretical consistency in approaches to exploring
the adaptive potential of winter wheat varieties in the conditions of climate instability.
The difficulty lies in the limited interdisciplinary models that combine biological char-
acteristics with agroclimatic factors, and in the fragmentary criteria for assessing
drought resistance, which makes it difficult to develop effective breeding and agro-
nomic strategies for risky farming regions.

Based on an analytical review, the results of Tsyliuryk et al. [58] were presented,
which highlight the current directions of development of tillage systems. The paper
substantiates the expediency of minimizing mechanical impact to stabilize agricultural
landscapes. In the course of field research, Pochkolina et al. [43] revealed the depend-
ence of wheat yield on the type of cultivation under the conditions of short-rotation
crop rotation. The highest indicators were obtained against the background of com-
bined loosening with moisture retention in the arable layer. Considering phytosanitary
risks, Babych et al. [2] analyzed the ways to control nematodes in grain agrocenoses. A
positive effect was provided by the use of crop rotations with the inclusion of patho-
gen-resistant crops. Within the framework of the technological approach of Kumar et
al. [25], agricultural practices before and after harvesting management were analyzed.
Integrated solutions showed the highest efficiency in the conditions of increased
drought. Based on a system analysis, Das et al. [7] summarized the impact of conserva-
tion farming on yield and resource saving. It was determined that reducing cultivation
contributes to preserving the soil structure and reducing CO, emissions. As a result of
a multidimensional assessment of Leharwan et al. [28], the effect of crop residue man-
agement in the rice—wheat system was established. The largest yield increases were
recorded in a combination with sero cultivation and mulching. In the context of the
review developments by Navi et al. [35], the effectiveness of approaches to weed con-
trol in conservation farming systems was assessed. Various combinations of mechani-
cal and biological methods showed a noticeable reduction in the phytotoxic load on the
crop.

International studies have also confirmed that weed infestation and wheat produc-
tivity are influenced by predecessors, tillage systems, cover crops, herbicide intensity
and integrated depletion of the weed seed bank [3, 9, 61, 48, 27, 30, 31, 66]. According
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to the conservation system, a decrease in weed density was recorded while maintaining
crop productivity. Based on experimental data provided by Wozniak [62], the depend-
ence of contamination and quality characteristics of wheat grain on the previous crop
are described. After legumes, there were fewer weeds in the crops and stable yield
indicators. Gandia et al. [13] demonstrated the influence of a combination of hydro-
thermal conditions and agrotechnical background on the structure of weed groups.
Crop rotation and moderate cultivation systems contributed to the regulation of un-
wanted vegetation biomass. Within the framework of an applied research by Yanev et
al. [63], the effectiveness of several herbicide combinations in mixed contamination
was compared. The combined application of the action on cereals and dicotyledonous
species allowed controlling the number of the main dominants. According to Zhang et
al. [66], the depletion of the weed seed bank in the soil proved to be an effective means
of reducing contamination in wheat crops. The introduction of integrated methods
made it possible to reduce the pressure of sprouting competitors without significantly
affecting the main crop.

The species composition of weeds at all stages of wheat vegetation remains insuf-
ficiently examined — most of the available work focuses only on the initial stages of
crop development (germination — tillering), while further stages, including tubing, ear-
ing and the pre-harvest phase, are often disregarded. This complicates the formation of
a complete picture of the seasonal dynamics of contamination, the interaction between
cultivated and weed species, and the effective planning of integrated protection sys-
tems throughout the growing season. The study aimed to establish the dependence of
the level of contamination of winter wheat crops on the morpho-physiological charac-
teristics of the variety and to assess its influence on the elements of the crop structure
in the conditions of the Steppe of Ukraine.

Materials and methods

The study was analytical and summarizing in nature, and was based on materials
collected and published within the Mykolaiv region, in particular, at the Educational,
Scientific and Practical Center of Mykolaiv National Agrarian University, which en-
sured that the regional agro-ecological conditions of the Steppe zone of Ukraine were
considered. The choice of the Duma Odeska variety was due to its stable yield and
relative adaptability to agroclimatic risks, which makes it an illustrative example for
analyzing the possibilities of improving the efficiency of growing winter wheat in the
zone of risky farming. In the course of the work, methods of systematization and com-
parative analysis were used, which provided for comparing the morpho-biological
characteristics of the variety according to the Register of Plant Varieties Suitable for
Distribution in Ukraine [52]. Such characteristics as the duration of the growing sea-
son, plant height, ear length, a mass of 1,000 grains, grain nature, raw gluten content
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and average yield under various technological conditions were evaluated. The method
of generalizing literary data was used in the analysis of long-term materials from the
Odesa State Agricultural Research Station of the National Academy of Agrarian Sci-
ences (NAAS) [36], herbological reference books by Kachanova [19] and the NAAS
catalogue of innovative developments for 2020 [7]. A classification analysis method
based on the provisions of the European Weed Research Society (EWRS) was applied
to classify weeds according to their morphological-ecological groups and phases of
their threatening impact [11].

In this article, the resource-saving technology is understood as a combined culti-
vation system based on reduced mechanical tillage, the preservation of mulch or crop
residues on the soil surface, local fertilization, partial mechanical weed control and
reduced chemical load. Herbicide treatment was not treated as a separate experimental
factor in the resource-saving system; reduced chemical load refers to limited, need-
based use of registered plant protection products rather than continuous full-dose herb-
icide protection. Exact application rates were not recalculated because the study is
analytical and summarizes published and registered materials rather than reporting a
new field trial.

The method of generalized interpretation of physiological and biological indica-
tors based on the specialized work of Hutianskyi et al. [17] was used to characterize the
morpho-physiological characteristics of wheat, including the assimilation surface area,
photosynthetic potential, transpiration coefficient and chlorophyll content. No direct
SPAD measurements were conducted within this study; therefore, the SPAD values
presented in the Results should be interpreted as generalized literature-derived ranges
rather than field measurements obtained by a SPAD meter. The methodological sup-
port of the study accounted for international recommendations, particularly the IPGRI
protocols (International Plant Genetic Resources Institute) of Reed et al. [47], who
describe standards for assessing the impact of biotic factors on cultivated plants in the
field. Materials of the NSC "Institute of grain crops of the National Academy of Sci-
ences" were also used, which highlighted the specific features of the growth and devel-
opment of winter wheat plants in the conditions of Forest-Steppe and Steppe of
Ukraine by Astakhova [1].

The structural elements of wheat yield (the number of productive stems, grains in
the ear, the mass of 1,000 grains, the density of sowing) are considered as the basic
indicators of productivity, described in accordance with methodological provisions, in
particular, DSTU 7080:2009 [10], which considers the influence of the level of con-
tamination on the formation of yield. For a comparative interpretation of the results
between different technological approaches (intensive and resource-saving), the meth-
odological foundations of the OECD were used [37], which allowed considering the
phytotoxic effect of weeds or agrochemicals on cultivated plants.
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Information on plant protection technologies (types of herbicides, terms of appli-
cation, doses and methods of application) was based on materials from Syngenta [54]
and Bayer Crop Science [4], which are adapted to the conditions of Ukraine. In addi-
tion, the regulations of the Ministry of Health of Ukraine on the registration of pesti-
cides considered, specifically, the Register of Pesticides and Agrochemicals and the
official “List of Pesticides and Agrochemicals Allowed for Use in Ukraine” [32]. This
provided for the comparison of the potential chemical effect of plant protection prod-
ucts (PPP) for wheat, depending on the level of contamination. All collected data were
processed by methods of variation statistics, followed by the standardization of indica-
tors by the z-normalization method, enabling the comparison of data between years and
experimental variants. The indicators were converted to unified units of measurement
(cm, g, %, plants/m?). For a comprehensive analysis of the impact of contamination,
methods using generally accepted similarity coefficients were used, identifying similar-
ities in the structure of weeds under various agroecological conditions. Visualization
was performed using Statistica 12.0 and MS Excel programs (correlation modules,
charts).

Results
Analysis of productivity and crop structure of winter wheat

For a comprehensive analysis of the morpho-physiological and productive proper-
ties of the Duma Odeska winter wheat variety, a wide range of scientific and practical
sources for the years 2020 + 2024 was processed. According to the literature data of
the state service of Ukraine for food safety and consumer protection [52], it is specified
that in the germination phase, the Duma Odeska winter wheat variety is characterized
by simultaneous germination even with low soil moisture and minimal seed sealing
depth. During the first 25 + 30 days after the emergence of seedlings, the intensive
development of the leaf apparatus is observed, which contributes to the rapid closing of
row spacing and partial suppression of weeds. The leaves have a rich green color with
a pronounced waxy coating, which reduces transpiration.

In the tillering phase, three + five productive stems are formed, the number of
which depends on the level of moisture supply and nutrition. The bush is a semi-erect,
of moderate density, which creates favorable conditions for lightening the lower tiers
of leaves and reduces the likelihood of fungal infections. The root system is represent-
ed by a fibrous type with a penetration depth of 120 + 140 cm, which ensures the use
of moisture from deeper layers of the soil. The stem is strong, of medium thickness
(3.5 +4.5 mm), and has increased resistance to lodging with high sowing density. The
average height of plants is 95 <+ 105 cm, the ear is double-row, elongated (8 +~ 10 cm),
with well-formed grains. Spikelet scales have awns of medium length, sometimes
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curved, contributing to uniform maturation. The grain is characterized by a red color
and an elongated oval shape; a mass of 1,000 grains — 42 +~46 ¢; nature — 780 +
800 g/L. The raw gluten content reaches 28 + 30 %, which provides good baking prop-
erties [5, 36].

The phase of entering the tube occurs on the 150th +~ 160th day after sowing; ear-
ing — on the 170th + 185th day; flowering lasts 4 + 6 days; the grain maturation period
is between 35 and 40 days. At summer temperatures above +3 °C, during grain filling,
the leaf apparatus of the upper tier retains photosynthetic activity until the waxy ripe-
ness phase. The variety shows relative tolerance to spring-summer drought: in the con-
ditions of a precipitation deficit in May/June, the yield is provided at the level of
3.5 + 4.2 t/ha with a medium level of agricultural technology, exceeding the results of
other varieties, which in similar conditions reduce the yield by 15 + 20 % [12, 32, 51,
57, 67]. Resistance to major diseases (powdery mildew, septoria, brown rust) is rated
as above average, which is associated with the genetic characteristics of the variety and
the specifics of leaf mass formation. The main pest during the period of milk ripeness
is Eurygaster integriceps (corn bug), but due to the strong shell of the grain, its harm-
fulness is limited. In the conditions of the Southern Steppe of Ukraine, the variety pro-
vides a yield of 4.5 +5.5 t/ha with intensive technology and 3.5 + 4.0 t/ha with re-
source-saving which indicates its stable adaptability to agroecological conditions in the
south of Ukraine Dmytruk et al. [8].

This stability was due to a combination of a deep root system, optimal plant
height, stem strength and high grain quality (Table 1).

Table 1. Main biological and economic characteristics of the winter wheat variety Duma Odeska in the
conditions of the south of Ukraine

Indicator Mean values Oscillation range
Growing season [days] 280 + 295
Number of productive stems [pcs./plant] 3+5 -
Plant height [cm] 95 + 105 90 + 110
Ear length [cm] 8+10 7.8+10.2
Mass of 1,000 grains [g] 42 + 46 41 +47
Grain nature [g/L] 780 + 800 775 + 805
Raw gluten content [%] 28 +30 27+31
Average yield [t/ha] (intensive technology) 45+55
Average yield [t/ha] (resource-saving technology) 35+40
Depth of root penetration [cm] 120 + 140

Explanatory notes: summarized by the authors based on [8, 32, 36, 52]

In general, Duma Odeska was distinguished by a combination of productivity and
adaptability to the arid conditions of southern Ukraine. At the same time, these ad-
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vantages should be interpreted as relative rather than absolute. The variety did not fully
compensate for weed pressure above 200 plants/m? under a moisture deficit, and its
disease resistance was described as above average rather than complete. Therefore, the
variety remains suitable for resource-saving systems only when weed pressure, sowing
time, nutrition and phytosanitary monitoring are controlled.

Analysis of the species composition of weeds on winter wheat crops

In dry years (2020, 2022 and 2024), weeds not only competed with wheat for
moisture but also suppressed its development due to allelopathic influences. The most
pronounced effects were observed for weed cover densities of more than 300 plants/m?,
which were recorded mainly in thickened crops without effective control. Under such
conditions, intense competition for resources led to a noticeable decrease in wheat
biomass and productivity. In the structure of the weed flora, there were three main
waves of germination — early, medium and late. The early wave, which formed within
two - three weeks after sowing, was the most threatening. During this period, mass
emergence of common millet (up to 250+300 plants/m?), oatmeal (more than
300 plants/m?), creeping mustard (up to 220 plants/m?) and common poppy (up to
250 plants/m?) was observed. These species formed shading for young wheat plants,
actively consumed soil moisture from the upper layers and influenced the crop access
to nutrients [19].

The medium wave of germination (tillering phase) was dominated by nettle
(150 = 200 plants/m?) and common fescue (up to 150 plants/m?), which, although they
had less growth dynamics, still affected the state of wheat due to the dense root layer
and the shadow effect. The late wave was less intense, but in the years with warm au-
tumn, some species continued to grow until the pupation phase. The level of contami-
nation greatly depended on the time of sowing. In the case of early sowing (the second
decade of September), weeds had lower density — up to 150 plants/m?, which corre-
sponded to 15+ 18 % of the area. This was explained by the fact that wheat seedlings
outstripped the wave of weed germination and formed dense row spacing. However,
with late sowing (early October), the density of weeds increased to 250+
300 plants/m?, and the level of contamination exceeded 30 + 35 % of the field area [6,
60]. Predecessors also affected the density of weeds: after corn and sunflower, the den-
sity of weed vegetation could exceed 300 plants/m?, which is associated with an in-
creased seed supply in the soil. After legumes (peas, lentils) or steam precursors, the
level of contamination was recorded at the level of 12-17 %, with the typical density of
no more than 120 - 150 plants/m?, which confirmed the positive effect of crop alterna-
tion in crop rotation. The Duma Odeska variety showed certain tolerance to competi-
tion with weeds due to the rapid development of the leaf apparatus and the ability to
form dense row spacing. However, with the density of more than 200 weeds/m?, espe-
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cially in the conditions of moisture deficiency, even this variety could not fully com-
pensate for pressure. In such situations, the yield decreased by 0.8 + 1.2 t/ha compared
to net crops [11].

A clear link was also established between the level of contamination and the
structural elements of the crop. As the number of weeds increased, the number of pro-
ductive stems, the mass of 1,000 grains, the length of the ear and the number of grains
in the ear decreased, according to Konovalova et al. [23]. Specifically, with the con-
tamination of more than 30 %, the mass of 1,000 grains decreased by 4.3+5.1 g, the
length of the ear — by 1.1+ 1.6 cm and the number of grains in the ear decreased by
4+ 6 pcs. compared to optimal conditions (Table 2).

Thus, the structure of contamination of winter wheat of the Duma Odeska variety
was dominated by six + eight species of highly harmful weeds that operated at different
stages of vegetation. Timely detection of these species and the assessment of the inten-
sity of contamination is a key task when planning control measures. The use of inte-
grated control systems that consider the type of weed, its development cycle and harm-
ful potential reduces the risk of crop loss without excessive use of herbicides.

Influence of weed vegetation on photosynthetic activity of winter wheat

One of the first consequences of contamination is a decrease in the area of the leaf
surface of one stem. In pure crops with a low level of contamination (up to 100 weed
plants/m?), the leaf surface area averages 48 - 52 cm?, with an average level (150 -
200 plants/ m?) — 43 +46 cm?, while at a high level (more than 250 plants/m?) — de-
creases to 37 - 39 cm?, which corresponds to the losses of 20 + 25 %. This results from
a decrease in photosynthetic activity due to shading and a lack of moisture. In the case
of using a resource-saving technology with partial mechanical weed control and local
fertilization, this indicator is kept at the level of 45 +48 cm? even with medium con-
tamination, which indicates a decrease in interspecific competition for light. Under the
conditions of complete herbicide protection, the leaf surface area consistently exceeds
50 cm?, which creates the most favorable conditions for photosynthesis [14, 17, 38,
45].

As noted in the scientific literature by Reed et al. [47], in addition to reducing the
area, there is accelerated ageing of lower leaves, which lose their green color earlier by
seven +ten days, especially in the years with a lack of precipitation. It is known that
under the conditions of resource conservation, partial shading is compensated by better
preservation of lower leaves due to moisture stabilization, while, according to scientific
works, intensive technology provides the greatest duration of photosynthetic activity
due to complete control of contamination.



Table 2. Harmfulness of the main weeds on winter wheat crops Duma Odeska
Germination | Typical density | Area contamination Mechanism of
Type of weed Plant type period (plants/m?) (%) Effects on wheat negative action
Reducing the weight of . .
Wild oats (Avena 30-35 (for late 1,000 grains by 4.3 +5.1g; Mo_lsture deplgt_lon,
Cereal Early > 300 . - active competition,
fatua) sowing) reducing the length of the allelopath
earby 1.1+ 1.6 cm pathy
Common millet Reduction of the number of seedﬁzag":ige Olfetion
(Chenopodium Dicotyledonous Early > 250 30+35 grains in the ear (by 4 + gs, dep
album) 6 pcs.), tillering delay of the upper layers
7 of the soil
Common po Reduction of stem density 'ig?]'sdurr:trt?gﬁ”
Poppy Dicotyledonous Early up to 250 up to 30 and lower number of pro- ption,
(Papaver rhoeas) ducti seedling
uctive stems .
displacement
Decrease in plant height; Root competition
Nettl_e .(U“'C'a Multi-year Medium — late 150 + 200 2025 deterlor_auon of a.era.thn n shadow in the
dioica) crops in the grain filling -
second tier
phase
N Slight reduction in grain
Fesc?:te(gsisst)uca Cereal Late <150 15 50\1/\i3i rfe;uly weight at the density of up I;Vaetgkifsgucrfoog
P 9 to 150 pcs./ m? P
Creeping mustard During the Regtgcidlpgotc/i#;:t\;;/r:% by Solid coating, root
(Polygonum Dicotyledonous fing 180 + 220 30+35 e nutrition
- growing season competition is faced ;
aviculare) suppression

>200 pcs./m?

Explanatory notes: summarized by the authors based on [6, 11, 19, 23]
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The deterioration of food conditions in the conditions of competition with weeds
also affected the formation of tillering nodes. According to the preliminary study [1],
under the conditions of low contamination (up to 100 plants/m?), the average number
of formed tillering nodes is 2.7 ~ 3.1 pcs./plant at a medium level — reduced to 2.3 +
2.6 pcs./plant, and at high — up to 1.9 + 2.2 pcs./plant. The use of resource-saving tech-
nology allows maintaining the tillering index at the level of 2.5 pcs./plant even with an
average blockage, while an intensive approach provides stable values of more than
3.0 pcs./plant due to increased nitrogen availability and protection.

The estimated SPAD index, which characterizes chlorophyll content in assimila-
tion organs, decreased under the influence of weeds. Since these values were derived
from generalized literature data rather than direct field measurements, they should be
interpreted as approximate ranges. Under low contamination, the estimated SPAD
range was approximately 48 =49 units; under medium contamination, approximately
44 =46 units; and under high contamination, approximately 42 +44 units. Under the
resource-saving technology, the estimated range was approximately 46 =47 units,
while under the intensive technology, it approached 50 units [20, 34, 37, 64].

The influence of contamination was also manifested in the appearance and struc-
ture of the root system. In the case of low weed density, the depth of penetration of
wheat roots reached 120 + 130 cm, while in the case of high contamination (more than
250 plants/m?) decreased to 85-+90 cm. At the medium level, the depth was 105 +
115 cm. In the case of applying a resource-saving system, reduced soil compaction and
mulching partially compensated for competition, reaching a depth of 110 -120 cm.
Generalized data indicate that under the influence of weed competition, a decrease in
the SPAD index was observed, which reflects the content of chlorophyll in the leaf
apparatus.

In the intensive version, the depth of penetration of the root system exceeded
130 cm, which was associated with the increased availability of moisture and nutrients
in the lower horizons of Krut [24].

The accumulation of crude biomass before the grain filling phase also showed no-
ticeable dependence on the level of contamination. In the control (low level), the total
biomass of one plant reached 1.26 ~1.35 g/plant, with average contamination —
1.10+1.18 g/plant, while in the areas thickened with weeds (high level), this indicator
did not exceed 0.91 - 1.04 g/plant. Under resource-saving conditions, the biomass de-
creased only to 1.15 g/plant, which indicated some performance retention. Under the
conditions of intensive cultivation, the biomass of one plant can exceed 1.4 g, which is
associated with ensuring the control of the agricultural background at all stages of veg-
etation [4]. The temperature gradient between the leaf surface and the air, which re-
flects the intensity of transpiration, also changed under the influence of contamination.
In the case of low contamination, this indicator reached 3.0 = 3.5°C, in the case of me-
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dium contamination, it decreased to 2.2-2.8°C, while in the case of high contamina-
tion, it was only 0.8 + 1.5°C. In the resource-saving system, due to the lower crop den-
sity, transpiration is maintained at 2.5 +3.0°C, and the intensive technology ensures a
stable evaporation rate due to the full implementation of the leaf area, according to

Panfilova et al. [40].

Table 3. Influence of contamination on morpho-physiological parameters of wheat
Resource-saving | .
ntensive
technology
: technology
. (reduced tillage,
Low Average High - (complete
- P v mulch/residue L
Indicator contamination | contamination | contamination retention. local herb_|C|de
[up to 100 [150-200 [more than 250 ] . | protection, full
fertilization, partial L
plants/m?] plants/m?] plants/m?] - fertilizer dose,
mechanical weed
regular weed
control, reduced control)
chemical load)
Leaf surface 48 = 52 43 = 46 37 +39 45 + 48 >50
area [cm?]
Number of
tillering nodes 27+31 23+26 19+22 ~2.5 >3.0
[pcs./plant]
Estimated . . . . .
SPAD index approximately | approximately | approximately approximately up to approxi-
. 48 + 49 44 + 46 42 ~ 44 46 + 47 mately 50
[units]
Root system 120130 | 105+ 115 85 + 90 110 + 120 > 130
depth [cm]
Biomassofone | 4 55, 135 | 110+118 | 091-104 ~1.15 >1.4
plant [g]
Temperature .
gradient 30+35 22+28 08+15 25+30 Co”f]'istﬁ”“y
(leaf-air) [°C] g
Evaporation
rate [% relative 100 92+95 84 + 88 ~95 ~100
to the control]

Explanatory notes: summarized by the authors based on [1, 10, 17, 24, 37, 39, 40, 47]

A decrease in these physiological parameters directly correlated with yield pa-

rameters, since both the source (photosynthetic power) and receiver (the ability of a
plant to accumulate assimilants in grain) decreased. In the variants of the resource-
saving technology, losses were reduced to 12 +15 % due to a reduction in the stress
background, while the intensive system provided for maximizing the potential of the
variety even in the conditions of increased contamination, as shown by Panfilova et al.
[39]. In the conditions of weed density of more than 300 plants/m?, potential crop loss-
es reached 20 - 25 %, which was critical without herbicide protection (Table 3). Con-
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sequently, the contamination of winter wheat crops not only affected the structure of
the crop, but also drastically worsened the morpho-physiological state of the crop. The
most sensitive indicators were leaf surface area, chlorophyll content, root depth, tiller-
ing index and total biomass. Considering these parameters allows for more effective
prediction of weed damage and optimizes control measures.

Influence of weeds on productive stems and grains per ear

At a low level of contamination (up to 100 plants/m?), the number of productive
stems per unit area remained at a high level — 587 pcs./m?, which corresponded to the
optimal stem density to ensure high yield. In the conditions of the resource-saving
technology, due to mulching, cover crops and reducing the frequency of mechanical
processing, more stable preservation of this density was achieved even in the presence
of weed foci. However, with the intensive technology based on repeated processing
and application of SPR, as noted by Konovalova et al. [23], the indicator of productive
stems varied more under the influence of contamination.

At a medium level of contamination (150 + 200 plants/m?), the number of produc-
tive stems was reduced to 518 pcs./ m? and with high contamination (more than
250 plants/m?) — up to 446 pcs./ m?, which indicated the inhibition of tillering and re-
duced the survival of productive stems in the stem elongation phase. In the resource-
saving variants, even under these conditions, better stem preservation was observed
due to less soil compaction and improved microbiological activity. A decrease in the
number of productive stems was accompanied by a decrease in the number of grains in
the ear. In the conditions of weak competition with weeds, this figure was
35.8 grains/ear, while in the conditions of medium contamination — 32.2 grains/ear, and
in the conditions of strong — 29.4 grains/ear. Thereby, the resource-saving technology
provided higher compensation capacity of plants, reducing grain losses in the ear,
while with the intensive cultivation, a decrease in this indicator was more dramatic [24,
29, 44, 56].

The mass of 1,000 grains was also affected. In the control (low contamination), it
was 43.9 g, which corresponded to the biological potential of the variety. At an average
level of contamination, the mass decreased to 41.1 g, and at a high level of contamina-
tion — to 38.7 g. It is significant that in the conditions of resource-saving tillage, the
mass of 1,000 grains decreased to a lesser extent, which is associated with better water
retention capacity of the soil, the preservation of mulch and an optimal temperature
regime in the grain filling zone. In total, this led to a marked decrease in the yield. If
with the weed density of up to 100 plants/m?, the grain yield was 5.48 t/ha, then with
150 + 200 plants/ m? — it decreased to 4.75 t/ha, and with more than 250 plants/ m? — it
did not exceed 3.92 t/ha, which is equivalent to the losses of up to 30 % without effec-
tive contamination control. Generalized data showed that resource-saving crops under
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these conditions showed better yield stability, especially in the years with limited mois-
ture, as shown by Hussain and Nair [15].

In addition to the absolute values, there was also the violation of a ratio between
the components of the crop structure. In particular, with high weed density, the coeffi-
cient of ear sterility increased significantly, and the proportion of shrivelled grains
exceeded 15 + 18 % of the total. This figure was lower in the resource-saving variants
due to less stress during generative development, while the intensive technology was
more vulnerable to the disruption of the balance of water and food elements [22, 41,
42, 59].

In the conditions of the increased contamination of winter wheat crops, it is im-
portant to search for resource-saving technologies that combine traditional and biolo-
gized elements. As noted by Shebanin et al. [50], the use of the elements of biologiza-
tion in the cultivation of cereals and industrial crops contributes to the preservation of
the environment in addition to improving the quality of products, which is consistent
with the need to reduce the negative impact of contamination on the productivity of
agrocenoses.

The contamination of winter wheat crops is one of the important environmental
factors that greatly affects the vital activity of plants and their level of biosafety. Simi-
lar to other environmental hazards that, according to Shebanin et al. [49], reduce the
stability of crops and worsen the conditions of their growth and development, the pres-
ence of weeds in crops creates a competitive environment, which leads to a decrease in
the productivity of agrocenoses.

Increased competition also changed the architectonics of the stem: in the condi-
tions of heavy contamination, the ear became shorter by 7 + 11 %, and the grain filling
coefficient decreased by 12 + 15 % compared to the control. The resource-saving ap-
proach, due to the reduction of stress factors, provided better formation of the ear
length and grain filling. The vegetative mass remained underdeveloped, and the effi-
ciency of using productive moisture decreased due to a decrease in the total leaf sur-
face area and SPAD index. In the resource-saving variants, there was a less intense
decrease in these indicators, which is explained by the higher efficiency of using mois-
ture and photosynthetic energy, even when competing with weeds, as shown by Mo-
reau et al. [33].

Based on the data obtained, the level of contamination reduced the functional load
of each plant, which was accompanied by a decrease in indicators associated with the
formation of generative organs. In the years with a lack of precipitation in the earing —
filling phase of grain, increased competition for resources was observed. The condi-
tions of the resource-saving technology mitigated these effects due to a smaller mois-
ture loss, better soil structure and lower biotic stress, while the intensive system was
more sensitive to any deviations (Figure 1).
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Figure 1. Dependence of crop structure elements on the level of contamination
Explanatory notes: summarized by the authors based on [15, 23, 24, 42, 50]

Thus, the results confirm that to preserve the integrity of the crop structure and
realize the biological potential of the variety, it is necessary to limit the level of con-
tamination of crops to 100 plants/ m?, especially in the tillering phase, when productive
stems are formed. This allows ensuring both the quantitative and qualitative character-
istics of the crop, minimizing losses at each of its structural levels.

Discussion

The results obtained confirmed that the level of weed pressure during the growing
season of wheat varies depending on the time of sowing and the specifics of the culti-
vation technology. Early crops usually form a less thickened weed environment at the
initial stages of crop development, which creates prerequisites for a more efficient start
and reduces competition for moisture and nutrients. The highest level of weed infesta-
tion is observed during the stem elongation phase, especially in late sowing dates and
under resource-saving approaches. In such situations, the risk of reduced crop produc-
tivity increases due to the intensive use of limited resources by weed species during
critical phases of organogenesis. Within the framework of intensive technology, the
yield is characterized by greater stability, while the resource-saving system shows in-
creased sensitivity to changes in the species structure of weeds.

The interpretation of these results is limited by the single-variety and single-
location character of the analyzed material. The findings refer to Duma Odeska under
the agroecological conditions of the Southern Steppe of Ukraine and should not be
directly generalized to other varieties or regions. Potential confounding factors include
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fertilizer rates, sowing dates, predecessors, moisture availability and protection regime;
these factors were considered as contextual agronomic conditions rather than inde-
pendent experimental variables.

Based on the results presented by Jalli et al. [18], the influence of crop rotations
and tillage technologies on the formation of the phytosanitary state of spring wheat
crops in temperate climates was characterized. In particular, a decrease in the number
of pests due to crop rotation was described, but the assessment of the weed component
was limited to the overall level of contamination, disregarding the phases of crop onto-
genesis. The generalized data of the current study indicate that the species structure of
weed vegetation can change during the growing season, depending on the combination
of agrotechnical factors, sowing dates and protection systems. This study highlights
that considering such a structure is an important element for the formation of adaptive
systems for regulating phytosanitary stress in the conditions of climate instability.

As part of the publication by Kumar et al. [26], the effectiveness of agroecologi-
cal methods for regulating the weed component in wheat agrocenoses under the condi-
tions of rice-wheat crop rotation, was evaluated. Specifically, the expediency of using
mulching, biological control and intermediate crops as an alternative to chemical
means of protection is justified. A decrease in the total weed mass due to a crop change
was confirmed, but no emphasis was placed on the species structure of weeds and their
transformation during the growing season. The current study indicates the feasibility of
a phased analysis of changes in weed composition during the tillering, stem elongation
and milk ripeness phases as indicative periods of competition formation. The possibil-
ity of combining different protection systems with variable sowing dates for modelling
phytosanitary scenarios in the context of increasing climate aridization is also consid-
ered. Such a multivariate analysis allows for assessing the potential of adaptive agricul-
tural technologies to stabilize the phytocenosis and minimize resource losses.

Based on a generalization of Kocira and Staniak [21], the displacement of the
ecological niche of individual weed species under the influence of climate change,
which determines the need to introduce adaptive regulatory strategies, was underlined.
The conceptual nature of the study is mainly focused on the construction of predictive
scenarios for the formation of the weed component in agroecosystems. As part of this
study, which concentrates on the phase structure of cultivated plant development, the
emphasis is shifted to examining the dynamics of phytocenosis, considering species
changes during key growing periods. Addressing the interaction between the type of
technology and the ecobiomorphological characteristics of weeds helps identify the
dominant groups — from wintering to late-appearing ephemeral species. Such differen-
tiation contributes to improving the accuracy of phase-oriented integrated control strat-
egies, where special attention is paid to predicting potential peaks of weed pressure and
selecting means of influence, paying attention to the phytocenotic structure.
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In the study by Stepien et al. [53], the effectiveness of crop alternation and herbi-
cide protection in reducing the spread of chemically resistant weeds in rapeseed crops
was reviewed. A positive effect of crop change is noted, but the limited analysis by one
phase of development does not allow a comprehensive assessment of species shifts in
the phytocenosis. There is also no cross-cultural context that would allow for tracing
the specifics of weed groups in different agroecosystems. In this study, which was
based on the phase structure of crop development, it was important to cover the full
spectrum of ecobiomorphs at key stages of vegetation, which enabled the establishment
of typical periods of intense competition between crops and weeds. Special attention
was paid to the relationship between the tillage system, the germination time of certain
eco-groups and their response to various protection options. Comparison with one-
dimensional approaches showed the advantages of a multivariate analysis, allowing for
flexible schemes of integrated regulation to be formed depending on the type of agri-
cultural landscape and the time structure of weed pressure.

Lacroix et al. [27] analyzed the combination of mechanical processing with chem-
ical regulatory agents as a component of the integrated wheat protection system. Data
on a decrease in the total weed mass were obtained, but the analysis focuses mainly on
the initial stages of vegetation without tracking changes in the structure of weed groups
during the season. The constancy of sowing dates is also recorded, which narrows the
possibilities of extrapolating results to a wider range of agroclimatic conditions. As
part of this study, which focuses on time dynamics, it was important to consider the
seasonal shift of contamination peaks depending on technological treatment options.
Such shifts were found to be associated with both crop rotation options and soil mois-
ture regimes. Reducing the species diversity of weeds under a combination of mechan-
ical and chemical effects was considered within the framework of the concept of eco-
logical compromise, balancing between the effectiveness of control and maintaining
the stability of the agrophytocenosis. The current study provides an opportunity to
complement regional integrated weed management practices in the context of green
farming.

As follows from the study by Taab et al. [55], the Trifolium resupinatum sidera-
tion demonstrated the ability to reduce the contamination of wheat crops due to alle-
lopathic effects. This approach is positioned as environmentally oriented, but the study
pays closer attention to the impact of one crop without comparing different technologi-
cal scenarios or conducting an in-depth analysis of weed communities. Instead, the
present study reviewed species and phase shifts in contamination depending on the
combination of sowing time and protection systems. In the current paper, it was shown
that the adaptive approach allows tracking changes in dominant weed species during
wheat ontogenesis. Special attention in this study is paid to the identification of species
that remain viable in the late stages of vegetation and avoid traditional control
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measures. Thus, the results of this study indicate that the materials obtained can be
useful for the formation of targeted strategies in the most vulnerable periods of wheat
development and improving the effectiveness of managing the risks of re-infestation of
crops with weeds in the conditions of ecologically based agriculture.

In the AguaCrop simulation, Zhang et al. [65] identified optimal irrigation strate-
gies for increasing winter wheat yield and water use productivity. The results confirm
that an increase in irrigation rates during the critical phases of vegetation contributes to
grain growth by 14 + 18 %. However, in modern theoretical approaches, the concept is
becoming widespread, according to which yield stabilization is possible due to the
rational management of agrotechnical factors — in particular, the density of standing,
the level of fertilizer and the phytocenosis of sowing. Instead of directly affecting the
water regime, adaptive agricultural practices are seen as a tool for achieving high effi-
ciency in the use of natural moisture, even in the absence of irrigation infrastructure.
This study confirms that agronomic parameters are the key lever for optimizing
productivity in arid regions. The results of this study indicate that this approach pro-
vides practical flexibility and can be considered as an economically feasible alternative
to irrigation in the face of water scarcity and climate threats.

Against the background of ecosystem interactions, Raatz et al. [46] analyzed the
effect of semi-natural environments on wheat yields, linking reduced productivity to an
increase in pest populations in these landscapes. It was stated that areas near biotopes
have an increased risk of crop damage, despite the overall benefits for biodiversity.
This study also recorded a close relationship between landscape structure and the in-
tensity of agrotechnical intervention. Similar to these findings, the present study also
took into account the factors of agrobiocenosis, but the results show no sharp correla-
tion between proximity to natural zones and wheat weed damage — in the southern
region of Ukraine, internal factors of agrocenosis were predominant. Compared to the
paper of Raatz et al., this study is characterized by a higher level of data localization
and analysis of not only pests, but also the full spectrum of weeds. This allows for bet-
ter adaptation of the recommendations to the specific conditions of arid regions.

As part of the search for alternatives to chemical methods, Dominschek et al. [9]
examined the effect of the temporary introduction of cereal and legume grass mixtures
into crop rotation, proving that such biological breaks effectively reduce contamination
even without herbicides. Observations confirmed a change in the species composition
of weeds towards less aggressive forms. In this study, similar attention is paid to the
response of the weed component to the agrophytocenotic structure of the field, howev-
er, in contrast to the work of Dominschek et al. [9], attention is focused not on changes
in crop rotation, but on the seasonal dynamics and phase structure of weeds within the
same growing cycle. This approach allows identifying peak periods of threat and opti-
mizing point-based control measures. Therewith, in the absence of a rotational strategy,
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the study demonstrates that effective management can improve yields even within the
same culture. This provides a high practical value for farms with limited crop rotation
potential.

In the conditions described by Barroso et al. [3], the effectiveness of cover crops
as a means of water conservation and weed control in dry farming systems was as-
sessed. It was discovered that the cover plant mass reduced evaporation, improved soil
structure and suppressed weed germination, which contributed to an increase in the
wheat yield by up to 12 %. In further theoretical developments, alternative approaches
to achieving such an effect without involving green manure crops were considered.
The researchers drew attention to the fact that increased crop density, agrotechnical
regulation of phytocenosis and adaptive displacement of sowing dates could provide a
similar result due to the internal stabilization of agrocenosis. This approach reduced the
need for external interventions, did not require additional resources for cover crops and
allowed integration into traditional crop rotations without complicating the technologi-
cal process. The current study confirms that agrotechnical strategies for managing phy-
tocenosis can be considered as economically feasible and scalable solutions for the
regions with a lack of moisture and a high level of climate risks.

Within the optimization framework, Hussain et al. [16] investigated the effect of
seeding rates and herbicide doses (with and without adjuvants) on the crop contamina-
tion and wheat yield. It was found that an increase in the crop density in combination
with reduced herbicide doses contributes to effective weed control. The main focus of
this study was on the phase sensitivity of the crop, but the emphasis was placed on the
early stages of development without a comprehensive assessment of the species com-
position of weeds throughout the growing season. In contrast to this approach, in this
analysis, weeds were examined bearing in mind the changes in species dominance and
critical phases of competitive activity. This helped detail the time structure of threats
and form the basis for phase-differentiated control.

From the standpoint of reduction, Masson et al. [30] examined how reducing the
herbicide load and reducing the intensity of tillage affect the wheat yield under weed
pressure. The results confirmed the possibility of crop retention by regulating exposure
modes, with a focus on the type of dominant weeds. The same study did not analyze
the species composition of weeds by phenological stages of the crop, which limits the
ability to determine the phases with the greatest risk of loss. In contrast, this study
identified species groups that are critical for individual vegetation phases, which allows
forming recommendations with accurate intervention times without increasing the ag-
rochemical load.

From an economic standpoint, the decisive issue is not only the biological sup-
pression of weeds, but also the prevention of yield losses. In the analyzed material, the
yield decreased from 5.48 t/ha under low contamination to 3.92 t/ha under high con-
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tamination, which corresponds to a loss of 1.56 t/ha. Therefore, maintaining weed den-
sity below 100 plants/m? and preventing an increase above 150 + 200 plants/m? is eco-
nomically relevant because it preserves yield potential, while reducing the need for
repeated mechanical and chemical interventions.

For the Southern Steppe of Ukraine, integrated weed management should com-
bine sowing dates that allow wheat to close rows before the main weed wave, crop
rotation with legumes or fallow precursors, monitoring of early- and medium-
germinating weeds, partial mechanical control, residue or mulch retention, local fertili-
zation and need-based herbicide use. Intervention becomes especially important when
weed density approaches 150 +200 plants/m?, while contamination above
250 plants/m? should be treated as a high-risk level requiring active control.

As a result of the comparative analysis, it was determined that the data obtained
confirm the effectiveness of agrotechnical measures aimed at reducing the contamina-
tion of crops and increasing the productivity of winter wheat. In particular, compliance
with crop rotations, the optimization of crop density, the regulation of a moisture re-
gime and the use of cover crops contribute to improving the phytosanitary state of ag-
rocenosis, suppressing harmful weed species and stabilizing yields without increasing
the herbicide load.

Conclusions

1. The study showed that weed density can be used as a practical decision indicator
for winter wheat Duma Odeska in the Southern Steppe of Ukraine.

2. The density of up to 100 plants/m? may be considered a low-risk level at which the
main crop-structure indicators remain stable. The density of 150 +~ 200 plants/m?
should be treated as a warning threshold because productive stems decline to about
518 pcs./m?, grains per ear to 32.2, 1,000-grain mass to 41.1 g and a yield to
4.75 t/ha. Weed density above 250 plants/m? represents a high-risk level because
productive stems decrease to 446 pcs./m?, grains per ear to 29.4, 1,000-grain mass
to 38.7 g and a yield to 3.92 t/ha. Therefore, weed control should be prioritized be-
fore the crop passes from tillering to stem elongation, especially when early-
germinating weeds dominate and a moisture deficit is expected.

3. A resource-saving technology can mitigate part of the negative effect through re-
duced tillage, mulch/residue retention, local fertilization, partial mechanical weed
control and reduced chemical load, but it cannot replace timely integrated weed
management.

4. The main limitation of the study is that the analysis is based on one variety and
regional materials from the Southern Steppe of Ukraine; a fertilizer regime, sowing
date, predecessor and protection system may modify the relationships observed.
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Further studies should test the proposed thresholds in multi-variety and multi-
location field experiments.
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KSZTALTOWANIE PRODUKTYWNOSCI PSZENICY OZIMEJ W ZALEZNOSCI OD
STOPNIA ZANIECZYSZCZENIA UPRAW W WARUNKACH STOSOWANIA TECHNOLOGII
OSZCZEDNOSCIOWYCH W WARUNKACH POLUDNIOWEJ UKRAINY

Streszczenie

Woprowadzenie. Celem badan byto okreslenie wplywu zrdznicowanego stopnia zachwaszczenia na
cechy morfologiczne i fizjologiczne oraz elementy strukturalne plonu pszenicy ozimej odmiany Duma
Odeska w warunkach Potudniowych Stepow Ukrainy.

Wyniki i Wnioski. Analiza danych wykazata, ze Duma Odeska formowat siewki nawet przy niedobo-
rze wilgoci w glebie (wilgotno$¢ na glebokosci 10 cm — 13,5 %) i wykazywat intensywny wzrost masy
lisci do 33 + 35 g/m? w fazie pedow. W fazie krzewienia $rednia liczba produktywnych zdzbet wynosita
3+ 5 szt./rosling, a wspotczynnik krzewienia wynosit 3,2, co przyczynito si¢ do wezesnego zamykania
rzedow 1 czgsciowego thumienia chwastow. Przy srednim poziomie zachwaszczenia (150 + 200 roslin/m?)
glowne wskazniki produktywnosci zmniejszyly sie¢ umiarkowanie: liczba produktywnych zdzbet wynosita
518 szt./m?, liczba ziaren w klosie — 32,2, masa 1000 ziaren — 41,1 g, a plon — 4,75 t/ha. Przy wysokim
poziomie zachwaszczenia (powyzej 250 ro$lin/m?) liczba produktywnych Zdzbet zmniejszyta si¢ do
446 szt./m?, liczba ziaren w klosie — do 29,4, masa 1000 ziaren — do 38,7 g, a plon — do 3,92 t/ha. Naj-
wigksze szkody wyrzadzity nastgpujace gatunki chwastow: proso pospolite, rajgras, gorczyca roztogowa,
mak polny, pokrzywa zwyczajna i kostrzewa pospolita. To wlasnie te gatunki zdominowaty trzy fale
kielkowania chwastow w sezonie wegetacyjnym. Odmiana wykazata wzgledng tolerancje na suszg i wy-
soka temperaturg, w tym zachowanie powierzchni asymilacyjnej w warunkach stresu temperaturowego do
+35 + +36 °C w fazie kloszenia oraz penetracje systemu korzeniowego do 120 + 140 cm. Jednak pozy-
tywne cechy odmiany nie kompensowaty w petni presji chwastow powyzej 200 ro$lin/m?, zwlaszcza
w warunkach deficytu wilgoci. Praktyczne znaczenie badah polega na okreleniu progéw zageszczenia
chwastow, ktore moga wspiera¢ dobor srodkow regulacyjnych w Potudniowym Stepie Ukrainy.

Stowa Kluczowe: ontogeneza kultury, ochrona roélin, struktura plonu, podejscia technologiczne, warunki
agroekologiczne, Duma Odeska



