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Abstract. The study’s goal was to ascertain the impact of a combination of herbicidal and agronomic
practices on the structure of the segetal flora, the distribution of resistant biotypes and the productivity
of the cereal agrocenosis. The study employed field, weighing, morphometric, soil analysis and
computational methods, with statistical analysis of the results. It was found that a comparison of the
five treatments revealed varying degrees of restructuring of the weed community - ranging from the
untreated control to the standard treatment, the active ingredient rotation, the herbicide + agronomic
practices treatment as well as the entire solution. The overall population of species dropped from
15 in the control to 11 in the standard treatment, 9 in the active ingredient rotation treatment, 8
in the herbicide + agronomic techniques treatment, and 6 in the integrated system. The number of
dominant species fell from 5 to 2, whilst weed density during the tillering stage decreased from
126.4 to 42.6 plants/m2 The Shannon index decreased from 2.31 to 1.36, reflecting a change in the
diversity of the floristic structure. In the multiple herbicide resistance block, the standard treatment
only partially suppressed resistant biotypes; active ingredient rotation enhanced this effect, whilst
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the herbicide + agronomic practices treatment and the integrated system reduced their contribution to
the weed biomass structure. The proportion of biotypes resistant to acetolactate synthase inhibitors
decreased from 60.8% to 36.1%, whilst the post-treatment survival rate of resistant plants fell from
100% to 11.9%. The reproductive component was characterised by a reduction in seed productivity
from 15.8 to 1.9 thousand seeds/m? and a decrease in the potential number of seedlings emerging from
the soil seed bank from 84.6 to 24.1 per m2 Against this backdrop, the crop’s yield response improved
from the standard treatment to the active ingredient rotation treatment, the herbicide + agronomic
practices treatment and the integrated system: biological grain yield increased from 4.08 to 6.14 t/ha,
whilst yield potential realisation rose from 58.3% to 87.7%. The practical significance of the research
resides in the application of its results by agronomists, farms and grain producers in cereal cultivation
techniques and weed control schemes

Keywords: post-treatment survival, weed community; proportion of biotypes; coenotic pressure;

biological grain yield

Introduction
The relevance of this study stems from the spread
of segetal flora in cereal agrocenoses and the in-
creasing proportion of biotypes resistant to herbi-
cides with different modes of action. This research
is prompted by the declining effectiveness of
standard chemical control programmes, increasing
soil moisture deficits, uneven rainfall patterns, and
the need to maintain crop productivity without ex-
cessive herbicide application. An assessment of in-
tegrated strategies makes it possible to determine
how the weed component, multiple herbicide re-
sistance and cereal crop productivity are changing
under the current technological and climatic pres-
sures on crops in Ukraine as a whole. The focus of
this study stems from the fact that cereal cropping
systems are characterised by the repeated use of
the same or similar herbicides, which maintains
selection pressure and contributes to the accu-
mulation of multiple herbicide-resistant biotypes.
Under such conditions, weeds with varying sen-
sitivity to active ingredients persist in crops, the
floristic structure of the weed community chang-
es, seed regeneration of the segetal flora is main-
tained, and the effectiveness of individual control
measures is reduced. This complicates weed man-
agement and the stable establishment of grain
crop yields under field conditions across various
plant protection systems in agricultural production.

In their evaluation of herbicide combinations,
V. Zadorozhnyi et al. (2025) focused on the effi-
cacy of combined herbicide application in maize
for grain crops. The combination of active ingre-
dients with different modes of action provided
marked suppression of both dicotyledonous and
grassy weeds. Using a resistant biotype as test
material, VV. Schwartau et al. (2023) investigated
the characteristics of Echinochloa crus-galli resist-
ance to acetolactate synthase (ALS) inhibitors un-
der Ukrainian conditions. The resistance that had
developed complicated herbicide control and ne-
cessitated the use of alternative modes of action.
Within the framework of winter wheat protection
technology, N. Hrytsiuk et al. (2023) characterised
the impact of a harmful biota control system on
the state of the agrocenosis in the Northern For-
est-Steppe of Ukraine. The scheme applied was
accompanied by a reduction in weed abundance
and a shift in their species composition within the
crop. In studies on the integrated management of
resistant weeds, B.D. Tidemann et al. (2023) ex-
amined a combination of crop rotation diversity,
increased sowing rates and techniques to limit
seed regeneration. Such approaches reduced the
density of individual resistant species, although
the response of the weed community remained
species-specific.
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In summarising approaches for cereal crops,
A. Chaudhary et al. (2022) analysed integrated
weed management in wheat and barley. Herbi-
cide treatments were considered in combination
with agronomic practices, competitive varieties
and crop rotation. In the context of herbicide
resistance scenarios, V. Kumar et al. (2023) sys-
tematised the main mechanisms of weed resist-
ance and the challenges involved in controlling
them. The spread of resistant populations was
widespread and required systematic manage-
ment within the framework of integrated strate-
gies. Combining mechanical and chemical meth-
ods, M. Saile et al. (2022) examined the use of
pre-emergence and post-emergence herbicides
in conjunction with sensor-guided harrowing
and inter-row cultivation in cereal crops. This
approach was considered as a component of in-
tegrated weed management in the context of
the rise of resistant populations and associated
yield losses. In a long-term crop rotation system,
E.C. Rudell et al. (2023) assessed the effects of
cover crops, crop rotation and herbicide control
on the weed component of the agrocenosis. The
combination of these practices was associated
with increased crop biomass and yield, and re-
duced weed density.

In the context of the development of her-
bicide-tolerant crops, X. Hou et al. (2025) sum-
marised approaches to weed management in
the face of spreading resistance. A promising
direction was identified as the combination of
chemical, cultural and mechanical measures
with precision control technologies. As part of
their monitoring of grass weeds, V.B. Vijaya-
rajan et al. (2022) analysed the distribution of
problematic species, the status of herbicide re-
sistance and control practices in Ireland. Under
non-inversion tillage, weed pressure remained
higher, and the main risks were associated with
resistant populations of Lolium multi-florum and
Alopecurus myosuroides.

In a regional survey of resistant weeds,
C.M. Geddes et al. (2024) investigated their distri-
bution, prevalence and impact in Saskatchewan.

The economic losses to production were found
to be significant, and amongst grass weeds, the
most significant impact was associated with Ave-
na fatua and a high prevalence of resistance to
ACCase and ALS inhibitors. In the field of digi-
tal control technologies, S. Ghatrehsamani et
al. (2023) summarised the potential of artifi-
cial intelligence for the detection, mapping and
management of herbicide-resistant weeds. The
combination of remote sensing, recognition al-
gorithms and precision management was consid-
ered a promising tool to complement integrated
pest management systems.

At the same time, the specific features of the
restructuring of the segetal flora under the influ-
ence of various control systems, the relationship
between resistance, coenotic activity and seed re-
generation of weeds, as well as the link between
these changes and the development of cereal
crop yield, remain insufficiently understood. The
aim of the study was to assess the effectiveness
of integrated strategies for controlling the seg-
etal flora and their impact on weed multiple
herbicide resistance and cereal crop yield. The
research objectives were to determine changes
in the floristic, coenotic and reproductive struc-
ture of the segetal flora under different control
systems, to establish indicators of weed multiple
herbicide resistance, and to analyse the response
of cereal crop yield to the measures applied. The
research hypothesis was that integrated systems
are more effective at reducing weed infestation,
multiple herbicide resistance and increasing crop
yield. The null hypothesis was that different con-
trol systems do not cause significant changes in
these indicators.

Materials and Methods
The field experiment was carried out in 2025 on
a commercial winter wheat field located in the
village of Sozonivka, Kirovohrad Oblast, Ukraine.
The trial was established within an agrocenosis
of the “Podolyanka” winter wheat variety. The trial
included a winter wheat variety regionalised for
the conditions of central Ukraine, characterised
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by uniform growth (No. 00007009 in the Regis-
ter of Plant Varieties), stable field germination
and widespread cultivation in the region’s com-
mercial crops, whilst excluding varieties with
unstable winter survival, uneven spring regrowth,
susceptibility to lodging and pronounced mor-
phological heterogeneity. Growing conditions for
the 2025 harvest were characterised by a mois-
ture deficit, elevated temperatures during the
spring and summer, and uneven rainfall, which
intensified competition between the crop and the
segetal flora and created a context for the persis-
tence of biotypes with lower sensitivity to herbi-
cides. On regular medium-loamy chernozem, the
experimental plot was set up. For the persistence
of genotypes under severe humidity, the experi-
mental plot was established. The humus concen-
tration was 3.48%, the pH of the salt extract was
6.4,the nitrate nitrogen level reached 17.9 mg/kg,
the available phosphorus concentration amount-
ed to 58.6 mg/kg, and the exchangeable potassi-
um level was 94.3 mg/kg in the 0-30 cm arable
soil layer. Sunflower served as the preceding crop.
Pre-sowing soil preparation included cultivation
at a depth of 5-6 cm and surface levelling, where-
as the primary tillage consisted of stubble culti-
vation to 8-10 cm, followed by ploughing to 22-
24 cm. Throughout the research, the stipulations
of the Convention on Biological Diversity (1992)
concerning the preservation of biological variety
and the safeguarding of the natural elements of
the agroecosystem were followed.

The mineral nutrient regime was kept the
same across all treatments and was formulated
according to the N,P,K,, scheme. Phosphate
and potash fertilisers were applied during prima-
ry tillage, ammonium nitrate was applied before
sowing,and urea was applied in the spring during
the spring tillering stage. Sowing was performed
during the second ten-day period of September
2024 using a grain drill set at 15 cm between
rows. In the control, standard and active ingredi-
ent rotation treatments, as well as in the “herbi-
cide + agronomic practices” scheme, the sowing
rate was set at 5 million viable seeds per hectare,
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whilst in the integrated system it was increased
to 5.5 million viable seeds per hectare. Apart from
the approaches to weed control under investiga-
tion, the other elements of the cultivation tech-
nology were identical across all treatments.

The experimental design was based on a
randomised block design with four replicates.
Each treatment was assigned to plots of 50 m?,
whereas evaluations were performed on a cen-
tral 32 m? sampling area. The study included
five variants: control (no herbicides); standard
treatment (tribenuron-methyl + florasulam); ac-
tive ingredient rotation (pendimethalin; pyroxu-
lam + fluroxypyr); herbicide + agronomic practices
(pinoxaden + fluroxypyr); integrated system (pen-
dimethalin + diflufenican; pyroxulam + fluroxy-
pyr). In the standard treatment, post-emergence
spraying was carried out during the tillering
stage of winter wheat. In the active ingredient
rotation treatment, pendimethalin was applied in
the autumn after sowing but before emergence,
whilst the mixture of pyroxulam and fluroxypyr
was applied in the spring during the tillering
stage. In the “herbicide + agronomic practices”
treatment, post-emergence application of pi-
noxaden + fluroxypyr was combined with early
spring harrowing using light tine harrows. In the
integrated system, soil application of pendime-
thalin + diflufenican was combined with spring
post-emergence spraying with a mixture of py-
roxulam + fluroxypyr, an increased sowing rate
and mechanical weed control. All herbicide treat-
ments were applied with an Amazone UF 1201
field sprayer (Amazone, Germany) during the
cooler morning or evening hours. Spraying was
performed only when the ambient temperature
remained below 25°C and air movement was un-
der 3-4 m/s. The application rate of the working
solution in all treatments involving herbicide
control was 200 l/ha.

Weed species were recorded within 1 m?
sampling quadrats formed using a metal frame.
Plant specimens requiring more detailed ex-
amination were identified with an Eschenbach
Mobilux portable magnifier equipped with
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6xmagnification and LED illumination (Eschen-
bach Optik GmbH, Germany). The final list con-
tained every weed species that had been morpho-
logically identified within the survey area. After
counting the number of weeds per species using
the field recording program on a Getac ZX70 tab-
let (Getac Technology Corporation, Taiwan) to re-
cord each individual, the number of dominating
species was ascertained. Species were judged
dominant if their share of the overall count sur-
passed 10%, according to formula (1):

D =Xd, 1)

where D is the number of dominant species; d,
is the dominance indicator for the i-th species: 1
if the species’ proportion exceeds 10%, and O in
other cases.

The proportion of annual dicotyledonous
species, %, was determined based on the biolog-
ical classification of the flora, including seedling
traits, leaf venation, and life cycle type, utilizing
a field guide and a Bresser Erudit DLX 20x-40x
magnifier (Bresser GmbH, Germany). The calcula-
tion was carried out using formula (2):

P = ‘;—; x 100, )

where P,, - proportion of annual dicotyledonous
species, %; n,, — number of annual dicotyledon-
ous plants, plants; N; - total number of segetal
flora plants, units.

The proportion of annual grass species, %,
was determined after identifying members of the
Poaceae family based on leaf blade shape, the
presence of a tillering node and sheath structure,
using a Carson MicroBrite Plus 60x-120x pocket
microscope (Carson Optical Inc., USA). Calcula-
tions were performed using formula (3):

P,, = =22 % 100, ?3)
Qtot
where P,, - proportion of annual grass species,
%; g,, — number of annual grass species, plants;
Q... — total number of all weeds, plants.

=tot

The proportion of perennial root-sprouting
species, %, was determined following an assess-
ment of the underground parts on core samples
collected using the Eijkelkamp Root Auger Set
(Royal Eijkelkamp, Netherlands). This group in-
cluded species with a pronounced root-sprout
mode of vegetative regeneration; the calculation
was carried out using formula (4):

Ppi = %“ x 100, 4

where P, - proportion of perennial root-sprout
species, %; my, — number of plants of perennial
root-sprout species, units; M, - total number of
weed plants, units

The Shannon species diversity index (H) is
determined by the relative proportion of each
species (p) in relation to the total number of
weeds, as processed digitally from the floristic
matrix in PAST 4.13 (Norway). The calculation was
performed using formula (5):

H' = -7 pilnp;, e

where H' is the Shannon species diversity index,
units; p; is the proportion of the i-th species in the
total number of species in the segetal flora; is the
total number of species.

Weed density during the tillering stage of the
crop, plants/mz2, was counted within a 1.0 m2 Her-
biseed Quadrat aluminium frame (Herbiseed, UK).
Counts were carried out specifically throughout
the cultivation phase of the cereal plant to com-
pare weed infestation levels at the same stage of
crop development.

The proportion of biotypes resistant to ALS
inhibitors, %, was assessed in a growth evaluation
subsequent to the treatment of the plants with a
diagnostic dose of tribenuron-methyl in a Binder
KBWF 240 climate chamber (Binder GmbH, Ger-
many). Biotypes in which growth and green foli-
age were maintained were classified as resistant.
The proportion of biotypes resistant to ACCase
inhibitors, %, was assessed following testing with
pinoxaden, with the working solution applied
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using a backpack micro-sprayer (Generation Il
Research Sprayer, DeVries Manufacturing, USA).
The proportion of biotypes resistant to synthetic
auxins, %, was determined by their response to
fluroxypyr following cultivation of the plants in
Modiform Standard Tray 104 growing containers
(Modiform B.V., Netherlands). Biotypes without
irreversible shoot deformation were classified as
resistant. The proportion of biotypes resistant to
two modes of action, %, was determined following
sequential testing of the same samples against
the combinations ALS + ACCase, ALS + synthetic
auxins, or ACCase + synthetic auxins, with the re-
sponse recorded using a Canon EOS R50 digital
visual monitoring system (Canon Inc.,Japan). The
post-treatment survival rate of resistant plants, %,
was determined under field conditions by count-
ing the number of living individuals remaining on
permanently marked microplots following herbi-
cide application, using FieldScout Plot Markers
(Spectrum Technologies Inc., USA). Plants with an
active growth point and undamaged foliage were
classified as alive; the computation was executed
utilising a formula (6):

Vv, = r;p— x 100, (6)
where V, is the post-treatment survival rate of
resistant plants, %; n,, is the number of plants
surviving after treatment, units; n_ is the number
of plants before treatment, units

The proportion of resistant biotypes in the to-
talweed biomass, %,was determined after separate
collection of resistant and non-resistant plants,
drying in @ Memmert UF55 drying oven (Mem-
mert GmbH, Germany) and weighing on RADWAG
AS 220.R2 analytical balances (RADWAG, Poland).
The calculation was performed using formula (7):

pre

Mo = —225 x 100, @)

Myeed

where M, is the proportion of resistant bio-
types in the total weed biomass, %; m, is the dry
weight of resistant plants, g; m,,.. is the total dry

weight of weeds, g.

Koberniuk et al.

The proportion of biotypes resistant to three
modes of action, %, was determined following a
full cycle of tests for ALS inhibitors, ACCase inhib-
itors and synthetic auxins, with viability recorded
in the Panasonic Toughbook FZ-G2 electronic log-
book (Panasonic Connect Co.,Japan).

Weed dry biomass, g/m2, was quantified after
the plants had been harvested, oven-dried to a
stable mass in an SNOL 58/350 drying chamber
(AB Umega Group, Lithuania), and subsequent-
ly weighed using KERN EMS 12K0.1 laboratory
scales (KERN & Sohn GmbH, Germany). The survey
characterised the accumulation of structural phy-
tomass in the weed layer. Weed fresh biomass, g/
m?, was registered directly after collection using
CAS SW-20 portable field scales (CAS Corporation,
Republic of Korea). Weighing was carried out be-
fore drying to record the actual mass of the plants
at the time of the survey. The percentage of ground
area occupied by weeds was estimated with a
100-cell Braun-Blanquet grid frame (Eijkelkamp,
Netherlands). Projective cover was calculated as
the share of the surveyed soil surface overlain by
the vertical projection of weed stems and foliage.;
the calculation was carried out using formula (8):

Cpr = i—n x 100, (8)
where C, is the weed projective cover, %; g,,, is
the number of cells occupied by the weed pro-
jection; g, is the total number of cells in the
survey grid.

Mean weed-canopy height, cm, was de-
termined with a 2 m Nedo mEssfix telescopic
measuring rod (Nedo GmbH & Co. KG, Germany).
The resulting measurements served to evaluate
differences in the vertical growth of the weed
stand among the experimental treatments.The
proportion of PAR intercepted by weeds, %, was
determined using an AccuPAR LP-80 ceptometer
(METER Group, USA) based on the difference in
photosynthetically active radiation flux above
and below the weed layer. The coefficient of
coenotic stress was calculated as the ratio of the
dry mass of weeds to the dry mass of cultivated
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plants after separate weighing on an OHAUS Ad-
venturer AX4202 balance (OHAUS Corporation,
USA). This index was utilised to evaluate inten-
sity of weed pressure on the crop component
using formula (9):

By
Keen = B_c’ ©)

where K, is the coenotic stress coefficient, units;
B,, is the dry mass of weeds, g; B, is the dry mass
of cultivated plants, g. Losses of available soil
moisture in the 0-20 cm layer due to weed com-
petition, in mm, were determined after soil sam-
ples were collected using an AMS Regular Soil
Probe 7/8 (AMS Inc., USA) and subsequently dried.
The number of generative weed plants,
plants/m2, was recorded in a 1 m? sampling area
delineated with a Hummert Quadrat frame (Hum-
mert International, USA). Only plants with devel-
oped inflorescences, fruits or seed heads were
recorded. The average number of seeds per plant
was determined following individual examination
of representative plants using a Pfeuffer Conta-
dor electronic counter (Pfeuffer GmbH, Germany).
This indicator characterised the individual seed
productivity of a weed plant. The seed productiv-
ity of the segetal flora, in thousands of seeds per
m2, was calculated as the product of the density
of generative plants and the average number of
seeds per plant, converted to thousands. The cal-
culation was performed using formula (10):

S — GpxNg

p 1000 ’

(10)

where S is the seed productivity of the segetal
flora, thousand seeds/mz2; Gp is the number of
generative weed plants, plants/m?; N, is the aver-
age number of seeds per plant, seeds.

The mass of 1,000 seeds of leading weeds,
expressed in grams, was assessed subsequent to
the standard sample, was prepared and weighed
using a Sartorius Secura 225D-1S microbalance
(Sartorius AG, Germany). For the analysis, purified
seeds of dominant species, free from impurities,
were used. The proportion of viable seeds in the

soil seed bank, %, was determined after washing
the seeds to remove soil, germination in a Pana-
sonic MLR-352H-PE chamber (Panasonic Health-
care Co., Japan) and testing non-germinated
seeds using the tetrazolium test. Soil seed-bank
density in the 0-10 cm horizon, expressed as
thousands of seeds per square metre, was quanti-
fied after soil-core collection and fractionation of
the samples with a Retsch Test Sieve set (Retsch
GmbH, Germany). This indicator characterised
the level of weed seed accumulation in the ara-
ble soil layer. The potential number of seedlings
emerging from the soil seed bank in the follow-
ing season, in plants/m2, was ascertained using
the vegetative sprouting of soil specimens in
Stuewe Deepot D40 trays (Stuewe & Sons, USA)
under controlled moisture conditions. Seedling
counts were carried out throughout the entire
wave germination cycle.

The density of productive stems, in stems
per square metre, was determined using the Bur-
gon & Ball Quadrat Frame (Burgon & Ball, UK)
based on the quantity of fruitful stems within the
survey area. The number of grains per ear was
determined following individual threshing of
the ears using an Elmor C1 seed counter (Elmor
Angewandte Elektronik AG, Switzerland). Typical
ears without mechanical damage were selected
for analysis. The grain weight per ear, g, was de-
termined after individual threshing and weigh-
ing on an A&D HR-202i balance (A&D Compa-
ny, Japan). The weight of 1,000 grains, in grams,
was obtained by counting weighing a standard
sample on a a Precisa 360EP balance (Precisa
Gravimetrics AG, Switzerland). This method was
used to compare the degree of grain filling be-
tween the treatments. Biological grain yield, t/
ha, was determined by the method of continuous
plot-by-plot harvesting, followed by weighing
on Mettler Toledo PFA579 platform scales (Met-
tler-Toledo AG, Switzerland) and conversion to
standard moisture content. The calculation was
carried out using formula (11):

mpX10
Sn

Yy = (11)
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where Y, is the biological grain yield, t/ha; m, is
the grain mass from the reference plot, kg; S, is
the area of the reference plot, m2.

The yield increase compared to the control,
in t/ha, was determined by subtracting the control
yield from the yield of the experimental treat-
ment. This indicator was defined as the absolute
quantity of grain additionally obtained compared
with the untreated control; the calculation was
carried out using formula (12):

AY =Y, - Y, (12)
where AY -yield gain relative to the control, t/ha;
Y, - yield in the experimental treatment, t/ha; Y, -
yield in the control, t/ha.

Yield potential realisation, %, was defined as
the ratio of the actual yield to the maximum yield
level achievable for the variety and was used to
assess the extent to which the crop’s productive
potential was realised under the experimental
conditions; it was calculated using formula (13):

=X %100,

Ypot

R 13)

P
where R - realisation of yield potential, %; Y, - actu-
alyield,t/ha; Y, - potential yield of the variety,t/ha.

For all indicators, the arithmetic mean (x) and
the coefficient of variation (V, %) were determined.
The normality of the distribution was tested us-
ing the S. Shapiro & M. Wilk (1965) criterion, and
the homogeneity of variances was tested using
the H. Levene (1960) criterion. Calculations were
carried out using Statistica 10.0 (StatSoft Inc.,
USA) and IBM SPSS Statistics 26 (IBM Corp., USA).

Results
In treatments with varying levels of control in-
tensity, the floristic structure of the segetal flora
changed progressively from the control treat-
ment, through the standard and active ingredient
rotation treatments, to the herbicide + agronomic
practices treatment and the integrated system.
The total number of species decreased from 15
in the control to 6 in the integrated system, with

Koberniuk et al.

the standard treatment, active ingredient rotation
treatment and herbicide + agronomic practices
treatment forming a gradual transition between
these extremes. A similar pattern was observed
in the number of dominant species, which de-
creased from 5 to 2. This indicated that each
subsequent control treatment narrowed the flo-
ristic composition and gradually simplified the
internal organisation of the weed community,
with the most pronounced restructuring occur-
ring under the integrated system. A consistent
trend in changes was also observed in the distri-
bution of biological groups across all five treat-
ments. The proportion of annual dicotyledonous
species decreased progressively from the control
to the integrated system - from 47.6% to 36.4%,
whilst the standard treatment, active ingredient
rotation treatment and the herbicide + agronomic
practices treatment occupied intermediate posi-
tions in this sequence. The proportion of annual
grass species showed a similar trend, decreasing
from 30.8% to 24.8%. Against this backdrop, the
proportion of perennial root-sprouting species,
by contrast, increased from 21.6% in the control
to 38.8% in the integrated system. These trends
indicated that, as control measures were intensi-
fied, the annual component of the flora declined,
whilst the relative proportion of perennial forms
increased, and the floristic structure shifted to-
wards a different biological composition.

Weed density during the crop’s tillering
stage also varied in stages across all five treat-
ments. In the control treatment, it reached
126.4 plants/m2, whilst in the integrated system
it fell to 42.6 plants/m?; the standard treatment,
active ingredient rotation treatment and herbi-
cide + agronomic practices treatment showed a
gradual intermediate reduction in weed infes-
tation. This meant that each subsequent treat-
ment reduced not solely the aggregate quantity
of weeds but furthermore the spatial connec-
tivity of the weed canopy. With this transition
from control to an integrated system, the ability
of the segetal flora to form localised clusters,
maintain a more continuous cover and sustain

Scientific Reports of the National University of Life and Environmental Sciences of Ukraine. 2026. Vol. 22, No. 4

163



164

Integrated strategies for controlling segetal flora...

the previous intensity of competitive pressure
on crop plants was weakened. The Shannon in-
dex confirmed that the changes concerned not
only the number of species but also the even-
ness of their distribution within the communi-
ty. Its value decreased progressively from 2.31
in the control to 1.36 in the integrated system,
whilst the standard treatment, active ingredient
rotation treatment and the herbicide + agronom-
ic practices treatment occupied intermediate po-
sitions in the overall series. This indicated that,
as the intensity of control increased, the floris-
tic structure became not only poorer in species

composition but also less even in terms of the
internal proportions of its components. Thus,
all five treatments exhibited a sequential dy-
namic in which the control treatment retained
the most diverse and structurally complex weed
community, the standard and active ingredient
rotation treatments resulted in an intermediate
restructuring, the herbicide + agronomic practic-
es treatment further restricted the weed com-
ponent, whilst the integrated system resulted in
the most pronounced reduction in species com-
position, the dominant core, density and diversi-
ty of the segetal flora (Table 1).

Table 1. Floristic composition of the segetal flora in a cereal agrocenosis

Standard | Active Ingredient | Herbicide+ | Integrated System
Control Treatment Rotation +Agronomic | (pendimethalin +
Indicator (without | (tribenuron- | (pendimethalin; | Practices +diflufenican;
herbicides) | methyl + pyroxulam+ | (pinoxaden+ pyroxulam +
+florasulam) |  +fluroxypyr) | +fluroxypyr) +fluroxypyr)
Total number of segetal
flora species, species 15 11 B 8 6
Number of dominant
species, species 5 4 3 3 2
Proportion of annual
dicotyledonous species, % 476 44.2 41.8 39.5 36.4
Proportion
of annual grass species, % 30.8 29.6 27.9 26.3 24.8
Proportion of perennial
root-sprout species, % 21.6 26.2 30.3 342 38.8
Weed density during the
crop’s tillering stage, 126.4 78.9 63.5 54.7 42.6
plants/m2
Shannon species diversity
index, units 2.31 1.94 1.73 1.58 1.36

Source: developed by the authors based on equations (1-5)

Thus, the floristic structure of the segetal
flora in the cereal agrocenosis changed simulta-
neously across four analytical parameters: total
species richness, composition of dominant spe-
cies, abundance, and the relationship between
diversity and evenness. The cumulative nature
of these changes gave rise to a different type of
weed community, characterised by a narrower
floristic base, a simplified internal organisation
and weaker structural cohesion between indi-
vidual components. Under these conditions, the

conditions for the multi-component recovery of
the segetal flora, the long-term maintenance of
coenotic tension and the sustained presence of
weeds within the crop throughout the growing
season were weakened.

Changes in multiple herbicide resistance
indicators reflected varying levels of effective-
ness among the control systems: ranging from
a less restricted development of resistant bi-
otypes in the control and standard treatment
to their more noticeable suppression under the
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active ingredient rotation treatment, the her-
bicide + agronomic practices treatment and the
integrated system. The most prevalent type of
resistance remained insensitivity to ALS inhib-
itors, the proportion of which decreased from
60.8% in the control to 36.1% in the integrat-
ed system, whilst the standard treatment, ac-
tive ingredient rotation treatment and herbi-
cide + agronomic practices treatment showed a
gradual transition along this spectrum. A simi-
lar trend was observed in the proportion of bio-
types resistant to acetyl-CoA carboxylase inhib-
itors: from 29.4% in the control to 16.8% in the
integrated system. These trends indicated that
the standard treatment only partially reduced
the resistant component, whilst the active in-
gredient rotation treatment and the “herbicide
+agronomic practices” treatment amplified this
effect, and the most pronounced reduction oc-
curred under the integrated system. Resistance
to synthetic auxins also decreased progressive-
ly across all five treatments: from 38.2% in the
control to 21.9% in the integrated system. This
indicator reflected the proportion of biotypes
that remained viable after exposure to herbi-
cides with an auxin-like mechanism of action,
i.e.it characterised yet another avenue of adap-
tation of the segetal flora to chemical pressure.
The standard treatment, active ingredient ro-
tation treatment and the herbicide + agronomic
practices treatment successively reduced the
prevalence of this group, but not as sharply as
the integrated system. Thus, a common pattern
was observed across the three main types of
resistance: their proportion was highest in the
control treatment and lowest in the integrated
system, whilst the other treatments showed a
gradual narrowing of the resistance spectrum
without a sharp break between the individual
components of the control system.

A separate section on multiple herbicide re-
sistance focused on biotypes capable of combin-
ing several resistance mechanisms. The propor-
tion of strains resistant to two modes of action
decreased from 25.7% in the control to 9.7%

Koberniuk et al.

in the integrated system, whilst the standard
treatment, active ingredient rotation treatment
and herbicide + agronomic practices treatment
formed a continuous range of changes between
them. The proportion of biotypes resistant to
three modes of action also decreased - from
10.2% to 2.8%. This figure should be interpret-
ed as the highest level of multiple herbicide
resistance, where the same biotype remained
insensitive simultaneously to ALS inhibitors,
acetyl-CoA carboxylase inhibitors and synthet-
ic auxins. In this sequence of comparisons, it is
evident that each subsequent control treatment
weakened the combined resistance; however,
the most significant reduction in the reserve for
multiple-pathway adaptation was observed only
under the integrated system. Post-treatment sur-
vival of resistant plants was 100% in the control
and decreased to 11.9% in the integrated system,
whilst the standard treatment, active ingredient
rotation treatment and the herbicide +agronom-
ic practices treatment consistently occupied in-
termediate positions. In the control treatment,
the post-treatment survival of resistant plants
corresponded to the background level of weed
component persistence in the absence of her-
bicidal intervention, whilst in the other control
systems this indicator decreased progressively.
The proportion of resistant biotypes in the total
weed biomass also varied progressively - from
52.4% in the control to 18.5% in the integrated
system. This indicator characterised not only the
numerical presence of resistant forms, but also
their actual contribution to the composition of
the weed community. Thus, a consistent pattern
was observed across all five treatments: the con-
trol retained the highest proportion of multiple
herbicide-resistant biotypes, whilst the standard
treatment and active ingredient rotation only
partially reduced this; the “herbicide + agronom-
ic practices” treatment further exacerbated this
limitation, whilst the integrated system was as-
sociated with the lowest values for the preva-
lence, survival and biomass contribution of re-
sistant biotypes (Table 2).
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Table 2. Level of multiple herbicide resistance in the weed component of the agrocenosis

Standard | Active ingredient | Herbicide+ | Integrated system
Control treatment rotation +agronomic (pendimethalin +
Indicator (without | (tribenuron- | (pendimethalin; practices +diflufenican;
herbicides) methyl + pyroxulam + (pinoxaden + pyroxulam +
+florasulam) + fluroxypyr) +fluroxypyr) + fluroxypyr)
Proportion of biotypes
resistant to ALS 60.8 58.3 49.7 44.6 36.1
inhibitors, %
Proportion of biotypes
resistant to ACCase 29.4 28.7 249 21.6 16.8
inhibitors, %
Proportion of biotypes
resistant to synthetic 38.2 36.5 31.8 27.3 21.9
auxins, %
Proportion of biotypes
resistant to two 25.7 24.8 19.6 15.4 9.7
modes of action, %
Proportion of biotypes
resistant to three 10.2 9.8 7.1 54 2.8
modes of action, %
Post-treatment
survival of resistant 100.0 42.6 28.3 21.7 11.9
plants, %
Proportion of resistant
biotypes in the total 52.4 47.9 38.6 29.8 18.5
weed biomass, %

Source: developed by the authors based on equations (6-7)

Consequently, the indicators of multiple her-
bicide resistance in the segetal flora changed si-
multaneously across four analytical parameters:
the prevalence of ALS-resistant biotypes, the
prevalence of forms with combined resistance,
the proportion of ACCase-resistant components,
and the level of post-treatment survival of resist-
ant plants. The cumulative nature of these chang-
es gave rise to a different type of resistance struc-
ture within the weed community, within which
the range of adaptive combinations narrowed,
the internal stability of the resistant portion of
the population weakened, and its ability to sus-
tain continuous self-renewal in the crop declined.
Under these conditions, opportunities for the ac-
cumulation of multiple-pathway adaptation, sta-
ble survival of post-treatment selection, and the
long-term maintenance of a stable presence of
resistant biotypes within the cereal agrocenosis
were reduced.

The coenotic indicators of the segetal flora
revealed consistent changes across the range
from the control to the integrated system,

including the standard treatment, active ingredi-
ent rotation treatment and the herbicide + agro-
nomic practices treatment. An initial reduction in
the dry weight of weeds occurred as early as the
transition from the control to the standard treat-
ment - from 188.6 to 109.4 g/m? - after which
the reduction continued in the active ingredient
rotation treatment and herbicide + agronomic
practices treatment, whilst in the integrated sys-
tem the figure reached its lowest level. A similar
trend was observed for fresh weight, which de-
creased from 308.7 in the standard treatment to
142.3 g/m? in the integrated system, whilst the
active ingredient rotation treatment and the her-
bicide + agronomic practices treatment formed a
gradual transition between these values. Conse-
quently, the changes affected not only the struc-
tural dry matter but also the total volume of weed
biomass in the crop. The spatial characteristics of
the weed layer also changed in stages. Weed pro-
jective cover in the control and standard treat-
ments decreased from 43.7% to 26.8%, and con-
tinued to decline in the active ingredient rotation
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treatment and the herbicide +agronomic practices
treatment, reaching a minimum in the integrated
system. The average height of the weed canopy
decreased from 24.1 to 20.3 cm during the transi-
tion from the active ingredient rotation treatment
to the herbicide + agronomic practices treatment,
after which the weed canopy lost even more of
its vertical height in the integrated system. This
indicated that the standard treatment primarily
limited the area of weed spread, whilst the sub-
sequent treatments increasingly weakened both
the horizontal and vertical development of the
weed canopy.

The light and water aspects of competition
also revealed a stepwise dynamic across all treat-
ments. The proportion of PAR intercepted de-
creased from 21.9% in the control to 8.7% in the
integrated system, whilst the active ingredient
rotation treatment and the herbicide + agronomic
practices treatment occupied intermediate posi-
tions between them. Losses of available soil mois-
ture in the 0-20 cm layer decreased from 24.6 to
12.9 mm when moving from the control to the
active ingredient rotation treatment, whilst in the
herbicide + agronomic practices and integrated
systems, they decreased even more sharply. This
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sequence indicated that the reduction in weed
pressure was manifested not only in less shading
of the crop but also in a gradual reduction in the
drying out of the root zone. These changes were
comprehensively reflected in the coenotic stress
coefficient, which decreased from 0.76 to 0.34 in
the control and the ‘herbicide + agronomic prac-
tices’ treatment, whilst reaching an even lower
value in the integrated system. Thus, the standard
treatment, active ingredient rotation treatment,
the herbicide + agronomic practices treatment,
and the integrated system did not result in sep-
arate, isolated states, but rather a sequential se-
ries of reductions in the coenotic activity of the
segetal flora. Within this sequence, the control
treatment maintained the highest values for dry
and fresh weight, weed projective cover, canopy
height, interception of photosynthetically ac-
tive radiation, losses of available soil moisture
and the coenotic stress coefficient; the standard
treatment provided the first significant reduction;
active ingredient rotation further intensified this
reduction; the “herbicide + agronomic practices”
treatment further reduced the weed component,
whilst the integrated system resulted in the low-
est level of coenotic load in the crop (Table 3).

Table 3. Coenotic indicators of the segetal flora in cereal crops

Standard | Active Ingredient | Herbicide+ | Integrated System
Control Treatment Rotation +Agronomic | (pendimethalin+
Indicator (without | (tribenuron- | (pendimethalin; Practices +diflufenican;
herbicides) | methyl+ pyroxulam + (pinoxaden + pyroxulam +
+florasulam) + fluroxypyr) + fluroxypyr) + fluroxypyr)
Dry weight of weeds,
g/m? 188.6 109.4 86.2 67.8 49.5
Fresh We‘g/fr‘;ff weeds, | 5149 308.7 249.6 196.4 142.3
Weed projective cover, % 43.7 26.8 21.4 16.2 10.8
Average height of the
weed layer, cm 39.4 28.6 241 20.3 16.8
Proportion of PAR
intercepted by weeds, % 35.2 21.9 17.6 134 8.7
Losses of available soil
moisture in the 0-20 cm
layer due to competition 24.6 15.8 12.9 9.7 6.4
from weeds, mm
Coefficient
of coenotic stress, units 0.76 0.51 0.43 0.34 0.23

Source: developed by the authors based on equations (8-9)
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Consequently, the coenotic organisation of
the segetal flora in cereal crops underwent si-
multaneous changes across four analytical pa-
rameters: dry matter accumulation, spatial cover,
contribution to the interception of photosyn-
thetically active radiation, and integral coenotic
stress. The combined effect of these shifts result-
ed in a different type of weed component pres-
ence within the agrocenosis, characterised by
lower spatial connectivity, weaker involvement
in the redistribution of light and trophic resourc-
es, and a reduced ability to maintain sustained
competitive pressure on cultivated plants. Under
these conditions, the segetal flora lost some of
the mechanisms that ensured its stable reten-
tion within the crop area, the consistent accu-
mulation of phytomass, and the preservation of
a functionally intact weed layer throughout the
growing season.

The reproductive indicators of the seg-
etal flora reflected differences in the quantity
of weeds capable of seed production, as well
as in the characteristics of the seed produced
and the soil seed bank. The number of gen-
erative plants differed most significantly be-
tween the control and the standard treatment:
in the herbicide-free treatment, it amounted to
37.8 plants/m2, whereas after the application of
tribenuron-methyl with florasulam, it decreased
to 22.4 plants/m2. In the active ingredient ro-
tation treatment, the herbicide + agronomic
practices treatment and the integrated system,
the proportion of plants completing their devel-
opment with a generative phase subsequently
decreased. Individual seed productivity also
varied depending on the control system. Un-
der the standard treatment, a single generative
plant produced an average of 296 seeds, where-
as in the active ingredient rotation treatment,
the figure was 231 seeds. This indicated that
the active ingredient rotation limited not only
the number of generative plants but also the
productivity of plants that completed their full
life cycle. In the herbicide + agronomic practices
treatment and the integrated system, individual

seed productivity remained lower than under
less intensive control schemes. The seed pro-
ductivity of the segetal flora was determined
by a combination of the number of generative
plants and the average seed production per in-
dividual. In the control treatment, it amounted
to 15.8 thousand seeds/m2, whereas under the
herbicide + agronomic practices treatment it fell
to 3.8 thousand seeds/m2. Consequently, even
the preservation of a portion of the generative
plants did not maintain the previous level of
seed replenishment, as their individual produc-
tivity simultaneously decreased. The weight of
1,000 seeds of dominant weeds characterised
the physical parameters of the diaspores. Under
the active ingredient rotation treatment, it was
1.58 g, and under the integrated system, 1.27 g.
This ratio indicated that, under a more compre-
hensive control regime, not only did the volume
of the seed flow change, but so did the size and
mass characteristics of the seeds produce.

The proportion of viable seeds in the soil
seed bank also depended on the treatment. Un-
der the standard treatment, it stood at 56.7%,
whereas in the herbicide + agronomic practic-
es treatment it fell to 41.3%. This meant that
it was not only the number of seeds entering
the soil that changed, but also the proportion
of material capable of participating in the next
regeneration cycle. The density of the soil seed
bankin the 0-10 cm layer reflected the accumu-
lated reproductive reserve. Under the standard
treatment, it amounted to 17.8 thousand seeds/
m2, whilst under the integrated system it was
8.6 thousand seeds/m2. The potential number of
seedlings in the following season varied in line
with this reserve: under the active ingredient
rotation treatment, it was 46.5 plants/m2, whilst
under the integrated system it was 24.1 plants/
m2. Overall, the results showed that the control
systems influenced the reproductive poten-
tial of the segetal flora through the number of
generative plants, seed yield, seed weight, seed
viability, soil seed bank and expected weed re-
growth (Table 4).
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Table 4. Reproductive parameters of the segetal flora under different control systems
Standard | Active Ingredient | Herbicide+ | Integrated System

Control Treatment Rotation +Agronomic | (pendimethalin+
Indicator (without | (tribenuron- | (pendimethalin; | practices +diflufenican;
herbicides) | methyl+ pyroxulam+ | (pinoxaden+ pyroxulam +
+florasulam) |  +fluroxypyr) | +fluroxypyr) +fluroxypyr)
Number of generative
weed plants, plants/m? 37.8 22.4 17.3 12.6 8.1
Average number 418 296 231 176 119

of seeds per plant, seeds

Seed productivity
of the segetal flora, 15.8 8.7 5.9 3.8 1.9
thousand seeds/m?
Mass of 1,000 seeds
of dominant weeds, g
Proportion of viable seeds 69.4
in the soil seed bank, % :
Seed density in the soil
profile in the 0-10 cm layer, 23.4 17.8 14.1 11.2 8.6
thousand seeds/m?
Potential number of
seedlings from the soil
seed bank in the next
season, plants/m2

Source: derived by the authors based on formula (10)

1.86 1.71 1.58 1.43 1.27

56.7 48.9 41.3 33.6

84.6 58.3 46.5 35.7 241

Consequently, the reproductive system of The development of grain crop yield was in-
the segetal flora underwent restructuring si-  fluenced by simultaneous changes in plant den-
multaneously at several levels: in terms of the  sity, ear parameters, grain filling and the extent
number of generative plants,individual seed pro-  to which yield potential was realised. The density
ductivity, the quality of the seeds produced, and  of the productive stem stand responded to the
their potential for subsequent dispersal. Taken  switch from the control treatment to the stand-
together, these changes gave rise to a different  ard treatment: in the herbicide-free treatment, it
type of reproduction within the weed compo-  stood at 426 stems/m2, whilst under the stand-
nent, characterised by lower seed production ard treatment with tribenuron-methyl and flora-
intensity, reduced consistency in the transition  sulam, it increased to 468 stems/m2. The active
from the generative phase to a new germina-  ingredient rotation, the herbicide + agronomic
tion cycle, and more limited opportunities for  practices treatment, and the integrated system
the long-term self-sustainment of the segetal further enhanced the contribution of surviving
flora within the cereal agrocenosis. At the same  shoots to the formation of the productive tier.
time, the changes affected not only individual  The number of grains per ear varied not only as
reproductive indicators but also the sequence of  a result of higher stem density but also due to
relationships between them, as the reduction in ~ the more complete progression through the gen-
generative activity, the decrease in seed produc-  erative phases. In the active ingredient rotation
tivity and the limitation on the utilisation of the  treatment, the number of grains per ear was 29.4,
soil seed bank weakened the continuity of weed  whilst in the herbicide + agronomic practices
layer regeneration. Under these conditions, the  treatment it was 30.7. Compared with the stand-
reproductive cycle of the segetal flora lost some  ard treatment, these treatments had a higher
of its internal integrity, and the reproduction of = number of formed grains, whilst the integrated
the weed component became less stable interms  system was characterised by the fullest utilisa-
of both time and population. tion of the reproductive elements of the ear. The
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grain weight per ear reflected a combination of
grain number and filling intensity. Under standard
treatment, this figure stood at 1.06 g, whilst under
the integrated system it rose to 1.27 g. The active
ingredient rotation and the herbicide +agronomic
practices treatment demonstrated a higher grain
weight per year compared with the standard, indi-
cating a more complete production process at the
level of the individual ear.

The weight of 1,000 grains was used to
characterise the quality of the crop and the de-
gree of grain filling. In the control treatment, this
was 39.6 g, whilst in the treatment involving the
active ingredient rotation, it increased to 43.1 g.
Following the introduction of the agronomic
component, this indicator approached the level
of the integrated system, indicating a gradual
increase in grain filling as competition from seg-
etal flora decreased. Biological grain yield sum-
marised the changes in all structural elements
of productivity. Under the standard treatment, it
stood at 5.02 t/ha, whilst in the herbicide + ag-
ronomic practices treatment, it was 5.78 t/
ha. Active ingredient rotation yielded a higher

yield compared with the baseline herbicide-only
treatment, whilst the integrated system com-
bined the highest density of productive stems,
grain set and grain weight. The yield gain rela-
tive to the control demonstrated the proportion
of the crop that was preserved through weed
management. With the active ingredient rota-
tion, the yield gain was 1.35 t/ha, whilst with the
integrated system it was 2.06 t/ha. The standard
treatment and the herbicide + agronomic prac-
tices treatment differed in terms of yield gain, as
the latter combined chemical control with a fur-
ther reduction in competitive pressure. The real-
isation of yield potential varied in line with the
accumulation of advantages in the productivity
structure. In the standard treatment, this reached
71.7%, whilst under the herbicide + agronomic
practices treatment it reached 82.6%. Active in-
gredient rotation brought the crop closer to fully
utilising its yield potential, whilst the integrated
system completed this process through the si-
multaneous increase in productive stem number,
grain number per ear, grain weight per ear and
biological grain yield (Table 5).

Table 5. Grain crop yield under different control systems

Standard | Active Ingredient | Herbicide+ | Integrated System
Control Treatment Rotation +Agronomic | (pendimethalin +
Indicator (without | (tribenuron- | (pendimethalin; | practices +diflufenican;
herbicides) | methyl+ pyroxulam + (pinoxaden + pyroxulam +
+florasulam) |  +fluroxypyr) | +fluroxypyr) + fluroxypyr)
Density of productive
stems, plants/mz 426 468 482 497 514
Number of grains per ear,
grains 24.8 27.9 29.4 30.7 321
Grain weight per ear, g 0.92 1.06 1.14 1.19 1.27
Weight of 1,000 grains, g 39.6 41.8 43.1 44.0 45.2
Biological grain yield, t/ha 4.08 5.02 5.43 5.78 6.14
Yield gain relative
to the control, t/ha 0.00 0.94 1.35 1.70 2.06
Yield potential realisation, % 58.3 71.7 77.6 82.6 87.7

Source: developed by the authors based on equations (11-13)

Consequently, the productivity of the cereal
crop was restructured simultaneously across four
analytical parameters: productive stem densi-
ty, grain number per ear, thousand-grain weight
and biological grain yield. The combined effect of

these changes gave rise to a different pattern of
yield potential realisation, characterised by fuller
utilisation of the sown area, closer coordination
between the individual structural elements of the
yield, and greater completeness of the production
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process from stem formation to grain filling. At
the same time, the dependence of the final re-
sult on the compensatory role of individual plants
decreased, as the main burden of yield formation
shifted to a more uniformly functioning crop com-
munity. Under this arrangement, the productive
process relied not on the local strengthening of
individual components, but on a more balanced
interaction between plant density, the generative
development of the ear and the accumulation of
grain mass, which ensured a more stable yield
formation across the sown area.

Discussion

The findings demonstrated that the integrated
system had an impact on both the internal struc-
ture of the segetal flora and the overall degree
of weed infestation. A decline in the quantity of
species, a reduction in the quantity of dominant
species, lower weed density and a change in the
Shannon index indicated a restructuring of the
community from a multi-component model to a
simpler structure with a narrower range of eco-
logical niches. This transformation was accompa-
nied by a weakening of the spatial connectivity
of the weed layer and a reduction in the ability
of the segetal flora to sustain long-term self-re-
generation within the crop. Results on multiple
herbicide resistance also showed that different
control systems led to varying selection pressures
within weed populations. The high proportion of
ALS-resistant biotypes in the control treatment
and the noticeable presence of forms resistant
to two modes of action indicated an already es-
tablished adaptive pool capable of sustaining
the recovery of the weed component following
herbicide application. The reduction in the pro-
portion of ACCase-resistant biotypes and in the
post-treatment survival of resistant plants under
the integrated system indicated a limitation not
only on the current presence of resistant forms
but also on their subsequent establishment with-
in the agrocenosis.

Within the framework of agronomic com-
binations of control methods, the studies by
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R.P. Dubey et al. (2023) and M.N. Khasraw et
al. (2023) focused on integrated weed man-
agement through a combination of herbicidal
and non-chemical approaches. In the study by
R.P.Dubey et al., weed control in millet crops was
examined in terms of critical periods of competi-
tion, mechanical cultivation and the combination
of management strategies, which made it pos-
sible to link the effectiveness of control to the
spatial and temporal limitation of the weed com-
ponent. In the study by M.N. Khasraw et al., sow-
ing dates, seed rates and herbicide control for
wheat were interpreted as elements of a unified
system aimed at reducing weed biomass and
maintaining yield. The present study expanded
on this logic, as the assessment covered not only
the overall reduction in weed infestation but also
changes in floristic structure, coenotic pressure,
multiple herbicide resistance, reproductive re-
serve and the crop’s productive response. This
was confirmed by a reduction in weed density
from 126.4 to 42.6 plants/m? and an increase in
biological grain yield from 4.08 to 6.14 t/ha. It
was precisely this approach that made it possible
to trace how the integrated system influenced
not only the current weed population but also
the mechanisms of their subsequent self-sus-
tainment within the agrocenosis.

In the context of herbicide use and the search
for alternative solutions, the work of T.K. Das et
al. (2024) and B.A.Khan et al. (2024) focused pri-
marily on assessing the efficacy of herbicides,
their environmental risks and their technological
prospects. In the study by T.K. Das et al. herbicide
protection was examined in terms of the balance
between agronomic benefits, economic outcomes
and potential impacts on non-target compo-
nents of the agroecosystem. In the publication
by B.A. Khan et al. nanoherbicides were treated
as one of the approaches to improving the pre-
cision of pesticide application and reducing the
use of active ingredient in wheat crops. Against
this background, the present study had a clear-
er field-based focus, as the resistant component
was assessed not as a general technical problem,
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but as part of the actual structure of the segetal
flora. This was confirmed by a reduction in the
proportion of biotypes resistant to ALS inhibi-
tors from 60.8% to 36.1% and a decrease in the
post-treatment survival rate of resistant plants
from 100% to 11.9%. This approach made it pos-
sible to link herbicide load not only to control
efficacy but also to changes in the coenotic role
of resistant biotypes, their contribution to weed
biomass and subsequent reproductive recovery
within the agrocenosis.

In the field of sustainable and resistance-ori-
ented weed management, the work of T.D. Xuan
et al. (2025) and J.K. Soni et al. (2023) addressed
either general strategies for sustainable weed
management or the history of resistance devel-
opment in a specific problematic species. The pa-
per by T.D. Xuan et al. summarised conventional
and “smart” approaches to weed control within a
sustainable production system, with an empha-
sis on the integration of mechanical, cultural and
digital tools. The paper by J.K. Soni et al. exam-
ined the evolution, current status and methods
of controlling herbicide-resistant Phalaris minor.
This study proved to be broader in scope, as re-
sistance was not confined to a single species or
a narrow conceptual framework, but was consid-
ered as part of the overall restructuring of the
cereal agrocenosis. Alongside multiple herbi-
cide resistance, the study analysed the floristic
structure, coenotic indicators, reproductive traits
and crop productivity parameters. This approach
demonstrated how integrated control altered not
only the presence of resistant forms, but also the
conditions for their long-term persistence, spa-
tial distribution and involvement in the subse-
quent weed cycle.

In the context of herbicide-free and mod-
el-based approaches, the work of D.J. Bloomer et
al. (2024) and M. Renton et al. (2024) focused
on finding ways to reduce selection pressure on
weed populations, but approached the problem
from different angles. D.J. Bloomer et al. examined
robotic systems and pulsed micro-electrical treat-
ments as tools for the direct physical removal of

weeds in vegetable and field crops in New Zea-
land. M. Renton et al. focused on herbicide mix-
tures which, under simulated conditions, slowed
the development of monogenic and polygenic re-
sistance more effectively than crop rotation or the
application of individual active ingredients. Con-
sequently, in the work by DJ. Bloomer et al., the
emphasis was on the technological replacement
of part of chemical control, whereas in the work
by M. Renton et al., it was on predicting the evo-
lutionary response of weeds to various herbicide
treatment regimens. In the present study, these
approaches were combined at the level of the
field agrocenosis: the integrated system was
evaluated not only in terms of suppressing the
resistant component, but also in terms of chang-
es in coenotic activity, reproductive reserve and
crop productivity. This was confirmed by a reduc-
tion in weed dry matter from 188.6 to 49.5 g/m?2
and a decrease in soil seed bank density from
234 to 8.6 thousand seeds/m2. This approach
made it possible to demonstrate not an isolated
technological or model-based advantage, but the
field results of integrated weed control, in which
weed suppression was combined with a reduction
in their future regrowth.

Within the framework of the cultural and
mechanical components of integrated weed man-
agement, the papers by K.R. Grint et al. (2022)
and PJ. Kanatas & |. Gazoulis (2022) examined
methods of reducing weed pressure through cov-
er crops, increased sowing rates, inter-row culti-
vation and the combination of these techniques
with herbicides. K.R. Grint et al. found that rye,
used as a cover crop and destroyed at the time of
sowing the main crop, reduced early-season weed
density and biomass in a no-till system. PJ. Kana-
tas & I. Gazoulis demonstrated that increased
sowing rates, mechanical control and herbicide
application in chickpeas altered the weed com-
position and were accompanied by higher yields.
Compared with these approaches, in this study,
cultural and herbicidal measures were associat-
ed not only with a reduction in weed infestation
but also with a more profound restructuring of
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the weed system: this included a reduction in the
species core, a narrowing of spatial coverage, a
restriction on seed renewal, and a lower contri-
bution of resistant biotypes to the maintenance
of the agrocenosis.

In the context of pesticide-free systems and
production constraints, the studies by M. Saile et
al. (2023) and S.T. McDonald et al. (2023) focused
on the practical difficulties of weed control in
modern agriculture. M. Saile et al. investigated
Weed management in an organic agricultural sys-
tem with mineral fertilizers, linking this issue to
the environmental consequences of pesticide use,
the risk of residues in produce, and the spread of
resistant biotypes. S.T. McDonald et al., based on
a survey in Nebraska, summarised the farmers’
perspective on weed problems, available control
methods and constraints that determined the
choice of practical solutions on farms. What these
studies had in common was that weeds were
viewed not as a separate phytosanitary factor, but
as a problem linked to technological, environ-
mental and production constraints. At the same
time, the difference lay in the fact that M. Saile et
al. analysed control options under pesticide-free
conditions, whilst S.T. McDonald et al. document-
ed practical barriers and solutions shaped by
farmers’ production experience. Against this back-
ground, the present study focused on the prob-
lem within the context of a cereal agrocenosis,
where not only general weed suppression was
observed, but also changes in floristic structure,
coenotic tension, reproductive renewal and mul-
tiple herbicide resistance. This was confirmed by
a reduction in the number of dominant species
from 5 to 2 and a decrease in weed cover from
43.7% to 10.8%. This approach made it possible
to link the phytosanitary status of the crop to its
productive response, rather than limiting the dis-
cussion solely to technical difficulties or produc-
tion-based assessments of control systems.

As part of the analysis of species-specific
weed infestation and timing of intervention, the
studies by A. Raza et al. (2023) examined the
ecological characteristics of specific problematic
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weeds and methods for controlling them in field
crops. A. Raza et al. focused on the bioecology of
Chenopodium murale and approaches to its con-
trol in Asian agroecosystems, that is, at the level
of the individual species, its adaptive traits and its
ability to persist in crop fields. In terms of herbi-
cidal efficacy and the global spread of resistance,
the work of P.E. Hulme (2022) and M.S. Kalyani et
al. (2024) have been associated with different
scales of analysis - ranging from individual active
ingredients to global patterns of herbicide-resist-
ant weed development in cereal crops. M.S. Kaly-
ani et al. assessed the biological efficacy of new
herbicidal molecules in leguminous crops, where
the primary focus was on weed suppression as
the agronomic outcome of product application.
PE. Hulme summarised the factors determining
the species richness of herbicide-resistant weeds
in the world’s major cereal crops, that is, at the
level of large-scale spatial and production pat-
terns. In this study, both approaches were com-
bined in a field experiment through the analysis
not only of weed control but also of the multiple
herbicide-resistant fraction of the population.
The study covered the prevalence of resistance
to ALS inhibitors, the presence of biotypes with
combined resistance to several modes of action,
changes in the proportion of the ACCase-resist-
ant component, and limitations on the post-treat-
ment persistence of resistant plants. Through this
approach, herbicidal efficacy was considered in
conjunction with the population structure of the
weeds, rather than in isolation from it.

In terms of production decisions and cultur-
al control measures, the studies by M. Espig et
al. (2022) and A. Kumari et al. (2023) focused
on farmers’ behaviour regarding herbicide use
and on the role of cover crops in reducing weed
pressure. M. Espig et al. analysed the factors de-
termining the intensity of herbicide application
on arable land in New Zealand and linked this
to a shift towards a more integrated approach to
weed management. A. Kumari et al. investigated
how a rye cover crop altered the critical period
for weed control in soya, i.e., how the cover crop
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component influenced the temporal pattern of
competition. In this study, a similar concept of
reducing reliance on herbicides was implement-
ed through a combination of increased sowing
rates, mechanical suppression and various her-
bicide strategies in winter wheat crops. The as-
sessment covered not only the temporal limits of
weed pressure, but also the dry and fresh weight
of weeds, projective cover, interception of pho-
tosynthetically active radiation, reproductive re-
newal of the segetal flora, and yield formation
parameters. This approach made it possible to
demonstrate how a change in the management
regime simultaneously affected both the coenot-
ic activity of weeds and crop productivity. The
results obtained showed that integrated control
of the segetal flora altered both the degree of
weed proliferation and the floristic composition,
the coenotic activity, reproductive renewal and
the multiple herbicide-resistant component of
the weed community, accompanied by better re-
alisation of the cereal crop’s productive potential.

Conclusions
The study compared five systems for controlling
segetal flora in a cereal agrocenosis. The level of
multiple herbicide resistance also depended on
the control system: under the standard treatment,
the number of species decreased to 11; under the
active ingredient rotation treatment, to 9; under
the herbicide + agronomic practices treatment, to
8; and under the integrated system, to 6. In the
control treatment, the proportion of biotypes
resistant to ALS inhibitors was 60.8%; under
the standard treatment, it was 58.3%; under the
active ingredient rotation treatment, 49.7%; in
the herbicide + agronomic practices treatment -
44.6%, and under the integrated system - 36.1%.
The post-treatment survival rate of resistant
plants varied most significantly following the
transition from the control to the herbicide treat-
ments: from 100% in the control to 42.6% under
the standard treatment, 28.3% under the active
ingredient rotation treatment, 21.7% under the
herbicide + agronomic practices treatment, and

11.9% under the integrated system. The coenot-
ic indicators confirmed a weakening of the com-
petitive role of the weed layer. The dry weight of
weeds was 188.6 g/m? in the control, 109.4 g un-
der the standard treatment, 86.2 g under active
ingredient rotation, 67.8 g in the herbicide +agro-
nomic practices treatment and 49.5 g under the
integrated system. Weed cover decreased from
43.7% to 10.8%, whilst the coenotic stress coef-
ficient fell from 0.76 to 0.23. At the same time,
the height of the weed canopy, the interception
of photosynthetically active radiation and losses
of available soil moisture were reduced. The re-
productive potential of the segetal flora was also
reduced. Seed yield stood at 15.8 thousand seeds
per square metre in the control plot, 8.7 thousand
under the standard treatment, 5.9 thousand un-
der the active ingredient rotation treatment, 3.8
thousand in the herbicide + agronomic practices
treatment and 1.9 thousand under the integrat-
ed system. The potential number of seedlings
emerging from the soil seed bank decreased from
84.6 to 24.1 plants/m2. The yield of the cereal
crop showed the opposite trend. biological grain
yield increased from 4.08 tonnes per hectare in
the control to 5.02 t under the standard treat-
ment, 5.43 t under the active ingredient rotation
treatment, 5.78 t under the herbicide + agronomic
practices treatment and 6.14 t under the integrat-
ed system. Yield potential realisation increased
from 58.3% to 87.7%. Consequently, the integrat-
ed system proved to be the most effective, as it
simultaneously limited the floristic, resistant,
coenotic and reproductive recovery of the segetal
flora and ensured the best yield response from
the cereal crop. The constraints of the research
were rooted in the circumstance that the field ex-
periment was conducted within a single region, a
single growing season and a single cereal crop,
which restricted the possibility of broader extrap-
olation of the results.

Further research should focus on long-term
testing of integrated systems under various soil
and climatic conditions, for different crops, and
with an in-depth analysis of the mechanisms
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underlying the development of multiple herbi- Funding
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AHoTauif. MeTolo pocnigxkeHHs 6yn0 BCTAHOBUTU BMMB MOEAHAHHS repOilUMAHMX i arpoTeXHiYHMX
NPUIAOMIB Ha CTPYKTYpy cereTasbHOi (opu, MOLWMPEHHS CTiKMX 6ioTMNIB | MPOAYKTUBHICTb
3€pHOBOrO arpoueHo3y. Y poboTi 3aCTocyBanu MosboBi, Barosi, MOPPOMETPUYHI, FPYHTOBO-aHaNITUYHI
Ta pO3paxyHKOBi MeToAM 3i CTaTUCTMYHOK O06pOOKOK pe3ynbTaTiB. BCTaHOBNEHO, WO MOPiBHAHHSA
N'ATM BapiaHTiB KOHTPOMIO MOKa3ano pi3HWi CTyniHb nepebynoBu OGyp’SSHOBOrO YrpyrnoBaHHA — Bif
Heobpo61eHOro KOHTPOO A0 CTaHAAPTHOI CXEMMU, POTaLLii Ail0UYMX PEYOBUH, repbiLMaHO-arpoTeEXHIYHOro
BapiaHTa Ta iHTErpoBaHOi CUCTEMMU. 3aranbHa KinbKicTb BUAIB 3MeHWwyBanacs 3 15 y koHTponi go 11 3a
CTaHOAPTHOI cxemu, 9 3a poTauii, 8 3a noeaHaHHs repbiunay 3 arpoTexHikow Ta 6 3a iHTErpoBaHOro
KOHTpOAt0. KiNbKiCTb 4OMIHAHTHMX BUAIB CKOPOTMACA 3 5 00 2, @ WinbHiCTb BYp’sHIB Y Pa3y KyLWEeHHS —
3i 126,4 po 42,6 wr./m2. IHpekc LUeHHoHa 3HuxyBaBcs Big 2,31 po 1,36, wo Bigobpaxano 3MiHy
pi3HOPIAHOCTI (BNOPUCTUYHOI CTPYKTYpW. Y 610Li MYNbTMPE3UCTEHTHOCTI CTAaHAAPTHA CXema uwe
4yacTkoBO 0b6MexyBana CTiiki 6ioTunu, poTauia nocuntoBana uen edekT, a repbiunaHO-arpoTexXHiYHUM
Ta iIHTErpoBaHWM BapiaHTV 3MEHLYBAM iXHIO y4acTb Yy CTPYKTYypi Byp’aHoBOi 6iomacu. Yactka GioTmnis,
CTIKMX [0 iHribiTOpiB aLeTonakraTCcMHTasM, 3MeHwwunaca 3 60,8 % po 36,1 %, a nicnsobpobHa
BMXXMBAHICTb pe3nCTeHTHUX pocinH — 3i 100 % po 11,9 %. PenpoaykTuBHMIA BNOK XapakTepM3yBaBCa
CKOPOYEHHAM HaCiHHEBOI MpoayKTMBHOCTI 3 15,8 0o 1,9 TMC. HACiHWH/M? | 3MEHLIEHHAM MOTEHLIAHOT
KiNIbKOCTi CXOAiB i3 'pyHTOBOro 6aHKy 3 84,6 0o 24,1 wT./M2. Ha uboMy Tni BpOXKaiHa peakLis KynbTypu
NOCK/OBANACS Bif CTaHAAPTHOI CXEMM A0 poTaLii, repbiLMaHO-arpOTEXHIYHOMO BapiaHTa Ta iHTErpoBaHOI
cucTemu: BionoriyHa BpOXKaMHiCTb 3epHa nigsuwmnacs 3 4,08 po 6,14 1/ra, a peanizauis noteHuiany
BpoXanHocTi — 3 58,3 % po 87,7 %. MNpakTMUHa LiHHICTb AOCNILXKEHHS NONSTA€E Y BUKOPUCTAHHI MOro
pe3ynbTaTiB arpoHOMamu, (epMepCcbKUMM FOCMOAAPCTBAMU Ta BUPOOGHMKAMM 3epHa B TEXHOMOTifX
BMPOLLYBAHHS 3€pHOBMX KY/bTYP i CXEMAX KOHTPONO Byp’aHiB

KniouoBi cnoBa: nicnsobpobHa BMXMBAHICTb; BYpsIHOBE YrpyrnoBaHHS; YacTka 6ioTunie; LEHOTMYHA
Hanpyra; 6ionoriyHa BpoXarHicTb
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