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INTRODUCTION

Maize (Zea mays L.) is a crucial crop in agricultural pro-
duction, occupying a substantial portion of cultivated
land globally, including in Ukraine. The substantial out-
put and many applications of these crops render them
essential for food and feed security. O. Erenstein et
al. (2021) emphasised that maize production encoun-
ters various obstacles, with crop weediness being one
of the most significant. Weeds compete for essential
resources - water, nutrients, and light - which can sig-
nificantly reduce yield. O. Skydan et al. (2022) noted
that widespread ways to control weeds, especially the
use of herbicides, have many downsides, like creating
weed species that do not die from these chemicals,
harming the soil and environment, and being very
costly. Therefore, it is imperative to ascertain alterna-
tive weed management practices that are ecologically
sustainable and economically feasible. E. Radicetti and
R. Mancinelli (2021) and A. Boutagayout et al. (2025)
emphasised that agroecological approaches to weed
management are gaining prominence in modern agri-
culture. These methods integrate mechanical, biologi-
cal, and agrotechnical techniques to effectively reduce
crop weediness while minimising environmental harm.
Their application contributes to improved soil fertility,
the preservation of agroecosystems, and lower cultiva-
tion costs.

0. Orlov et al. (2021) emphasised that weeds that
are widely dominating crop fields typically require
analogous growth and development conditions as the
cultivated plants. Therefore, a comprehensive under-
standing of their adaptation strategies, typical respons-
es to agricultural practices, and pesticide applications
is essential for designing effective weed management
systems that minimise crop losses. Over the past two
decades, S. Fonteyne et al. (2022) observed significant
and rapid shifts in the factors influencing the spread of
weed species. These changes are largely driven by land
use planning, the spatial configuration of agricultural
zones, the introduction of short-rotation cropping sys-
tems, the adoption of minimal tillage practices, a re-
duction in technical interventions, and the limited use
of organic fertilisers.

T. Fedoniuk et al. (2025) noted that throughout the
last century, agricultural development has undergone
several transformative phases aimed at restructuring
land use practices. Although the government first ac-
knowledged the strategic significance of maize in crop
rotations in the early 1930s, large-scale expansion of
maize cultivation did not begin until the late 1950s.
This expansion coincided with debates between the
grassfield concept - focused on maintaining soil fer-
tility through perennial grasses — and the mineral con-
cept, which emphasised mineral fertilisers. Further-
more, T. Fedoniuk et al. (2024) mentioned that between
1980 and 1984, the increased farming of row crops like
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maize and the use of herbicides such as atrazine and
eradican in mineral oil emulsions caused major chang-
es in the types of weeds found in crop fields. S. Cord-
eau (2022) claimed that it is possible to manage weeds
effectively without chemical pesticides if a successful
combination of mechanical, cultural, and biotechnical
methods is used.

However, L. Schnee et al. (2023) warned that ex-
cessive tillage may facilitate the spread of perennial
weeds through vegetative reproduction. B. Thapa and
R. Dura (2024) noted that minimum tillage approach-
es, including no-till systems, minimise soil disturbance
but can lead to the accumulation of weed seeds near
the soil surface. Still, combining no-till practices with
mulching and the use of cover crops has proven ef-
fective in suppressing weed emergence and growth.
Furthermore, S. Liu et al. (2022) reported that dense
crop planting can markedly reduce weed pressure.
Densely sown maize forms a thick canopy that Llimits
light penetration on the soil surface, thereby inhibit-
ing weed germination and reducing competition for
resources during the early growth stages of the crop.
V. Mandi¢ et al. (2024) demonstrated that optimised
sowing densities of maize can play a crucial role in re-
ducing weed density, thereby lessening their negative
impact on crop productivity. However, the researchers
also warned that planting too many maize plants can
lead to competition among them, showing the signif-
icance of adhering to recommended planting rates to
effectively control weeds without hurting crop growth.
Thus, the purpose of the present study was to evalu-
ate how well different eco-friendly methods work for
controlling weeds in maize farming by combining var-
ious tillage systems, planting densities, and stopping
the use of chemical herbicides, while also consider-
ing their effects on plant growth, productivity, and the
overall farming environment.

MATERIALS AND METHODS

Experimental site and natural conditions. The exper-
imental plot was situated inside the broader experi-
mental field of Polissia National University (N 50°26’;
E 28°4) (Fig. 1). The site mostly consists of Gleic Albic
Luvisol, classified as Endoclayic, Cutanic, Differentic,
Katogleyic, and Ochric types according to IUSS Work-
ing Group WRB (2022).

The climate of the research region is described
as somewhat continental with humid conditions.
The average annual air temperature is roughly 7-8°C,
whereas the mean temperature in January is approxi-
mately 5°C. The summer temperature generally varies
between 18°C and 20°C. Annual precipitation varies
between 600 mm and 700 mm, primarily occurring in
the summer months. The relative humidity of the air is
significantly increased.
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Figure 1. Location of the study area
Source: generated in ArcGIS Pro software, digitised by the authors of this study based on factual field coordinates

Experimental design and arrangement. Analysis of
variance was employed to evaluate the effects of fac-
tors F1, F2, F3, and their interactions. The experiment
was performed in three replications to minimise exper-
imental error and improve the validity of the results.
A 1-hectare area was partitioned into 12 experimen-
tal plots, with each plot replicated three times (Fig. 2).
The study was conducted in 2023-2024. The research
employed a factorial experimental design that includ-
ed combinations of F1, F2, and F3. Each combination
of F1xF2xF3 was performed in triplicate. The study
investigated the impact of the following factors: F1 -
tillage systems: S1 - deep soil ploughing at 18-20 cm

(standard), S2 - soil disking at 10-12 cm (agroecologi-
cal strategies — AES), S3 - soil milling at 5-7 cm (AES);
F2 - sowing density: A1 - 1.1 sowing units per hectare
(standard); A2 - 1.3 sowing units per hectare (AES);
F3 - herbicide application: H1 - standard herbicide ap-
plication; H2 - herbicide non-application (AES).

Data were collected weekly from each source. Dur-
ing field research, the parameters of main crops, cereal
weeds, broadleaf, and short-leaved weeds were meas-
ured for height and density in each plot. The follow-up
study was conducted in 2023-2024. The predicted ex-
pected impacts of various agroecological strategies are
presented in Table 1.
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Figure 2. Experiment design

Source: compiled by the authors of this study
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Table 1. Logic of applying weeds management strategies

Version Impact of AE strategy
Standard maize seeding density when ploughing can help reduce competition for resources, but it also creates
S1H1A1 conditions for weed growth. In comparison with compacted crops, with a standard seeding density, plants are unable
S1H2A1  to quickly close the interrows, which allows weeds to actively develop. This reduces the effectiveness of weed control
and can also negatively affect yields due to lower seeding density.
The high density of maize sowing allows the plants to close the interrows faster, reducing the number of weeds. This
S1H1A2 . - . . ) o
S1H2A2 effectively limits the space for the development of weeds and increases the effectiveness of their control. The yield in
this case is usually greater due to less competition between plants and better development of the root system.
With medium seeding density and disking, maize will compete better with weeds, while the interrows will close faster.
S2H1A1 S . . . o -
SIHIAL This will increase the effectiveness of weed control and improve yields compared to low densities. However, in case of
heavy weeding, the efficiency of disking may not be sufficient for complete control over weeds.
High seeding density against the background of disking allows maximising the competitive ability of maize against
S2H1A2 . : . . . . .
weeds. Maize quickly closes the rows, reducing the risk of weeding. This leads to greater yields, as plants make better
S2H2A2 . - .
use of soil resources and have less competition with weeds.
With medium seeding density, maize can provide more effective weed control. Tilling promotes a more even
S3H1A1 distribution of seeds and improves the structure of the soil, which promotes better plant development. Yields at
S3H2A1 this seeding density are usually stable and optimal because there is less competition with weeds and maize makes
effective use of moisture and nutrients.
The high density of maize seeding during milling provides the best soil coverage and reduces weediness. Maize forms
S3H1A2 ST S . . . ; .
S3H2A2 a dense leaf cover, which significantly limits the access of weeds to light and nutrients. This leads to high yields, as

plants actively use resources and effectively compete with weeds.

Source: compiled by the authors of this study

Soil sample collection and physicochemical prop-
erty analysis. The study was executed using a mul-
ti-phase experimental methodology. The experimen-
tal design was first established, subsequently leading
to the evaluation of soil health, plant health,and weed
prevalence. A total of 108 soil samples were collected
and analysed at the Measurement Laboratory of PNU.
The soil health of the experimental plots was eval-
uated using standardised methods grounded in in-
ternationally acknowledged protocols. Soil sampling
was performed according to ISO 18400-201 (2017)
series standards, assuring uniformity in the selec-
tion, safety, and methodology of sample collection.
The granulometric composition was ascertained us-
ing the pipette method modified by N.A. Kaczynski,
following DSTU 4730:2007 (2008). Soil compaction
density and moisture content were assessed using the
ISO 11272:2017 (2002) standard and the thermostat-
ic-weight method, respectively. Organic matter, soil
organic carbon density (SOCDb), and carbon balance
(C:N ratio) were assessed using Tyurin’s approach as
modified by Simakov (DSTU 4289:2004, 2005). Supple-
mentary factors including pH, electrical conductivity,
accessible nitrogen, mobile phosphorus, potassium,

sodium adsorption ratio, and cation exchange capacity
were evaluated according to national and internation-
al standards pertinent to each indicator.

Weed accounting. Weed species and density were
assessed weekly in 36 experimental plots from May to
August 2024 according to the Handbook of Weed Man-
agement (2024). The current weediness of the crops
was assessed using route surveys conducted annually
during the emergence of all primary weed species. The
primary survey for grain crops occurs during the earing
period, while for row crops, it took place during their
vegetative growth. Concrete strategies for herbicide
application during the post-emergence phase were for-
mulated based on weed records collected in the spring
following the widespread emergence of seedlings. In
each crop rotation field or its segment covering up to
50 hectares, a minimum of 10 monitoring sites must
be established, each measuring 2-3 m? for perennial
weeds and 0.25-1 m? for most annual weeds. Approx-
imate accounting method: the density of weeds in the
field was evaluated using point scales (Table 2).

For convenience, the scale of projective weed cov-
erage of the soil surface was employed (in points and
percentages) (Fig. 3).

Table 2. Six-point scale for assessing soil covered by weeds

Grade Covering degree

Description

0 no weeds present

1 weeds present individually, with a covering density of around 0.1-3 weeds per 10 m?

2 up to 5% 3-5 weeds per m?

3 5-20% 5-15 weeds per m?, cultivated plants predominate over weeds

4 20-50% 20-30 weeds per m?, cultivated plants continue to prevail over weeds

5 50-70% the number of weeds is equal to or greater than the number of cultivated plants, the culture is under threat
6 75-100% persistent obstruction, weeds substantially dominate cultivated vegetation

25

Source: Determination of the actual weediness of crops (n.d.)
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Figure 3. Cubic scale for evaluating weediness based
on projected weed coverage of the soil surface (in points and percentages)
Note: a, b is the consistent distribution of weeds across the area;, c is the cellular coverage; d is the solid coverag

Source: Determination of the actual weediness of crops (n.d.)

The quantitative accounting method relies on enu-
merating the cultivated plants and weeds at the desig-
nated recording sites. Simultaneously, they use frames
of suitable dimensions. Upon enumerating the weeds

within the frames, the average quantity per frame and
per meter is calculated, alongside a proportion of the cul-
tivated plants, designated as 100%. The extent of crop
blockage is assessed using the designated scale (Table 3).

Table 3. Scale for determining the degree of weeding of crops

Number of weeds per 1m? Rating Degree of weeding
1-5 1 Very weak
6-15 2 Weak
16-50 3 Average
51-100 4 Strong
Over 100 5 Very strong

Source: Determination of the actual weediness of crops (n.d.)

The quantitative-weight accounting approach in-
volves enumerating the quantity of weeds by species
and their aggregate count, assessing their height, devel-
opmental stage, and biomass. All weeds are extracted
at the registration site, their roots severed and weighed,
thereafter dried to an air-dry condition and reweighed.
The Jaccard Index was employed to analyse biodiversity
data,whichquantifiesthesimilaritybetweentwosetsand
is widely used in ecology to evaluate species common-
ality across different areas and experimental conditions.

|ANB|
|auB|’

J(A,B) = 1)

where |ANB| is the number of species common to both

sites (variants); |[AUBJ is the total number of species oc-
curring in at least one of the sites.
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The index varied from 0 to 1, where 1.00 is com-
plete coincidence (species always occur together);
0.00 is no coincidence (species never occur together)

Statistical analysis methods. ANOVA and several
statistical methods were used to assess the influence of
pesticides and seeding density on weed density. Regres-
sion analysis was used to create models for predicting
maize development levels. Only factors that maintained
statistical significance post-correction were considered
credible. The study was conducted following the stand-
ards of the Convention on Biological Diversity (1992).

RESULTS AND DISCUSSION

Soil conditions. Before initiating the field experiment,
a thorough assessment of the site’s soil characteris-
tics was conducted using soil profile analysis and an




extensive review of physicochemical data. The soil was
categorised as light grey forest loamy medium loam
on loamy deposits, designated under the 1USS Working
Group WRB (2022) classification as Gleic Albic Luvisol
(Endoclayic, Cutanic, Differentic, Katogleyic, Ochric).
The soils of experimental plots S1,S2,and S3 exhibited
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a mildly acidic reaction (pH 4.53-4.71), characteristic of
podzolic or acidic soils. The organic carbon percentage
varied between 1.68% and 1.9%, signifying a moderate
supply of organic matter. The humus concentration was
at a moderate level (1.68-1.9%), indicating a moderate
buildup of humus (Table 4).

Table 4. Changes in agrochemical parameters depending on cultivation

AS S1 S2 S3

A Cv, % A Cv, % A Cv, %

pH sol.. of/pH 4.71+0.39 8.38 4.71+0.71 15.17 4.53+0.43 9.51

Organic carbon, % 0.97£0.3 31.17 1.1+0.3 27.41 1.03%0.32 31.05
Hummus, % 1.68+0.52 31.2 1.9+0.52 27.43 1.78+0.55 31.02

Alkaline hydrolysed nitrogen,mg/kg  75.64+14.4 19.04 77.05%+15.41 20 76.28+13.4 17.57
Mobile phosphorus, mg/kg 161.13+93.33 57.92 143.9+67.63 47 139.21£52.84 37.95
Exchangeable potassium, mg/kg 107.38+42.19 39.29 96.95+63.04 65.03 108.62+52.51 48.34
Iron content, mg/kg 5.04%2.52 49.99 9.3£11.63 125.08 6.92+4.82 69.69
Copper content, mg/kg 0.18+0.05 30.64 0.19+0.07 37.22 0.17+0.05 28.89
Zinc content, mg/kg 0.85+0.37 43.56 0.86+0.47 54.79 0.86+0.94 109.82
Hydrolytic value, mmol/100g 2.74%0.52 18.83 2.95+£1.04 35.11 3.27%0.76 23.17
Sum of absorbed bases, mmol/100g 5.73+1.98 3458 6.37+3.57 56.04 5.77+1.93 33.49
Degree of bases saturation, % 65.74+11 16.73 63.66+18.39 28.89 62.11+11.86 19.1

Source: compiled by the authors of this study

The alkaline hydrolysable nitrogen concentration
ranged within 75.64-77.05 mg/kg, reflecting a moder-
ate nitrogen supply. The available phosphorus varied
within 139.21-161.13 mg/kg, signifying a substan-
tial quantity of phosphorus feeding. The exchange-
able potassium concentration ranged within 96.95-
108.62 mg/kg, reflecting a medium-to-high potassium
availability. The micronutrient makeup included iron
at 5.04-9.3 mg/kg, copper at 0.17-0.19 mg/kg, and zinc
at 0.85-0.86 mg/kg. The maximum iron concentration
was recorded in plot S2. Hydrolytic acidity varied with-
in 2.74-3.27 mmol/100 g, whereas the total absorbed
bases ranged within 5.73-6.37 mmol/100 g. The base
saturation degree ranged within 62.11%-65.74%,
signifying a substantial saturation of the soil’s cation
exchange capacity with bases. The coefficient of varia-
tion (Cv, %) for most indicators varied within 15%-65%,
signifying medium-to-high variability of the soils, es-
pecially for potassium, iron, and micronutrient levels.
The soils of the experimental plots exhibited modest
acidity, moderate humus content, adequate nitrogen
supply, and elevated levels of accessible phosphorus
and potassium, which are conducive to the cultivation
of most agricultural crops, contingent upon the neutral-
isation of acidity.

Weed biodiversity observation. The average height
of the main crop ranged from 153.3 cm (S2H2A1) to
176.7 cm (S1H1A2). Variants with H1 generally showed
greater crop height than variants with H2, which may
reflect better growing conditions. The amount of the
main crop was stable for all variants: 8 plants/m? for
conventional seeding rates and 10 for compacted crops.
To control the number of weeds, the herbicide Premium

Gold 4.5 L+ Quiet was used, which, according to farmer
surveys, is an effective preparation in controlling a wide
range of weeds in maize crops. Specifically, the results
showed that in H1 variants, some annual cereals were
practically absent, namely, E. crus-galli, S. glauca etc.,
which were found everywhere in these fields. However,
some weeds stayed partially or completely: resistant
dicotyledons: Convolvulus arvensis, Raphanus sativum, as
well as perennial grasses: Elymus (Elytrigia) repens (L.)
Gould. Clearly, weed biodiversity was more widespread
in H2 variants. C. album, R. sativum, etc., were quite
widespread.

The variants also differed in the number of weed
plants, the largest number of weeds was observed in
S2H2A1 (22.3 pcs), the smallest number in STH1A2
(12.0 pcs). Variants with H2 had slightly more weed
cover compared to H1, but the difference was not sig-
nificant. Weed species were represented unevenly be-
tween variants. In some variants such as S3H1A1, they
were dominated by a few key species, while in other
variants, e.g., S3H2A2, greater diversity was observed.
A smaller number of weed species (e.g., STH1A1) may
suggest that certain species dominated and sup-
pressed others. Some weed species were dominant: Co.
arvensis: highest abundance among all variants, espe-
cially in S2H2A2; Setaria pumila: significant abundance
in many variants, especially in S3H1A1 and S2H1A1;
Equisetum arvense: found in some variants such as
S2H1A1. Other species, e.g., Capsella bursa-pastoris
or A. retroflexus, were represented to a lesser extent
or not at all in most variants. The greatest number of
weeds was observed in variants S2ZH2A1 and S3H2A2.
This indicates that the conditions of these variants
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contributed to their growth. In the S1H1A1 variant,
the number of weeds was smaller, and their species
composition was limited.

Some weed species were concentrated in certain
variants, which may be related to agrotechnical condi-
tions. Chenopodium album (quinoa): the highest abun-
dance in SIH1A2; Persicaria lapathifolia: found only in
a few variants, R. sativum (wild radish): widespread in
almost all variants, but with varying quantities. There-
fore, the growing conditions in the variants signifi-
cantly affected the species composition and number
of weeds. The variants with the greatest weed burden
(e.g., S2H2A2) required additional weed management
to reduce weed numbers and minimise competition
with the main crop. During the present study, over 300
weed species were documented growing continuous-
ly in fields and uncultivated roadsides. As presented in

Figure 4, weed groups in a single field typically consist-
ed of 17-26 species, although in some cases there may
be a sizeable number (53-200 species) (Fedoniuk et
al., 2024). Within the weed communities, dicotyledon-
ous plants were the dominant species, accounting for
89% of the total. Most of the species consisted of win-
ter weeds, (43%), whereas summer weeds made up only
16%. Regardless of the time of observation, all the cur-
rent fields surveyed had four species of weeds: E. rep-
ens, Co. arvensis L., and Sonchus arvensis. Based on their
share of the weed group of E. repens, Co. arvensis, and
S. arvensis had a major impact on maize, as the most
active portion of the weed block. Without exception,
all observed fields contained these species, with mean
numbers of during the period of growth of 6-20 pcs/m?,
whereas the projective coverage and ground mass were
16% and 9%, and 250 g and 90 g, respectively.

Cluster Dendrogram (Based on Jaccard Index)

=] [=]
S o

|

Distance (1 - Jaccard Index)

Sonchus arvensis
Galinséga parvifléra
Setaria pumila
Cirsium arvense
Persicaria lapathifolia
Elymus repens

Capsella bursa-pastoris

Convonvulus arvensis
Echinochloa crus-galli
Equisetum arvense
Raphanus sativum
Amarantus retroflexus
Chenopodium album
Veronica agrestis

Weed Species

Figure 4. Cluster structure of weed species, created based on the Jaccard index,
which indicates the similarity of their presence in maize agrophytocenoses

Source: compiled by the authors of this study

Cluster analysis of weed species, performed using
the Jaccard index, elucidated ecological similarities
among species based on their presence in maize agro-
phytocenoses across 12 experimental variants. The Jac-
quard index served as a metric for the co-occurrence
of two species under identical growth conditions. The
study revealed that several weed species exhibited
distinct clusters, signifying their ecological resem-
blance. Co. arvensis, R. sativus, E. repens, E. arvense, and
E. crus-galli were identified as the closely associated
species, consistently occurring in analogous combina-
tions of soil management, seeding rates, and herbicide
use. The similarity index was 0.92, indicating frequent
co-occurrence in the same areas. This commonality is
likely attributable to shared demands for moisture pro-
vision or the structural and mechanical makeup of the
soil. Species of moderate prevalence, particularly those
from the families Setaria, Galinséga, and Amaranthus,
exhibited less dense aggregations, suggesting greater

Scientific Horizons, 2025, Vol. 28, No. 7

adaptation potential to alterations in the agro-environ-
ment or competition from the primary crop (0.80). Con-
versely, C.bursa-pastoris, S.arvensis, and Veronica agrestis
were allocated to distinct branches of the dendrogram,
indicatingtheirinfrequent occurrence orreactiontoaset
of circumstances. These findings are of significant prac-
tical relevance: they facilitate the prediction of typical
weed associations and the selection of control measure
combinations, considering the co-occurrence of species.
This is particularly advantageous for devising integrat-
ed crop protection strategies for maize. Clustering can
be employed for the ecological assessment of weed
composition in fields. Subsequent research may involve
examining the interrelation of experimental variants
and investigating the association between weed spe-
cies composition and the agricultural characteristics of
maize. The cluster technique utilising the Jaccard index
is an excellent method for evaluating the composition
of the weed component within agrophytocoenosis.




Weed amount observation. In contemporary ag-
ricultural production, weed management is a critical
aspect influencing the efficacy of maize cultivation.
Weeds compete with the primary crop for moisture,
light, and nutrients, while also complicating mech-
anised field cultivation and diminishing yield and
product quality. Consequently, in the context of the
present study, which encompassed diverse tillage
strategies, sowing density, and herbicide treatment,
weed control is an essential variable. It facilitates
the evaluation of the biological and economic viabil-
ity of alternative technical options, particularly with
the transition to energy-efficient agricultural systems
(Fig. 5). The greatest weed development was noted in
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variants STH1A2 and S1H2A2, whereas the least weed
infestation occurred in S2ZH2A2. This suggests that the
incorporation of surface tillage by disking, the exclu-
sion of pesticides, and increased seeding density (AES)
is more effective in weed management compared to
conventional techniques. The results of the one-way
analysis of variance (ANOVA) on changes in weed in-
festation were as follows: F-statistic: 13.42; p-value:
3.40x101% This reflects statistically significant differ-
ences across the experimental variants for the number
of weeds (p<0.001). Table 5 presents the results of the
analysis of variance (ANOVA), which allows assessing
the influence of agrotechnical factors on the number
of weeds in maize crops.

26
24 1
221
201 m
181

161
14 1
12 1

Weed amount, peaces/m?

10T
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0 Mean
[J Mean%SD ]
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Figure 5. Box plot depicting the mean and standard deviation
of weed infestation (number of weeds per square meter) across 12 versions of the agro-experiment

Source: compiled by the authors of this study

Table 5. Analysis of variance (ANOVA) results for a three-factor experiment

Effect sum_sq df F PR(>F)
C(F1) 924.4801 2 95.28186 2.66E-35
C(F2) 140.9995 1 29.06432 1.13E-07
C(F3) 26.06264 1 5.37231 0.020901
C(F1):C(F2) 609.8311 2 62.85245 7.79E-25
C(F1):C(F3) 22.25571 2 2.293792 0.102046
C(F2):C(F3) 50.01987 1 10.31063 0.001416
C(F1):C(F2):C(F3) 81.32895 2 8.382196 0.000266

Residual 2212.189 456

Source: compiled by the authors of this study

The study considered three factors: tillage system
(F1), seeding rate (F2), and herbicide treatment (F3).
The results of the analysis of variance indicated that
all three studied factors had a different degree of in-
fluence on the dependent variable. The most signifi-
cant was the influence of the F1 factor. Its contribution
to the total variation was the largest, and the corre-
sponding p-value was extremely small, which reflect-
ed a statistically significant influence of this factor

(F=95.28,p<0.0001). This means that different tillage
methods do affect the degree of crop litter, and it is
likely that milling (as one of the methods of surface
tillage) contributes to the reduction of weed numbers
by mechanically destroying their seeds or improving
the conditions for maize growth. Seeding density, rep-
resented by factor F2, also has a statistically signif-
icant effect, although less pronounced compared to
F1 (F=29.06,p<0.000001). Increasing the seeding rate
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(1.1-1.3 seeding units per hectare) probably leads to a
thickening of maize crops, which limits access to light
and space for weeds, reducing their development.

Factor F3, which describes the use of herbicides,
also turned out to be significant, but its effect was
the smallest among all three main factors (F = 5.37,
p =0.021). This may suggest that under the conditions
of this experiment, the herbicide did not provide the
expected effectiveness. Possible reasons are the de-
velopment of resistance in weeds, the mismatch of the
type of herbicide to the spectrum of weeds, or errors in
agricultural application techniques. Additionally, alter-
native methods of mechanical tillage were used in the
herbicide-free treatment variants, which provided the
desired effect. Furthermore, the analysis of variance re-
vealed a significant interaction between the F1 and F2
factors. This means that the efficiency of seeding densi-
ty depends on the soil cultivation system used. Such an
interaction requires special attention when interpret-
ing the findings, since the same density level can affect
the result differently depending on the type of cultiva-
tion. At the same time, the interaction between F1 and
F3 was not statistically significant, which indicates the
absence of a noticeable combined effect between the
soil cultivation system and the use of herbicides. Over-
all, tillage and seeding rates had the greatest impact on
weed abundance in maize, while herbicide treatment
was ineffective. This highlights the significance of agro-
nomic decisions in an integrated weed control system
and indicates the feasibility of improving tillage and
seeding approaches.

The findings of this study confirmed the value of
agroecological strategies for sustainable weed manage-
ment in maize agroecosystems. The conducted analysis
of variance (ANOVA) revealed a statistically significant
influence of tillage systems, which allows concluding
that surface tillage, especially milling, markedly reduc-
es the weed load and at the same time promotes the
development of cultivated plants due to the improve-
ment of the soil structure and the reduction of the weed
seed bank plants in the upper soil layer. These data
are consistent with the findings of S. Selvakumar and
R.Ariraman (2022) that reducing the intensity of tillage
disrupts the germination cycles of weed seeds and im-
proves the conditions for growing maize. One of the key
results is the minimal effect of herbicides on the level
of crop contamination. Analogous findings emphasise
the need to transition to integrated weed management
systems, which focus on mechanical and agrotechnical
methods. The data are consistent with the conclusions
of N. Colbach et al. (2025), where, upon modelling sus-
tainable weed management systems in three European
cases, the researchers showed that the greatest contri-
bution to sustainability is made by integrated agrotech-
nical measures adapted to local conditions, including
the combination of minimal tillage and optimal sow-
ing times. N. Sharma and M. Rayamajhi (2022) empha-
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sised that the success of integrated weed management
in maize crops depended on a complex combination
of mechanical, agrotechnical, and biological methods
adapted to concrete climatic and soil conditions.

The significance of sowing density deserves spe-
cial attention. The increase in density provided both
the suppression of weeds due to the accelerated clos-
ing of the rows, and the improvement of the compet-
itiveness of maize. This result confirms the data of
R. Leskovsek et al. (2025), where the significance of
the density of the standing of cultivated plants for the
development of a dense canopy and the reduction of
soil illumination was emphasised, which complicates
the successful germination for weeds. K. Nthebere et
al. (2025) also showed that in systems of conservation
agriculture based on minimal tillage and mulching, im-
provements in soil quality and crop stability in arid cli-
mates are achieved, which confirms the universality of
the revealed patterns.

A valuable discovery of the present study was the
absence of a significant interaction between soil treat-
ment and the use of herbicides. This indicates that agro-
ecological mechanical methods can completely replace
chemical means of plant protection in certain condi-
tions without losing the effectiveness of weed vegeta-
tion management. At the same time, the revealed sig-
nificant interaction between the tillage system and the
density of sowing emphasises the need for a systematic
approach to the planning of agrotechnical measures.
Cluster analysis using the Jaccard index revealed sta-
ble ecological and coenotic relationships between the
primary types of weed plants. A stable coexistence of
C. arvensis, E. repens, and R. sativum species was estab-
lished under various cultivation technologies, which
indicated their pronounced adaptability. These data are
significant for forecasting weed complexes and devel-
oping targeted measures to combat them, which was
also noted by N. Colbach et al. (2025) within the frame-
work of approaches to spatial modelling of sustainable
management systems.

Thus, the findings of the present study confirmed
the expediency of the transition to the paradigm of
agroecological intensification in the cultivation of
maize. Such an approach reduces dependence on
chemical means of plant protection, contributes to the
preservation of soil fertility, biodiversity, and ensures
the long-term stability of agroecosystems. Prospective
areas for further research include the evaluation of the
long-term ecological consequences of the proposed
methods, their economic efficiency in the conditions of
commercial agriculture, as well as the study of the syn-
ergistic effect of combining with cover crops and the
use of organic fertilisers.

CONCLUSIONS

The research results validated the efficacy of agroeco-
logical weed management techniques in maize agroe-




cosystems. The tillage system had the most substantial
effect in diminishing field litter. Specifically, surface
tillage, particularly milling, resulted in a notable de-
crease in weed populations and a concurrent enhance-
ment in crop output due to enhanced soil structure and
a reduction in the weed seed bank in the upper layer.
Augmenting the seeding density positively influenced
the suppression of weed germination, as the extensive
coverage of the soil by the maize leaf surface restricted
light penetration to the soil, hence inhibiting the prolif-
eration of undesirable vegetation. The influence of her-
bicides was less significant than other factors, suggest-
ing the possibility of diminishing reliance on chemical
protective agents through the implementation of good
agronomic methods.

The demonstrated correlation between tillage sys-
tem and crop density underscored the necessity for a
comprehensive approach to agroecosystem manage-
ment. The integration of surface tillage and heightened
crop density yielded optimum outcomes in weed man-
agement. Consequently, methodical planning of crop
rotation, mechanical tillage, and optimisation of crop
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density are essential for effective weed control and con-
sistent yields. The results validated the viability of agro-
ecological intensification in maize production as a sus-
tainable method that mitigates environmental burdens,
enhances soil fertility,and guarantees the long-term sta-
bility of agricultural ecosystems. Future studies should
focus on evaluating the long-term ecological conse-
quences of these methods, assessing their economic vi-
ability in commercial farming contexts, and investigat-
ing synergistic effects with cover cropping and organic
amendments. This study provides valuable empirical ev-
idence endorsing the scalability and ecological viability
of integrated weed management in maize cultivation.
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CTane ynpaBniHHA 6yp’aHaMM y nociBax KyKypyAa3u:
ouiHKa arpoeKonoriyHUX NpPakKTUK Ta CUCTEM O6PO6GITKY FPYHTY

Irop besBepuiyk
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AHoTauif. Y focnigxeHHi ouiHoBanacs edekTUBHICTb arpoeKkooriYHnxX niaxoais 6opoTebu 3 6yp’aHamu y nocisax
KyKypya3u. EkcnepumenT, nposeaenuit y 2023-2024 pokax i BK/IYaB Tpu cucTteMu 06pobiTKy rpyHTy (rnmboka
OpaHKa, AMCKYBaHHA, Gpe3epyBaHHA), ABi ryctoty nocisy (1,1 Ta 1,3 nociBHMX oAMHMUb/ra) Ta ABa NiAXOAM OO
3aCTOCYBaHHA repbiunaiB (3aCTOCYBaHHS Ta HE3aCTOCYBaHHS repbiumais), 3aranom 12 BapiaHTIB Y 3 NOBTOPEHHAX.
HaBuwwmnin piseHb 3abyp’sHEHOCTI 6yno 3adikcoBaHO Yy BapiaHTi 3 AMCKYBAHHAM, HU3bKOK TYCTOTOK MOCIBY Ta
6e3 repbiumais (S2H2A1) - 22,3 pocnnHKU/M?; HaMHMKUMIA — Y BapiaHTi 3 OPaHKO, BUCOKOK TyCTOTOK MOCiBy Ta
3acTocyBaHHaM repbiumais (STH1A2) - 12 pocivmu/mM2. BapiaHTy 3 yLLiZIbBHEHMM NOCIBOM, HE3AIEXKHO Bif, 3aCTOCYBaHHS
repbiumais, NPOLEMOHCTPYBANM KPaLLy 3[aTHICTb A0 NPUTHIYEHHS OYp’aHIB 3aBASKM WBUAKOMY 3MUKAHHIO MiXPALb
Ta 3MEHLUEeHH0 focTyny cBitna. AucnepciiHuii aHanis (ANOVA) nokasas, Lo HaibinbLwmii BIAMB Ha KiNbKicTb Oyp’aHiB
MaB 06po6iTok rpyHTy (F=95,28; p<0,0001), nani Mwna ryctota nocisy (F=29,06; p<0,000001),a BHecok repbiunis
6yB HaMeHwmuM (F=5,37; p=0,021). 3HauHa B3aEMoLis MixX cucteMoto 06pobiTky Ta ryctototo nocisy (F=62,85;
p <0,000001) cBif4MTb NPO HEODOXiAHICTH KOMMAEKCHOMO MAAHYBAHHS arpoTexHiYHMX 3ax0AiB. KnactepHuit aHanis
Ha OCHOBI iHAeKcy YKakkapa BMSIBMB CU/IbHI €KOMOTiYHI 3B’I3KM MiX BMAamu byp’aHiB — 3okpema, C. arvensis, E.
repens Ta R.sativum manu koediuieHT noaioHocTi 0,92, o f03B0ONSE NPOrHO3YBaTH TMNOBI diTOCOLiaNbHI KOMBIHALT
Ta po3pobnsaTH LinecnpsamMoBaHi 3axoam 60poTboU. Pe3ynbTaTi 3aCBigUMK, L0 arpoOeKONOrivyHi CTpaTerii, BK/IYaum
noBepxHeBWUI 0OPOBITOK IPYHTY Ta YLLINbHEHWIA MOCIB, MOXYTb YCMILUHO 3aMiHWUTKU XiMiYHI MeTOAM, 3MEHLLYHOUM
HaBaHTAKEHHA HA [OBKINAA Ta NiATPUMYKOUM CTabinbHICTb NPOAYKTUBHOCTI. MNpakTUYHA LiHHICTb LOCNIOKEHHS
Nnonara€e y AoBeAEHI MOXIMBOCTI MiHiMi3aLii BUKOPUCTaHHSA repbiumnais npu 36epexeHHi BUCOKOI BPOXAMHOCTI
KYKYPYA3M LUASXOM BNPOBAAXKEHHS aAaNTOBAaHMX arpoTEXHIYHMX pillleHb

Knrouosi cnoBa: arpoekonoris; 6opotbba 3 6ypaHamu; Zea mays L.; cuctemmn obpobiTKy rpyHTY; poLoYiCTb IPYHTY;
anbTepHaTMBM repbiunaam; NpoayKTUBHICTb POCIMH
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