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IMPACT OF WEED INFESTATION ON PROJECTIVE SOIL COVER CHANGES
DURING THE SUNFLOWER VEGETATION PERIOD

Weed infestation is one of the key factors influencing the formation of plant cover in agroecosystems. In
the context of sunflower cultivation, projective soil cover varies depending on the intensity of weed competition,
especially during critical periods of vegetation.

Purpose. To determine the effect of varying levels of weed competition on the dynamics of
projective cover in sunflower crops throughout the growing season.

Methods. Field experimentation, laboratory-analytical methods, and statistical analysis.

Results. An increase in the duration of weed competition led to a consistent reduction in plant biometric
parameters (height, leaf area), projective crop cover, and yield. The highest yield was recorded under full-season
weed control, which served as the benchmark for evaluating other treatments. Even short-term weed competition
caused a notable yield reduction. Extending the weed-free period improved growth indicators but did not fully
compensate for productivity losses. The first month of vegetation was identified as the critical competition period.
Limiting weed infestation during the first 30—45 days after emergence significantly improved plant growth, leaf
area development, and projective soil cover. The most effective projective cover and biomass accumulation were
observed when weed competition was entirely eliminated during this early phase—crucial for ensuring full crop
development. Weed spread in later stages had a less pronounced impact on plant morphology but impeded har-
vesting and increased the risk of secondary field infestation. In contrast, prolonged weed competition suppressed
crop development, reduced leaf area, and decreased yield.

Conclusions. The findings confirm the importance of weed control during critical biomass formation
periods to support the soil-protective function of crops and ensure stable production. The proposed approaches can
be used to improve sunflower cultivation technologies, taking into account environmental conditions.
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Introduction

One of the key conditions for the effec- marker of crop stand condition and allows for
tive cultivation of agricultural crops is the con- the assessment of competitive interactions be-
trol of weed infestation in agrocenoses, particu- tween crops and weeds. Furthermore, the dy-
larly in industrial crops such as sunflower. namics of projective cover throughout the
Weeds not only reduce yields by competing for growing season can reflect the effectiveness of
moisture, light, and nutrients but also alter the agronomic weed control measures and indicate
spatial structure of the phytocenosis, especially the agroecological balance within the phytocoe-
its projective cover. This indicator serves as a nosis.
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Despite a considerable body of research
on weed management in agroecosystems, the
relationship between weed infestation levels
and changes in the projective cover of sun-
flower during the growing season remains in-
sufficiently explored. This underscores the need
for further investigation into the spatial struc-
ture of agrocenoses under weed pressure, with
the aim of optimizing sunflower cultivation
technologies and improving their agroecologi-
cal efficiency.

The problem of weed infestation in sun-
flower crops remains relevant both in Ukraine
and internationally. Weeds not only reduce
yields but also negatively affect the morpholog-
ical traits of crops. International studies empha-
size the importance of identifying critical peri-
ods for effective weed control. For instance, E.
Stefanic et al. found that the duration of this crit-
ical period in sunflower varies depending on
weed density and environmental conditions;
failure to manage it appropriately can result in
significant yield losses [1]. In a study by J.

Penia-Barragan et al., multispectral aerial im-
agery was used to analyse the relationship be-
tween sunflower yield, terrain elevation, and
weed infestation. The findings indicated that
higher yields were recorded in areas with lower
elevation and lower weed density [2].

It is worth noting that Ukrainian research
has also increasingly adopted unmanned aerial
vehicles (UAVS) to monitor weed infestation in
sunflower fields. For example, A. B. Achasov et
al. demonstrated the effectiveness of UAVS in
assessing weed pressure and crop condition, en-
abling timely responses to agrocenosis changes
[3]. Furthermore, a study conducted in the
Steppe zone of Ukraine revealed a substantial
negative impact of the quarantine weed Ambro-
sia artemisiifolia on sunflower yield: at a den-
sity of 5 plants/m?, yield losses reached 0.41
t/ha, increasing to 1.09 t/ha at 10 plants/m? [4].

Purpose: to determine the effect of vary-
ing levels of weed competition on the dynamics
of projective cover in sunflower crops through-
out the growing season.

Methodology

The study was conducted from 2021 to
2023 on the experimental field of the Depart-
ment of Agriculture and Herbology named after
O. M. Mozheiko.

The soil at the experimental site is classi-
fied as typical heavy loam Chernozem devel-
oped on loess-like loam, with the following ag-
rochemical characteristics: a salt extract pH
ranging from 6.4 to 7.0 and a humus content of
approximately 5% in the arable layer.

The research was carried out within a crop
rotation that included the following sequence:

1. Fallow

2. Winter wheat

3. Safflower + corn

4. Winter rye

5. Sunflower

The sunflower hybrid used in the study was
Cruiser LG59580. Each treatment was repli-
cated three times. The total plot area for sowing
was 30 m?, while the accounting (sampling) plot
measured 10 m2. Weed infestation was assessed
on 1.0 m? subplots at the beginning of the grow-
ing season and prior to harvest using the quan-
titative-weight method with three replications.

The experimental design included the fol-
lowing treatments:

1. Weed-free throughout the entire growing
season (weed-free control)
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2. Weeds removed during the first 15 days
after sunflower emergence

3. Weeds removed during the first 30 days
after emergence

4. Weeds removed during the first 45 days
after emergence

5. Weeds present during the first 15 days af-
ter emergence, then left unmanaged

6. Weeds present during the first 30 days af-
ter emergence, then left unmanaged

7. Weeds present during the first 45 days af-
ter emergence, then left unmanaged

8. Continuous weed competition through-
out the growing season (weedy control)

To simulate different intensities of weed
competition, manual weeding was used. This
method allowed for the creation of both tempo-
rarily weed-free conditions and continuous weed
presence at specific crop development stages.

Projective cover was visually assessed us-
ing a grid frame 1 cm? in size on permanent
monitoring plots at the stages of 2-3 pairs of
true leaves and at budding. Assessments were
conducted separately for sunflower plants and
weeds, allowing for the analysis of competitive
interactions and structural changes in vegetation
cover throughout the season.

All collected data were analyzed using
analysis of variance (ANOVA) with a standard
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statistical software package. The results were
interpreted based on mean values, standard

deviations, and the significance of differences at
p <0.05.

Results and Discussion

The results of the study show that the du-
ration of weed competition significantly affects
the condition of sunflower crops, in particular,
the weediness of the agrocenosis and biometric
indicators of the crop. Sunflower weediness de-
pending on the period of weed competition (av-
erage values of the number of weeds at the time
of emergence and before harvesting for the pe-
riod 2021-2024) is given in Table 1.

The lowest number of weeds at harvest
was recorded in the treatments with a weed-free
period of 45 days—5 plants/m?, with perennial

weeds accounting for only 1 plant/m?. This in-
dicates the effectiveness of limiting competition
specifically during the first 4-6 weeks of crop
development. In contrast, under conditions of
continuous weed competition (treatment 8), the
number of annual weeds at harvest reached 27
plants/m?, which is 2.7 times higher than in the
15-day weed-free treatment and 5.4 times
higher than in the 45-day weed-free treatment.
This confirms the strong regenerative ability of
weeds to restore their biomass following early-
season hand weeding.

Table 1

Weed infestation of sunflower depending on the period of weed competition
(average for 2021-2024)

Number of weeds, pcs/m?

Variants

For the time of germination

Before harvesting

1

2 1 2

Weed-free throughout the entire growing
season (weed-free control)

Weeds removed during the first 15 days af-
ter sunflower emergence

16

Weeds removed during the first 30 days af-
ter emergence

10

Weeds removed during the first 45 days af-
ter emergence

Weeds present during the first 15 days after
emergence, then left unmanaged

11

Weeds present during the first 30 days after
emergence, then left unmanaged

13

Weeds present during the first 45 days after
emergence, then left unmanaged

12

Continuous weed competition throughout
the growing season (weedy control)

11

27

Note: 1 — annual weeds; 2 — perennial weeds

As the duration of weed competition in-
creased, a clear trend of decreasing sunflower
biometric indicators was observed (Table 2).
The plant height in the weed-free control treat-
ment (treatment 1) reached 166.6 cm, while un-
der full-season weed competition (treatment 8),
it decreased to 134.0 cm. A similar trend was
observed for leaf area: the maximum value was
recorded in treatment 1, and the minimum in
treatment 8. The difference between these two
extremes was 54.1%, indicating a high degree
of suppression of the crop's photosynthetic ap-
paratus due to weed pressure.

It is noteworthy that the 30-day weed-
free treatment resulted in nearly the same plant
height — 164.4 cm — as the full weed-free con-
trol, and the leaf area was only 12% lower than
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the maximum recorded value. This suggests that
the first 30 days after crop emergence are criti-
cal for the development of a viable leaf canopy
in sunflower.

Similar findings have been reported in in-
ternational studies [4, 5], which emphasize the
importance of preventing weed competition
during the early growth stages of the crop to
minimize yield losses.

Projective cover is an important indicator
characterizing the degree of soil surface shading
by the plant canopy. This parameter closely relates
to the development of phytomass of both crops
and weeds, as well as determining the microcli-
matic conditions within the agrocenosis — such as
temperature regime, moisture conservation, pho-
tosynthetic intensity, and soil erosion resistance.
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Table 2

Effect of weed infestation on sunflower biometric indicators under different durations
of competitive interaction (average for 2021-2024)

Variants Plant height, cm Leaf area, cm?
Weed-free throughout the entire growing 166.6 6368
season (weed-free control)
Weeds removed during the first 15 days 150.3 4586
after sunflower emergence
Weeds removed during the first 30 days 164.4 5590
after emergence
Weeds removed during the first 45 days 164.2 5947
after emergence
Weeds present during the first 15 days 156.7 4482
after emergence, then left unmanaged
Weeds present during the first 30 days 150.6 4096
after emergence, then left unmanaged
Weeds present during the first 45 days 1435 3184
after emergence, then left unmanaged
Continuous v_veed competition through- 134.0 2924
out the growing season (weedy control)

In this study, changes in projective cover
were directly correlated with weed infestation
and the duration of competitive interactions.
Treatments with complete weed control (variant
1) or weed suppression for 30-45 days after
emergence (variants 3 and 4) developed full
projective cover due to a well-developed leaf
area of sunflower plants (5590-6368 cm?). This
ensured uniform and dense soil shading, posi-
tively influencing moisture retention, reducing
temperature fluctuations in the rhizosphere, and
inhibiting weed regrowth.

Conversely, in treatments with early or
prolonged weed competition (variants 5-8),
projective cover at early stages was primarily
formed by weeds. For instance, treatments with
competition lasting 15-30 days (variants 5 and
6) exhibited rapid initial soil coverage by
weeds; however, after their removal, the cover
did not fully recover due to weakened sunflower
growth (leaf area 40964482 cm?), contributing
to a secondary weed infestation wave before
harvest.

Previous studies also indicate that the ef-
fectiveness of projective cover formation de-
pends on both the sunflower growth stage and
weed presence. Specifically, complete absence
of weeds during early vegetation stages resulted
in better leaf coverage and reduced secondary
weed infestation [6, 7]. Projective cover signif-
icantly influences the soil microclimate, includ-
ing temperature and humidity, which affects
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weed growth [8]. Similar findings were reported
under Central Ukrainian conditions, where par-
tial weed suppression during the first 30 days
post-emergence promoted crop recovery of pro-
jective cover [9].

The lowest projective cover was ob-
served under constant weed competition (vari-
ant 8), with the smallest sunflower leaf area
(2924 cm?) and high weed density (27 annual
and 2 perennial plants/m?). This resulted in un-
stable, fragmented soil cover throughout the
season, causing moisture fluctuations, surface
overheating, intensified micro-erosion, and sub-
stantial yield reduction to 1.24 t/ha. During
weed presence (particularly in variants 5-8), a
significant soil area was covered by weed bio-
mass. Average weed densities of 11-13
plants/m? in the first 15-45 days, especially
without weeding, suggest that projective cover
during this period was predominantly weed-de-
rived.

Considering weed morphology (e.g.,
broadleaf species such as Chenopodium album
and Polygonum lapathifolium), under medium
to high infestation, weeds contributed 35-60%
to temporary projective cover, partially provid-
ing soil protection by reducing runoff, insola-
tion, and evaporation. However, such cover is
temporally unstable. Due to interspecies com-
petition, weeds were either suppressed (variants
5-6) or proliferated excessively (variant 8), cre-
ating shading that disrupted crop development.
By canopy closure (approximately days 45-60),
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weeds either disappeared or remained as a low
but dense understory, impeding full projective
cover formation by sunflower. Consequently,
the highest ecological efficiency of projective
cover was in treatments with early weed sup-
pression (up to 30-45 days), where sunflower
rapidly covered the soil, conserving moisture
and suppressing further weed waves. Prolonged
weed pressure led to unstable, fragmented cover
insufficient for agroecosystem protection.

The highest yield (2.63 t/ha) was
achieved with complete weed control, serving
as the benchmark (Fig. 1). Limiting weed com-
petition to 15 days reduced yield to 1.78 t/ha
(67.7% of control). Extending the weed-free

period to 30 and 45 days resulted in higher
yields — 2.26 and 2.33 t/ha (85.9-88.6% of con-
trol), confirming the first month of vegetation as
the critical competition period. Similar trends
were found where crops grew with weed pres-
sure for 15, 30, and 45 days: 15-day competition
slightly reduced vyield (2.20 t/ha), but 30-day
and 45-day competition lowered yields more
substantially (1.73 and 1.56 t/ha respectively),
reflecting growth suppression. The lowest yield
(1.24 t/ha, 47.1% of control) occurred under
constant weed competition, where pre-harvest
weed density was highest (27 annual and 2 per-
ennial plants/m?), indicating a stable and ag-
gressive weed community.

s

2.63
e
25 + N
w~ 24
=
- 1.5 +
B
1 4+
05 +
0 +

%)

s
s

A

Varnant

BYield. tha

=)
4
s

Variant:1 — Weed-free throughout the entire growing season (weed-free control);
2 — Weeds removed during the first 15 days after sunflower emergence;

3 — Weeds removed during the first 30 days after emergence;

4 — Weeds removed during the first 45 days after emergence;
5 — Weeds present during the first 15 days after emergence, then left unmanaged,
6 — Weeds present during the first 30 days after emergence, then left unmanaged,
7 — Weeds present during the first 45 days after emergence, then left unmanaged,
8 — Continuous weed competition throughout the growing season (weedy control).

Fig. 1 — Effect of weed infestation on sunflower yield, t/ha (2021-2024)

Yield reduction is closely associated with
a decrease in leaf area to 2924 cm? (in variant 8)
and plant height to 134.0 cm. This indicates lim-
itations in photosynthesis processes and the as-
similative capacity of the crop.

Similar conclusions were presented in the
work of T. D. Israel et al. [5], who reported a di-
rect influence of weed infestation levels on leaf
area index and final yield of oilseed crops. Com-
parable trends were observed in other studies.
Specifically, B. J. Johnson [10] found that the
maximum sunflower yield is achieved in the ab-
sence of weeds during the first 4—6 weeks after
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sowing. In the study by L. M. Alcantara et al.
[11], it was noted that competition from weeds
such as Urochloa decumbens and Panicum max-
imum negatively affects early sunflower devel-
opment by reducing leaf area and plant height.
Furthermore, research demonstrated that effec-
tive weed management during the first 30-45
days after emergence is critical for ensuring op-
timal sunflower growth and achieving high
yields. This aligns with findings by M. Sattin and
A. Berti [12], who emphasized the importance of
weed control within the first 25-40 days after
emergence to prevent significant yield losses.
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Weed infestation in crops is influenced by
a complex of factors, among which crop rotation
and preceding crop play a decisive role [13, 14,

15], as well as the primary tillage system [16, 17,
18], nutrient regime [19], and others.

Conclusions

The formation of a stable projective cover
requires effective weed control for at least the
first 30-45 days after emergence. It is during this
period that the structural foundation of sunflower
phytomass is established, which ensures soil cov-
erage, suppression of subsequent weed waves,
and agroecological stability of the crop stand.
Projective soil cover in sunflower crops is an im-
portant indicator of the effectiveness of weed
control and the overall condition of the agroce-
nosis. Treatments with complete weed control or
with weed suppression for 30-45 days after
emergence developed dense projective cover due
to a well-developed leaf area of sunflower. This
provided uniform soil shading, contributed to
moisture retention, and inhibited weed regrowth.

The duration of weed competition signifi-
cantly affects the formation of projective soil
cover during sunflower vegetation. The best leaf
area and projective cover indices were observed

in treatments with weed limitation during the
first 3045 days after emergence. Prolonged
weed competition reduces biometric parameters
of sunflower (plant height, leaf area) and leads to
significant yield decline, confirming the im-
portance of timely weed control during the for-
mation of the crop’s main biomass. The obtained
data can be used to improve sunflower weed
management systems, taking into account the
specific features of projective soil cover, which
will ensure increased productivity and soil fertil-
ity preservation. The results of the study under-
score the necessity of implementing weed con-
trol measures during the initial stages of sun-
flower development, using techniques aligned
with the technological requirements of crop man-
agement. This strategy maintains crop productiv-
ity, promotes the formation of effective projec-
tive cover, and enhances the agrocenosis's capac-
ity for soil protection.
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MPOTSATOM BETETAIIMHOI'O NEPIOAY COHAIIHUKY

3a0yp’sTHEHICTh € OJJHUM i3 KIIFOUOBHX (DaKTOpIiB, 110 BINIMBAIOTH Ha (JOPMYBaHHS POCIMHHOTO IOKPUBY
B arpoueHo3i. Y KOHTEKCTI BHPOIIYBaHHS COHSIIHHUKY ITPOCKTUBHE TOKPUTTS IPYHTY 3MIHIOETHCS 3aJIEKHO BiX
IHTEHCUBHOCTI KOHKYpEHIIii 3 00Ky Oyp’sHiB, 0COOIMBO B KPUTHYHI IIEPiOTM BETETAIli.

Meta. BusHaunTH BIUIMB Pi3HOTO PiBHS KOHKYpeHIi Oyp'sHIB Ha AWHAMIKy MPOEKTUBHOT'O MOKPHUTTS
MOCIBIB COHSAIIHUKY NMPOTATOM BETETAIIfHOTO Tepioay

Metoau. [Tonp0Bi, TabOpaTOpHO-aHATIITHYIHI, CTATUCTHYHI.

PesyabTaTH. 31 3poCcTaHHAM TPUBAIOCTI KOHKYPEHII] 3 60Ky Oyp’sSHIB criocTepirajiocs CHCTEMaTHIHE
3HWKEHHS! 010METPUYHHX ITOKa3HHKIB POCIHMH (BHCOTH, IUIONII JIMCTKOBOI MOBEPXHi), IPOEKTHBHOTO MOKPHUTTS
KyJIbTYpH, a TAaKOX ypoxaiHocTi. HaliBuiny BpoxaiiHicTs 3a0€31e4nB NOBHUI KOHTPOJIb 3a0yp’ SIHEHOCTI IIPOTSI-
TOM YCBOT'O BETreTalliiHOTO Mepiojy, SKWM BHKOPHUCTAHO SIK €TAJIOH ISl MOPIBHSHHS. 3a KOPOTKOTPHBAJIOTO
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oOMe)xeHHsSI KOHKYPEeHLIi Oyp’siHIB ypOKalHICTh CYTTE€BO 3HIDKyBayacs. [1oMOBKEHHS MEpiogy YHCTOTH MOCIBIB
CIIPHSUIO TTOKPALIECHHIO TOKA3HUKIB, IPOTE IIOBHICTIO HE KOMIIGHCYBAJIO BTpATH. BupilansHe 3HaUSHHS NEepLIOro
MICSIISI BeTeTamii Ik KpUTHIHOTO Mepioay KOHKYpeHIIii 3 Oyp’ssHaMu. BeTanoBieHo, mo oOMexxeHHs 3a0yp’ siHe-
HOCTI npoTsiroM nepiux 30—45 aHIB micis CXO/iB CHPUsIE KPaIloMy POCTY POCIIUH, pOpMYBaHHIO JIMCTKOBOT 110-
BEPXHI Ta IIJBHIICHHIO NIPOCKTUBHOTO MOKPHUTTS IpyHTY. HaitedexTuBHime ¢opMyBaHHS NPOEKTHBHOIO II0-
KPHUTTS 1 OiOMacH COHSIIHUKA 3a0€3Meuy€eThCs 3a BiZICyTHOCTI KOHKYPEHIIT 3 00Ky Oyp’sHIB YIIPOJIOBXK MEPLINX
3045 muiB micns nosiBu cxomiB. el mepio MOXKHA BBaXKaTH KPUTHYHHUM JUTs 3a0€3MeUeHHS TTOBHOIIHHOTO PO-
3BUTKY KyJibTypH. [logasnpiie nmommupenHs Oyp’siHIB Ha MI3HIMIMX eTanax Mae MEHII BUPaKeHUH BIUTUB HAa MOp-
(oJIoTiYHI XapaKTEPUCTUKH, ajie ICTOTHO YCKJIaJHIOE 30MpaHHS BPOXKAIO Ta CHPUSE BTOPUHHOMY 3aCMIUEHHIO
noist. HaTomicTs TprBama KOHKypeHIIis 3 00Ky Oyp’sHIB IPUTHIYY€E PO3BUTOK KYJIBTYPH, 3HIDKYE TUIOITY JIHCTKIB
1 BpO>KaiHICTB.

BucaoBku. OTpuMaHi pe3ynbTaTH MiATBEPAKYIOTh BaXIINBICTE KOHTPOIIO 3a0yp’THEHOCTI Y KPUTHYHI
nepionu opMyBaHHS OioMacH Iyt 3a0e3MeYeHHS IPYHTO3aXMCHOT (PYHKIIIT ITOCIBIB Ta CTa0LIEHOTO BUPOOHHIITBA.
3anponoHoBaHi MiAXOIM MOXKYTh OYTH BHKOPHUCTaHI U yIOCKOHAJICHHS TEXHOJIOTiH BUPOITYBAaHHS COHSIITHUKY
3 ypaxyBaHHSIM €KOJIOTIYHMX YMHHHKIB.

KJIFOYOBI CJIOBA: conawnux, 3a0yp ‘anenicmov, KOHKYPEHYIs, NPOEKmMusHe noKpummsl, 6iomempuy-
HUL NOKA3HUK, YPOIICAUHICND

Kongpnixm inmepecie

ABTOpU 3a5BIISIIOTh, 10 KOHQIIIKTY 1HTEpeCiB Moo MyOikauii iboro pykonucy Hemae. Kpim Toro, aBropu
MOBHICTIO IOTPUMYBAJIMCh ETHYHUX HOPM, BKIIFOUAIOUH IUariar, aibcudikaliio JaHuX Ta NOJBIHHY MyOIIiKalio.

Buecox agmopie: Bci aBTopu 3po0WIH PiIBHUI BHECOK Y 1110 poboTy/

B po0o0Ti He BUKOPHCTAHO PeCypc MITYYHOTO iHTENEKTY.
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