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ABSTRACT

Weeds are a significant problem in eggplant (Solanum melongena L.) cultivation, causing high yield losses and negatively
affecting plant growth. This study aimed to assess the effects of different mulching materials and thicknesses on weed
control and plant yield in eggplant cultivation. Three mulching materials [wheat straw (WS), grass clippings (CTG) and
shredded paper (CP)] were applied at three thicknesses (5 cm, 10 cm and 15 ¢cm). Parameters, such as weed density, dry
weight and eggplant yield, were assessed during and after eggplant cultivation. Mulching was effective in reducing weed
density and dry weight, with 15 cm CTG being the most effective. The most effective weed control was achieved using the
CTG-15 mulching material. While Sorghum halepense L. maintained high densities even <15 cm thick mulches, Xanthium
strumarium L., Convolvulus arvensis L. and other species were effectively controlled with mulch thicknesses of >5 cm.
Additionally, significant increases in eggplant yield were observed with mulching applications. The application of CTG
resulted in the highest yield (15 cm: 83.20 t - ha™') of all mulch types, with an average yield that was 75% higher than the
control plot. A negative relationship was found between weed density and dry weight and eggplant yield. These findings
emphasise the practical value of selecting the right mulch material and thickness to enhance yield and suppress weeds
effectively.

Keywords: grass, mulching, paper, Solanum melongena L, straw, weed

Abbreviations: CP, shredded paper; CTG, grass clippings; FAO, Food and Agriculture Organization; MS, meteorological
service; TUIK, Turkish Statistical Institute; WS, wheat straw.

INTRODUCTION

Eggplant (Solanum melongena L. is an important
vegetable in the Solanaceae family, commonly cultivated
in tropical and temperate regions worldwide (Kasirajan
and Ngouajio, 2012; Taher et al., 2017). It is of significant
nutritional value, containing around 24 calories per
100 g, as well as protein, fat, carbohydrates and vitamins
A, B, B, and C (Akkus, 2015). Additionally, it is used
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for medicinal purposes, such as treating diabetes,
asthma, bronchitis and diarrhoea, and it stimulates the
metabolism of blood cholesterol (Braga et al., 2016).
It plays a crucial role in human nutrition. The global
eggplant production reached around 59.3 million tonnes
in 2022, with the highest production in Asia (94.21%),
followed by Africa (3.68%) and Europe (1.7%). The
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leading eggplant-producing countries in 2022 were
China (32.28 Mt), India (12.76 Mt), Egypt (1.39 Mt) and
Turkey (0.8 Mt) (FAO, 2024). In 2023, Turkey cultivated
eggplant on 166751 decares of land, which yielded
781242 tonnes (TUIK, 2024).

The rapidly growing world population increases the
demand for agricultural products. To meet this demand,
global agricultural production must double by 2050
(Ray et al., 2013). Increasing plant production is crucial
to addressing nutritional needs (Foley et al., 2011).
Instead of expanding agricultural land, the priority
should be on increasing crop yields through sustainable
methods (Hulme et al., 2013; Ray et al., 2013; Gerten
et al., 2020). Eggplant is an important crop worldwide
and especially in Turkey, but several factors contribute
to yield and quality losses. Weeds, in particular, hinder
eggplant growth, adversely affecting yield and quality of
fruit (Abdrabbo et al., 2017; Marques et al., 2019; Zargar
et al., 2022). Research has shown that weeds can cause
yield losses of up to 78% in eggplant (Marques et al.,
2017), with loss rates varying between 67% and 96%
(Aramendiz-Tatis et al., 2010). Weeds also significantly
reduce dry matter and macro-nutrient accumulation in
eggplant (Marques et al., 2019). Weed control is a key
component of sustainable agriculture. Weeds, especially
perennials, can tolerate several environmental stress
conditions (Ihtisham et al., 2023) much more than the
cultivated crops, and cause high yield losses. In high-
value vegetables like eggplant, reducing weed pressure
is crucial for preventing yield and quality losses. The
intensity and duration of weed control methods are
critical factors that can determine the extent of yield
loss (Swanton et al., 2015). Herbicides are commonly
used in eggplant cultivation due to their rapid action,
ease of application and low cost (Kitis, 2020); however,
their improper and excessive use can negatively impact
human health (Jabtonska-Trypu¢ et al., 2019) and cause
severe environmental issues (Sardana et al., 2017). This
highlights the need for more sustainable agricultural
techniques with minimal environmental impact (Godfray
et al., 2010; Lopes et al., 2011). Plastic film mulches are
commonly used in eggplant production (Sabatino et al.,
2018; Diaz-Pérez, 2023). Mulching offers significant soil
health benefits over chemical herbicides by increasing
soil microbial activity, improving structure and retaining
moisture. Organic mulches, such as straw or wood chips,
decompose over time, enriching the soil with organic
matter and promoting microbial diversity. By contrast,
some herbicides can disrupt soil microbial populations,
reducing fertility (Omidvar et al., 2023). In addition,
mulching prevents soil compaction and increases water
infiltration, whereas chemical herbicides can lead to
soil degradation over time (Igbal et al., 2020). Mulch
also suppresses weed growth by creating a physical
barrier and prevents non-target organisms from being
harmed without creating chemical residues (Neal et al.,
2015). These comprehensive benefits make mulching
a more sustainable and environmentally friendly
alternative to chemical weed management methods.

Polyethylene mulches, in particular, play a crucial role
in crop production (Di Miceli et al., 2024). However,
the disposal or recycling of contaminated mulches
presents environmental concerns (Steinmetz et al.,
2016; Di Miceli et al., 2024), and their recycling can be
challenging (Tarara, 2000).

Mulching of non-synthetic origin is an effective
method for combating the negative effects of chemical
control and addressing weed issues. This method
involves applying various organic and biodegradable
materials to the soil surface to reduce weed populations,
prevent moisture loss and enhance crop yield (Forcella
et al., 2003; Gilreath and Santos, 2005; Yu et al., 2018).
Mulches function as a barrier by blocking light and
physically suppressing weed emergence (Ahmad et al.,
2020; Igbal et al., 2020). Mulching plays a significant
role in the production of such vegetables (Alptekin and
Glirbiiz, 2022; Tiilek et al., 2022; Usanmaz Bozhiiytiik et
al., 2022; Giirbiiz et al., 2024). It is commonly used in
eggplant production (Giirbiiz et al., 2021; Di Miceli et al.,
2024; Nyasapoh et al., 2024), and it increases the yield
significantly (Al-Bayati and Hamdoon, 2019; Giirbiiz
et al., 2021). Based on the previous discussion, there is
a need for new, environmentally friendly agricultural
practices for sustainable food production (Igbal et al.,
2020). Organic mulches offer an effective solution for
sustainable agriculture by conserving soil moisture and
nutrients, suppressing weeds and enhancing crop yield
(Nyasapoh et al., 2024). However, factors such as mulch
thickness, application timing, replacement frequency
(Goémez De Barreda et al., 2023) and selection of mulch
material should be based on soil type, environmental
conditions and the targeted production goal (Jabran,
2019). Typically, mulches are applied in a 5-10 cm
thick layer (Syed Shahnaz, 2023). However, research
has shown that low amounts of mulch are insufficient
for controlling weeds and increasing yield (Ddoring et
al., 2005). Therefore, determining the ideal thickness
is crucial for both material conservation and maximum
effectiveness. This study aims to fill these gaps by
evaluating the effectiveness of different organic mulches
[wheat straw (WS), grass clippings (CTG) and shredded
paper (CP)] applied in different thicknesses (5 cm, 10 cm
and 15 cm) to control weed populations and increase
eggplant yields. This approach promotes soil health and
reduces the environmental risks associated with synthetic
materials, while providing a sustainable alternative to
plastic mulches. The results of this study are expected to
contribute to the development of sustainable agricultural
practices by providing practical recommendations for the
selection of mulch materials and application thicknesses
that optimise weed suppression and crop yield.

MATERIALS AND METHODS

This study was conducted in 2021 and 2022 at the Igdir
University Agricultural Practice and Research Center
(39°55'45.6" N, 44°05'42.3" E). The ‘Pulsar’ F, eggplant
cultivar (Graines Voltz Turkey Tohumculuk®, Turkey)
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was used in the experiment. The meteorological data
for Igdir Province during the study months in 2021 and
2022, along with the long-term average (LTA) from
1941 to 2022, are presented in Table 1.

Soil samples representing the experimental field were
collected from a depth of 0-30 cm before planting for
soil analysis. The soil texture class of the experimental
field is clay loam, with a lime (CaCO,) content of 11.32%,
total salt of 2 mmhos - cm™, pH value of 7.9, available
phosphorus (P,O,) value of 0.8 kg - da™, available
potassium (K,0) value of 9.28 kg - da™ and organic
matter content of 1.8%. This study utilised WS (‘Demir
2000’ variety) obtained from the Central Research
Institute for Field Crops (CRIFC) in Ankara, Turkey;
cut grass waste [a mixture of Festuca arundinacea L.
(45%), Lolium perenne L. (25%), Festuca rubra subsp.
rubra (20%) and Poa pratensis L. (10%)] and shredded
writing paper materials (Table 2).

Three types of organic mulching materials were
selected: WS, CTG and CP. These materials were chosen
due to their local availability, cost-effectiveness and
ease of application. Additionally, WS is known for its
slow decomposition rate and ability to suppress weeds
effectively, CTG provide quick decomposition and
nutrient enrichment, and CP acts as an effective barrier

against light penetration, reducing weed emergence.
The mulches were applied at three different thickness
levels: 5 cm, 10 cm and 15 cm. These thickness levels
were based on previous studies suggesting optimal
weed suppression and soil moisture retention (Greenly
and Rakow, 1995; Van Donk et al., 2012). These findings
support the application of mulch at thicknesses between
5 cm and 15 cm to optimise both weed control and soil
moisture retention.

Eggplant planting, maintenance and
experimental set-up

The research was conducted at the Agricultural
Application and Research Center of Igdir University.
In the first year, eggplant seedlings were planted on 7
May 2021, and in the second year on 29 April 2022,
with row spacing of 70 cm and plant spacing of 50 cm.
The seedlings were planted in tilled soil with two-
thirds of the seedling’s height below the soil and one-
third above the soil. Before planting, 45 kg - da™' of
NPK fertiliser (Toros Classical Fertilizers) was mixed
into the soil. After planting, a drip irrigation system
with drippers spaced 20 cm apart was installed, and
the first irrigation was carried out immediately. The
system utilised drippers with a flow rate of 2 L - hr!

Table 1. Meteorological data for Igdir province between 2021 and 2022 and LTA (1941-2020).

Months Average temperature (°C) Total precipitation (mm) Average relative humidity (%)
2021 2022 LTA 2021 2022 LTA 2021 2022 LTA
March 10.0 10.4 6.2 17.5 18.1 22.1 60.5 65.6 52.2
April 17.4 11.5 13.0 18.4 83.6 33.8 43.6 76.6 49.9
May 21.1 18.8 17.7 42.1 76.1 46.5 46.3 63.1 51.5
June 26.8 24.2 22.1 0.7 15.7 32.0 33.9 48.3 473
July 274 26.7 25.9 324 30.2 13.7 45.7 48.4 453
August 274 24.2 25.3 8.3 15.3 9.7 40.6 47.6 47.1
September 222 235 20.4 11.5 1.4 11.5 44.8 477 46.2
October 12.7 14.5 13.1 18.5 7.3 26.3 60.0 49.6 48.5

Meteorological Service of Tiirkiye; LTA, long-term average (MS, 2024).

Table 2. General properties and application rates of mulch materials used in the study.

Code Material used General characteristics Application quantities
CP-5 CP5cm Paper pieces cut vertically into 1 cm pieces 1000 kg - da™
CP-10 CP 10 cm 2000 kg - da™!
CP-15 CP 15 cm 3000 kg - da™!
CTG-5 cm CTG 5 cm Mixed CTG: L. perenne 25%, F. arundinacea 45%, 1750 kg - da!
CTG-10 cm CTG 10 cm P. pratensis 10%, F. rubra subsp. rubra 20% 3500 kg - da!
CTG-15 cm CTG 15 cm 5250 kg - da™!
WS-5 WS 5 cm WS (‘Demir 2000’ variety) 1500 kg - da™
WS-10 WS 10 cm 3000 kg - da™!
WS-15 WS 15 cm 4500 kg - da™!

CP, shredded paper; CTG, grass clippings; WS, wheat straw.
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to ensure efficient water distribution. Subsequent
irrigations were performed weekly, with the duration
adjusted based on rainfall, soil moisture levels and the
plant’s water requirements. Given the 20 cm dripper
spacing, each irrigation session lasted for approximately
1-2 hr, depending on the environmental conditions
and soil absorption capacity. This study was designed
using a randomised block design with 11 treatments
(3 mulch materials: CP, WS and mowed grass, and 3
different mulch thicknesses: 5 cm, 10 cm and 15 cm,
with or without weeds), replicated 4 times, resulting in
a total of 44 plots. Plotting was done after the eggplant
planting and before applying the mulch materials. The
experimental layout was designed with plots measuring
4.0 m x 1.5 m, where 16 seedlings were planted in each
6 m? plot. A 0.5 m strip of bare soil was left between the
plots and blocks. The total experimental area covered
376.25 m? For plot division, stakes were fixed to the
ground, and strings were used within the strips. Mulch
materials were applied on 25 June 2021 in the first year
and on 10 June 2022 in the second year. Care was taken
to ensure that the eggplant seedlings were not covered
by mulch. In the weed-free plots, weeding by hoeing and
manual removal was carried out according to the weed
emergence status.

Determination of weed species and density in the
experimental area

To identify the weed species and their densities in the
experimental area, a 1 m? wooden frame was randomly
placed, and the weeds within the frame were counted.
The weed density was determined based on the
arithmetic mean. The weed density (plants - m™2) was
calculated by dividing the total number of plants counted
in the survey by the number of surveys conducted, with
the density of each species determined individually
(Odum, 1971):
Density (plants x m ™) = B
M

B is the total density of each species in the surveyed
areas (number of plants), and M is the total surveyed
area (m?).

Additionally, the weed densities of the species found
in the experimental arca were rated using the density
scale (Table 3) proposed by Ustiiner and Giincan (2002).

Weed emergence and weed species

After mulching materials were applied in both years,
weed emergence was determined by counting the weed
density in m? once a month. A total of three counts were
made during the study. The weed density was counted
for both the total density in the plots and the species-
specific density. For the plots with mulching materials,
only the emerged weeds were counted, and these were
recorded separately for each species. After evaluating
the species, the total weed density in m? was determined
for each plot. In plots with mulching materials, the weed

Table 3. Density scale of weeds.

Classification  Density level Density (plants - m?)
A High density >10
Dense 1-10
C Medium density 0.1-1
D Low density 0.01-0.1
E Rare <0.01

species Sorghum halepense, Convolvulus arvensis and
Xanthium strumarium were evaluated separately due
to their homogeneous emergence. Other weeds that did
not show a homogeneous emergence were evaluated as
a whole.

To determine the total weed density for all treatments,
1 m? frames were used for sampling. The density values
for each count date were calculated using the formula
proposed by Odum (1971), as mentioned earlier.
According to this method, the total number of weeds
was divided by the total surveyed area to determine the
density for each treatment.

Weed dry weight

In both years of the study, before the final harvest, the
weeds present in all plots were cut at the soil surface,
placed in paper bags and transported to the Herbology
Laboratory. In the laboratory, the samples were dried in
an oven at 70°C for 72 hr and then weighed to determine
their dry weight accurately. These data were recorded,
and the dry weight of weeds per m? was calculated.
Additionally, the percentage effect on weed dry weight
compared with the weed-infested control plots was
determined.

Eggplant yield components and yield

The eggplant harvest was carried out between 23 July
and 12 October 2021 in the first year and between
28 July and 5 October 2022 in the second year.
Several parameters were measured to assess the yield
components and the total yield, including plant height
(cm), number of fruits per plant (count), fruit weight
(g), yield per plant (kg) and total yield (t - ha™). Plant
height was measured from the base of the plant to the
final point of growth using a tape measure or ruler for
accuracy. Fruit weight was determined using a digital
precision scale (£0.01 g accuracy) to ensure accurate
measurements. Yield per plant and total yield were
calculated from the total number of fruits harvested
and their recorded weights, providing a comprehensive
assessment of productivity. Yield and yield components
were compared for mulched plots against weed-infested
control and weed-free control plots (using hoeing and
manual weeding).

Data analysis

The weed densities, weed dry weights, and eggplant yield
and yield components were evaluated based on three
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different counts made during the study. The relevant
data were subjected to one-way analysis of variance
(ANOVA). Means were compared using the Duncan
multiple range test (p < 0.05). Statistical analysis was
performed using SPSS 20 (IBM, 2011). Additionally, a
series of statistical analyses were performed to relate
the findings of the study. After data transformation/
normalisation, correlation analysis was performed using
JASP (version 0.16.4.0, December 2020) to determine
the degree of relationship between the variables and
to identify the strong and weak correlations. Heatmap
clustering (SRplot) was performed to visualise data
density and identify similar groups. Hierarchical
clustering (SRplot) was used to group the treatments
based on similarities. Network analysis (PAST Software,
2023) was conducted to determine and visualise the
relationships between variables. Principal Component
Analysis (PAST Software) was also applied to reduce
multivariate data to fewer dimensions and identify the
significant variables.

RESULTS AND DISCUSSION

Weed species and density identified in the
experimental area

A total of 17 weed species from 8 families were
identified. The families, scientific names, common
names and life cycles of the weed species found in the
experimental area are given in Table 4.

According to the study results, S. halepense was the
most abundant species in both years (14.5 plants - m™
in 2021 and 10.6 plants - m™2 in 2022). When compared
with the literature, species such as C. arvensis,
Chenopodium album, Portulaca oleracea and S.
halepense were commonly identified in both this study
and prior research conducted by Tepe (2022), Giirbiiz et
al. (2021) and Kaya (2011). Similarly, Cynodon dactylon
and Solanum nigrum, identified in studies by Aliyu and
Lagoke (1995) and Altinok (2013), were consistent
with the findings of this research. Marques et al. (2017)
also reported major weed species such as Eleusine

Table 4. Weed families, scientific names, common names and life cycles of the identified weed species in the

experimental area.

Family Scientific name Common name Life cycle Density (plants - m?) — Density scale
2021 2022 Mean
Narrow-leaved
Poaceae Sorghum halepense (L.) Pers. Johnson grass P 145A 10.6 A 12.6 A
Seteria verticillata (L.) P.B. Bristly foxtail A 0.8C 0.6 C 0.7C
Cynodon dactylon (L.) Pers. Bermuda grass P 0.5C 01C 03C
Broad-leaved
Amaranthus retroflexus L. Redroot pigweed A - 02C 01C
Amaranthaceae ~ Chenopodium album L. Common A 55B 6.0B 58B
lambsquarters
Atriplex nitens Schkuhr. Mountain spinach P 0.6 C 0.6C 0.6 C
Suaeda altissima (L.) PALL Sea blight A 02C 03C 03C
Asteraceae Cirsium arvense (L.) Scop. Canada thistle P 09C 0.8C 0.8C
Xanthium strumarium L. Common A 48B 50B 49B
cocklebur
Brassicaceae Sinapis arvensis L. mustard A 03C - 02C
Descurainia sophia (L.) Webb. Flixweed A 02C - 0.1C
Ex Prant.
Cardaria draba (L.) Desv. Hoary cress P 04C 0.5C 0.5C
Myagrum perfoliatum L. Field mustard A 0.8C 04C 0.6 C
Convolvulaceae  Convolvulus arvensis L. Field bindweed P 43 B 3.8B 40B
Fabaceae Alhagi pseudalhagi (BIEB.) Camelthorn P 0.5C - 03C
DESV.
Portulacaceae Portulaca oleracea L. Purslane A 0.5C 0.6 C 0.6 C
Polygonum aviculare L. Prostrate knotweed A 03C 03C 03C
Parasitic
Cuscutaceae Cuscuta spp. Dodder Parasitic 03C 01C 02C

Life cycle: A — annual; P — perennial.
Density scale: A — high density, >10.00 plants - m?; B — intensive, 1.00-10.00 plants - m % C — medium, 0.10-1.00 plants - m™
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indica, Portulaca oleracea and Cyperus rotundus in
the experimental areas. In summary, the diversity and
prevalence of weed species identified in the eggplant
planting area align with findings from previous studies,
highlighting the widespread nature of these species in
agricultural fields.

Effect of mulching on weed population and
species

The three periodic counts showed a significant
difference in the density of the weeds. These differences
varied depending on the mulching material used.
Statistical analysis showed that the effects of different
mulching materials on weed density in eggplant fields
were significant at the 1% level (p < 0.01) for both years
and all counts. The average values of weed density and
the groupings formed are presented in Figure 1. These
results underscore the effectiveness of mulching in
reducing weed populations and its potential to influence
specific weed species.

In the evaluations of both years, statistically
significant differences were observed among applications
in terms of weed density. Although weed densities
increased during the evaluation periods, all mulch
applications achieved lower density values compared
with the weedy control group. In both years, the lowest
weed density in the final evaluation was achieved with
the CTG-15 mulch material (3.37 plants - m™2 in 2021
and 3 plants - m™2 in 2022). The highest weed density
was observed in the weedy control plots, with values of
67 plants - m™2 in 2021 and 75.5 plants - m2 in 2022.
Overall, it was seen that mulch materials successfully
controlled weeds compared with the control plots and
that weed density further decreased as mulch thickness
increased. These findings support previous studies such
as those of Kaya (2011) and Jodaugiene et al. (2006).
Kaya (2011), in a study where different plants were
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used as mulch material, indicated that mulching reduced
weed density. Jodaugiene et al. (2006) expressed that
increasing mulch thickness enhanced weed control,
especially by preventing the emergence of annual weeds.
Additionally, Ahmed et al. (2016) and El-Semellawy and
El-Koumy (2015) emphasised that mulching suppresses
weeds similarly. These results demonstrate that mulch
material and thickness are important factors in weed
control and that mulching is particularly effective in
controlling annual weeds. Furthermore, Gradila et al.
(2023) stated that mulching effectively controlled weeds,
which is consistent with our study.

In this study, it was seen that the effects of the
mulch materials on weed species varied. Specifically,
S. halepense, C. arvensis and X. strumarium were
prioritised because they were homogeneous and
prevalent across the mulch materials. Additionally,
other weed species were observed in the plots with
mulch materials, but when their emergence was not
homogeneous, they were evaluated as a whole in terms
of the weed species present in the experimental area
(Figure 1). The effect of mulching on S. halepense
is given in Table 5, on C. arvensis in Table 6, on X.
strumarium in Table 7 and on other weeds in Table 8.

Evaluations conducted on the weed species in the
trial area revealed that the effects of different mulching
applications and mulch thicknesses varied across weed
species. Particularly, the S. halepense species, which
was observed at high densities, persisted under mulch
materials applied at a thickness of 5 cm and was able to
maintain its high density even under some 10 cm mulch
applications. S. halepense, compared with other weed
species, was less affected by the protective impact of
the mulch and continued to grow despite the presence
of thick mulch layers. By contrast, observations of
other dominant species, such as X. strumarium and C.
arvensis, indicated that mulch thickness had a more
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Figure 1. Effect of mulching on weed population (CP, CTG and WS). Lowercase letters indicate groupings among the
treatments, while uppercase letters indicate groupings among evaluations within each treatment. Differences between
means indicated by the same letter are not significant at the 0.05 level. CP, shredded paper; CTG, grass clippings; WS,

wheat straw.



97

“[OAS] S0°0 oY) Je JueoyIuSIs

JOU dJB 19))9 dWIES Y} Aq PIJBIIPUT SUBIW UIMIIQ SOIUAIYJI "uonesrjdde yoeo uryiim suonenyead Suowe s3urdnoid oyeorpur s10339] oseoraddn orym ‘suonesrjdde oy Suowe s3urdnois ojeorpur s19339] 9SLOIOMO
"MEI)S JBOUM ‘SA\ ‘SIuduean) ‘gL yuowssosse ‘g s3urddio sseis ‘010 <roded papparys 4D

10°0 > s S0°0 > e

#x000°0 #+000°0 #x000°0 #+000°0 #%0000 %0000 #x000°0 #0000 %+000°0 d
T6'16€ 0T'801 €0'8t 00Tty 00'€9 TIse 8¥°L91 TIsel £6'8¢ d
90¥1 6v°01 §€9 YO'€l 6L6 91°¢ 60°S1 8I°T1 vS'L uBd

#0000  61'€8  VESLG6Y qe 00'1¢ DB 008l #x0000 +TT9  VEOS9F  dB000€ DB009I #0000 6£85  Ve00€S  €de007€ Ov000T  Apoom
#0000 18 VASL6I €9 0091 DASTOI  +«[000 0S'8T V90§81 g900ST 09056 0000 I86€  VA00Tc  €d900L1  D900°Tl $-dD
#1000 9F0€  VIOS'S Vi €LY 9961 441000 8I'IE V300 VIOt dPEl'T #5000 8I'YI V3009 V$00S  €500C SI-SM
#0000 119 V908 VO 0S'L dPSLy  #x0000  T9SE  VIGLL VI 00L €00S€ 8600 0S€ V8006  dVP008 €dP009  0I-DLD
#1000 0S'€C V20091 O0STT  OPOI89 #1000 8L0€ V2009l €900 D9€9S #5000 St¥l V20091  dP2 00Tl dP200'8 S-SM
#+€000  00Ll VO Tyl 8811 09°90S'8 #1000 8€8C VP EY€El g6 11 09008 #6000  LI'TT  VP200ST  dV200Cl 999006 01-dD
#0000 8795 VP LTI 49P 00°8 OP I8+ #+[000 90ST  VOFSOI €008 DJ2€9€ %0000 00T VIPOOZI  €9008 D3 009 01-SM
#0000 096§ VO EI'¥I €apo 0501 OPSLY #0000  60°9F VPISTHL  €dP200Tl D205+ #1000 +TST VOPIOOYI 9P 0001 D2 00°S $-D1D
#0000  0T'8€ VP €101 gop ST'8 OPI8E9 441000 SSST VIS ST6 g3 0SL DoSLY «LT00  00'L VI 00T d9P 006  dP°00'8 §1-dD
£9700  8I'L V3880 av3 050 49900 %9200 8I'L VUSLT  dv3001 dPE€ro - - 4000 3000 J000  SI-DLD
- - 3000 3000 2000 - - 1000 3000 P000 - - 1000 3000 J000 9915 poop

d d qd¢ 4°C q°1 d d qd°¢ q°c q°1 d d qd°¢ 4°c q°1 RN
U 163K 770T Teak 170 DIO0S

Gurbuz et al.

‘asuadapy g uo JuIYO[NW JO JJH °S dqeL



Impact of mulch on weed control in eggplant

98

"TOAJ] §0°( 9Y3 Je JuroyIUSIS

JOU Q1B 19)39] dWeS 9y} Aq PIIedIpul SUBIW UMD SAUIJI( "uorjesrjdde yoes uryiim suoren[ead Juowe s3urdnoid ajeorpur s19139] oseordddn ojiym ‘suonesrdde oy) Suowe s3urdnoid 9jedrpul $19339] 9SBIIOMO]
"MBIIS JBOUM ‘SA\ ‘SIuawIeax) ‘gL ‘Juowssasse ‘7 sfuiddipo ssead ‘0 1) ‘roded pappaiys gD

T0°0 > dies S0°0 > dy

#+000°0 #x0000  %x000°0 #+000°0 #+0000  #x000°0 #0000 40000 %0000 d
€LT'TT 98691 085S sTLTl T9SLL 0L8°0T S1°01 €61°S1 0LT'LT d

0Ty 8€°€ 991 It'e 89T €Tl 00°S 60t 60T UBIN

8SI'0  #S°CT VEST6 VE(OO'S  VEOOS PEI0 98T Ve 0SL VEOOL VEOOY S0T0 60T VEOOIl  VEB006 VE009 Apaom
«L100  $L'8 \CEYAY VLIS  d900€  «L100  SS'8 Va0S'S avacey  d900€ L1000 998 VA00L V4009 €d900€ $-dd
#1100 95701 VOPE€9T  VRPSLT  dISLO  «I€00 TSI VOPSTT  dVRPOST €30S0 #7000 0091 Vo00€  €9P 00T OPA00T SI-SM
#0000 620  VOPOIEE  dSLT  DF000 #+0000  96%6€ VP €9°C P 0ST  DF000  #+1000  88°€E Vo 00t  €9P 00T  OP000  0I-DLD
#+2000  TT°€T VOqSTS  VOASTH  dPSLT  #x1000  00°8C V29 0S5t g9905°¢ OP20ST  #x£000 0681 V29009  V2900'S €99007C S-SM
0800 ¥6'¢ VP24 00S dVoqLI't d990ST 7800  68°€ VP2q 00y  dVeqEce  €900T $80°0 8ISE V29009 V2900  V900€ 01-dD
#9000 ITEl  VOPOASEY  WOQSTH dPISTT  4xb000  ¥9SI VPO SLE Voq0S€ dpPo0ST  «0200 008 Vo9 00§  V9q00S  d900°€ 0I-SM
LSOO 08t Vopo00'e  dVP0ST  dR0ST 48200  S89 Vop200'¢  dVPO00T  €oP Ol €810  8TT VO00€  VPP00E V2900T $-DLD
#+1000  9€6T VPO 88T VOG9T  dF000 #x1000 00T€  VOPIGLT VPI6TT  dI000  #xC000  09'IT Vo00€  VP200E 9P 000 §1-dD
#0000 TLLE VOPIET  dIRSL0  DF000 #+1000  69°0€ V0 €91 DI20S0  DF000 #0000 00T Vo00€  €9P 00T  OP000  SI-DLD
- - 3000 3000 J000 - - 3000 2000 3000 - - P 000 9000  P0O00 921 paapy

d d qd¢ 4°C q°1 d d qd°¢ 4°C a1 d d q¢ 4°c q°1 HAL
UBON 160k 770¢ Teak 1202 "NOD

“S1SU2A4D ")) UO FUIYD[NW JO J03FH 9 d[qeL



99

Gurbuz et al.

"TOAJ] §0°( Y3 I JurOyIUSIS
JOU Q1B 19)39] dWeS Ay} AQ PIILdIPUI SUBIW UMD SAOUIJI( "uonjesrjdde yoes uryiim suonen[ead Juowe s3urdnois ajeorpur s19139] oseoraddn ofiym ‘suonedrdde oy) Suowe s3urdnoid 9jedrpur s19339] 9SBIIOMO]
"MBIIS JBOUM ‘SA\ ‘SIuawIeax) ‘gL ‘Juowssasse ‘g ‘sfurddipo ssead ‘0 1) ‘roded pappaiys qD
T0°0 > s 'S0'0 > s

#+000°0 #0000 %+000°0 #0000 %0000  %+0000 #0000 #0000 %+000°0 d

69101 LLLY 89°CC Te91 $8°01 SL8I TErog LEV'9T 00LT d

LLO ¥9°0 620 ¥9°0 8770 €20 060 18°0 9¢°0 UBdN

£9b00  vPES VBO0S9  dVe00S deBSLT 0820 €8S'T  VBO0S VBOOY VBOST #6000 00F'I1  VEOO'S Ve009 de00¢ Apaop
V1000 00S6 V9001 V9880 V9000 500 SL8Y  VAO00T  VASLO  VA000 #1000 000%T V4001 Va00T 99000 $-dD
- - 2000 Q000 9000 - - 9000 9000 9000 - - 2000 Q000 9000 SI-SM
STI0  000€ V2900 V9000 V9000 STIo 000€  VIAEr0 V9000 V9000 - - 2000 Q000 9000 01-D1D
STI0 000 VOEI0 V9EI0 V9000 STIo 000€  V9$T0  VISTO V9000 - - 2000 Q000 9000 S-SM
600  0b9C  VOE€CT0 VAEI0 V9000 2600 09 VA9¥0  V4ST0 V4000 - - 2000 Q000 9000 01-dD
o 0001 V900 V9000 V9000 o 000T  V4£00 V9000 V4000 - - 2000 Q000 9000 0I-SM
STI0 000 V2900 V4000 V9000 STIo 000€  VI9€I0 V9000 V9000 - - 2000 Q000 9000 $-DLD
- - 2000 Q000 9000 - - 9000 9000 9000 - - 2000 Q000 9000 SI-dD

- - 2000 Q000 9000 - - 9000 q000 9000 - - 2000 Q000 9000 SI-DLD

- - 2000 Q000 9000 - - 9000 9000 9000 - - 2000 Q000 9000 001§ PO

d d q°¢ a¢ q1 d d q°¢ a°¢ a1 d d q°¢ a¢ a1 qdL
TR 180k 770¢ 163K 1207 NVX

“WINLADWNALS Y U0 SUIYOINW JO 1093 *L dqeL



"TOAJ] §0°( AU} I JurOYIUSIS

JOU Q1B 19)39] dWeS Ay} AQ PIILdIPUI SUBIW UMD SAOUIJI( "uonesrjdde yoes uryyim suonen[ead Juowe s3urdnoid ajeorpur s19139] oseoraddn ofrym ‘suonesrdde oyy Suowe s3urdnoid 9jedrpur $19339] 9SBIIOMOT
"MBIIS JBOUM ‘SA\ ‘SIuawIRaI) ‘gL ‘Juowssasse ‘7 ‘sfurddipo ssead ‘0 1) ‘roded pappaiys qD

T0°0 > s SO0 >y

Impact of mulch on weed control in eggplant

#0000 %x0000 %0000 #+000°0 #0000 %+0000 #0000 %x0000 #0000 d

SLOYE LEO'SS 229! S8LYE €IS 0 0SL'8 796'1¢ 68£°89 859'CC d

€1 8T'1 870 €'l vI'l S¥0 091 0T'1 050 LRI

#x900°0 €rel € /98 ©GL9 B ECT 448000 or'et Ve 008 Ve0S9  dB00T %x9000 €€l VEBEE6  VeOOL dqe /9T Apoop
+¥20°0 9L q.L91 QEeT  PI9L90 8600  0S'€ VOqQOST  dVASTT  d996L0  «€1000  TL6  V9E€8T  VATHT  dpd98S0 $-dD
9%T0 8L'1 20170  PA1T0 2000 9670  0S'1 VopST0  VPIST0  VP000 9I1T0 00T  VOLI0 VPILIO V 000 ST-SM
1£5°0 0L0  99+S0  PO6T0  dPI6T°0 o 001 VP9Q0S0  VPISTO  VPISTO 0£9°0  0S0  VA8S0 VPIEECO  VOPIEELD  0I-DLD
#+£00°0 9891 Q€81 q0S'1 99 6L0  #+L000  00°€l VaSLT VQO0ST €960  «¥000  TI9T  VATET  VAO0ST €09 £8°0 S-SM
011°0 STe 99850  PO6C0 2400 900  0S't VPoq0s0 dVPIST0 000 SOI'0  9¥'T V9QL90 VPIEECO VP 80°0 01-dD
#x100°0 v99T  99€I'T 99960 OPLI'0  #+L000  00€T  VPXASTT V29007 €POST0 #0000  0S'SS V9Q00T V99260 €op 80°0 01-SM
62€°0 ve'l Q€91 q8$'1 Q001 o 001 Vo9 051 Vq0ST  V900T 860  6V'T  VASLT  VAL9T V9001 $-DLD
#x700°0 €9°61 9860 P800 2000 %x8000 00Tl VP99 050 apr 000  dP000  «[100  OF0T V9°9.90 dpdLI0 €9 000 S1-dD
o 001 2400 P 000 2000 2000 P 000 P 000 o 00T Vo800  VPO00O Vo000  SI-DLD

- - 2000 P 000 2000 - - 2000 P 000 P 000 - - 2000 P 000 9000 991 poOm

d A q°¢ 4 a1 d d a°¢ 4 a1 d d qa°¢ 4 a1 AL
UBN 183K 7202 1834 20T 070

100

'$9109ds poom JOY}0 Uo Furyo[nw Jo 30914 8 dqeL



Gurbuz et al.

101

pronounced effect on their density. A slight reduction
in the density of these species was observed with mulch
applied at 5 cm thickness, but this reduction remained
limited. However, mulch applications at thicknesses
of >10 cm significantly reduced the density of these
species, providing effective control at these levels.
Similar effects were observed on other weed species
in the trial area, with weed densities decreasing
significantly as mulch thickness increased. Overall,
all mulch materials proved to be effective methods
for suppressing weed growth. Furthermore, thicker
mulch applications resulted in more effective weed
suppression, leading to greater success in weed control.
Compared with the control plots, weed densities in the
mulched plots were significantly lower, demonstrating
that mulch applications are a successful method for
weed management (Tables 5—8).

Previous studies, such as those by Kaya (2011)
and Jodaugiene et al. (2006), have shown that mulch
thickness reduces weed density, with particularly
greater effects on annual weeds. Similarly, Kosterna
(2014) reported that higher mulch doses enhance weed
control, findings consistent with our study. Kaya (2011)
and Doring et al. (2005) also emphasised that straw and
other mulch types are effective in controlling weeds,
but straw mulch may have limited effects, especially
when applied in low amounts. In this study, while S.
halepense was able to maintain high density at even
<5 cm mulch applications, the effect of mulch thickness
was more pronounced on species such as X. strumarium
and C. arvensis. Significant reductions in weed density

Table 9. Effect of mulching on weed dry weight.

were observed, especially with mulch thicknesses of
>10 cm. Moreover, studies by Genger et al. (2018) and
Marble et al. (2019) confirmed the ability of straw mulch
to suppress broadleaf weeds.

Effect of mulching on weed dry weight

Significant differences were observed in the dry
weights of weeds in eggplant fields during both years
(F=116.782, p < 0.01 in 2021; F' = 155.467, p < 0.01 in
2022). Weed dry weights varied depending on the type
and thickness of the mulch materials (Table 9).

According to the data, significant differences were
observed among mulch material types and thicknesses
in terms of weed control efficacy. It was found that
various mulch applications significantly reduced weed
dry weight over the 2 years, and these effects were
found to be statistically significant (p < 0.001). When
considering the average of both years, the lowest weed
dry weights and the highest efficacy rates compared
with the weedy control plots were obtained with the
Paper 3 application (45.13 g - m™ weed dry weight and
86.34% efficacy rate). Based on the average weed control
efficacy, the most effective applications were CP 15 cm,
CP 10 cm and WS 15 cm, respectively. This indicates
that thicker paper and straw mulches were particularly
successful in controlling weeds (Table 9).

The findings align with the study by Goémez De
Barreda et al. (2023), which identified three factors
influencing the effectiveness of mulch management:
mulch rate, installation timing and replacement rate.
In this study, mulch thickness was found to be a

Treatments 2022 2023 Means
Weed dry weights  Effect =~ Weed dry weights Effect Weed dry weights Effect (%)
(2 (%) (2 (%) (&

CTG-5 cm 210.13£14.72b 17.11 206.38£23.41b 49.34 208.26 £ 15.86 b 36.97
CTG-10 cm 160.70 = 17.79 d 36.61 165770 £ 14.72 ¢ 59.32 163.20£9.35¢ 50.61
CTG-15 cm 115.20 +21.60 f 54.56 99.80 +4.09 de 75.50 107.50 £ 12.62 d 67.47
CP-5 14330+ 725¢ 43.47 186.80 £ 14.39 be 54.14 165.05+ 713 ¢ 50.05
CP-10 66.50+ 1471 g 73.77 7775 £ 14.93 ef 80.91 7213+ 1477 ¢ 78.17
CP-15 42.00+ 14.14 h 83.43 48.25+1797 ¢ 88.16 4513 £ 1599 f 86.34
WS-5 182.19 £ 12.63 ¢ 28.13 203.43+£16.82 b 50.06 192.81£7.83b 41.65
WS-10 122.00 + 10.80 f 51.87 114.78 £ 10.64 d 71.82 118.39£5.98d 64.17
WS-15 60.00 £21.20 gh  76.33 60.00 + 19.58 fg 85.27 60.00 £ 19.57 de 81.84
Weed 253.50+472a 0.00 407.37+34.27 a 0.00 33044+ 1570 a 0.00
Weed-free 0.00 +0.00 1 100.00 0.00 +0.00 h 100.00 0.00 £0.00 £ 100.00
Mean 123.23 +75.04 142.75 + 108.20 132.99 £ 89.84

F 116.782 155.467 214.863

p-value 0.000%* 0.000%* 0.000**

**p < 0.01.

CP, shredded paper; CTG, grass clippings; WS, wheat straw.

Lowercase letters indicate groups formed among the applications, while uppercase letters denote groups formed within evaluations for
each application. Differences between means indicated by the same letter are not significant at the 0.05 level. Values are presented as

mean + standard deviation.
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significant factor affecting weed control. Thicker mulch
applications were more effective in suppressing weed
growth. This result parallels the findings of Jodaugiene
et al. (2006) and Kaya (2011), which also demonstrated
the effectiveness of thicker mulch layers. The impact of
different mulch materials on weed control, as observed in
Grassbaugh et al. (2004), is consistent with our findings.
Hammermeister (2016) also noted that mulch can fully
or partially control weeds in agricultural fields. In this
study, weeds were predominantly suppressed. Moreover,
the studies by Ates and Uygur (2013) and Giirbiiz et
al. (2021) emphasised the positive effects of mulch on
weed control, while highlighting that this effect can
vary depending on the type and thickness of the mulch
material. Similar to the findings of Kaya (2011) and
Déring et al. (2005), this study observed limited effects
of straw mulch at lower amounts. This aligns with the
literature indicating that mulch was less effective against
S. halepense but more effective against other weed
species. Finally, studies by Genger et al. (2018) and
Marble et al. (2019) confirmed the ability of straw mulch
to suppress broadleaf weeds. Accordingly, this study
found that straw mulch could be effective under certain
conditions, with its effect becoming more pronounced
with increased thickness.

Effects of mulching on eggplant yield and yield
components

Significant differences were found among all parameters
evaluated in the study (plant height, fruit count per plant,
fruit weight, yield per plant and overall yield) across the
applications (p < 0.001), indicating that each application
had different effects on plant performance (Table 10).
Yield differences were also observed according to
mulch types and thicknesses. While grass applications
generally provided higher yields than other mulch types,
Paper and Straw applications also provided higher yield
results than the control plot. The highest yield in the
study was obtained in the CTG-15 cm (83.20 t - ha™)
application in 2021. This value is approximately 75%
higher than the control plot. These results are consistent
with previous studies emphasising the weed-suppressive
effects of mulch materials (Jodaugiene et al., 2006;
Kaya, 2011; Genger et al., 2018). The eggplant yield
was higher in 2021. The slightly higher temperature
in 2021 compared with 2022 (Table 1) may explain
this difference. This observation is consistent with the
findings of Adamczewska-Sowinska et al. (2016), who
state that eggplant growth and yield are significantly
influenced by air temperature. When the average values
are considered, CTG-15 cm application provided the
highest yield with 80.86 t - ha™!. When compared with
the control (weedy) application, a yield increase of
approximately 75% was achieved in Grass 3 application,
which had the highest yield. These findings align with
previous research on mulch-based weed control and yield
enhancement (Hussain et al., 2022; Tarrant et al., 2024).
In addition, Paper and Straw applications generally

provided higher yields than the control application. For
example, the average yield in the WS 10 cm application
was 74.17t-ha™', which is approximately 60% higher than
the control application. As a result, it was clearly seen in
the study that mulch applications had a positive effect
on yield. In addition, increasing the mulch thickness
further increased the yield and revealed that mulch
applications positively affected plant development.
These findings show that mulches such as grass, paper
and straw are an effective strategy, especially for weed
control and increasing yield (Table 10). Hashimi et al.
(2019) reported that mulching had positive effects on
eggplant yield. Pirboneh et al. (2012) stated that straw
mulch provided the highest fruit yield and these findings
were similar to the current study. Giirbiiz et al. (2021)
also stated that mowed weed wastes provided positive
effects on yield when used as mulch and observed
yield increases. In addition, Ates (2007) and other
researchers emphasised that straw mulch is effective in
increasing yield. In the study, it was observed that plant
development and yield increased with increasing mulch
thickness. Studies conducted by Genger et al. (2018)
and Marble et al. (2019) also stated that straw mulch
suppressed broadleaf weeds and increased yield. Syed
Shahnaz (2023) emphasised the potential of mulches
to increase plant yield while providing cool and moist
soil. Another study showing that yield losses are caused
by weeds was conducted by Marques et al. (2017), and
in this study, weeds were found to reduce eggplant
yield by 78%. Similarly, Almhemed and Ustuner
(2022) stated that they increased the yield loss caused
by weeds by up to 92.52% compared with the control
plot. Mulching creates a physical barrier that prevents
weed emergence by blocking sunlight and reducing
temperature fluctuations on the soil surface (Igbal et al.,
2020). Organic mulches such as CTG and WS provide
additional benefits by improving soil moisture retention,
increasing nutrient availability through decomposition,
and promoting microbial diversity (Neal et al., 2015;
Omidvar et al., 2023). However, the effectiveness of
mulching is affected by the type and thickness of mulch
used. In this study, the most effective treatment was
15 em thick CTG mulch (CTG-15). Thicker mulch layers
provide a more effective barrier to light penetration,
which provides success in weed control. This finding
is consistent with previous studies (Jodaugiene et al.,
2006). CP and WS applications were also found to be
effective, but their performances were relatively lower
than CTG. This may be due to differences in the material
structure, decomposition rate and moisture retention
capacity. Similar results were reported by Genger et
al. (2018) and Marble et al. (2019), who reported that
straw mulch in particular was less effective at low
thickness levels. Interestingly, this study showed that
S. halepense maintained its high densities even with
mulch applications of 15 cm thickness, highlighting the
species’ resistance and aggressive growth habit. This
result is consistent with previous studies indicating that
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Table 10. Effects of mulching on eggplant yield and yield components.

Treatments Plant height (cm) Fruits per plant Fruit weight (g) Yield per plant Yield (t - ha™)
(fruit - plant™) (kg)
2021
CTG-5 cm 50.60 £ 1.41 h 17.85+£0.08 ¢ 140.03 £ 1.63 ¢ 2.50+0.16d 65.25+1.54d
CTG-10 cm 7214+ 141 ¢ 19.59 £ 0.04 b 155.11 £ 1.65b 3.04 £ 0.16 abc 7899+ 1.51b
CTG-15 cm 7520+2.16b 19.74 £ 0.08 a 162.05+142a 320+022a 83.20+0.81 a
CP-5 4945+£0.71h 1733 £0.06 £ 13213 +£2.18 f 2.29+0.08d 59.54+0.40 ¢
CP-10 6470 +£2.94 ¢ 19.43 £0.06 ¢ 144.08+0.83 d 2.80+£0.16 ¢ 72.55+0.64d
CP-15 76.80 + 0.82 ab 19.45+£0.04 c 15417+ 146 b 3.00 £ 0.14 abc 78.00+1.06 b
WS-5 5470+£1.63¢ 1702+ 0.07 g 138.07+2.16 ¢ 235+0.12d 61.10+0.70 £
WS-10 78.30+0.00 a 19.67 £ 0.08 ab 160.06 £ 1.48 a 3.15+£0.28 ab 81.90+0.70 a
WS-15 6230+ 141 f 19.32£0.07 ¢ 150.04£2.12 ¢ 2.90 +0.16 bc 7540+£032¢
Weed 43.12+2.161 15.87+0.09h 126.02+1.63 g 2.01+£0.16 ¢ 52.26+0.81 h
Weed-free 68.40+141d 19.24+0.05d 14810+ 1.43 ¢ 2.85+0.12¢ 74.10+0.70 ¢
Mean 63.25+11.86 18.59 £ 1.29 146.35 £ 11.17 2.74 +£0.41 71.11 £0.97
F 219.791 159.572 186.858 21.177 483.703
p-value 0.000%* 0.000s 0.000s 0.0003% 0.000%*
2022
CTG-5 cm 5268519 f 1545£0.62 ¢ 150.00 £4.16 bed  2.32+0.08 de 60.23 £2.23 de
CTG-10 cm 70.09 + 3.10 abc 19.35£0.65a 155.00+3.55abc  3.00+£0.14a 78.00+3.82a
CTG-15 cm 71.68 + 6.22 be 18.60 £ 0.75 ab 162.50 £ 6.45 a 3.02+0.10a 78.52+2.62a
CP-5 51.55+5.04 f 1510+ 0.61 ¢ 14075+ 561 ¢ 212+0.05¢ 5520+ 1.35¢
CP-10 63.90 £2.79 de 17.88+£0.29 b 14725+512cde  2.63+0.12Db 68.45+327D
CP-15 80.05+£5.13 a 19.60 £ 1.03 a 151.25+6.89bed  297+0.24a 7712+ 6.25a
WS-5 5173 +3.93 f 1555+ 0.81 ¢ 140.25+5.56 ¢ 2.18 £ 0.09 de 56.65 £ 2.55 de
WS-10 75.33 +£5.39 ab 1755+ 1.72b 145.50 + 4.50 de 2.56 +0.29 be 66.45 +7.57 be
WS-15 60.73 £3.26 ¢ 18.88 £ 1.07 ab 158.25+2.36 ab 299+0.13 a 77.62+3.62a
Weed 41.22+£3.69 g 12.50 £ 0.60 d 123775+8.53 f 1.54+£0.06 f 40.13 £ 1.60 £
Weed-free 66.25 +2.21 cde 16.20£0.81 ¢ 14575 £3.30 de 236+0.13 cd 61.39 +£3.54 c¢d
Mean 62.29 +12.10 16.97 £2.26 147.30 = 11.09 2.52+0.47 65.43 +£1.22
F 29.872 24.307 15.038 38.455 38.455
p-value 0.000%* 0.000%** 0.000** 0.000%** 0.000**
Mean
CTG-5 cm 51.64+2.86f 16.70 £ 0.96 cd 145.02 £3.78 ¢d 241+£0.07¢ 6274+ 1.28d
CTG-10 cm 7111 £192¢ 1948+ 0.85a 155.06 = 5.30 ab 3.02+0.14 ab 78.49 +£2.45 ab
CTG-15 cm 73.44 £3.59 be 19.17£049 a 162.28 +7.21 a 311+0.14a 80.86 £ 1.61 a
CP-5 50.50£2.59 f 16.26 £1.03d 136.44+ 642 ¢ 2.21£0.04e 5737+0.70 e
CP-10 64.30 +2.83 de 18.63 £ 1.07 ab 145.67 £ 6.18 cd 272+0.11cd 70.50+1.95d
CP-15 7843 +2.80a 19.54 +0.48 a 152.71 £ 7.31 be 2.98 +£0.15 ab 77.56 £3.26 b
WS-5 53.21+155f 16.30+£1.00d 139.16 +4.49 de 226+0.11e 58.87+1.58¢
WS-10 76.81 +2.69 ab 18.61 £ 1.35 ab 152.78 £4.29 be 2.85+0.26 be 74.17+4.04 ¢
WS-15 61.51£222e¢ 1910+ 048 a 154.15+3.83b 2.94+0.09 ab 76.51 + 1.74 be
Weed 42.17+2.62 g 1423 £0.84 ¢ 124.89+3.30 f 178 £0.11 f 46.19+£0.44 f
Weed-free 67.33+0.62d 17.72 £ 0.37 be 14693 £2.09 bed  2.61 £0.07d 67.74+1.54d
Mean 62.77 +11.78 17.79 £ 1.81 146.82 + 11.01 2.63+0.42 68.27 +1.06
F 91.245 15.582 16.080 38.814 104.424
p-value 0.000%* 0.000%* 0.000%* 0.000%* 0.000%*
*kn < 0.01.

CP, shredded paper; CTG, grass clippings; WS, wheat straw.
Differences between means indicated by the same letter are not significant at the 0.05 level. Values are presented as mean + standard deviation.
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perennial weeds are generally more difficult to control
with mulch than annual species (Kaya, 2011; Marques et
al., 2017). By contrast, X. strumarium and C. arvensis
were effectively suppressed with mulch thicknesses
of >5 cm. This finding suggests that the effectiveness
of mulching may vary depending on the weed species
present. The findings also show that CTG (CTG-15)
are particularly effective in increasing eggplant yield.
This can be explained by the fact that CTG retain soil
moisture during the decomposition process and increase
nutrient release. It is also supported by previous
studies that organic mulches contribute to soil health
and productivity over time (Gilirbiiz et al., 2021; Syed
Shahnaz, 2023). In addition, the positive correlation
between mulch thickness and yield increase suggests that
thicker layers are beneficial for increasing productivity.
Comparative studies on plastic and organic mulches
generally emphasise the superior performance of plastic
mulches in changing soil temperature and moisture
retention (Tarara, 2000; Sabatino et al., 2018). However,
the environmental disadvantages of plastic mulches,
especially disposal and degradation issues, necessitate
the search for sustainable alternatives (Steinmetz et
al., 2016; Di Miceli et al., 2024). The findings of this
study indicate that organic mulches, especially CTG,
offer a viable alternative to plastic mulches by providing
effective weed control and yield increase without
adverse environmental impacts. These data clearly
show the great effect of weed control on yield and how
mulch applications can prevent these losses.

Effects of mulching on eggplant fruit quality and
marketable yield

A range of significant differences were observed in all
fruit quality parameters given evaluation, including
fruit length, fruit diameter, fruit firmness, marketable
yield and unmarketable yield across the different mulch
applications (p < 0.001). These findings suggest that the
type and thickness of mulch have substantial effects on
fruit quality and productivity (Table 11).

Mulching had a significant impact on the quality of
eggplant fruit and the resulting marketable yield. The
longest fruits were recorded in the CTG-15 cm treatment,
with a mean length of 22 cm, whereas the shortest
fruits were observed in the weedy control, measuring
12 cm. In a similar manner, the fruit diameter was
found to be greatest in the CTG-15 cm (10 cm) group,
and least in the weedy control (4 cm). Furthermore,
the mulching treatments, specifically CTG-15 cm, CP-
15 cm and WS-15 cm, exhibited the highest levels of
fruit firmness (4.5 kg - cm™?). By contrast, the weedy
control treatment demonstrated the lowest levels of
firmness (2.0 kg - cm™?). With regard to marketable
yield, the WS-15 cm treatment yielded the highest
(71.62 t - ha™), followed by CTG-15 c¢cm (71.01 t - ha™)
and CP-15 cm (70.26 t - ha™"). This suggests that thicker
mulch layers are conducive to enhanced productivity.
Conversely, the weedy control treatment resulted in the

lowest marketable yield (29.39 t - ha'), demonstrating
significant yield losses due to weed competition.
Unmarketable yield exhibited a comparable trend, with
the maximum losses recorded in the weedy control
(10.75 t - ha!), while the WS-15 cm treatment exhibited
the lowest (6.00 t - ha™'), underscoring the efficacy of
mulching in mitigating fruit defects. The findings of
this study demonstrate that increasing mulch thickness
has a dual impact on fruit yield. On the one hand, it
enhances fruit size and firmness, and on the other, it
reduces unmarketable yield by minimising the adverse
effects of weed competition and environmental stress.
The utilisation of CTG, CP and WS, particularly at a
thickness of 15 c¢cm, has been demonstrated to be the
most efficacious in enhancing the overall quality and
yield of eggplants. The present study’s findings on
the positive impact of mulching on eggplant yield and
quality are consistent with the existing literature. For
instance, Carter and Johnson’s (1988) study observed
that various mulching materials significantly enhanced
eggplant growth and development. A similar outcome
was reported in a study by Memon et al. (2017), which
found that mulching brinjal (eggplant) with materials
such as transparent foil and polyethylene film resulted
in substantial yield increases. Furthermore, research
conducted by Carter and Johnson (1988) demonstrated
that the use of different mulching materials had a
positive influence on eggplant production. The findings
of the present study demonstrate that mulch application
is a successful strategy for enhancing eggplant yield
and quality. Specifically, the results highlight the
significant impact of mulch on weed suppression and
yield improvement, with grass, paper and straw mulches
promoting plant growth and increasing productivity.
Additionally, mulch thickness was found to play a crucial
role, as thicker mulch layers further suppressed weeds
and contributed to higher yields. The findings emphasise
the necessity of selecting appropriate mulch materials
and optimising thickness to ensure the maximisation of
both weed control and agricultural productivity.

Multivariate analysis of parameters and
applications

There is a strong positive relationship between
weed dry weight and weed density (» = 0.934,
p < 0.001). However, weed dry weight and density
show negative relationships with eggplant yield and
yield components. Similarly, with weed density,
the highest negative relationship was observed with
yield per plant (» = —0.745, p = 0.005), and the lowest
negative relationship was with plant height (r = —0.707,
p = 0.015). For weed dry weight, the highest negative
relationship with weed dry weight was found between
yield per plant (r = —0.764, p = 0.006), and the lowest
negative relationship was found with fruit number per
plant (r = —0.674, p = 0.023). These results indicate that
an increase in weed density and dry weight negatively
affects eggplant growth and yield (Figure 2).
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Table 11. Effects of mulching on eggplant fruit quality and marketable yield.
Treatments Fruit length Fruit diameter Fruit firmness Marketable yield ~ Unmarketable yield

(cm) (cm) (kg - cm™) (t-ha') (t-ha')

CTG-5 cm 17+0.18 f 6+0.09 ¢ 40+0.01b 51.20+ 090 g 9.03+0.11b
CTG-10 cm 18+£0.09 ¢ 7+0.04d 40+0.02b 70.30 +1.40 ¢ 7770 £0.01 e
CTG-15cm 22+0.07a 10+ 0.06 a 45+£0.04a 7101 +£1.01b 7.51 £0.04 f
CP-5cm 16 £0.06 g 6+0.06¢ 3.5+0.04 ¢ 4592 +£2.041 9.28+0.03b
CP-10 cm 18+£0.10 6+0.03¢ 40+0.03b 60.45+1.50d 8.01+0.01d
CP-15 cm 20+0.09 ¢ 8+0.04 ¢ 45+0.05a 70.26 £ 0.81 ¢ 6.87 £0.05 ]
WS-5 cm 16 £0.09 g 7+0.06 d 3.0£0.06d 47.85+0.75 h 8.81+0.01 ¢
WS-10 cm 19+0.80d 8+0.04 ¢ 3.5+0.02¢ 5939+£1.20¢ 7.07+0.02 h
WS-15 cm 21+£0.09b 9+0.03b 45+0.04a 71.62+£0.90 a 6.00+0.011
Weedy 12+0.06 h 4+0.07f 2.0+£0.03¢ 29.39+£2.40] 10.75+£0.07 a
Weed-free 18+0.05¢ 6+£0.05¢ 40+0.03b 54.09+0.50 f 7.31+0.03 g
Mean 17.93 £ 0.40 6.99 £0.24 3.77+0.11 57.39 £ 1.94 8.06 +0.20
F 788.373 993.649 340.909 749.541 1051.650
p-value 0.000%* 0.000%* 0.000** 0.000%** 0.000%*

w4 < 0,01

CP, shredded paper; CTG, grass clippings; WS, wheat straw.
Differences between means indicated by the same letter are not significant at the 0.05 level. Values are presented as mean + standard deviation.
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Figure 2. Correlations of weed density and dry weight with other parameters. WD, weed density; WDW, weed dry
weights; PH, plant height; NFPP, number of fruits per; FW, fruit weight; YPP, yield per plant; Y, yield.
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Heat map clustering clearly distinguished dependent/
independent variables by separating them into two
main clusters with a colour range (+1.5 to —1.5; from
red to blue) indicating the obtained values (Figure 3).
Among the main clusters, there were CP 5 cm, WS 5 cm
and weedy control plot. Although clustering differed
according to the mulch materials, especially plots with
high thickness were in a cluster among themselves. The
results obtained from heat map clustering revealed that
although the mulch materials used in the study differed,
they were effective in combating weeds, especially as
the thickness increased.

As a result of the hierarchical analysis, applications
were collected in two main groups. In the first group,
the weedy control was located alone, while in the second
group, applications with mulch materials spread in 5 cm
thickness formed a group (Figure 4). In the network
graph analysis, the thickness between the lines shows
the strength of the relationships. Thinner or lighter lines
indicate weaker relationships, and thicker lines indicate
stronger relationships. Consistent with the heatmap
clustering and hierarchical clustering, a clear distinction
emerged. In this analysis, the weedy control group was

only slightly related to WS 5 cm. The other treatments
were related to each other to some extent (Figure 4). The
main findings from these analyses indicate that different
treatments had different degrees of impact on eggplant
yield and yield components, and that weed control in
particular played an important role.

Principal component analysis was performed. In order
to explain the variation rate, agronomic traits of eggplant
and weed dry weight and density were distributed
on a biplot pair (Figure 5). Accordingly, the first two
components (PC1: 86.69% and PC2: 9.24%) explained
95.63% of the variability of the original data. Such a
high explained variance clearly shows that principal
component analysis can be successfully used to evaluate
the effect of the estimated parameters together with the
applications. The first component (PC1) was negatively
correlated with weedy control (with a score of —5.57),
CP-5 cm (with a score of —2.01), WS-5 c¢cm (with a score
of —1.89) and CTG-5 cm (with a score of —1.51), while it
was positively correlated with other treatments (Figure 5).

Advanced analyses such as correlation, heat map
clustering, hierarchical clustering, network plot
analysis and principal component analysis that we
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Figure 5. Principal component analysis of parameters and applications.

conducted on the mean values of the variables in
the study support variance analysis, and can be
considered to be very powerful in reducing the size of
the variables considered for analysis by clustering and
correlating the findings. In general, the effects and
relationships between the applications and parameters
are clearly stated.

CONCLUSIONS

Mulching was found to significantly reduce weed
density and dry weight. The most effective weed control
was provided by the CTG-15 cm mulch material, and
weed density was found to be significantly lower in
the mulched plots compared with the weedy control
plots. Increasing the mulch thickness further reduced
the weed density, and especially mulch thicknesses
of >10 cm were effective on many weed species. In

particular, species such as S. halepense were able to
reach high densities at even <5 cm thick mulches,
but species such as X. strumarium and C. arvensis
were effectively controlled with mulches of >5 cm.
In addition, significant increases were observed
in eggplant yield with mulch applications. Grass
application provided higher yields than other mulch
types, and the yield of 83.20 t - ha™ obtained with CTG-
15 cm in 2021 was 75% higher than the control plot.
The correlation analysis results revealed a negative
relationship between weed density and dry weight
and eggplant yield. As the biomass and density of
weeds increased, a decrease was observed in the yield
parameters of the eggplant plant.

This study fills the gap in the literature on the
comparative effectiveness of various organic mulches
at different thickness levels. It provides practical
information for optimising mulch applications for
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weed suppression and yield enhancement by examining
three different thickness levels of CP, CTG and WS.
While previous studies have largely focused on plastic
mulches or a single mulch material, this study provides
a more comprehensive evaluation of organic mulching
strategies.

In conclusion, it was found that CTG applied at a
thickness of 15 cm provided the most effective weed
control and yield improvement. These findings support
the general view that selecting appropriate mulch
materials and thicknesses can increase productivity
and sustainability in eggplant cultivation. Future
studies should further investigate the long-term effects
of organic mulches on soil health and investigate
their applicability in different cropping systems and
environmental conditions.
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