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ARTICLE INFO ABSTRACT

Organic mulches offer environmentally friendly benefits for cotton in challenging
environments. A study was conducted in the farmer field and research station of
the Rural Education and Economic Development Society (REEDS) Pakistan in
2023 to evaluate the effect of various organic mulches on soil properties, cotton
yield, and quality in a semi-arid region. Results showed that wheat straw, rice, and
sugarcane leaves straw maintained moderate soil temperatures (27.3°C to 27.4°C),
unlike the control (41.6°C). Soil pH remained stable (7.9 to 8.1), and organic
mulches raised soil carbon (0.68% to 0.72% vs. 0.51% control). Nutrient
availability increased, with higher nitrogen (0.045% to 0.049%), phosphorus (6.2
mg kg1 to 6.5 mg kg1), and potassium (89 mg kg-! to 92 mg kg-1) compared to
control (0.028%, 5.6 mg kg!, and 71 mg kg-1). Organic matter content rose
(0.77% to 0.81%) versus the control (0.51%). Weed density decreased (4 to 5
weeds m? vs. 23 weeds m? control) with mulches. Cotton height, bolls per plant,
and open-boll weight increased with mulches, elevating cotton yield (2704 kg ha-1
to 2743 kg ha1) over control (2117 kg ha-1), with consistent ginning outturn
(36.62% to 37.2%). Cotton quality remained similar, while mulches reduced
irrigation frequency (7 irrigations) and total amount (533 mm); control needed
more (9 irrigations, 685 mm). Crop water use efficiency improved with mulches
(0.50 to 0.51 kg m=3 vs. 0.30 kg m~3 control). This study highlights organic mulch's
potential to enhance soil properties, nutrient availability, weed suppression,
cotton yield, and water use efficiency.
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INTRODUCTION

Climate change has emerged as a major threat to
agriculture worldwide, posing significant challenges to
crop production, soil health, and overall sustainability
(Nguyen et al., 2023). The shifting climate patterns
associated with global warming have led to various

adverse impacts on agricultural systems (Skendzic¢ et al,,
2021; Abbass et al, 2022). Altered rainfall patterns,
characterized by erratic distribution and changes in the
timing and intensity of precipitation, have caused
difficulties in crop management and reduced overall
productivity (Skendzi¢ et al, 2021). Moreover, the
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increased frequency of extreme weather events,
including heat waves, droughts, floods, and storms, has
further compounded the challenges faced by farmers
(Lee et al., 2023). Rising temperatures, prolonged heat
waves, and drought stress during critical growth stages
of crops can negatively affect crop development and
productivity (Brito et al., 2019; AghaKouchak et al,,
2020).

Furthermore, extreme weather events associated with
climate change, such as heavy rainfall and flooding, pose
significant challenges to soil health and fertility (Lesk et
al,, 2022). Intense rainfall can cause soil erosion and loss
of topsoil, essential nutrients, and organic matter
(Anabaraonye et al.,, 2021; Wheeler and Lobley, 2021).
This erosion can affect soil structure, reduce water-
holding capacity, and diminish soil fertility, ultimately
hampering crop growth and agricultural productivity
(Malik et al., 2022). These adverse conditions can result
in significant economic losses and food insecurity. To
address the adverse impacts of climate change on
agriculture, it is crucial to implement both mitigation
and adaptation strategies.

Cotton is an important cash crop, providing income and
employment for millions of farmers and workers
worldwide (Sahay, 2019; Khanpara and Vala, 2023). Its
high consumer demand drives economic growth, trade,
and job creation, making cotton a pivotal contributor to
global (Mbatha, 2020;
Abdukhalil, 2023). Climate change has wide-ranging and
profound effects on cotton production and the cotton
industry. One of the primary impacts is the changing

economies and livelihoods

growing conditions for cotton crops.
temperatures associated with climate change can lead to
heat stress in cotton plants, hindering their growth and
development (Abbas, 2022).

Moreover, altered precipitation patterns can result in

droughts or excessive rainfall, harming cotton crop

Rising

(Zafar et al, 2021). Drought and changes in rainfall
patterns can limit the availability of water for irrigation,
which is crucial for cotton farming (Zafar et al,, 2021).
Consequently, farmers may face challenges in securing
sufficient water resources for their crops, potentially
leading to reduced cotton cultivation or increased
competition for water with other sectors (Hussain et al.,
2020; Chiarelli et al., 2022). Reliance on irrigation may
become more necessary in such situations, straining
water supplies and increasing production
Mulching is a widely adopted technique wherein

costs.
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materials are placed on the field before, during, or after
sowing. This process aims to provide support and
coverage to the soil surface using various materials like
crop residues, livestock manure, and even sand (EIl-
Beltagi et al., 2022; Kun et al., 2023). This practice serves
multiple purposes, reducing evaporation,
preventing erosion, regulating soil temperature,
enhancing soil water retention capability, and inhibiting
weed growth (Igbal et al., 2020; Prem et al., 2020; El-
Beltagi et al., 2022; Anuja et al., 2023). Organic mulch is
more environment friendly as it is composed of
biodegradable materials like straw, leaves, or compost
that serve as a protective shield for the soil, preserving
moisture and reducing erosion, and promoting soil
health and fertility as the mulch breaks down over time
(Igbal et al., 2020; Kaur et al.,, 2020; El-Beltagi et al,,
2022). Organic mulches play a significant role in
mitigating nitrate leaching, improving soil's physical
properties, promoting biological activity, harmonizing
the nitrogen cycle, contributing organic matter, as well
as regulating soil temperature and moisture retention
(Igbal et al., 2020; El-Beltagi et al., 2022; Scavo et al,,
2022). Mulching in agricultural fields offers a range of
advantages, including reducing soil water loss,
suppressing weed germination, preventing soil erosion,
and mitigating water droplet kinetic energy (Prem et al,,
2020; El-Beltagi et al., 2022). It enhances soil structure
and facilitates increased earthworm activity within the
soil (McTavish and Murphy, 2022). Additionally, it can
lower the soil's pH, thereby augmenting the accessibility
of nutrients (El-Beltagi et al., 2022). As organic mulch

such as

undergoes decomposition, it imparts nutrients to the
soil, prolonging their availability over an extended
period (Ma et al, 2021; El-Metwally et al., 2022). The
breakdown of organic mulch also accelerates the
improvement of soil organic content, thereby enhancing
the soil's water retention capacity (Navyashree et al,,
2019; El-Beltagi et al., 2022). By curbing evaporation,
mulches create an environment where more excellent
moisture is retained close to plant roots, extending the
duration during which plants can absorb water (Prem et
al,, 2020; El-Beltagi et al., 2022).

The mulch acts as an insulating layer, regulating soil
temperature and minimizing temperature fluctuations
that can stress cotton plants (El-Beltagi et al., 2022; Tang
et al,, 2023). Moreover, organic mulch acts as a weed
suppressor and can reduce the need for herbicides and
manual  weed more

removal, promoting a
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environmentally friendly and cost-effective approach to
weed control (El-Beltagi et al., 2022; El-Metwally et al,,
2022; Monteiro and Santos, 2022). By reducing weed
competition, cotton plants have better access to essential
nutrients and water, allowing for healthier growth and
higher yields. In addition, mulch encourages beneficial
microbial activity, enhancing nutrient cycling and
promoting a robust soil ecosystem (El-Beltagi et al.,
2022; Waheed et al,, 2023). Healthy soils increase water
infiltration and retention, reducing irrigation needs and
enhancing water-use efficiency.

Organic mulch aids in reducing soil erosion by acting as
a physical barrier, preventing raindrops from directly
impacting the soil surface (El-Beltagi et al, 2022;
Waheed et al., 2023). Hence, mulch mitigates the risk of
soil erosion and nutrient runoff, preserving valuable
topsoil and safeguarding water quality. Therefore, by
employing this natural and environment-friendly
technique, cotton farmers can enhance soil health,
conserve water, control weeds, and promote overall
crop productivity while minimizing the reliance on
synthetic inputs. It can effectively improve their cotton
practices' long-term  viability = and
environmental sustainability. Considering the impacts of
climate change on cotton cultivation, a study was

cultivation

Table 1. Weather data of experimental trial during 2023.
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planned to evaluate the influence of different organic
mulches derived from wheat, rice, and sugarcane
residues. The treatments included applying each type of
mulch at a rate of 5 tons/ha, uniformly spread over the
soil surface after cotton emergence. The study aimed to
assess their effects on soil properties, cotton growth, and
yield under changing climate conditions.

MATERIALS AND METHODS

The experiment was conducted in the farmer fields and
Rural Education and Economic Development Society
(REEDS) research station, Rahim Yar Khan, Pakistan.
District Rahim Yar is situated at 28> 41’ N latitude and
70- 30’ E longitude and longitude 70> 30’ E, and falls
within an extensive alluvial plain located adjacent to the
Indus River. It occupies a substantial expanse of an
alluvial plain alongside the Indus River. The weather
temperatures ranged from 16.4°C in November to 30.5°C
in June 2023 (Table 1).

Weather data provides valuable insights into the climate
changes during the specified period. The net plot area
for individual treatment was 16.60 x 30.50 m, while the
total area was 66.40 m x 121.90 m. Each treatment plot
consisted of 21 rows, with each row containing 100
plants.

Months Avg. min. Temperature °C Avg. Max. Temperature °C Rainfall (mm) Humidity (%)
April 23.0 38.7 - 28
May 27.8 42.1 - 23
June 30.5 43.1 - 34
July 30.5 40.8 18 48
August 29.1 38.6 43 57
September 27.3 38.0 111 70
October 23.0 34.0 - 43
November 16.4 30.1 - 46

Land preparation and crop husbandry

Land preparation for cotton cultivation was essential to
ensure a good yield. To provide a favorable seedbed and
optimal field tilth, thorough land preparation was
carried out in multiple stages. Initially, on April 5th, the
field was cultivated twice using a tractor-mounted
cultivator, followed by planking. Afterward, soaking
irrigation was applied. On April 9th, soil moisture
reached the desired field capacity, the field was
cultivated twice using a tractor-driven cultivator,
followed by planking. Subsequently, the field was
rotavated to achieve a well-prepared seedbed, and beds

were formed, each 75 cm wide. Before planting the
cotton crop, soil samples to a depth of 30 cm (0-15 cm
and 15-30 cm) were taken using an auger.

The collected soil samples were meticulously marked
with unique numbers for identification purposes.
Subsequently, these samples were dispatched to the soil
and water testing laboratory situated in District Rahim
Yar. The soil texture was clay loam, while the pH was 8.1.
Alike, electrical conductivity (EC) was 1.2 mS cm™.
Organic matter increased 0.50%, and bulk density was
1.12 g cm™3. Saturation was 36%, indicating moisture
retention. Available nitrogen was 0.026%, phosphorus
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5.4 mg kg™, and potassium was 66 mg kg (Table 2). For
the sowing process, seeds of the cotton variety CKC-3
were used at a rate of 20 kg per hectare (ha-1). The
sowing was executed manually, ensuring a spacing of 30
cm between individual plants and 75 cm between rows.
A randomized complete block design was implemented
to facilitate the study, with each treatment replicated
three times. For effective nutrient management,
fertilizers were administered following the guidance of
the Soil and Water Testing Laboratory in Rahim Yar
Khan, Pakistan. The fertilizer application encompassed
the nitrogen (200 kg ha1), phosphorus (120 kg ha'1), and
potash (100 kg ha). The phosphorus, potash, and one-
third of the nitrogen dose were applied during sowing.
Subsequently, the remaining nitrogen was distributed
evenly in three separate applications: 35 days after
planting, during square formation, and at boll formation.

Table 2. Physiochemical properties of experimental soil.

Soil Properties Value
Texture clay loam
pH 8.1
EC (mS-cm) 1.2
Organic matter (%) 0.50
Bulk density (g cm~3) 1.16
Saturation (%) 36
Available N (%) 0.026
Available P (mg kg1) 5.4
Available K (mg kg-1) 66
Mulching

Organic mulching rice, wheat, and sugarcane straw at a
rate of 5 tons ha! was used. Mulch was applied to the
cotton field when the cotton plants were 30 days old
because early mulching can interfere with seedling
emergence. This is because the mulch can after the
emergence of seedlings. The straw mulch was spread
evenly over the cotton beds and furrows. The thickness
of the mulch layer was 2 inches.

Irrigation water

The crop was irrigated by canal water, and each field
plot was irrigated independently to ensure precise
monitoring and control of soil moisture levels. A digital
soil moisture meter (Misol WH0291, China) was inserted
to measure soil moisture content accurately. Daily soil
moisture readings were recorded from each plot using
the digital soil moisture meter. This enabled us to closely

DOI: 10.33687/ijae.012.002.5228

monitor the soil's water content and make informed
decisions regarding irrigation scheduling. The irrigation
strategy was based on maintaining an optimal soil
moisture level of 25% in each plot. Once the average soil
moisture content in a plot reached the predetermined
threshold of 25%, irrigation was applied to replenish the
water deficit and maintain an ideal moisture level for
cotton growth and development.

Observations

Accurate and comprehensive observations regarding the
different parameters of crop are crucial for drawing
The parameters
during the study are described briefly.

meaningful conclusions. recorded

Soil health and fertility indicators

As mentioned above, soil samples were collected before
sowing. Similarly, samples were retaken after crop
harvesting to assess any changes in soil properties,
including texture, pH, EC, OM, bulk density, saturation %,
available N, P, and K (Table 3).

Yield and quality parameters

A randomized selection process was employed to choose
ten plants from each specific site within a given plot. The
height of each selected plant was meticulously measured
from the soil surface to the highest point of the plant.
Subsequently, the quantification of bolls per plant was
undertaken. The number of bolls each plant bears
yield.
Furthermore, individual bolls' weight has a notable

directly determines the ultimate cotton
influence over the final yield outcome. Ten cotton plants
were arbitrarily designated across three distinct sites
within each plot.

The mature, open bolls of these selected plants were
precisely weighed using a digital balance, and these
measurements were subsequently averaged to ensure
accurate representation. To evaluate ginning out turn
(GOT) and other quality attributes such as fiber length,
strength, fineness, and uniformity, harvested cotton
samples were transported to the Fiber Testing
Laboratory in Multan. To determine GOT, 100 g seed
cotton yield samples were obtained from each plot,
subsequently undergoing sun drying and cleaning before
ginning. An electrical ginning machine segregated the
lint from the seed cotton. The lint weight was then
measured, and the GOT was calculated using the formula
outlined in the work by Khan et al. (Khan et al. 2020).
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Lint yield

———=—— %100
Seed cotton yield

Ginning out turn (%) =

For the measurement of fiber length, strength, fineness,

DOI: 10.33687/ijae.012.002.5228

and uniformity, a high-volume instrument system in
Fiber Testing Laboratory, Multan, was used to calculate
fiber length, strength, fineness, and uniformity.

Table 3. Effect of organic mulch on soil and its nutrient availability.

= 3 = o) o) L = = E —~— £%
5 > =z 3 = e w53 Le_®_ 2 3B g2
g = Q‘ 5 X ~ ~ < O ® S g = — < = o bo
= =) = S < o0 an = 3 =5 g 5 g St &
$ Z S == = E E =t =2a- s> o 249 3

2 : w NS - — = © ° = © QL o3
= = A A M 3 E 8 = = Sz 373

wn m >

Wheat 274a 79 0.68a 0.048a 6.50a 89a 0.78 a 4b 145a 35a 3.10a 2743a

straw @ 5 a

tons ha

Rice 273a 79 0.72a 0.045a 6.40a 92a 0.81a 4Db 139a 33a 3.14a 2704a
straw @ 5 a

tons ha!

Sugarcane 274a 79 0.70a 0.049a 6.43a 92a 0.77 a 5b 142a 34a 312a 2713a
leaf straw a

@ 5 tons

ha-

Control 41.6b 81 051b 0.028b 560b 71Db 0.51b 23 a 102b 29b 3.0b 2117a
(no a

mulch)

LSDat5% 2.18 ns 0.11 0.008 0.35 547 0.10 1.34 12.45 213 0.082 63.72

Number of irrigations and water use efficiency
(WUE)

The total number of irrigations was documented during
the entire crop season. The irrigation strategy was based
on maintaining an optimal soil moisture level of 25% in
each plot. The daily soil moisture (%) was noted using a
digital soil moisture meter (Misol WH0291, China). Once
the average soil moisture content in a plot reached the
predetermined threshold of 25%, irrigation was applied
to replenish the water deficit and maintain an ideal
moisture level for cotton growth and development.
Water use efficiency in crop production measures how
effectively a crop utilizes water to produce a certain
amount of biomass or yield. It's a critical parameter to
assess the sustainability and productivity of agricultural
systems, especially in regions with water scarcity. The
water use efficiency of cotton crop was calculated by
considering the ratio of economic yield to the amount of
water used in irrigation or rainfall (Saeed et al., 2021).
Crop water use efficiency (kg m=3) = Economic yield
(kg)/ total amount of water supplied (m3).

Statistical analysis

The data acquired for the various parameters were
subjected to statistical analysis using Statistix 8.1
software (Hussian et al, 2013). To evaluate the
variations between the different treatments, a least
significant difference (LSD) test was employed at a
significance level of 5% (Steel et al., 1997).

RESULTS AND DISCUSSION

The results of the study showing the impact of different
organic mulch treatments on soil properties and
nutrient availability are given in Table 3. In terms of soil
temperature, applying all three types of organic mulches
maintained a relatively moderate average temperature
of around 27.3°C to 27.4°Cas compared to control
(41.6°C). The pH of the soil remained stable across all
treatments, approximately at 7.9 to 8.1. The application
of wheat straw, rice straw, and sugarcane leaf straw
mulches increased soil carbon content to 0.68%, 0.72%,
and 0.70%, respectively. In contrast, the control
treatment exhibited a lower soil carbon content of
0.51%. Regarding nutrient availability, available N
increased in the presence of organic mulch, ranging from
0.045% to 0.049%, compared to control treatment
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(0.028%). Similarly, available P increased (6.4 mg kg1 to
6.5 mg kg-1) and available K (ranging from 89 mg kg1 to
92 mg kg-1) compared to the control treatment (5.6 mg
kg1 for P and 71 mg kg1 for K). Furthermore, applying
organic mulch significantly increased soil organic matter
content (0.77 to 0.81%). In contrast, the control
treatment exhibited a lower organic matter content of
0.51%.

The observed moderation of soil temperature (27.3°C to
27.4°C) through organic mulch application is of
paramount significance. Mulches act as a buffer against
temperature and moisture fluctuations (Lal, 2016),
creating a more stable environment conducive to the
optimal growth and development of microorganisms
and plants (Chen et al, 2014; Gao et al, 2022). The
notable increase in soil carbon and organic matter
content resulting from the application of wheat straw,
rice straw, and sugarcane leaf straw mulches is
indicative of enhanced organic matter input, which in
turn has positive implications for soil health, carbon
sequestration, water retention, and overall plant growth
and productivity (Turmel et al., 2015).

The effects of organic mulch treatments on critical
aspects of cotton, including weed population dynamics,
cotton plant growth, boll production, and yield-related
traits, are given in Table 3. The application of organic
mulch treatments notably impacted weed population
control. The wheat straw, rice straw, and sugarcane leaf
straw treatments reduced weed density remarkably,
with only 4 to 5 weeds per square meter. In contrast, the
control treatment demonstrated a considerably higher
weed population of 23 weeds m? underscoring the
weed-suppressive effect mulch. The
significant suppression of weed populations under
organic mulch treatments is paramount. The decline in
weed population observed with mulches can be
attributed to their ability to suppress weed growth by

of organic

intercepting sunlight necessary for photosynthesis (EI-
Beltagi et al., 2022). This shading effect disrupts weed
plants' energy production and metabolic processes
(Singhal et al. 2020), curbing their growth and ultimately
leading to a more favorable environment for cultivated
crops. Cotton plant height was positively influenced by
the organic mulch treatments (139 cm to 145 cm). The
increase in plant height might be due to more nutrients
By minimizing temperature
mulches foster favorable conditions for

available. extreme
variations,

plants, soil organisms, nutrient cycling, and root activity
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(El-Beltagi et al, 2022; Sun et al, 2022), ultimately
enhancing plant growth and height..

A substantial correlation was observed between organic
mulch application and boll production. Cotton plants
under the wheat straw, rice straw, and sugarcane leaf
straw treatments yielded higher numbers of bolls per
plant (33 to 35 bolls per plant). The control treatment
displayed a lower boll count per plant, averaging 29
bolls. The effect of organic mulch extended to open boll
weight, a crucial yield-related trait. Open bolls in the
wheat, rice, and sugarcane leaf straw treatments
exhibited similar weights, measuring approximately
3.10g, 3.14g, and 3.12g, respectively.

In comparison, the lowest open-boll weight (3.0g) was
recorded in the control treatment where mulch was not
applied. Perhaps most significantly, organic mulch
treatments yielded higher quantities of seed cotton. The
application of wheat straw resulted in a higher yield
(2743 kgha); however, there was a non-significant
difference with rice straw and sugarcane leaf straw
treatments, which yielded 2704 kgha'! and 2713 kgha-,
respectively, while all the mulch treatments had higher
yield than control treatment, which yielded 2117 kgha-1.
Regarding ginning out turn (Table 4), all treatments
exhibited relatively consistent percentages (36.62% to
37.2%).

This aspect of yield processing showed no significant
variations between the organic mulch treatments and
the control treatment. Mulches suppressed the weeds,
and cotton plants fully utilized the available resources,
improving crop yield (El-Beltagi et al.,, 2022). Thus, the
overall improvement in cotton yield-related traits, such
as boll count and open boll weight, shows the positive
influence of these treatments on cotton productivity
(Zhang et al, 2020). Results showed that mulching
reduced irrigation frequency and overall irrigation
water quantity compared to control treatment. The
number of irrigations in wheat straw, rice straw, and
sugarcane leaf straw treatments received 7, resulting in
a total irrigation amount of 533 mm. In contrast, the
control treatment received 9 irrigations, resulting in
relatively higher total irrigation amount of 685 mm.
Similarly, crop water use efficiency differed significantly
in cotton. Organic mulch treatments showcased distinct
impacts on crop water use efficiency. The wheat straw,
rice straw, and sugarcane leaf straw treatments yielded
greater efficiencies ranging from 0.50 to 0.51 kgm-. In
contrast, the displayed a

control treatment
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comparatively lower efficiency value of water use
efficiency (0.30 kgm=3). This can be attributed to the
protective layer created by the mulch on the soil surface
which minimized the direct exposure of the soil to
sunlight, wind, and other environmental factors (Shah
and Wu, 2020; Zheng et al., 2022).

DOI: 10.33687/ijae.012.002.5228

Consequently, the rate of evaporation from the soil is
lowered. As the mulch layer prevents rapid moisture
loss, the soil retains more water for extended periods
(Prem et al., 2020). This diminished evaporation and
prolonged moisture retention contribute to a decreased
demand for frequent irrigation.

Table 4. Effect of organic mulch on cotton quality, number of irrigations, total irrigation amount, and crop water use

efficiency.
Treatments Ginning  Staple Fiber Fiber Fiber No. of Total Crop water
out turn length fineness uniformity  strength irrigations irrigation use
(%) (mm) (ng/inch)  index (%)  (tppsi) water (mm) efficiency
(kg m)
Wheat straw  37.2a 28.1a 4.2 92a 93.2a 7b 533b 0.51a
@ 5 tons ha'!
Rice straw @ 37.1a 28.2a 4.2 91a 93.1a 7b 533b 0.50a
5 tons ha!
Sugarcane 37.2a 28.1a 4.3 92a 93.2a 7b 533b 0.50a
leaf straw @ 5
tons ha'l
Control (no 36.6b 26.1b 4.3 89b 93.1a 9a 685 a 0.30b
mulch)
LSD at 5% 0.32 0.75 ns 0.76 ns 0.45 34.10 0.09

The impact of organic mulch treatments on crucial
aspects of cotton fiber quality, irrigation practices, and
crop water use efficiency are given in Table 2. The length
of cotton fibers, known as staple length, displayed minor
variations among treatments. The wheat straw, rice
straw, and sugarcane leaf straw treatments yielded
staple lengths of 28.1 mm to 28.2 mm, significantly
higher than the staple lengths of the control treatment,
measuring 26.1 mm. Likewise, fiber fineness remained
relatively uniform across all mulched treatments (4.2
pg/inch) and control treatment (4.3 pg/inch). Similarly,
the fiber uniformity index demonstrated minor
fluctuations. The wheat, rice, and sugarcane leaf straw
treatments showed uniformity indices of 92%, while the
control treatment exhibited a slightly lower index of
89%. Fiber strength, a crucial determinant of cotton
quality, appeared consistent across treatments.

CONCLUSION

In conclusion, this study demonstrates the significant
positive effects of various organic mulch treatments on
multiple aspects of cotton production. Applying organic
mulches effectively moderated soil temperature,
enriched soil carbon content, and improved nutrient
These exhibited weed-
suppressive effects, promoting healthier cotton plant

availability. treatments

growth, increased boll production, and enhanced yield-
related traits. Moreover, the mulches positively
influenced the quality of cotton fiber, such as staple
length, fineness, and uniformity. Notably, organic mulch
treatments improved crop water use efficiency,
showcasing their potential for sustainable irrigation
practices. These findings collectively highlight the
multifaceted benefits of organic mulches in enhancing
soil health, cotton growth, yield, and fiber quality while
promoting
production systems.

efficient water utilization in cotton
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