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Abstract

The study was carried out in the Eastern Mediterranean Region (Amik Plain) using the Carisma cotton variety with a randomized
block design, split plots, and three replications. Various irrigation levels were implemented: full field capacity (1100), 66% (166),
33% (133), and non-irrigated (10). Additionally, sulfur doses were applied as foliar sulfur at 150 ml da™* (S1), 250 ml da™* (S2), 350
ml da™* (S3), and a control (S0). The impact of these treatments was evaluated based on factors such as fiber yield,
evapotranspiration, leaf sulfur concentration, and fiber quality characteristics.

Evapotranspiration (ET) ranged from 299 mm to 1096 mm in the first year and from 247 mm to 995 mm in the second year. In
comparison to the control (KO), evapotranspiration slightly decreased with increasing sulfur doses in the first year but increased in
the second year. Water restriction led to a reduction in both fiber yield and evapotranspiration in both years. Fiber yield decreased
in the first year but increased in the second year with higher sulfur doses. The highest fiber yield was observed in the fully irrigated
(1100) treatments in both years (227.2 kg da™* and 230.2 kg da™*). Among sulfur doses, the highest fiber yield was obtained with
SO (175.8 kg da™) in the first year and S1 (185.5 kg da™!) in the second year. With an increase in water restriction, ginning
percentage efficiency improved in the first year but displayed an inconsistent trend in the second year. The highest ginning
percentage efficiency was achieved with the S2 dose in the first year and the S1 dose in the second year, on average.

The effects of irrigation water deficit and sulfur doses on fiber quality varied by year. Water stress influenced the spinning
consistency index, fiber fineness, fiber length, and fiber uniformity in both years. In the first year, short fiber content and fiber
strength were affected, while in the second year, fiber elongation and fiber brightness showed significant changes. Sulfur doses
had fewer effects on the parameters; in the first year, fiber fineness and yellowness were impacted, whereas in the second year,
the spinning consistency index, fiber uniformity, short fiber content, and fiber strength were influenced.
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INTRODUCTION

Cotton (Gossypium hirsutum L.) is one of the most important industrial crops in the world,
producing approximately 25.8 million tons of fiber across 33.4 million hectares. Its fiber is primarily
used in the textile industry, while the seeds serve as raw materials for the oil industry, and the meal
contributes to livestock production. Thus, cotton holds a significant place in the economies of the
countries where it is cultivated (Anonymous, 2017). In terms of production volume, Turkey ranks first
in Europe and sixth globally. The average fiber yield of cotton grown on approximately 372,000 hectares
in Turkey is 1,229 kg ha™, although this yield varies from year to year. The Eastern Mediterranean
Region, where this study was conducted, accounts for 9.06% of Turkey’s cotton production

(Anonymous, 2013).

Cotton consumes more water compared to many other plant groups. Although water requirements
vary depending on the climate, cotton typically requires about 985 to 1,100 mm of water during an
irrigation period (Bastug & Tekinel, 1989). The high irrigation water consumption of cotton is one of
the main limiting factors for its productivity, particularly during the hot and dry summer months in the
Mediterranean Region. With the intensifying impacts of global climate change and water
scarcity/drought, crop production is declining worldwide. This issue is especially critical for crops like
cotton, where both yield and fiber quality are significantly affected by water deficiency. Cotton growth
and development are greatly influenced by water stress, with the pre-flowering period being the most
sensitive to drought stress (Loka, 2012). Water stress during this period can lead to significant yield
losses (Orgaz et al., 1992). The effects of water stress depend on its severity, duration, the growth stage
during which the stress occurs, and the plant genotype (Loka & Oosterhuis, 2012). Severe water stress
reduces leaf area, dry matter accumulation, the number of nodes, boll production, and boll weight
(Pettigrew, 2004). However, it has been reported that applying 20% to 25% less water than full irrigation
(deficit irrigation) does not significantly affect cotton yield (Karam et al., 2006).

Since cotton is a raw material for the textile industry, it is essential to identify factors that affect
fiber quality and yield. Research shows that water stress influences fiber quality, though the results are
often conflicting and limited. Previous studies have indicated that cotton varieties respond differently to
water stress (Penna et al., 1998), highlighting the importance of improving the response and adaptation

abilities of different genotypes to deficit irrigation (Campbell & Bauer, 2007).

One of the most important options for mitigating the adverse effects of water stress on plants is
fertilizer management (Ma et al., 2004; Garg et al., 2004; Hu et al., 2008). However, fertilizer
management becomes more complex in drought conditions due to the simultaneous presence of salinity
issues in many arid areas. Despite this complexity, many studies have shown that appropriate timing,
doses, and forms of fertilizers during drought/water stress periods can enhance plant resilience. These

studies have demonstrated that potassium regulates stomatal function and increases drought tolerance in
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plants under drought conditions (Studer, 1993), while phosphorus improves water use efficiency
(WUE), stomatal conductance (Briick et al., 2000), and photosynthesis rates (Ackerson, 1985). Another
nutrient that has been shown to reduce the effects of drought stress is sulfur. Sulfur plays a key role in
preventing or mitigating the decline of leaf chlorophyll content under water stress conditions, thus
maintaining a healthy photosynthetic process (Li-na et al., 2005). Chlorophyll reduction during water
deficiency is more pronounced in functional (photosynthetically active) leaves (Dietz, 1989). In such
conditions, sulfur application can increase chlorophyll content and alleviate the severity of abiotic stress
(Jie et al., 2008). While sulfur takes approximately 20 days to be absorbed and become useful to the
plant when applied to the soil, this process is reduced to just 8 hours with foliar application (Kacar &
Katkat, 2007). Very little research has been published in the last decade on sulfur fertilization in cotton-
growing regions, despite the importance of sulfur fertilization for optimal plant productivity (Chan et
al., 2013). The lack of information on the effects of sulfur deficiency on cotton yield components
highlights the need for long-term studies in different climatic areas. Therefore, it is crucial to determine

the benefits of foliar sulfur application during short drought periods when plants enter stress conditions.

This study aims to determine the effects of foliar sulfur application on leaf sulfur concentrations,
fiber yield, evapotranspiration, ginning efficiency, and fiber quality characteristics in cotton plants under
deficit irrigation in field conditions. The study seeks to evaluate the role of sulfur in enhancing drought

tolerance rather than simply serving as a plant nutrient.
MATERIALS and METHODS
Experimental site

The research was conducted in 2015 and 2016 under the conditions of Amik Plain, located in the
Eastern Mediterranean Region (Hatay Province). Amik Plain is one of the most intensively cotton-
cultivated regions in Turkey and is situated in the Mediterranean climate zone. The long-term average
temperature is 20 °C, the relative humidity is 54%, and total precipitation is 391 mm. The mean
temperature ranged from 26.09 to 25.93 °C, total precipitation ranged from 20.6 to 149.2 mm, relative
humidity ranged from 52% to 56%, solar radiation ranged from 266 to 277 W m2, soil temperature
ranged from 28.89 to 27.48 °C, and wind speed ranged from 6.55 to 5.95 km h™! during the experimental
years. The soil texture was silty clay loam, with irrigation water classified as C2S1, soil water electrical
conductivity (ECe) 0f 0.65 dS m™, pH 7.70, and organic matter content of 0.35%. No sulfur was detected

in the soil using the turbidimetric barium method (Fox et al., 1964).
Experimental design

In the experiment, the 'Carisma’ cotton cultivar, which is early maturing, has less hairy leaves, has
a plant height classified as "medium-long," has a conical plant structure, is tolerant to wilt disease, and

is suitable for machine harvesting, was used as the material. The research was conducted in a randomized
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block design with split plots, using three different doses of elemental sulfur applied via foliar
application, under four different irrigation levels with three replications. Irrigation treatments began
when 50% of the available soil moisture was depleted in the full irrigation treatment, restoring the soil
moisture to field capacity. Aside from the non-irrigated control (I0), the treatments were designed as
full irrigation (1100), where the deficit moisture was replenished to field capacity, and deficit irrigation
levels of 66% (166) and 33% (I33) of the full irrigation. Soil moisture was measured weekly using the

gravimetric method.

Laterals with a flow rate of 1.8 1/h and 40 cm dripper spacing were used to apply irrigation water.
Each irrigation treatment consisted of four rows, with plot lengths of 15 m and replication lengths of 5
m. The plots were separated by two buffer rows. The distance between plants was 70 cm between rows

and 15 cm within rows.

Since the aim was for the plant to recover from stress in a shorter time, sulfur fertilizer was applied
in its pure elemental form as a foliar application. The sulfur treatments were SO (application of N, P,
and K to the soil), S1 (SO + 150 ml da™! sulfur), S2 (SO + 250 ml da™* sulfur), and S3 (SO + 350 ml da™*
sulfur). The flowering and squaring stages are the most sensitive to water stress and are the periods
during which yield is most affected (Loka & Oosterhuis, 2014; Krieg, 1997). Therefore, foliar sulfur
fertilization was carried out only during the squaring and flowering stages (from 10% squaring to 10%

boll formation).

The seasonal fertilizer requirement for the plant was divided equally according to the number of
irrigations to be carried out during the squaring and flowering stages, and was then applied to the plants.
Fertilization was performed in the middle of the two irrigations (3 or 4 days after irrigation) in the early
morning (6:00-6:30) when the wind did not adversely affect fertilizer distribution. To avoid variations
in fertilizer concentration during each application, the amount of water consumed from the backpack
sprayer before the application was tested with a water-filled sprayer in another area of the same size.
After determining the amount of water consumed, the calculated amount of liquid sulfur was mixed into
this volume for application. Cotton is typically irrigated five times under the conditions of our region
(Akgol, 2012). In this study, similarly, five irrigations were made, and each sulfur dose (150, 250, 350
ml da™') was divided into five equal applications. In the application with a backpack sprayer, the
application was performed by the same person to ensure consistency in walking speed among
applicators. Before planting, 20 kg da™* of 18-46-0 (DAP) fertilizer was applied, and after planting, 4 kg
da™! of pure nitrogen was applied using the fertigation method (Burt et al., 1995) during each of the first

four irrigations.
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Measurements

Plant water consumption was determined according to the “Soil Water Budget” method. For this
purpose, soil moisture was measured using the gravimetric method before each irrigation at depths of 0-

30, 30-60, and 60-90 cm from the second replicate of all treatments (Equation 1) (Bos et al., 2009).

Et=S+R+Cr-Dp-Rf£45s (1)

In the equation; Et = Plant water consumption (mm); S = Amount of irrigation water applied
(mm); R = Rainfall (mm); Cr = capillary rise (mm); Dp = deep infiltration (mm); Rf = surface runoff
(mm); AS = Moisture change in soil profile (mm/90 cm). In this equation, rainfall (R) was measured
using a pluviometer in the research area, and AS was determined using the gravimetric method. Surface

runoff (Rf) was not calculated because the drip irrigation method was used.

Fiber Yield (kg da™): Since each irrigation level consists of four rows, during harvest, one row
from the right and one from the left were skipped, along with a 1-meter distance at the beginning and
end of each row. The remaining area was manually harvested, and the total seed cotton yield per decare
was calculated. After the harvest, the collected seed cotton samples were processed in a roller gin

machine to separate the lint from the seeds. The lint was then weighed to determine the lint yield.

Ginning percentage (%): The seed cotton samples collected before harvest were processed in the
roller gin machine. Using the obtained fiber and seed weights, the gin percentage was calculated using

the following equation (Equation 2):

Ginning percentage (%) = (Fiber weight (g) / Seedcotton weight (g)) x 100 (2)

Fiber Properties

To determine the technological properties of the fibers, the fiber samples were analyzed using the
USTER HVI-1000 device, and the values obtained were interpreted according to the ranges provided
below (Anonymous, 2024b).

Spinning consistency index: This index measures the fiber's ability to be spun into yarn, with a
higher value preferred. The classification is as follows: Very Poor: <129, Average: 130-140, Good: 141-
159, Very Good: >160.

Fiber length (mm): This is considered one of the most important fiber quality characteristics. Long
fibers are highly desirable for commercial production. Short: <25.15; Medium: 25.15-27.94; Long:
27.94-32.00; Very Long: >32.00.

Fiber fineness (Micronaire): The fineness of the fiber affects the quality of the products produced
in the textile industry. Very Fine: <3.0; Fine: 3.0-3.6; Medium: 3.7-4.7; Coarse: 4.8-5.4; Very Coarse:
>5.5.
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Fiber strength (g tex"): This parameter is important for indicating the durability of the fiber during
yarn production. Very Weak: <21; Weak: 22-24; Medium: 25-27; Strong: >31 g tex .

Fiber elongation (%): This metric shows the resistance of the fibers to breakage during mechanical

processes. Very Low: <5.0; Low: 5.0-5.8; Medium: 5.9-6.7; High: 6.8-7.6; Very High: >7.7.

Fiber Uniformity (%): This indicates the fibers' ability to maintain uniformity. Fiber uniformity
is the percentage ratio of the difference between fiber length and average length. Very Low: <77%; Low:

77-80%; Medium: 81-84%; High: 85-87%; Very High: >87%.

Short fiber content (%): A low short fiber content indicates higher quality fiber that is more
suitable for yarn production, resulting in less waste during yarn manufacturing and lower costs. Very

Low: <6; Low: 6-9; Medium: 10-13; High: 14-17; Very High: >18.

Fiber Brightness (rd): This indicates the degree to which the fiber reflects light and determines
the brightness of cotton. A higher value is preferred. Matte: 40-55; Semigloss: 55-65; Medium Bright:
65-70; Bright: 70-80; Extra Bright: 80-85.

Fiber Yellowness (+b): This indicates the pigment/color value of the cotton. A lower value is

desired. White: 4-8; Light Yellow: 8-10.5; Yellow: 11-13; Very Yellow: 13-18.
Data Analysis and Evaluation

All data measured during the experiment were evaluated using analysis of variance (ANOVA).
The means of the data obtained from the measurements and analyses were compared using the least

significant difference (LSD) test (Bek & Efe, 1988).
RESULTS and DISCUSSION
Evapotranspiration

Evapotranspiration was determined to be 525-558 mm, 797-817 mm, and 995-1,096 mm in the
first and second years for the 133, 166, and 1100 treatments, respectively. In the non-irrigated 10
treatment, evapotranspiration was measured at 299 mm in the first year and 247 mm in the second year.
In the same area, evapotranspiration for cotton was reported to be between 290—678 mm and 283—-677
mm using the drip irrigation method in 2012-2013. When the irrigation studies conducted in the region
are examined, it is observed that evapotranspiration has increased compared to previous years. Climate
change has altered precipitation patterns, especially affecting air temperature and the timing of rainfall,
causing the planting time for cotton, which could be planted in April 30 years ago, to extend until the

end of May today.

Sulfur doses did not cause significant differences in evapotranspiration (ET). Increasing sulfur

doses slightly reduced ET in the first year, while in the second year, ET increased in the S1 (150 ml
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da™') treatment but decreased in the higher doses (S2 and S3). Although there were no application
differences that could explain this change, it was suggested that variations in sulfur application timing
by a few days between years, along with minor short-term fluctuations in air temperature and wind
speed, may have contributed to the observed effects. There has been no research specifically addressing
the effect of sulfur on evapotranspiration in cotton. However, in a separate study conducted during the
same years (2015-2016), it was found that ET decreased in the first year as sulfur doses increased and

also decreased in the second year (Kazgoz, 2017).

Fiber yield: Fiber yield increased with the amount of irrigation water in both years, while sulfur
application reduced fiber yield in the first year but increased it in the second year (Table 1). Fiber yields
for the 10, 133, 166, and 1100 treatments were 65.3 kg da™', 140.0 kg da™*, 195.9 kg da™!, and 227.2 kg
da™, respectively, in the first year, and 82.0 kg da™, 161.3 kg da™?, 216.4 kg da’!, and 230.2 kg da™*,
respectively, in the second year. Due to the decrease in yield associated with sulfur application in the
first year, the highest yield was recorded in the SO treatment (175.8 kg da™"), while the lowest was in the
S2 treatment (149.6 kg da™). In the second year, the highest average yield was observed in the S1 dose
(160.7 kg da™). The effects of interactions were not found to be statistically significant. Average fiber

yields were higher in the second year across all irrigation treatments.

Table 1. Variation of evapotranspiration and fiber yield depending on treatments™

Treatment Amount of Irrigation Water” Evapotranspirasyon” Fiber Yield
(mm) (mm) (kg dat)

2015 2016 2015 2016 2015 2016
Io 90.60 149.20 299 247 65.3d 82.0d
I3 422.60 455.65 525 558 140.0 ¢ 1613 ¢
Iss 754.83 771.45 817 796 1959b 216.4b
Tioo 1097.06 1077.85 1096 995 2272 a 2302 a
So 591.27 613.54 701.82 627.85 175.8 a 160.7 ¢
Si 591.27 613.54 685.40 677.34 153.0b 185.5a
S2 591.27 613.54 682.81 650.90 149.6 b 167.2 be
S3 591.27 613.54 668.09 641.48 1502 b 176.6 ab

"The values for irrigation water and evapotranspiration presented in the table were previously published by Odemis et al., 2022. PSince the
effects of interactions were not found to be statistically significant, only the average values were given. “Differences between values indicated
by different letters are statistically significant.

Water deficit significantly reduced cotton yield, and foliar application of sulfur did not
significantly mitigate the effects of stress. The fact that most studies suggesting sulfur's effectiveness in
reducing stress were conducted under controlled conditions—while ignoring the cumulative effects of
factors such as temperature, wind, and insolation intensity—may have exaggerated the perceived

benefits of sulfur. In this study, it was believed that high temperature, wind speed, and relative humidity,
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along with the elemental form of sulfur and low leaf moisture content, hindered the diffusion of sulfur

in the leaves.

Ginning percentage (%): Ginning percentage was influenced by irrigation levels, sulfur doses,
and the interaction between irrigation levels and sulfur doses only in the first year (p < 0.01). The highest
and lowest ginning yields were recorded at irrigation levels 10 (44.12%) and 1100 (41.43%), and sulfur
doses S0 (42.52%) and S3 (43.33%) in the first year.

It was observed that the variation in ginning percentage among the treatments was wide, ranging
from 36.26% (S0KO0, 2016) to 44.26% (S33K2, 2015). Although it has been suggested that water deficit
negatively affects ginning percentage (Karademir et al., 2011), deficit irrigation was effective only in
the first year. In a study conducted at the same location and during the same period with a different
irrigation strategy, the ginning percentage was measured at 42.95% when cotton was irrigated during
the flowering period and at 45.40% when it was not irrigated during that period (Kazgoz, 2017). Ginning
percentages were found to range from 38.80% to 41.53% and from 37% to 48% in studies conducted in
different regions (Coskun, 2015). In general, foliar fertilizer applications did not cause significant
differences in ginning yield. In studies conducted in different climatic regions, the differences in ginning
yields can be attributed to the irrigation water, methods, and programs applied, as well as climatic

differences between years.
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Table 3. Ginning percentage values

Treatments 2015 2016
IoSo 44.13 ab 36.26
IoS: 44.00 ab 42.22
IoS2 4433 a 43.28
IoSs3 44.00 ab 40.89
13350 43.13 bd 42.86
I53S: 43.80 ac 42.80
 EENY) 44.53 a 41.06
15353 42.40 df 42.46
Ie6So 41.87 eg 42.26
Ie6S1 42.47 df 42.40
I66S2 42.87 ce 40.80
I66S3 42.67 de 42.93
T100So 4093 g 42.13
Ti00S1 41.07 g 41.40
Ti0oS2 41.60 fg 41.93
Ti0oS3 42.13 df 42.13
Io 4412 a 40.66
I3 43470 42.30
173 4247 c 42.10
Tioo 41.43d 41.90
So 42.52b 40.88 d
Si 42.83 ab 4220 a
Sa 4333 a 41.77 ¢
S3 42.80b 42.10b

“Differences between values indicated by different letters are statistically significant.

Fiber Quality traits

The spinning consistency index (SCI) is a criterion used not only to calculate the spinnability of
fibers but also to determine yarn fiber strength and spinning potential. From a textile industry
perspective, higher spinnability indicates better fiber quality in cotton (Avsar & Karademir, 2022). In
general, SCI decreased as water stress increased in both years. Despite receiving 33% less water than
the 1100 treatment in the second year, the highest SCI was recorded in the 166 treatment, which was
grouped with 1100 (141.83 and 143.5). In the second year, SCI reached as high as 158.67 in the 166S1

treatment. No significant effect of sulfur doses on SCI was observed in either year.
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Table 4. Fiber quality parameters (2015)

Spiqning Fiber Fiber _Fiber. Short fiber Fiber Fiber. .Fiber Fiber
Treatments consistenc fineness( length uniformity o strength elongatio brightness yellownes
yindex mic) (mm) (%) OO ool nen) (Rd) s (+b)
10 08sse  soob > glead  877a  2678c 57 8022 9.50a
133 114.96 ¢ 541a 26(':18 82.51¢ 8.08 b 28.66 b 5.62 79.67 9.46 a
166 131.94 b 5.07b 271')99 83.51b 7.18 ¢ 30.47 a 5.72 80.24 893D
1100 139.90 a 498b 292'130 84.61 a 6.26 d 30.29 a 5.52 80.56 890b
Irrlg LeVel L 3k 3k k3k K3k K3k ns ns kk
SO 125.18 495¢ 2740 82.53 7.64 29.73 5.68 80.49 8.99b
S1 121.50 531a 27.13 83.13 7.42 28.93 5.76 79.85 9.40 a
S2 124.75 5.08bc 27.44 83.40 7.64 28.64 5.56 80.21 9.18 ab
S3 123.92 5.11b  27.18 83.19 7.60 28.90 5.62 80.13 9.22 ab
Sulfur Doses ns wox ns ns ns ns ns ns *
SO 108.20 4.92 25.54 80.93 8.89 27.57 6.42 80.57 9.33
10 S1 110.33 5.18 25.87 82.30 7.73 26.97 5.43 79.57 9.73
S2 108.67 4.81 25.67 81.47 9.70 26.50 5.43 80.10 9.63
S3 107.00 5.08 25.60 81.80 8.77 26.10 5.70 80.63 9.30
SO 120.17 5.14 26.87 82.21 7.90 29.46 5.34 80.49 9.25
33 S1 106.67 5.58 25.89 81.83 8.73 27.87 6.03 78.90 9.40
S2 119.67 5.43 26.03 83.70 7.20 28.50 5.53 79.70 9.70
S3 113.33 5.49 25.95 82.30 8.50 28.80 5.57 79.57 9.50
SO 133.43 4.89 28.07 83.20 7.27 30.96 5.75 80.07 8.58
166 S1 133.67 5.25 28.13 84.27 6.93 30.23 5.43 80.43 9.33
S2 126.33 5.19 27.89 82.97 7.40 29.90 5.73 80.50 8.63
S3 134.33 4.93 27.87 83.60 7.13 30.77 5.97 79.97 9.17
SO 138.93 4.86 29.11 83.78 6.49 30.94 5.19 80.84 8.78
1100 S1 135.33 5.23 28.62 84.13 6.30 30.63 6.13 80.50 9.13
S2 144.33 491 30.18 85.47 6.27 29.67 5.53 80.53 8.77
S3 141.00 4.94 29.30 85.07 6.00 29.93 5.23 80.37 8.90
Isr;il%HL Ig‘;:le)s( ns ns ns ns ns ns ns ns

* Differences between values indicated by different letters are statistically significant. ns: not significant; *; p<0.05, **; p<0.01.

When considering the non-irrigated (10) treatment as the baseline, the Spinning Consistency Index
(SCI) increased by 5.5% in 133, 21% in 166, and 29% in 1100 during the first year. In the second year,
the increases were 12% in 133, 21% 1in 166, and 19% in 1100. Sulfur doses had an effect on SCI in the
second year; as sulfur doses increased, SCI decreased in the S1 and S2 treatments but increased in the

S3 treatment. Additionally, compared to SO, SCI decreased by 2.2% in S1 and 15% in S2.
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Table 5. Fiber quality parameters (2016)

Spinning Fiber Fiber Fiber Short fiber Fiber Fiber Fiber Fiber
Treatments  consistency fineness length uniformity content strength  elongation brightness yellowness

index” (mic.)  (mm) (%) (%) (g texh (%) (Rd) (tb)
10 1185¢ 519a 259c 82.95b 8.05 28.71 6.96 a 79.56 a 9.19
133 13242 b 503a 27.79b 83.82b 7.09 30.56 6.25b 79.00 ab 8.48
166 1435a 455b 2829b 84.92a 7.35 30.89 6.00 b 78.22 be 7.58
1100 141.83a 451b 2927a 84.80a 7.18 29.97 6.45 ab 7744 c 7.70
Irrig. Level wox wox wox wox ns ns ** ok K
SO 1423 a 4.74 28.17 84.51 a 7.11b 31.77 a 6.17 78.18 8.38
S1 138.9 ab 4.82 27.93 84.5a 731b 3097 a 6.54 78.63 8.23
S2 123.6 ¢ 4.78 27.18 83.08 b 833 a 28.49Db 6.64 78.5 8.13
S3 131.4 be 4.95 27.97 844 a 6.93b 289D 6.31 78.91 8.21
Sulfur Doses wox ns ns wox wox wox ns ns ns

SO 130.33 528a 2636 84.20 7.10 30.63 6.00 79.1 10.00 a

0 S1 113.00 523ab  26.21 82.30 8.27 27.80 7.37 79.73 8.87b

S2 111.00 5.19ab  24.63 81.73 9.43 29.17 7.10 79.17 8970

S3 119.67 5.04ac 2639 83.57 7.40 27.23 7.37 80.23 893 b

SO 143.33 5.08ac  28.57 83.97 6.93 33.93 6.27 77.73 8.4 bc

33 S1 133.33 4.77cd  27.68 84.00 7.30 29.87 6.23 78.77 7.87 ce

S2 121.33 528a  26.79 83.20 7.70 28.97 6.27 80.13 893 b

S3 131.67 5.0lac 28.12 84.10 6.43 29.47 6.23 79.37 8.70b

SO 149.00 422fg 27095 85.17 6.77 31.50 6.37 78.13 7.30 ef

166 S1 158.67 4.89bd 28.75 86.27 6.97 34.60 6.00 78.37 8.27 bd

S2 123.67 411f  27.59 82.67 8.80 27.10 6.20 77.2 693 f

S3 142.67 498ac 28.87 85.57 6.87 30.37 5.43 79.17 7.80 ce

SO 146.67 437fg 29.78 84.70 7.63 31.00 6.03 77.77 7.80 ce

1100 S1 150.67 438eg 29.10 85.43 6.70 31.60 6.57 77.63 7.93 ce

S2 138.33 4.52df 29.71 84.70 7.40 28.73 7.00 77.5 7.67 de

S3 131.67 4.75ce  28.49 84.37 7.00 28.53 6.20 76.87 7.4 ef
Isrlrlil%ﬁfgézle: ns wox ns ns ns ns ns ns ok

* Differences between values indicated by different letters are statistically significant. ns: not significant; *; p<0.05, **; p<0.01.

Fiber fineness: Micronaire is a quality parameter associated with fiber fineness and maturity
(Abbas & Ahmed, 2018). The fineness of the fibers is crucial for yarn quality, particularly in the rotor
spinning method. Fiber fineness increased as water stress increased in both years. The finest fibers were
measured in the full irrigation treatment (1100), while the thickest fibers were observed in the 133 (5.41
mic.) treatment during the first year and in the 10 (5.19 mic.) treatment in the second year (Tables 4-5).
Increasing sulfur doses also led to an increase in fiber fineness, though this increase was statistically
significant only in the first year (p < 0.01); in the second year, it was not significant (Tables 4-5).
Osborne et al. (2006) suggested that water stress in cotton triggers a trend toward increased fiber fineness

compared to stress-free conditions. Similarly, Bakhsh (2019) stated that water stress increased fiber
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fineness by up to 6%, depending on genotype. Our results align with those of Davis et al. (2014),
Lokhande & Reddy (2014), and Wiggins et al. (2014). Overall, the findings confirm that water stress

generally increases fiber fineness, and irrigation constraints significantly affect fiber quality.

Fiber length: Fiber length is one of the most important quality characteristics in cotton. Long-
fiber cotton varieties are highly desirable for commercial production. As the irrigation level increased,
fiber length also increased. However, sulfur doses did not have a significant effect on fiber length
(Tables 4-5). The longest fibers were measured in the S2 dose in the first year and in the untreated
control group in the second year. Luz et al. (1997) and Karademir et al. (2011) reported that fiber length
was not influenced by increased irrigation, while other researchers found that water stress reduced fiber
length in cotton (Pettigrew, 2004; Mahmood et al., 2006; Osborne et al., 2006). Bakhsh et al. (2019)
highlighted the importance of genotypic differences in fiber length, noting that in some genotypes, fiber
length remained consistent under both water-stressed and fully irrigated conditions, while in others, it
varied significantly—being either shorter or longer. These findings suggest that while irrigation
positively influences fiber length, the impact of sulfur and water stress on fiber quality may depend on

the specific cotton genotype.

Fiber uniformity: Uniform spinning is essential for high-quality textile products. The more
uniform and longer the fibers, the better the yarn's smoothness and strength, with uniform fibers
exhibiting less deviation (Ozgen, 2022). Fiber uniformity increased with higher irrigation levels, with
the highest uniformity observed in the 1100 treatment in both years (84.61% and 84.80%). While sulfur
doses caused statistically significant differences in fiber uniformity in the second year, the highest
uniformity was measured in the treatment without sulfur application (84.51%). In the first year, the
highest uniformity was recorded in the S2 dose (83.40%). Bakhsh et al. (2019) stated that water
application had no effect on fiber uniformity across different genotypes, but our results align with studies
by Marur (1991), Luz et al. (1997), Pettigrew (2004), and Karademir et al. (2011), which reported that
water stress reduces fiber uniformity. This indicates that water availability plays a crucial role in

maintaining fiber quality.

Short fiber content: A low short fiber content increases efficiency in yarn production and reduces
costs; therefore, having a low short fiber content is a desirable trait. The short fiber content ranged
between 6.00 (I100S3) and 9.70 (I0S2) in the first year, and between 6.43 (I133S3) and 9.43 (I0S2) in
the second year (Tables 4-5). It has been noted that the values obtained are considered "short fibers" in
the textile industry (Anonymous, 2024a). The short fiber content was affected by irrigation levels in the
first year and by sulfur doses in the second year. The average short fiber content increased as water
stress increased, significantly in the first year (p < 0.01) and overall in both years. In the first year, the
average short fiber content decreased by 40%, from 8.77 in the 1100 treatment to 6.26 in the I0 treatment.

In the second year, the short fiber content increased from 7.11 in the SO sulfur dose to 8.33 in the S2
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dose but decreased again at the S3 dose to 6.93. In both years, the short fiber content values measured
in irrigation level x sulfur dose interactions did not show significant changes. Kazgz Candemir and
Odemis (2021) suggested that water stress applied during different growth stages of cotton affected the
short fiber content, with the highest values obtained from fully irrigated treatments during the vegetative
period and non-irrigated treatments during other periods. They also noted that sulfur doses had no effect

on short fiber content and that as fiber strength increased, the short fiber content decreased.

Fiber Strength: Fiber strength was influenced by irrigation levels in both years and by sulfur doses
in the first year. The highest values for irrigation levels were measured in the 166 treatment (30.47 and
30.89 g tex'). In the second year, the highest fiber strength was obtained from the treatment without
sulfur. It is believed that the lower water consumption in this treatment, compared to others, increased
fiber strength due to reduced water stress. Changes in fiber strength in cotton related to different
irrigation practices have been highlighted in studies by Osborne et al. (2006), Karademir et al. (2011),
and in our research; however, Pettigrew (2004) reported that irrigation practices did not affect fiber
strength. Moreover, it has been noted that genotypic differences are significant in fiber strength under

stress conditions (Bakhsh et al., 2019).

Fiber elongation: Fiber elongation enables effective bending of fibers, and fibers with low
elongation values tend to break easily (Mathangadeera et al., 2020). In our study, fiber elasticity was
generally categorized into low (5.0-5.8%) and medium (5.9-6.7%) groups (Anonymous, 2024a). Fiber
elasticity varied between 5.52% and 5.75% in the first year and between 6.00% and 6.96% in the second
year for irrigation levels, as well as between 5.56% and 5.76% and between 6.17% and 6.64% for sulfur
doses. It was determined that only the sulfur doses applied in the second year had a significant effect on
fiber elasticity. Avsar & Karademir (2022) reported that fiber elasticity under fully irrigated (I1100) and
75% irrigation (I75) conditions was similar (5.50% and 5.47%, respectively), while the 150 treatment
(5.28%) fell into the low elasticity group. They noted that 25% water stress (I75 treatment) did not

negatively affect fiber elongation.

Fiber color is a fundamental criterion in cotton classification according to the Universal Cotton
Standards (UCS). While fiber yellowness is related to cotton pigmentation, reflectance is associated
with the brightness of the cotton fiber, which is an important parameter for cotton pricing. High fiber
brightness indicates superior quality in cotton, contributing to increased value and price. Additionally,
cotton color aids in the absorption and retention of dyes in the final product. Therefore, processing
efficiency depends on these two parameters (Mathangadeera et al., 2020). In the trial, fiber brightness
ranged from 78.90 to 80.57 in the first year and from 76.87 to 80.23 in the second year, placing it in the
‘bright” (70-80%) and ‘extra bright’ (80—85%) categories. Fiber brightness was affected only by
irrigation levels in the second year; as water stress increased, the "bright" level increased slightly (Table

5).
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Fiber yellowness increased as water stress intensified in both years and was generally classified
within the ‘white’ (4-8) and ‘light yellow’ (8§—10.5) categories (Alhalabi, 2007). Although sulfur doses
statistically affected fiber yellowness values, they did not result in a significant difference. Sulfur doses
were found to be higher than irrigation levels in both years, and it was observed that the fibers tended
to shift from the ‘light’ to the ‘light yellow’ category (Tables 4-5). The color of cotton fibers can be
influenced by staining due to rain, frost, insects, fungi, and contact with soil, grass, or the leaves of the
cotton plant. Excessive moisture and temperature levels during pre- and post-ginning storage can also
affect color. Color deterioration caused by environmental conditions impacts the fibers' ability to absorb

and retain dyes, potentially reducing processing efficiency (Anonymous, 2024a).
Conclusion

Cotton is a high water-consuming and important industrial crop. Its substantial water requirement
negatively impacts both cultivation and fiber yield and quality in areas where water is limited. The Amik
Plain, where this research was conducted, is one of the regions in Turkey where cotton farming is widely
practiced. Since nearly all the irrigation water in the Amik Plain is sourced from wells, the increasing
effects of climate change in recent years have led to challenges in water usage. Decreasing water
resources affect the yield and quality of many crops, particularly cotton. This situation has brought
options such as foliar sulfur application to the forefront of research as a means to mitigate stress effects.
Although previous studies have identified positive effects of foliar-applied sulfur, our research did not
yield the expected level of positive results. The earlier studies were conducted under controlled
conditions, whereas our research was carried out in field conditions influenced by various abiotic stress
factors, making it difficult to achieve favorable outcomes. In our study, sulfur doses did not significantly
impact plant water consumption. Increasing sulfur doses led to a decrease in evapotranspiration in the
first year, an increase at the S1 (150 ml da™) dose in the second year, and a decrease at the S2 and S3
doses. Yield decreased as sulfur doses increased in the first year, while yield increased as the amount of
irrigation water increased. In the second year, both irrigation water amount and sulfur doses contributed

to an increase in yield.

The effects of water restriction and sulfur doses on fiber quality varied for some fiber
characteristics from year to year. The spinning consistency index, fiber fineness, fiber length, and fiber
uniformity were affected by water restriction in both years, while the short fiber ratio and fiber strength
were impacted only in the first year. Additionally, fiber elasticity and fiber brightness were influenced
solely in the second year. In contrast, sulfur doses affected fewer parameters: in the first year, they
influenced fiber fineness and fiber yellowness, while in the second year, the spinning consistency index,
fiber uniformity, short fiber ratio, and fiber strength were impacted. Given that fiber quality is extremely
important for the textile industry, further research is critically needed to mitigate the negative effects of

water stress on cotton cultivation.
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