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Cotton plants have a wide range of industrial uses.
However, various factors affect crop quality,
necessitating the use of different approaches to
achieve optimal crop production. In this study, the
BM 455 and Golda genotypes were cultivated at two
locations (TazaDe and Kani Panka) to evaluate the
effects of applying organic (500 kg ha?) and
inorganic (NPK-15:15:15; 200 kg ha) fertilizers.
NPK application significantly increased growth and
yield in BM 455, whereas organic fertilizer was
more effective for textile quality in both genotypes.
The BM 455 had superior values, whereas Golda
recorded the highest values in biological yield, fiber
uniformity, elongation, and reflectance in both
locations. There were significant differences across
all parameters, with TazaDe being more suitable for
cultivation than Kani Panka, except for biological
yield. Depending on the phenotype and fertilizers,
the growth and yield of the BM 455 genotype
responded to NPK fertilizers, whereas both
genotypes showed significant effects on quality
characteristics under organic fertilizers. The
untreated plants constituted a minority in this study.
These findings will aid growers in cultivating the
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ideal genotypes under appropriate fertilization and
optimal environmental conditions.

Keywords: Gossypium hirsutum, Fiber quality, Textile industry, Productivity,
Phenotype, Sumac.
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Introduction

Cotton is an important industrial crop cultivated under diverse soil and climatic
conditions (44). It belongs to the genus Gossypium and is a perennial plant of tropical
and subtropical origin, although it is primarily grown as an annual crop to produce lint,
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seed oil, and animal feed (39). The cotton plant exhibits thermophilic, halophilic, and
intermediate growth habits, with its vegetative and reproductive growth occurring
simultaneously. Cotton germination and seedling growth depend on soil
physicochemical properties and environmental conditions (9). Fluctuating climate and
environmental conditions significantly impact cotton productivity (23) while other
factors influence the plant’s growth and development and thereby, productivity,
including fertilization (18). Fertilizers enhance agricultural productivity and the quality
of agricultural products (16). To achieve optimum crop productivity, it is essential to
manage nutrients effectively by judiciously applying inorganic and organic fertilizers
(24). Fertilizers, such as nitrogen (N), phosphorus (P), and potassium (K), are essential
for the plant life cycle (42). Nitrogen promotes vegetative growth (21), whereas
phosphorus supports root development and provides energy by forming ATP (36).
Potassium is crucial in carbohydrate metabolism, enzyme activation, and osmotic
regulation (46).

The use of organic fertilizers is a promising alternative to inorganic fertilizers for
supplying essential nutrients vital to plant growth. Research shows that organic
fertilization enhances nutrient uptake, stimulates plant growth and development, and
improves crop productivity, quality, and environmental sustainability (13). Essential
nutrients are important for cotton production (2), and adding them improves cotton
growth and lint yield (26). Inadequate application of essential nutrients can decrease
boll production (3), while excessive use can delay cotton maturity and increase
vegetative growth (22). Therefore, the appropriate amounts of essential nutrients must
be applied to achieve optimal cotton yields. Optimum nutrient application also
improves crop root activity, antioxidant enzyme activity, and leaf pigment content (11),
as well as increases water and fertilizer conservation, and enhances crop yield and
stress resistance (33). This study investigated the effectiveness of organic and inorganic
fertilizers in two cotton genotypes commonly grown in the Kurdistan region of Irag.

Materials and Methods

Experimental Site: The study was conducted in agricultural fields in TazaDe in Qara
Dagh (35° 15' N, 45° 29' E) and Kani Panka (35° 22' N, 45° 42' E), in Sulaymaniyah
Province, Kurdistan Region, Iraq (Figure 1). The region experiences a semi-arid
climate characterized by hot, dry summers and cold, wet winters. The research
initiative began with soil preparation, including plowing, followed by the use of a
rotary rotavator to homogenize and uniformly mix the soil. Soil samples were collected
from agricultural fields in both areas at depths of 0-30 cm. The soil was air-dried and
sieved through a 2-mm sieve. Table 1 summarizes the soil properties.
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Fig. 1: The agricultural farms in TazaDe in Qara Dagh and Kani Panka, in
Sulaymaniyah Province, Kurdistan Region, Irag.

Table 1: Physical and chemical properties of the soil in both locations.

Soil properties Location (Values) Units
TazaDe Kani Panka
Sand 471.9 42.60 g kg
Silt 302.2 431.2
Clay 225.9 526.2
Textured class Loam Clay
pH 7.50 7.61
EC 0.60 0.52 dms?
Ca?* 26.65 171 Mmole L*
Mg? 1.81 2.52
Cos* 0.00 0.00
Na* 0.17 0.47
S04 0.84 0.81
CI 0.48 0.45
HCO3* 291 2.98
K* 0.42 0.15
Total N 1.15 1.01 g kg?
Available phosphate 5.02 5.43 mg kg*
CaCOs3 26.76 119.6 g kgt
Organic matter 29.6 27.78

Two genotypes intensively cultivated in the region, namely the Bobilyon May 455
(BM 455) and Golda, were planted in furrows and spaced 50 cm between rows, with a
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row length of 5 meters. The experimental units were arranged in triplicate in a
randomized complete block design (RCBD) throughout the open field area.

Throughout the study, the cotton plants were managed with comprehensive crop
practices to enhance agricultural productivity. These included optimized irrigation,
effective weed control, and pathogen management to promote optimal growth.
Eighteen treatments were implemented, consisting of organic fertilizer at 500 kg ha*
and inorganic (NPK) fertilizer at 200 kg ha, each applied individually, along with a
control (without either fertilizer). The organic fertilizer contained humic acid (21.5%),
fulvic acid (3.5%), organic matter (40%), total nitrogen (5%), and pH (3-4), while the
NPK fertilizer with a 15:15:15 ratio had equal parts of nitrogen, phosphorus, and
potassium.

Data collection: Various parameters were assessed using different methods. The
harvest index (HI), representing seed yield (ton ha) at maturity, was computed by
dividing the mean seed weight of five plant samples per plot (g plant™) and converting
it into tons per hectare. Similarly, the calculation for biological yield (ton ha) involved
determining the average weight of five plant samples per plot, excluding roots (g plant
1y, and converting the outcome to ton ha* (40), as based on the following equation:

economic yield

Harvest Index (%) = 100

biological yield %

After harvesting, ginning was performed using a roller-gin machine, and 50 grams
of fiber from each treatment were used for analysis. The technological characteristics
of the trial fiber were examined using an HVI 1000 device from Uster Technologies,
Switzerland, while moisture properties were determined using the standard ASTM
method (D 2495-19) (17).

Statistical analysis: Analysis of variance (two-way ANOVA) and Duncan’s new
multiple range test at p < 0.05 using XLSTAT software (version 2019.2.2) were
employed for statistical analysis of the data.

Results and Discussion

Growth and yield characteristics of cotton plants: The findings indicated significant
effects of both genotypes and fertilizers on these characteristics at the p < 0.05
significance level (see Table 2). The statistical analysis of the data revealed significant
differences in genotype attributes across fertilizer applications. Specifically, BM 455
exhibited the highest values across various parameters when applied with NPK
fertilizer, involving number of balls per plant 44.34, weight of balls (232.8 g plant™),
number of seeds per ball 29.50, weight of seeds per ball (2.70 g), biological yield (8.36-
ton hal), harvest index (0.51%), and weight of fiber (1.57 g plant™?).

Inorganic fertilizers, including NPK formulations, play a crucial role in the growth
and yield of cotton plants (2). The balanced application of NPK fertilizers is essential
for maximizing cotton yield. Nitrogen promotes vegetative growth and canopy
development, optimizing light interception and photosynthetic efficiency (43).
Phosphorus enhances root proliferation and reproductive processes (20). Potassium
improves stress tolerance and fiber quality, ensuring higher yields of premium-grade
cotton fiber (5). The synergistic interaction between NPK influences numerous
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physiological and biochemical pathways essential for yield formation. From early
vegetative growth to boll maturation, properly assimilating and utilizing these nutrients
is critical for achieving optimal yield potential in cotton crops (2). Furthermore,
because organic fertilizers typically contain lower nutrient concentrations than
synthetic fertilizers, they contribute to soil health, microbial activity, and nutrient
cycling (32) and offer a sustainable alternative that may affect fiber quality. Studies
suggest that organic fertilization promotes longer and stronger cotton fibers by
enhancing soil structure and nutrient availability (45). Increased soil organic matter
content improves water retention and nutrient availability, supporting sustained plant
growth throughout the growing season (30).

Table 2: Interaction of genotypes and fertilizers on growth and yield.

Genotype  Fertilizer Balls per Weight of Seeds Weightof  Biological Harvest  Weightof  Moisture
plant balls (g per ball seeds per yield (ton index fiber (g of fiber
(plant? (ball (g (hat (% (plant? (%

Control 20.89 +0.80 139.9 £ 2282+ 190+0.17 5.52+0.38 0.29 + 1.19 £ 0.08 7.69 +

o d 272¢c 1.35c b d 0.19b d 0.10 ab
L Organic 40.39 £ 5.61 206.4 + 27.28 £ 257+0.05 7.39+£0.73 043+ 152 +0.27 7.80
% b 9.86 a 0.77b a b 0.36a ab 0.21a
NPK 44.34 £7.40 2328 = 29.50 = 270+£0.10 8.36+1.20 051+ 157 £0.35 6.91 +

a 52la 0.64a a a 042a a 0.44d

Control 31.64+1.34 149.0 £ 2552 214+0.35 6.69+1.21 0.25+ 1.30 £0.30 731+

c 3.36 bc 1.69b b c 0.15b cd 0.12¢c

ﬁ Organic 39.72 £2.35 205.8 + 2715+ 256+031 7.51+1.82 0.43 + 1.44 £0.31 7.36 +
& b 7.88a 2.88Db a b 0.34a abc 0.33 bc
NPK 37.89 £3.55 1704 £ 25.94 248+0.24 8.24+1.08 031+ 140+0.11 7.16 £

b 557b 0.75b a a 0.25b bc 0.11cd

Conversely, BM 455 had the lowest values for these characteristics (20.89, 139.9 g
plant?, 22.82, 1.90 g, 5.52-ton hal, and 1.19 g plant™, respectively), while the lowest
harvest index percentage (0.25%) was produced by the Golda genotype under untreated
plants. In terms of moisture of fiber, the highest value (7.80%) was recorded for BM
455 under organic fertilizer, while the lowest, at 6.91%, was observed under NPK dose
application.

The results indicated that genotype and location significantly impact the reported
traits (Figure 2). As seen in Figure 2 (a, b, f, and g), BM 455 at TazaDe recorded
significantly higher values for the maximum number of balls per plant 39.24, weight
of balls (203.37 g plant?), harvest index (0.73%), and weight of fiber (1.63 g plant™?).
In contrast, when cultivated at Kani Panka, BM 455 produced the minimum number of
balls per plant 31.17, while Golda exhibited the lowest weight of balls (159.8 g plant’
1y at TazaDe and the lowest harvest index (0.09%) and weight of fiber (1.18 g plant?)
at Kani Panka Moreover, Golda showed significant superiority in biological yield,
producing the highest production (7.99 tons ha™) at Kani Panka. Conversely, the lowest
production (6.43 tons ha') was observed for the BM 455 genotype at TazaDe (Figure
2e). Notably, no statistically significant differences were observed in the number and
weight of seeds per ball, or in fiber moisture, across phenotypes (Figure 2c, d, and h).
Accordingly, the characteristics were affected by genotypes and geographical
locations. According to the researchers, cotton genotypes grown in regions with
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optimal soil fertility and moisture levels tend to produce fibers of superior quality,
characterized by longer staple length, higher tensile strength, and finer micronaire (8).
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Fig. 2: Effect of phenotypes on growth and yield variables.

Column bars represent the mean + SD (n=3) of the data, and different letters indicate significant
differences between the treatments at 5% level, as determined by Duncan's test.

Figure 3 shows that cotton plants cultivated under all required conditions for growth
and development were influenced by the geographical and environmental conditions
of the two locations, including growth and yield characteristics. TazaDe showed a
dominant influence, with the highest mean values for the number of balls per plant
(37.25), harvest index (0.65%), and fiber weight (1.61 g plant™). In contrast, cotton
plants cultivated at Kani Panka exhibited a significant decrease in the descriptive data
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and average values at 34.37, 0.09%, and 1.20 g plant™, respectively (Figure 3a, f, and
g). Specific locations and an increasing production rate enhanced biological yield. Kani
Panka is distinguished by its significant effect, which substantially increased average
yield (7.87 tons ha!), whereas TazaDe obtained the lowest production (6.70 tons ha),
as shown in Figure 3e. Furthermore, as shown in Figures 3b, c, d, and h, location did
not significantly affect the weight of balls per plant, the number and weight of seeds
per ball, or fiber moisture, as indicated by p-values < 0.05.

Latitude, altitude, and soil type influence the cotton plant’s growth, architecture,
and development patterns (4). Environmental variables, including temperature,
precipitation, and photoperiod, shape morphological traits such as leaf size, branching
pattern, and fruiting behavior. Cotton genotypes adapted to specific climatic conditions
may exhibit traits optimized for resource utilization and environmental stress tolerance,
influencing overall plant growth (29 and 38).
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Fig. 3: Effect of locations on growth and yield variables.

Column bars represent the mean + SD (n=3) of the data, and different letters indicate significant
differences between the treatments at 5% level, as determined by Duncan's test.

Table 3 presents the effects of different environmental locations and the use of
organic and NPK fertilizers on the growth and yield traits of the two cotton genotypes.
BM 455, cultivated in the agricultural farm of TazaDe and treated with NPK fertilizer,
recorded the maximum values in number of balls per plant (51.34), weight of balls
(234.9 g plant™), harvest index (0.93%), and weight of fiber (1.92 g plant®) while the
untreated plant had the minimum number of balls per plant (20.59). Additionally, the
untreated Golda genotype produced the lowest ball weight (131.7 g plant™?) at the same
location and the lowest fiber weight (1.10 g plant™) at Kani Panka. However, the NPK-
treated Golda had a lower harvest index of 0.06%.
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The BM 455 genotype receiving NPK fertilizer at the Kani Panka location recorded
the highest number and weight of seeds per ball (51.34 and 234.9 g plant?,
respectively) and the highest biological yield (9.54 tons ha?). Conversely, when
cultivated at the same farm under controlled conditions, the same genotype produced
the lowest seed attributes: 21.88 for seed attributes and 1.78 g of seeds per ball.
Furthermore, the biological yield was lowest (5.38 tons ha™') when the same genotype
was shifted to the TazaDe location and left untreated. Moreover, the fiber moisture
content was measured to assess the effects of integrating the BM 455 genotype and
organic fertilizer in the TazaDe environment. The results indicated that this
combination produced the highest percentage, increasing by 8.00%. Conversely, BM
455 under inorganic (NPK) fertilizer recorded the lowest percentage at the same
location, at 6.87%. The data show that location, genotypes, and fertilizer application
play crucial roles in achieving optimal growth and yield in cotton plants. These factors
significantly influence the industrial quality of cotton.

Table 3: Interaction of phenotypes and fertilizers on growth and yield.

c - = Balls per Weight of Seeds per ~ Weight of Biological Harvest Weight of Moisture
£ & =R plant balls (g plant ball seeds per yield (ton index fiber (g of fiber
S & T ¢ (ball (g (ha't (% (plant™ (%
S > 5
LL
Control 20.59 + 141.3+2.12 2376 + 2.02+0.03 5.38+0.26 0.47 £ 1.19+0.01c 779+
i 0.45h ef 0.79 fg cd d 0.09 cd 0.03 ab
Q Organic 4578 = 2339+6.52a 2753 2.61 £0.04 6.74 £0.26 0.78 £ 1.79+0.02a 8.00 £
% 2.04b 0.71 abcd ab c 0.09 b 0.06 a
© NPK 51.34 = 2349+751a 29.09 = 2.60 £ 0.02 7.18 £0.24 0.93+ 192 +0.02 a 6.87 £
Q 3.14a 0.51 ab ab bc 0.06 a 0.56 e
E Control 3222 + 131.7+2.04f 24.44 + 2.24 +0.02 7.84 £0.52 0.40 150+£0.31b 7.40 %
1.55fg 0.46 efg bcd b 0.02d 0.07 bed
§ Organic 39.11 + 197.7+£291 25.76 = 251 +0.17 5.79 £ 0.04 0.76 £ 1.74 £ 0.06 a 725+
3 2.46 cd abcd 0.48 cdef abc d 0.12b 0.18 cde
NPK 34.44 + 149.9 + 2.04 26.44 252 +0.25 7.26 £0.53 0.56 £ 151+0.04b 714+
1.10 efg ef 0.08 bcdef abc bc 0.05c 0.03 cde
Control 2118+ 138.4 +2.46 2188+ 1.78+0.16  5.66+0.43 0.11 + 1.19+0.12¢c 7.59 +
0.94 h ef 1.13¢g d d 0.04e 0.02 abc
0 Organic  35.00+ 179.0 £+ 1.96 27.03 + 253+0.02 8.04+0.37 0.08 £ 1.26 £0.06 c 7.60 £
= 0.82 ef cde 0.73 abc b 00le 0.04 abc
g [} abcde
= NPK 37.33 ¢ 230.7 £ 6.32 29.92 + 279+0.04 9.54+0.26 0.09 + 1.22+0.01c 6.96 +
& 1.25 de ab 0.45a a a 0.02¢e 0.24 de
s Control 31.06 + 166.3 + 2.26 26.59 + 2.04 +£0.47 554 +£0.11 0.10 1.10+0.00 c 721+
X 0.74 g def 1.79 bedef cd d 0.0le 0.05 cde
§ Organic 40.33 = 214.0£5.76 28.55 = 2.61 £0.42 9.23£0.83 0.10 £ 1.14+0.01c 7.48 £
& 2.06 cd abc 3.53 abc ab a 0.0le 0.40 bed
NPK 4133 + 190.8 + 1.62 25.44 + 243+ 9.21£0.39 0.06 £ 1.30 £ 0.02 719+
047c bcd 0.78 def 0.21abc a 0.00 e bc 0.14 cde

Industrial-quality characteristics of cotton plants: Based on the data in Table 4, it
can be observed that the genotypes BM 455 and Golda, when treated with organic and
inorganic (NPK) fertilizers, significantly affected fiber quality. Applying NPK
fertilizer to the BM 455 genotype produced the highest upper half mean length
(UHML; 27.30 mm) and the highest fiber yellowness (13.15 +b). Conversely, Golda,
under control conditions, exhibited the shortest UHML (25.46 mm) and the lowest
yellowness (11.13 +b). Moreover, fiber yellowness is related to cotton pigmentation
and determines color quality; thus, yellowness (+b) is an undesirable feature, and
reducing it enhances industrial quality. Statistically, Golda's exposure to organic
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fertilizers produced diverse outcomes, with the most significant effects observed for
fiber mean length (22.11 mm), fiber uniformity (83.26%), fiber elongation (6.58%),
and fiber reflectance (75.29 Rd).

The untreated Golda exhibited the shortest fiber mean length (20.61 mm) and the
lowest fiber uniformity (81.87%) when treated with NPK fertilizer. Additionally, BM
455 treated with NPK fertilizer registered the lowest fiber elongation (6.37%). Fiber
reflectance, associated with the brightness of cotton and important in pricing cotton,
showed the lowest reflectance (71.00 Rd) in BM 455 under control conditions. Fiber
strength and fineness can potentially determine the quality of cotton plants. Both
parameters reached their peak potential, with BM 455 under organic fertilizer showing
the highest values (11.00 g tex? for fiber strength and 4.67 mic for fineness). In
contrast, Golda, under controlled conditions, exhibited the lowest quality (8.50 g tex™
and 3.70 mic), respectively, among all treatments.

The prudent management of NPK fertilizers is essential for sustainable cotton
production, ensuring economic viability while minimizing environmental impacts (47).
Continuing research and innovation in nutrient management practices will be essential
for meeting the growing demand for cotton fiber quality worldwide (27). Also, organic
fertilizer enhances root development and nutrient uptake, resulting in healthier plants
with robust fiber-producing structures, leading to longer and stronger cotton fibers
(37). In addition to length and strength, fiber fineness and uniformity are critical
determinants of cotton fiber quality (7 and 34). Organic fertilizers produce finer and
more uniform cotton fibers by influencing plant physiology and environmental
conditions (31).

Table 4: Interaction of genotypes and fertilizers on quality characteristics.

Genotype Fertilizer UHML Mean fiber Fiber Fiber Fiber Fiber fineness Fiber Fiber
((mm (length (mm strength (g uniformity ~ Elongation  ((micronaire  reflectance  Yellowness
(tex (% (% ((Rd ((+b
Control 2575+ 21.10+042 861+0.25d 8246+047 6.42+0.07 3.74+049b 71.00+1.06 12.08 +0.56
o 0.63b bc b bc e €
L Organic 26.69+ 2157+059 11.00+0.73a 8222+055 6.48+0.07 467+034a 7359098 1292+0.34
% 043a ab b abc b ab
NPK 2730+ 2184+087a 1034+111b 8209+054 6.37+0.27 420+06lab 72.77+£0.38 13.15+0.50
1.26 a b c cd a
Control 2546+ 20.61+053c¢ 850+042d 8190+1.15 6.40+0.08 3.70+053b 7299+1.16 11.13+0.38
0.51b b bc bc d
ﬁ Organic 2695+ 2211+058a 10.02+053b 83.26+096 6.58+0.13 3.70+£0.16 b 7529+0.59 12.24 +0.49
& 0.50 a a a a c
NPK 2666+ 2209+060a 9.31+0.24c 8187+069 6.51+0.07 4.030.20b 72.07+295 12.49+0.38
0.6la b ab d bc

The fiber quality characteristics of cotton plants were influenced by phenotype
(Figure 4). According to Figure 4a and h, BM 455 cultivated at the Kani Panka location
showed potential quality in UHML and fiber yellowness, recording maximum values
of 26.88 mm and 12.83 +b, respectively. However, it registered a minimum value of
26.28 mm UHML at TazaDe. Additionally, Golda at TazaDe exhibited decreased fiber
yellowness (11.83 +b) and increased trade quality. Notably, no significant statistical
improvement in fiber mean length was observed under the phenotype (Figure 4b).
Moreover, the BM 455 phenotype significantly improved fiber quality, achieving the
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highest strength (10.58 g tex) and fineness (4.37 mic) when cultivated at TazaDe.
Conversely, Golda decreased quality for both parameters, with strength (9.22 g tex™)
at Kani Panka and fineness (3.63 mic) at TazaDe (Figure 4c and f).

The Golda genotype at Tazade exhibited higher fiber uniformity (83.16%) and
elongation (6.52%), as well as higher reflectance (74.94 Rd). Nevertheless, when
treated at Kani Panka, its uniformity values and reflectance quality decreased to
81.52% and 71.95 Rd, respectively, while BM 455 at the same location decreased its
elongation percentage to 6.33% (Figure 4d, e, and g). Based on these data, phenotype
affects industrial quality. Genotype determines the inherent traits of a plant, whereas
geographical location affects how those traits manifest in response to local
environmental conditions, such as climate, soil, and altitude. This interplay between
genotype and environment underscores the complex relationship that determines the
industrial-quality phenotype of cotton plants across regions.

Environmental stressors such as water scarcity, nutrient deficiencies, and heat stress
can compromise cotton plant traits, including fiber quality, leading to shorter, weaker
fibers with lower spinning efficiency (35). Understanding the complex interactions
between genotype, environment, and agronomic practices is essential for optimizing
cotton production and fiber quality across diverse geographical regions (15). By
adapting cultivation practices and selecting appropriate genotypes, growers can
mitigate the adverse effects of environmental variability, ensuring sustainable cotton
production for the textile industry.

Industrial parameters are crucial in determining cotton fiber quality, impacting its
processing, strength, and market value. Fiber moisture content is a critical parameter
influencing fiber quality and processing efficiency. Maintaining moisture below a
certain threshold is essential to prevent fiber degradation and microbial growth during
storage and transportation (14). Fiber bundle strength and UHML are typically reliable
indicators of cotton fiber quality, and producers can command premium prices for
longer and stronger fibers. Long and strong fibers are highly desirable for their faster
processing speeds, leading to increased production, reduced cost per unit, and enhanced
yarn quality (7). Fiber length is a key factor in the adoption of cotton in the textile
industry. It is also one of the most significant physical features. Fiber length
substantially impacts the quality and properties of textiles, influencing components
such as strength, durability, and overall performance of the end products (6). It is a
critical attribute of cotton end products, essential for both producers, in terms of
income, and traders in supplying the appropriate material to ensure the production of
high-quality products (19 and 41).
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Column bars represent the mean + SD (n=3) of the data, and different letters indicate significant
differences between the treatments at 5% level, as determined by Duncan's test.

The fiber quality of cotton plants across all treatments was measured at both
locations in this study and was found to significantly influence yarn quality (Figure 5).
Cotton plants cultivated at TazaDe demonstrated statistically superior qualities
compared with those at Kani Panka, producing the highest average values for strength
(9.96 g text), uniformity (82.64%), elongation (6.52%), and reflectance (73.94 Rd). In
contrast, Kani Panka's geographical location yielded the lowest values at 9.31 g tex?,
81.96%, 6.40%, and 71.96 Rd, respectively (Figure 5c, d, e, and g). No statistically
significant differences were observed among the locations, according to the descriptive
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statistics. Mean values for fiber quality parameters such as UHML, mean length,
fineness, and yellowness were not significantly affected by climate, soil, or altitude
under any treatment at p <0.05 (Figure 5a, b, f, and h). The industrial quality of cotton
fiber, encompassing traits such as length, strength, micronaire, and uniformity, is
influenced by location-specific environmental factors (32). Soil fertility, moisture
availability, and temperature regimes profoundly impact fiber development and
characteristics (10).
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Fig. 5: Effect of locations on quality variables.

Column bars represent the mean + SD (n=3) of the data, and different letters indicate significant
differences between the treatments at 5% level, as determined by Duncan's test.

Table 5 depicts the effect of phenotype and fertilizer applications on the yarn quality
of cotton plants. The BM 455 genotype cultivated at the Kani Panka farm and treated
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with NPK fertilizer showed significantly improved UHML (28.47 mm) and increased
yellowness (13.57 +b). However, under controlled conditions, Golda recorded a
minimum UHML (25.30 mm) and a decreasing yellow color (11.00 +b). Thus,
yellowness affected the trading aspect of cotton. The longest fiber mean length at 22.64
mm was observed in NPK-treated Golda at the Kani Panka location, while the shortest
(20.17 mm) was in the control plants. More precisely, the application of organic
fertilizer increases fiber quality. BM 455 under organic fertilizer had significantly
improved average length (11.65 g tex!) and fiber fineness (5.01 mic). These values
significantly decreased for the untreated Golda genotype, reaching 8.30 g tex* and 3.44
mic, respectively, at the TazaDe farm.

Correspondingly, Golda subjected to organic fertilizer application showed increased
fiber values for uniformity (84.20%), elongation (6.70%), and reflectance (75.80 Rd).
In contrast, uniformity decreased to a minimum (80.82%) when it was exposed to the
Kani Panka location under control conditions, whereas fiber reflectance declined to the
lowest level (69.13 Rd) under NPK application. BM 455 exhibited the shortest
elongation (6.13%) when NPK was applied at the Kani Panka location. As such, the
interplay between phenotype and fertilizer application can significantly impact the
industrial textile quality of fiber. Phenotypic characteristics, influenced by genetic
makeup and environmental factors, dictate fiber properties such as length, strength, and
fineness. Fertilizer usage further modulates these traits by affecting plant growth,
nutrient uptake, and fiber development. Understanding and optimizing this relationship
is crucial for enhancing fiber quality in industrial textile production, ensuring desirable
properties such as durability, uniformity, and processing efficiency.

The degree of fiber elongation is of significant importance in textile manufacturing.
Throughout the ginning process, the ability of fibers to withstand mechanical
procedures is crucial in preventing fiber breakage. This characteristic facilitates the
effective spinning of fibers (12 and 28), ensuring smooth processing and enhancing the
quality of the final textile products. The fineness of cotton fibers is an important factor
influencing the overall quality of final products. Micronaire, a quality parameter linked
to the fineness and maturity of fibers, serves as a noteworthy signal in this context (1).
Fiber color is a fundamental criterion for classifying cotton into grades under the
Universal Cotton Standards (UCS). The grading process is regulated by two attributes:
reflectance (Rd) and yellowness (+b). Yellowness is intricately linked to cotton
pigmentation, while reflectance is associated with the brightness of cotton, a parameter
of considerable significance in determining cotton pricing. The color of cotton plays a
critical role in the absorption and retention of dyes in the final product. Hence, the
efficacy of the dyeing process heavily depends on these two parameters (25).
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Table 5: Interaction of phenotypes and fertilizers on quality characteristics.

c o s UHML Mean Fiber Fiber Fiber Fiber Fiber Fiber
2 @ N ((mm fiber strength uniformity ~ Elongation fineness reflectance Yellowness
S g € length (g text (% (% (micronaire (Rd ((+b
aJ > e
((mm (
Control 26.04 £0.74 2131 £ 8.66 = 82.62+059 6.43+0.05 3.62+044 7190+0.70 11.83+0.48
o cde 0.35¢ 0.16 de bc b cd d de
= Organic  26.67 £0.13 2140 £ 1165+ 82.01£0.63 6.50+0.08 5.01+0.09 7417+090 13.23+0.17
% bc 0.14c 0.40a bed b a b ab
° NPK 26.13+048 2111+ 1144+ 8170+0.14 6.60+008 449+031 7273+045 12.73+0.20
a cde 0.57c 0.24a cde ab ab d bc
E Control  25.61+0.67 21.04 8.30 £ 82.98+0.22 6.40+0.08 344+040 7403+037 11.27+0.21
de 0.41c 0.28¢e b b d bc ef
E Organic  27.36 £ 0.26 2255+ 10.46 £ 84.20+0.16 6.70+0.08 359+0.15 7580%£0.29 12.10%0.65
3 b 0.52 ab 0.35b a a cd a cd
NPK 26.08 £0.11 2153+ 9.23 82.30£0.36 6.47 £0.05 3.87+0.04 75.00+0.28 12.13+0.19
cde 0.02c¢ 0.26 cd bed b bed ab cd
Control 2546+0.30 20.88+ 8.57 £ 8230+0.22 6.40+0.08 3.86+051 70.10+0.38 12.33+0.53
o e 0.37 cd 0.31e bcd b bed e cd
= Organic  26.72+059  21.73+ 1036+ 8243+034 6471005 434+003 73.00+0.65 12.60+0.08
% bc 0.79 bc 0.29b bc b abc cd bed
g NPK 28.47 £0.48 22.57 £ 9.25 + 8247 +£052 6.13+0.19 3.90+£0.69 7280%£0.28 1357%0.33a
§ a 0.32 ab 0.11cd bc c bed d
= Control 25.30£0.15 20.17 8.70 £ 80.82+0.48 6.40+0.08 397+051 7195+061 11.00+0.46f
< e 0.12d 0.43 de e b bed d
‘é’ Organic  26.54+0.32 2167 9.58 + 8231+0.23 6.47+0.05 3.81+0.07 7477+026 12.38+0.10
& bed 0.16 0.22¢c bed b bed ab cd
NPK 2723+0.26  22.64+ 9.38 £ 81.44+068 6.56+0.05 4.18+0.17 69.13+0.34 12.85%0.05
b 0.30a 0.20c de ab bed e abc
Conclusions

This experiment investigated the responses of the BM 455 and Golda cotton plant
genotypes to organic (500 kg hal) and inorganic (NPK-15:15:15, 200 kg hal)
fertilizers in two locations in Sulaymaniyah province, focusing on growth and yield
parameters and the enhancement of industrial textile quality. For BM 455, growth and
yield were affected by applying 200 kg ha™ of NPK fertilizer, among other treatments.
Regarding quality attributes, both genotypes performed better under the 500 kg ha!
application of organic fertilizer.

The findings reveal that BM 455 outperformed Golda in both TazaDe and Kani
Panka, with the former leading except for biological yield. Across phenotypes and
fertilizers, growth and yield responded significantly to NPK fertilizer, whereas fiber
quality was more responsive to organic fertilizer. The control plants exhibited lower
outcomes for most attributes in this study. The effects of NPK and organic fertilizers
on cotton plants across diverse locations have major implications for growers,
sustainability, and economics. NPK and organic fertilizers are essential for improving
immediate yields, whereas additional organic and compound fertilizers should also be
considered to enhance soil health, sustainability, and overall economic viability in
cotton production.
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