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Introduction 

Cotton plant (Gossypium hirsutum L.), which belongs to the 

Malvaceae family, is considered one of the most important fibres 

and industrial crops in the world, as it is used as a raw material in 

many industries such as spinning and textile production. Cotton 

fibres constitute 85–90 % of the worlds’ fibre production. The fibres 

represent about 35 % of the weight of the cotton boll. As well as, the 

seeds are a valuable industrial source of important oils, which 

typically constitute 18–26 % of their total weight. In addition, the by-

product of cotton, viz. cottonseed meal, is used in feed fodders, as it 

contains a high percentage of protein ranging from 32–36 % (1). 

Cotton production is a major source of income for producing 

countries, generating economic activity that extends far beyond the 

farm to include jobs in gins, spinning mills and textile factories. In 

terms of cotton production, Iraq still suffers from a shortage and its 

local production represents only a small percentage of the actual 

demand, due to the high cost of production, inflation of imports and 

lack of suitable varieties (2).  

 Cotton varieties differ in their behaviour towards 

environmental conditions and production is greatly affected by the 

availability of growth requirements, most importantly, nutrients. So, 

selecting a suitable variety that is characterised by high productivity 

and adaptation to environmental conditions is considered one of 

the important goals for developing and improving cotton 

productivity per unit area. Most growth and yield components traits 

that are related directly to yield, such as plant height and the number 

of fruiting branches, are affected significantly by variety                    

differences (3). In a similar study, it was also observed that varieties 

varied significantly in the number of opened bolls, boll weight and 

seed cotton yield. In contrast, the existence of significant differences 

between cotton varieties in qualitative characteristics was also 

confirmed (4). Zinc plays an important role in nitrogen metabolism 

and protein synthesis. It is also involved in the formation of 

chlorophyll and carbohydrates (5). Foliar zinc application twice, i.e., 

(0 and 58 g ha-1) after sowing increased seed cotton yield, number of 

bolls, 100 seed weight and fibre yield (6). The application of zinc has 

been shown to significantly influence various growth and yield traits 

in cotton. Zinc positively affected plant height, the number of 

sympodial branches, boll number and both plant and fibre 

uniformity ratios (7, 8). Research has demonstrated that zinc played 

an important role in enhancing vegetative growth, yield 

components and fibre quality in cotton (9, 10). This study aimed to 

determine the effect of zinc concentrations on yield and its 

components for several varieties of cotton. 

 

Materials and Methods 

Field operations 

A field experiment was conducted during the summer season of 

2023 in Al-Anbar province, which is located at a latitude of 33 N and 

a longitude of 43 E, to determine the response of several varieties 

of cotton to foliar application of zinc with different concentrations 
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Zinc deficiency is a common issue in cotton cultivation that can significantly impact yield and quality, especially when the soil zinc content is 

unavailable due to a problem related to nutrient competition. A field experiment was conducted during the summer season of 2023, on a farmers’ 
field in Al-Anbar province, Iraq, to investigate the effect of zinc spraying on cotton yield and its components, as well as quality characteristics, for 
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three replications. The main plots occupied by four zinc concentrations, which were 0, 75, 150 and 225 mg L-1, while the sub-plot contained four 

cotton varieties: Spearo888, Cocker 310, Pak-cot and Candia. The results showed that the Spearo 888 cotton variety had the highest average in 
terms of plant height, reaching 156.72 cm, while the Pak-Cot variety had the highest average for traits: branch per plant-1 (12.61), number of total 

and opened bolls per plant-1 (26.57 and 19.04), boll weight (3.97 g) and total seed cotton yield (2.95 t ha-1). The studied traits improved 

progressively with increasing zinc concentration, with the highest concentration yielding the best results. The integration of zinc with the varieties 

led to the best results. The cotton fibre characteristics were not significantly affected by zinc concentrations; rather, variety had the greatest 
influence, indicating that these characteristics are more influenced by gene action than by environmental conditions.  
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and also their effect on some yield traits and fibre quality. The 

experiment was employed in a split-plot design with three 

replications as in RCBD. The main plots included four zinc 

concentrations, which were 0, 75, 150 and 225 mg L-1, while the           

sub-plots included four cotton varieties: Spearo888, Cocker 310, 

Pak-cot and Candia. The experimental plot was prepared by 

ploughing, smoothing and levelling and was divided into 

experimental units (a Total of 48 experimental units, with 16 

experimental units per replication) with an area of each unit of                     

3 × 2.5 m. Each experimental unit contained 4 rows with a distance 

of 65 cm between each row and 25 cm between each plant. 

Diammounium phosphate (DAP) fertiliser (46 % P) was applied at a 

rate of 100 kg ha-1 in one dose during planting and nitrogen 

fertiliser was applied at a rate of 80 kg nitrogen (N) ha-1 in the form 

of urea (46 % N) in two doses viz. the first application with a half 

dose was done during planting and the second dose was done 

after a month from the first dose (11, 12). The cotton seed varieties 

were bedded on 1st may, 2023, putting 3–4 seeds in each hole with 

a depth of 2–3 cm. After planting, the field was immediately 

irrigated. Agricultural operations such as irrigation, weeding, 

thinning and pest control were performed as needed. Thinning 

was done to leave only one plant per hole. Zinc was applied 60 

days after planting. The first cotton picking was carried out on 

September 3, 2022. The second cotton picking was carried out on 

November 15, 2023, after the bolls had fully matured and naturally 

opened. 

Studied traits 

When cotton plants reached the physiological maturity stage, the 

following traits were measured: plant height, number of fruiting 

branches per plant, number of bolls per plant, total number of 

healthy and open bolls, number of open bolls per plant, boll 

weight and seed cotton yield. In terms of fibre cotton 

characteristics, cotton fibre technology traits, the traits were taken 

as below: After the harvesting process (the first and second 

harvests) was completed, the two harvests were mixed. The 

ginning process was then performed (separating the fibre from the 

seeds). A sample of cotton fibre from each treatment (300 g) was 

taken to assess some of its quality characteristics using the seed 

cotton ginning machine and perspiration fastness tester (Fig. 1–2) 

in the laboratories of the General Company for Textile and Leather 

Industries - Cotton Factory, Quality Control Department - Physical 

Laboratory-Al-Kadhimiya, Baghdad, Iraq. The following quality 

characteristics were measured. 

Upper half mean (UHM mm) 

It is the average length of the total filament lengths suitable for 
spinning. It was measured using a fibre length distribution tester. 

Strength  

It is defined as the resistance of the material to various cutting 

forces, including both regular and sudden tensile forces. It also 

expresses the strength of the fibres in terms of their basic ability to 

resist tearing. It was measured using a Perseille device at a 

distance of 1/8 inch between the jaws and gives the resistance of a 

strand of fibres to cutting and is expressed in grams (g) of Tex-1. 

Statistical analysis 

The data of the studied traits were statistically assessed using the 
SASS computer program Version 9.0 and the results were 

compared using the least significant difference (LSD) at the 95 % 

confidence level.  

 

Results and Discussions 

Plant height  

The results showed significant differences between cotton 

varieties and zinc concentrations and the interaction between 

them in plant height (Table 1). Spearo888 plants recorded the 

highest mean of 156.72 cm, while the Candia variety gave the 

lowest mean of 149.37 cm. Perhaps the reason for this increase is 

due to the genetic variation between varieties in terms of 

internode lengths, which distinguishes each variety from the other, 

in addition to the fact that the plants of the Spearo888 variety took 

the longest period to reach the flowering stage. This allows for 

stem elongation compared to other early varieties. Research 

indicates that the varieties differ significantly in plant height due to 

genetic variation (13, 14). 

 The cotton plants that were sprayed with a concentration 

of 225 mg L-1 gave the highest average plant height of 172.51 cm 

compared to the control plants, 153.24 cm. The reason for this 

increase may be that zinc works to form and protect the 

tryptophan amino acid, which is used to produce the IAA 

hormone, which is directly related to the elongation of stem cells. 

Also, zinc is very important in cell division and the formation of 

meristematic cells. Results have demonstrated that plant height 

increased with increased zinc concentrations (8, 9, 15). The results 

suggest that there is a significant interaction between cotton 

varieties and zinc concentrations in the plant height, as the 

Spearo888 variety that was sprayed with a concentration of                   

225 mg L-1  gave the highest interaction value of 175.36 cm 

compared to the control treatment with the Candia variety, which 

gave the lowest interaction value of 132.61 cm. 

Number of fruiting branches per plant  

The results indicated significant differences between cotton 
varieties and zinc concentrations and the interaction between 

them on the number of fruiting branches per plant (Table 2). As the 

Pak-Cot variety gave the highest average of 12.61 branch plant-1 

compared to the variety Candia, which gave the lowest average of 

10.71 branch plant-1. The reason for this superiority may be due to 

the genetic nature of the variety and its response to environmental 

conditions. Research has demonstrated that the varieties differ in 

the number of fruiting branches in cotton plants (16, 17). 

     

Table 1. Effect of foliar zinc application on the plant height (cm) of three cotton varieties 

Zinc concentration 
Cotton varieties 

Mean 
Spearo888 Cocker 310   Pak-Cot    Candia 

0 145.60 142.30 137.91 132.61 139.62 
75 149.43 145.60 151.82 145.70 148.51 

150 156.53 154.61 15161 148.61 153.01 
225 175.36 173.27 169.71 170.80 172.51 

Mean 156.72 153.91 152.75 149.37   

L.S.D =  0.05       Varieties = 0.511       Zinc = 0.706      Interaction = 1.059 
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Fig. 1. Seed cotton ginning machine.  

Fig. 2. Perspiration fastness tester. 

Table 2. Effect of foliar zinc application on the fruiting branches per plant (branch plant -1) of three cotton varieties  

Zinc concentration 
1-mg L  

 Cotton varieties 
Mean 

Spearo888  Cocker 310   Pak-Cot    Candia 

0 10.97 8.83 10.32 9.17 9.81 
75 10.77 11.57 11.83 10.97 11.28 

150 13.70 12.83 12.50 11.07 12.52 
225 14.31 13.43 15.83 11.63 13.79 

Mean 12.43 11.66 12.61 10.71   

L.S.D =  0.05      Varieties = 0.453      Zinc = 0.530      Interaction = 0.893  
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 The results indicate an increase in the number of fruiting 

branches in cotton plants with an increase in zinc concentrations. 

The cotton plants that were sprayed with a concentration of                     

225 mg L-1 excelled with the highest average of 13.79 branch                        

plant-1, with an increase rate of 40 % compared to the control 

plants of 9.81 branch plant-1. This superiority in the number of 

branches may be due to the role of zinc in increasing the lateral 

branches in the plant. Research has demonstrated that treating 

cotton with zinc played a positive role in most of the yield 

characteristics, including the number of fruiting branches  (15, 18). 

Regarding the interaction between cotton varieties and zinc 

concentrations in the number of fruiting branches, the results 

showed a significant response between these factors in terms of 

this trait The Pak-cot variety which was sprayed with a 

concentration of 225 mg L-1 gave the highest interaction value of 

15.83 branch per plant, while the plants of Candia variety with 

control treatment gave the lowest value of interaction 9.17 branch 

plant-1. 

Number of bolls per plant  

The result indicated significant differences between varieties and 

concentrations of Zinc and their interaction in the number of bolls 

per plant (Table 3). The Pak-Cot variety presented the highest 

average of the number of bolls 26.57 bolls plant-1, while plants of 

the Candia variety gave the lowest average of 23.68 bolls plant-1. 

The reason for this superiority may be due to the genetic variation 

for each variety and their response to the surrounding 

environmental conditions and the genetic factor for each variety 

controlled the number of bolls per plant. Research indicates that 

varieties differ in the number of bolls in the plant (11, 19). 

 The results presented a significant difference between the 

concentrations of zinc in the total number of bolls per plant, where 

cotton plants that were sprayed with a concentration of 225 mg L-1 

achieved the highest average for the number of bolls                                    

(28.15 bolls plant-1), while the control treatment gave the lowest 

average for the trait 21.26 bolls plant-1. The results indicate that 

high concentrations of zinc had a superiority in yield and its 

components (9, 10). The interaction between variety and 

concentrations of zinc had a significant effect on the number of 

bolls per plant. Plants of the Cocker 310 variety, which were 

sprayed with a concentration of 225 mg L-1, achieved the highest 

value of 30.51 bolls plant-1, which was not significantly different 

from the Pak-Cot variety at the same concentration, which 

produced 28.84 bolls plant-1. However, the Candia variety showed 

the lowest value of 20.01 bolls plant-1. 

Number of open bolls per plant  

The results indicated a significant effect of cotton varieties, zinc 

concentrations and their interaction on the number of opened 

bolls per plant; the interaction between the study factors had no 

significant effect on this trait (Table 4). The plants of the Pak-cot 

variety revealed the highest average of 19.04 bolls plant-1 and did 

not differ significantly from the Cocker 310 variety, which gave 

18.43 bolls plant-1, compared to the Candia variety plants that gave 

the lowest average of opened bolls, 16.46 bolls plant-1. The reason 

for this increase may be due to the nature of the growth and shape 

of the Coker 310 plant viz. the general shape of this genetic 

structure to catch the sunlight and temperature that help the boll 

open and which are considered the two basic factors for the 

completion of growth and the opening of the boll, in addition to 

the genetic composition of the variety plants in response to 

environmental conditions (temperature and light), which helps in 

opening a larger number of bolls in the plant. Research has 

demonstrated that genotypes differ in the number of opened bolls 

in plants, which is reflected in their response to the environmental 

conditions of the agricultural area  (14, 20, 21). The results 

indicated that cotton plants sprayed with a concentration of                  

225 mg L-1 presented the highest average of opened bolls in plants, 

18.82 bolls plant-1 and did not differ significantly from plants 

sprayed with a concentration of 150 mg L-1, which gave 18.44 bolls 

plant-1. While the control treatment gave the lowest average of 

16.60 bolls plant-1. Research indicates that plants sprayed with high 

concentrations of zinc may outperform with higher average yield 

components (14, 17). 

Boll weight 

The results indicated significant differences between the 
varieties and the concentrations of zinc and the interaction 

between them in the boll weight (Table 5). The plants of the             

Pak-Cot variety exhibited the highest average of 3.97 g, while the 

plants of the Spearo888 variety gave the lowest average of 3.70 g. 

This is due to genetic variation between varieties and to the 

increased number of seeds in the boll, which in turn leads to an 

increase in the weight of the boll. Research indicates that 

significant differences between varieties in boll weight were 

found (19, 22). Likewise, the results indicate an increase in boll 

weight with an increase in zinc concentrations, as the cotton 

plants that were sprayed with a concentration of 225 mg L-1 gave 

Table 3. Effect of foliar zinc application on the bolls per plant (bolls plant-1) of three cotton varieties  

Zinc concentration 
Cotton varieties 

Mean 
Spearo888  Cocker 310   Pak-Cot   Candia 

0 22.34 20.31 22.39 20.01 21.26 
75 22.58 22.47 27.09 23.46 23.90 

150 25.13 28.51 27.99 24.86 26.62 
225 26.83 30.51 28.84 26.42 28.15 

Mean 24.22 25.38 26.57 23.68   

L.S.D = 0.05       Varieties = 0.851       Zinc = 2.365      Interaction = 2.590  

Table 4. Effect of foliar zinc application on open bolls per plant (bolls plant-1) of three cotton   varieties  

Zinc concentration 
1-mg L  

Cotton varieties 
Mean 

Spearo888  Cocker 310   Pak-Cot   Candia 
0 17.32 17.37 17.30 14.41 16.60 

75 17.94 18.47 18.70 16.47 17.89 
150 18.07 19.05 20.06 16.60 18.44 
225 17.97 18.85 20.12 18.36 18.82 

Mean 17.82 18.43 19.04 16.46   

L.S.D = 0.05      Varieties = 0.113       Zinc = 0.094      Interaction = 0.210 
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the highest average of 4.16 g, increasing by 18  % compared to 

the control plants that gave the lowest average of 3.51 g. The role 

of zinc is to increase the number of seeds in the boll and thus 

increase the weight of the boll. The research indicates that an 

increase in yield components with increasing zinc concentrations. 

The interaction between the varieties and the concentrations of zinc 

was significant for the characteristic of the boll weight, as the plants 

of the variety Cocker 310, which were sprayed with a concentration 

of 225 mg L-1, achieved the highest value of interaction of 4.35 g, 

which was significantly different from the plants of the two varieties 

Pak-Cot and Spearo888, which were sprayed with the same 

concentration, as it gave 4.22 and 4.17 g respectively, while the 

plants of the Spearo888 variety, when treated with control gave the 

lowest value of interaction of 3.19 g. 

Seed cotton yield 

The results indicated significant differences between varieties, 

zinc concentrations and their interaction on the total seed cotton 

yield, as shown in Table 6. The variety Pak-Cot was characterised 

by the highest average of 2.95 t ha-1, which did not differ from the 

variety Cocker 310, compared to the Candia variety, which gave 

the lowest average of 2.48 t ha-1. This increase in the total seed 

cotton yield for Pak-Cot is due to its superiority in the number of 

opened bolls per plant and boll weight (Table 4, 5). Research 

indicates that the significant differences between cotton varieties 

in terms of the total yield as a result of the optimal utilisation of 

available growth factors by the superior variety (4, 18). 

 Cotton plants sprayed with a concentration of 225 mg L-1 

gave the highest average of the total seed cotton yield, 3.07 t ha-1, 

with an increase of 36 % compared to the control plants that 

gave the lowest average, 2.25 t ha-1. The reason for this increase 

may be due to the superiority of the cotton plants sprayed with a 

concentration of 225 mg L-1 in the total number of open bolls per 

plant, as well as the boll weight and seed cotton yield per plant 

(Tables 4, 5), which helped to increase the total seed cotton yield. 

Research has demonstrated that an increase in the total yield is 

observed by increasing the zinc concentrations (9, 13, 14). The 

interaction between the study factors had a significant effect on 

the total cotton yield. Cocker 310 plants sprayed with a 

concentration of 150 mg L-1 gave the highest value of 3.20 t ha-1, 

which did not differ significantly from the Lashata plants sprayed 

with the same concentration (150 mg L-1), which gave the yield of 

3.07  t ha-1, while Montana plants with the control treatment gave 

the lowest yield, 1.96 t ha-1.  

Upper half means (UHM) 

The results in Table 7 indicated significant differences between 

cotton varieties in the UHM, while zinc concentrations and the 

interaction between the two factors did not have a significant 

effect on this trait. The plants of the variety Cocker 310 showed 

the highest mean for the trait, reaching 25.49 mm and did not 

differ significantly from the plants of the varieties Candia and Pak

-Cot, which gave 25.31 and 25.26 mm, respectively, while the 

plants of the variety Spearo888 gave the lowest mean for the 

trait, reaching 24.98 mm. This superiority may be due to the 

genetic nature of the variety and its response to environmental 

conditions. Research has demonstrated that genetic variation 

plays a crucial role in cotton fibre characteristics (23–25).  

Strength (g/tex) 

The results indicated a significant effect of cotton varieties on the 

number of strength (g/tex), while the zinc concentrations and the 

interaction between the two factors did not have a significant 

effect on this trait, as seen in Table 8. The plants of the Coker 310 

variety revealed the highest average, reaching 21.19 g/tex, with 

an increase of 10 % compared to the Pak-Cot variety plants that 

gave the lowest average of 19.15 g/tex. This trait varies from one 

variety to another and is linked to the genetic adaptation to 

available growth nutrients as well as the environmental 

conditions. Research has demonstrated that micronutrients play 

Table 5. Effect of foliar zinc application on the boll weight (g) of three cotton varieties 

L.S.D = 0.05      Varieties = 0.113       Zinc = 0.094     Interaction = 0.210  

Zinc concentration 
1-mg L  

Cotton varieties 
Mean 

Spearo888 Cocker 310   Pak-Cot   Candia 

0 3.19 3.52 3.78 3.58 3.51 

75 3.67 3.54 3.90 3.73 3.71 

150 3.69 3.94 3.99 3.98 3.90 

225 4.17 4.35 4.22 3.92 4.16 

Mean 3.70 3.83 3.97 3.80   

Table 6. Effect of foliar zinc application on the seed cotton yield (t ha-1) of three cotton varieties  

Zinc concentration 
1-mg L  

                Cotton varieties 
Mean 

Spearo888 Cocker 310   Pak-Cot   Candia 

0 2.14 2.35 2.53 2.01 2.25 
75 2.23 2.44 2.91 2.38 2.49 

150 2.62 2.98 3.08 2.73 2.85 
225 3.01 3.18 3.28 2.82 3.07 

Mean 2.50 2.73 2.95 2.48   
L.S.D = 0.05       Varieties = 0.274       Zinc = 0.361     Interaction = 0.723 

 

Table 7. Effect of foliar zinc application on the upper half mean (mm) of three cotton varieties 

L.S.D = 0.05      Varieties = 0.35       Zinc = N.S         Interaction = N.S  

Zinc concentration 
Cotton Varieties 

Mean 
Spearo888 Cocker 310 Pak-Cot   Candia 

0 24.97 25.15 25.04 25.12 25.17 
75 24.46 25.21 25.30 25.32 25.07 

150 25.21 25.61 25.38 25.14 25.33 
225 25.28 25.62 25.35 25.67 25.53 

Mean 24.98 25.49 25.26 25.31   
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an important role in biological processes, but not necessarily in 

the cotton strength staple (25–29).  

Conclusion  

It concluded that the results showed that spraying zinc at different 

concentrations improved both the yield and quality traits of 

various cotton varieties. Applying zinc at a concentration of                           

225 mg L-1 to the Pac-Cot variety led to the highest seed yield and 

yield components. On the other hand, the Coker 310 variety 

showed the best quality characteristics. These findings highlight 

the importance of zinc application and variety selection in 

improving cotton production. Further studies will be conducted 

later to highlight the effect of foliar application of micronutrients 

on cotton yield and quality under the Iraqi irrigated areas.  

 

Acknowledgements  

The authors extend their thanks to the head of the field crops 

department and plant physiology lab team, College of 

Agriculture, University of Anbar, Iraq, for their effort to complete 

this achievement.  

 

Authors' contributions 

NAH for the ideas and designed experiments. IMA performed the 

experiments. AHA drafted the manuscript. AAA conceived and 

coordinated the overall study. All authors read and approved the 

final manuscript.  

 

Compliance with ethical standards 

Conflict of interest: Authors do not have any conflict of 

interest to declare.   

Ethical issues: None 

 

References 

1. Qasim S. Agriculture in Iraq. In: Awadh SM, Al-Dabbas M, editors. 
The geography of Iraq. Cham: Springer; 2024. p. 117–43. https://

doi.org/10.1007/978-3-031-71356-9_6 

2. Çopur O, Polat D, Odabasioğlu C, Haliloglu H. Effect of different 
sowing dates on some cotton (Gossypium hirsutum L.) varieties 

under the second crop growing conditions. Appl Ecol Environ 
Res. 2019;17(6):15447–62. https://doi.org/10.15666/

aeer/1706_1544715462 

3. Dawood AM, Noaman AH. Effect of melatonin spraying on some 
growth characters of several cotton cultivars. IOP Conf Ser Earth 

Environ Sci. 2023;1213(1):012042. https://doi.org/10.1088/1755-
1315/1213/1/012042 

4. Engizek OB, Beycioglu T, Kıllı F. Yield and quality parameters of 

current commercial cotton (Gossypium hirsutum L.) cultivars 

under Mediterranean climatic conditions of Turkey. Emergence. 

2021;5(8):27–32.  

5. Reethika D, Baskar K, Elayarajan M, Bhakiyathu Saliha B, 
Ravikumar V, Manoharan S. Sustainable cotton production 

through fertigation scheduling: A growth stage-based approach. 

Plant Sci Today. 2025;12(2). https://doi.org/10.14719/pst.7459 

6. Hammad AJ, Ali IM. Effect of spraying ascorbic acid on growth 
and yield of soybean plant affected by irrigation interval. IOP 
Conf Ser Earth Environ Sci. 2024;1371(5):052010. https://

doi.org/10.1088/1755-1315/1371/5/052010 

7. Sarwar M, Saleem MF, Ali B, et al. Application of potassium, zinc 
and boron as potential plant growth modulators in Gossypium 

hirsutum L. under heat stress. Turk J Agric For. 2022;46(4):13. 

https://doi.org/10.55730/1300-011X.3026 

8. Al-Mansouri MA, Ali IM. Effect of hydrogen peroxide and zinc 
spraying on the growth, yield and antioxidant enzyme of wheat 
Triticum aestivum L. IOP Conf Ser Earth Environ Sci. 2021;904

(1):012071. https://doi.org/10.1088/1755-1315/904/1/012071 

9. Haliloglu H. The effect of phosphorus and zinc on yield and on 
some agronomic characteristics of cotton (Gossypium hirsutum 

L.). Appl Ecol Environ Res. 2019;17(2):2665–76. https://

doi.org/10.15666/aeer/1702_26652676 

10. Hussain I, Ikram RM, Ahmad S, Iqbal HMW, Munawar S, Hammad HM, 
et al. Exploring interactive effect of nitrogen and zinc for enhancing 
cotton productivity in arid climate. J Plant Nutr. 2025;48(10):1683–94. 

https://doi.org/10.1080/01904167.2025.2452427 

11. Muhammad KK, Maaroof SM. Response of selected yield 
attributes of cotton (Gossypium hirsutum L.) to varied 

environments and sowing row positions. Anbar J Agric Sci. 

2025;23(1):44–63. http://doi.org/10.32649/ajas.2024.147649.1163 

12. Almarie AA, Al-Salmani SA, Almohammedi AF. Response of 
caraway (Carum carvi L.) plants to organic manures in 
replacement of chemical fertilization. Res J Biotechnol. 2019;14

(1):283–8. 

13. Noaman AH, Abood NM, Ajaja HA, Almehemdi AF. Effect of 
potassium fertilizer on yield and its components of flax (Linum 

usitatissimum L.). SABRAO J Breed Genet. 2024;56(6):2521–31. 

http://doi.org/10.54910/sabrao.2024.56.6.34 

14. Ibrahim IAE, Noaman AH. Yield and yield components as 
affected by delaying sowing dates in some Egyptian cotton 
varieties. J Adv Agric Res. 2022;27(2):449–58. https://

doi.org/10.21608/jalexu.2022.147004.1071 

15. Kaleri AH, Kaleri AA, Memon S, Laghari AL, Bano S, Mallano M, et 
al. Effect of different levels of zinc on the growth and yield of 

cotton (Gossypium hirsutum L) crop. J Basic Appl Sci. 

2017;13:307–10. http://doi.org/10.6000/1927-5129.2017.13.50 

16. Nadir YA, Noaman AH. The role of boron in the vegetative 
growth characteristics of several cotton (Gossypium hirsutum L.) 
cultivars. IOP Conf Ser Earth Environ Sci. 2024;1371:052056. 

http://doi.org/10.1088/1755-1315/1371/5/052056 

17. Alukedi AO, Almarie AA, Alalousi MA, Farhan SS, Almehemdi AF. 
Effect of laser exposure as pre-sowing seed priming in three flax 

cultivars (Linum usitatissimum L.). Plant Cell Biotechnol Mol 

Biol. 2021;22:43–52. 

18. More VR, Khargkharate VK, Yelvikar NV, Matre YB. Effect of boron 

Table 8. Effect of foliar zinc application on the strength (g/tex) of three cotton varieties 

Zinc concentration 
1-mg L  

Cotton varieties 
Mean 

Spearo888 Cocker 310 Pak-Cot Candia 

0 20.11 20.62 19.48 19.05 20.06 

75 19.58 21.14 20.23 19.09 20.01 

150 21.27 21.56 20.27 19.13 20.55 

225 20.28 21.45 21.31 19.34 20.59 

Mean 20.31 21.19 20.57 19.15   

L.S.D = 0.05       Varieties = 0.714        Zinc =  N.S       Interaction =  N.S 

https://plantsciencetoday.online
https://doi.org/10.1007/978-3-031-71356-9_6
https://doi.org/10.1007/978-3-031-71356-9_6
https://doi.org/10.15666/aeer/1706_1544715462
https://doi.org/10.15666/aeer/1706_1544715462
https://www.google.com/search?q=https://doi.org/10.1088/1755-1315/1213/1/012042
https://www.google.com/search?q=https://doi.org/10.1088/1755-1315/1213/1/012042
https://doi.org/10.14719/pst.7459
https://www.google.com/search?q=https://doi.org/10.1088/1755-1315/1371/5/052010
https://www.google.com/search?q=https://doi.org/10.1088/1755-1315/1371/5/052010
https://www.google.com/search?q=https://doi.org/10.55730/1300-011X.3026
https://www.google.com/search?q=https://doi.org/10.1088/1755-1315/904/1/012071
https://www.google.com/search?q=https://doi.org/10.15666/aeer/1702_26652676
https://www.google.com/search?q=https://doi.org/10.15666/aeer/1702_26652676
https://doi.org/10.1080/01904167.2025.2452427
https://www.google.com/search?q=http://doi.org/10.32649/ajas.2024.147649.1163
https://www.google.com/search?q=http://doi.org/10.54910/sabrao.2024.56.6.34
https://doi.org/10.21608/jalexu.2022.147004.1071
https://doi.org/10.21608/jalexu.2022.147004.1071
http://doi.org/10.6000/1927-5129.2017.13.50
https://www.google.com/search?q=http://doi.org/10.1088/1755-1315/1371/5/052056


7 

Plant Science Today, ISSN 2348-1900 (online) 

and zinc on growth and yield of Bt. cotton under rainfed 

condition. Int J Pure Appl Biosci. 2018;6(4):566–70. https://
doi.org/10.18782/2320-7051.6885 

19. Al-Bazi SMH. Estimating the genetic-environmental interaction 
using GGE bi-plot analysis of the characteristics of cast cotton 

yield and its components for some varieties of cotton 

(Gossypium hirsutum L.). [thesis]. Tikrit: Tikrit University; 2022. 

20. Mahdi SA, AbdulKafoor AH. Effect of spraying nano zinc on 
vegetative traits of some faba bean genotypes. Anbar J Agric 

Sci. 2024;22:613–24. https://doi.org/10.32649/ajas.2024.183766 

21. Rabeh HA, Gadallah AEM, Badawy SH, Ahmad AW, Hassan HA, 
Irfan M, et al. Boron application influenced growth yield and 
fiber quality of upland cotton under different irrigation regimes. 

Pure Appl Biol. 2021;10(4):1345–55. https://doi.org/10.19045/

bspab.2021.100139 

22. Shaker SA, Mansy YE, Darwesh AEI, Badr SSM. Evaluation and 
stability of some Egyptian cotton varieties under normal and 

late sowing conditions. Menoufia J Plant Prod. 2020;5(2):91–
105. https://doi.org/10.21608/mjppf.2020.170358 

23. Zerihun M, Berhe H. Physicochemical properties of cotton seeds 
oil and its comparison with released and improved cotton 

varieties in Ethiopia. Acad Res J Agri Sci Res. 2018;6(7):443–52.  

24. Rehman AU, Qamar R, Hussain A, Sardar H, Sarwar N, 
Muhammad H, et al. Soil applied boron (B) improves growth 

yield and fiber quality traits of cotton grown on calcareous 

saline soil. PLOS ONE. 2020;15(4):e0231805. https://
doi.org/10.1371/journal.pone.0231805 

25. Eleyan SED, Abodahab AA, Abdallah AM, Rabeh HA. Foliar 
application of boron and zinc effects on growth, yield and fiber 

properties of some Egyptian cotton cultivars (Gossypium 

barbadense L.). Int J Agric Crop Sci. 2014;7(13):1274–82. 

26. Kazakova DIA, Gafurova S, Baratovaz K, Aripov K, Allenova I. A 
research on productivity of newly created cotton varieties and 

evaluation of cotton fiber quality indicators. E3S Web Conf. 

2023;377:03014. https://doi.org/10.1051/e3sconf/202337703014 

27. Tuttolomondo T, Virga G, Rossini F, Anastasi U, Licata M, Gresta 
F, et al. Effects of environment and sowing time on growth and 
yield of upland cotton (Gossypium hirsutum L.) cultivars in Sicily 

(Italy). Plants. 2020;9(9):1209. https://doi.org/10.3390/

plants9091209 

28. Yogita M, Yadav TH, Rathod SB, Deshmukh SB, Wakode YS. 
Evaluation of American cotton genotypes for yield and yield 

contributing parameters. J Pharmacogn Phytochem. 2019;8
(4):2969–72. 

29. Hasan AI, AbdulKafoor AH, Aahmed YA, Al-Falahi ASI, Ghaffoori 
AT. The effect of chelated nano zinc on growth and yield of 

several genotypes of faba bean Vicia faba L. IOP Conf Ser Earth 

Environ Sci. 2023;1252(1):012036. https://doi.org/10.1088/1755-
1315/1252/1/012036   

 

Additional information 

Peer review: Publisher  thanks Sectional Editor and the other anonymous 
reviewers for their contribution to the peer review of this work. 

Reprints & permissions information is available at https://
horizonepublishing.com/journals/index.php/PST/open_access_policy 

Publisher’s Note: Horizon e-Publishing Group remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations. 

Indexing: Plant Science Today, published by Horizon e-Publishing Group, is 
covered by Scopus, Web of Science, BIOSIS Previews, Clarivate Analytics, 
NAAS, UGC Care, etc 
See https://horizonepublishing.com/journals/index.php/PST/
indexing_abstracting 

Copyright: © The Author(s). This is an open-access article distributed under 
the terms of the Creative Commons Attribution License, which permits 
unrestricted use, distribution and reproduction in any medium, provided the 
original author and source are credited (https://creativecommons.org/
licenses/by/4.0/) 

Publisher information:  Plant Science Today is published by HORIZON e-
Publishing Group with support from Empirion Publishers Private Limited, 
Thiruvananthapuram, India. 

https://doi.org/10.18782/2320-7051.6885
https://doi.org/10.18782/2320-7051.6885
https://www.google.com/search?q=https://doi.org/10.32649/ajas.2024.183766
https://doi.org/10.19045/bspab.2021.100139
https://doi.org/10.19045/bspab.2021.100139
https://doi.org/10.21608/mjppf.2020.170358
https://doi.org/10.1371/journal.pone.0231805
https://doi.org/10.1371/journal.pone.0231805
https://doi.org/10.1051/e3sconf/202337703014
https://doi.org/10.3390/plants9091209
https://doi.org/10.3390/plants9091209
https://doi.org/10.1088/1755-1315/1252/1/012036
https://doi.org/10.1088/1755-1315/1252/1/012036
https://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/indexing_abstracting
https://horizonepublishing.com/journals/index.php/PST/indexing_abstracting
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

