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Abstract Cotton is an important fiber crop with significant global economic and industrial significance, and improving its fiber
quality is essential to maintain competitiveness in the textile industry. This study explores the role of micronutrient management in
improving cotton fiber characteristics such as length, strength, and fineness. We comprehensively study the physiological functions
and agronomic importance of key micronutrients (i.e., boron, zinc, iron, and manganese) and analyze their effects on fiber
development at the cellular and molecular levels. This review introduces effective soil and foliar application strategies, emphasizing
an integrated nutrient management approach for optimal uptake and sustained productivity. A case study from India highlights the
practical benefits and challenges of micronutrient interventions in cotton cultivation. We also discuss future directions, including
nanotechnology applications, genetic advances to improve nutrient efficiency, and the integration of precision agriculture tools. This
study highlights the need for micronutrient-centric agronomic practices, increased farmer awareness, and a supportive policy
framework to achieve sustainable improvements in cotton fiber quality and overall crop performance.
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1 Introduction

Cotton is a vital global fiber crop, extensively cultivated in tropical and subtropical regions. It plays a crucial role
in the textile industry, providing raw material for a wide range of products. The importance of cotton extends
beyond its economic value, as it also contributes significantly to the livelihoods of millions of farmers worldwide
(Wahid et al., 2020; Abbas et al., 2022). However, cotton production faces challenges such as climate change and
nutrient imbalances, which can adversely affect yield and fiber quality (Ul-Allah et al., 2021; Abbas et al., 2023).

Micronutrients are essential for plant physiology, playing critical roles in various biochemical and physiological
processes. Elements like boron, silicon, zinc, and magnesium are vital for the growth and development of cotton
plants. These micronutrients are involved in processes such as photosynthesis, enzyme activation, and cell
division, which are crucial for maintaining plant health and improving fiber quality (Swetha et al., 2020; De Souza
Junior et al., 2022). Despite their importance, micronutrient management in cotton cultivation has often been
overlooked, leading to deficiencies that can impair plant growth and reduce fiber quality (Ahmed et al., 2020).

This study explored the role of micronutrient management in improving cotton fiber quality. It explored the effects
of various micronutrients on cotton growth and fiber characteristics. Drawing on recent research results, it
included analyzing different micronutrient application methods, such as foliar spraying, and their effects on cotton
yield and fiber quality. By synthesizing current research results, this study aims to fully understand how to
optimize micronutrient management to improve cotton production results.

2 Key Micronutrients Influencing Cotton Fiber Quality

Micronutrient management plays a crucial role in enhancing the quality of cotton fiber. Among the essential
micronutrients, boron (B), zinc (Zn), iron (Fe), and manganese (Mn) are particularly significant in influencing
cotton fiber quality.
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2.1 Boron (B)

Boron is a vital micronutrient for cotton growth, significantly impacting fiber quality. It aids in the transfer of
sugars and nutrients from leaves to fruit, which is crucial for plant functions and fiber development. Studies have
shown that foliar application of boron improves cotton fiber quality by enhancing boll retention, lint yield, and
fiber strength (Wahid et al., 2020; Abbas et al., 2023). Boron application is particularly beneficial in soils with low
boron content, where it can improve fiber yield and quality traits such as micronaire index, strength, and
uniformity (Cordeiro et al., 2024). Additionally, combining boron with other elements like silicon can further
enhance fiber quality by improving tensile strength and reducing short fiber content (Table 1) (De Souza Junior et
al., 2022).

Table 1 Analysis of variance for the influence of individual and combined application of silicon and boron on morphological and
yield and fiber quality traits of transgenic cotton (Adopted from Abbas et al., 2023)

Mean sum of squares

Source of variance Treatment Error
DF 9 20
Plant height 208.18** 23.05
Monopodial branches 0.72%%* 0.15170
Sympodial branches 15.65%* 1.83
Open bolls 99.60%* 12.12
Closed bolls 1.1813%* 0.0398
Total bolls 26.25 0.76
Seed cotton yield 2258.92%%* 267.19
Ginning out turn 1.17** 0.01
Fiber length 0.26%* 0.005
Fiber uniformity 3.69%* 0.14
Micronaire 0.10%* 0.003
Fiber strength 1.09%** 0.05
2.2 Zinc (Zn)

Zinc is another essential micronutrient that directly affects cotton yield and fiber quality. It plays a role in enzyme
activation, auxin synthesis, and maintaining biological membrane stability, all of which are critical for plant
growth and fiber development (Swetha et al., 2020). Zinc deficiency can lead to poor crop production and fiber
quality, making its adequate supply crucial for optimal cotton growth (Ahmed et al., 2020). Foliar application of
zinc is often recommended in conditions where soil application is ineffective due to binding with soil particles.

2.3 Iron (Fe) and manganese (Mn)

Iron and manganese are also important micronutrients for cotton production. They are involved in various
physiological processes, including chlorophyll synthesis and enzyme activation, which are essential for plant
health and fiber quality (Bellaloui et al., 2021). Deficiencies in these micronutrients can lead to reduced fiber
quality and yield. Ensuring an adequate supply of iron and manganese through foliar applications can help
mitigate these deficiencies and improve cotton fiber quality.

3 Mechanisms by Which Micronutrients Enhance Fiber Quality

3.1 Cellular and molecular effects on fiber elongation

Micronutrients such as boron (B) and silicon (Si) play a crucial role in the cellular and molecular processes that
enhance fiber elongation in cotton. Boron is essential for the development and growth of new cells in the growing
meristem, which is critical for fiber elongation. It aids in the transfer of sugars and nutrients from leaves to fruit,
directly impacting fiber development (Swetha et al., 2020). Additionally, the overexpression of certain genes, such
as GhACOI, which is involved in ethylene biosynthesis, has been shown to improve fiber elongation by
promoting cell wall loosening and cytoskeleton arrangement, thereby enhancing fiber quality (Wei et al., 2022).
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3.2 Enhancement of boll set and retention

Micronutrients significantly influence boll set and retention, which are vital for improving cotton yield and fiber
quality. Boron application has been shown to improve boll retention and increase the number of bolls per plant,
which directly contributes to higher fiber yield (Abbas et al., 2023). The foliar application of boron and silicon,
either individually or in combination, has been found to enhance boll retention and seed cotton production,
indicating their role in stabilizing boll set under various environmental conditions (Abbas et al., 2022).

3.3 Impact on fiber fineness, strength, and length

The application of micronutrients such as boron and silicon has a profound impact on fiber fineness, strength, and
length. Studies have demonstrated that the combined application of boron and silicon improves fiber length and
tensile strength, while also reducing short fiber content, thereby enhancing overall fiber quality (De Souza Junior
et al., 2022). Boron application alone has been shown to improve fiber length and uniformity, contributing to
better fiber quality traits (Wahid et al., 2020). Moreover, the use of biostimulants and micronutrient management
strategies can lead to improvements in fiber characteristics such as length uniformity, micronaire, and strength
(Silva et al., 2016).

4 Strategies for Effective Micronutrient Management

4.1 Soil-based management techniques

Soil-based management techniques for micronutrient management in cotton involve the application of essential
nutrients directly to the soil to enhance plant growth and fiber quality. Boron (B) is a critical micronutrient for
cotton, especially in calcareous saline soils where deficiencies are common. Soil application of boron has been
shown to significantly improve growth, yield, and fiber quality traits. For instance, applying 2.60 mg/kg of boron
to the soil improved plant height, leaf area, and boll characteristics, leading to enhanced seed cotton yield and
fiber quality in the CIM-600 cotton cultivar (Atique-Ur-Rehman et al., 2020). This approach ensures that the
micronutrients are available throughout the plant's growth stages, particularly during boll formation, which is
crucial for fiber development.

4.2 Foliar application approaches

Foliar application is a widely used strategy for delivering micronutrients directly to the plant leaves, allowing for
rapid absorption and utilization. This method is particularly effective for micronutrients like boron and silicon,
which play vital roles in improving cotton fiber quality. Studies have demonstrated that foliar application of boron
and silicon, either individually or in combination, can enhance fiber length, strength, and uniformity. For example,
a combined foliar application of 4.0 mM silicon and 1.0 mM boron resulted in significant improvements in fiber
quality traits such as ginning out turn and fiber uniformity (De Souza Junior et al., 2022; Abbas et al., 2023).
Additionally, foliar application of mepiquat chloride and nitrogen has been shown to improve boll weight, seed
cotton yield, and fiber quality, highlighting the effectiveness of foliar nutrition in optimizing cotton production
(Abbas et al., 2022).

4.3 Integrated nutrient management (INM)

Integrated nutrient management (INM) combines soil and foliar applications to optimize nutrient availability and
improve cotton fiber quality. This approach involves the strategic use of both soil-applied and foliar-applied
nutrients to address deficiencies and enhance plant growth. For instance, combining soil application of potassium
with foliar sprays of potassium nitrate has been shown to significantly improve plant morphology, seed cotton
yield, and boll characteristics (Tariq et al., 2018). INM practices also include the use of nano-calcium and
potassium humate foliar sprays, which have been found to enhance growth, yield, and fiber quality in cotton
grown on alluvial non-saline soils (Rabeh and Elsokkary, 2022). By integrating various nutrient management
strategies, INM aims to maximize the efficiency of nutrient use, leading to improved cotton productivity and fiber
quality.

5 Challenges and Knowledge Gaps in Micronutrient Research

5.1 Variability in soil and climatic conditions

The effectiveness of micronutrient management in cotton production is significantly influenced by the variability

in soil and climatic conditions. Micronutrients like boron and silicon are essential for cotton growth, but their
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availability can be limited by soil characteristics such as pH and texture, which affect nutrient solubility and
uptake by plants (Ahmed et al., 2020; Abbas et al., 2023). Additionally, climatic factors such as temperature and
rainfall patterns can alter the nutrient dynamics in the soil, further complicating the management of micronutrients
(Ul-Allah et al., 2021). This variability poses a challenge in developing standardized micronutrient management
practices that are effective across different regions.

5.2 Limited understanding of genotype-nutrient interactions

There is a limited understanding of how different cotton genotypes interact with micronutrients, which is crucial
for optimizing nutrient management strategies. Different cotton cultivars may respond variably to micronutrient
applications, affecting growth, yield, and fiber quality (Wahid et al., 2020; Wahid et al., 2021). For instance,
certain genotypes may have a higher affinity for specific micronutrients, influencing their uptake and utilization
efficiency. This knowledge gap hinders the development of targeted nutrient management practices that can
maximize the genetic potential of different cotton varieties (Swetha et al., 2020).

5.3 Inadequate farmer awareness and adoption

Despite the proven benefits of micronutrient application in improving cotton yield and fiber quality, there is
inadequate awareness and adoption among farmers. Many farmers lack knowledge about the specific roles of
micronutrients and the appropriate application techniques, such as foliar feeding, which can enhance nutrient
uptake and efficiency (Kaur et al., 2024). Additionally, economic constraints and limited access to micronutrient
products further impede the widespread adoption of these practices. Addressing these challenges requires
concerted efforts in farmer education and the development of cost-effective micronutrient solutions (Abbas et al.,
2022; De Souza Junior et al., 2022).

6 Case Study: Micronutrient Management in Cotton Cultivation in India

6.1 Background and regional context

Cotton cultivation in India, particularly in regions like Central India and Maharashtra, faces challenges due to soil
nutrient imbalances and climate change impacts. The soils in these areas, such as the swell-shrink soils of Central
India, have been experiencing a decline in essential nutrients like potassium (K) due to the overuse of nitrogen (N)
and phosphorus (P) fertilizers without adequate K supplementation (Gabhane et al., 2023). Additionally, the
semi-arid regions, such as those in Maharashtra, are characterized by Vertisols, which require careful nutrient
management to maintain soil quality and crop productivity. The agricultural soils across India also show
widespread deficiencies in micronutrients such as zinc (Zn), boron (B), and sulfur (S), which are crucial for
sustaining crop yields and quality (Figure 1) (Shukla et al., 2021).

6.2 Implemented micronutrient strategies

To address these challenges, several strategies have been implemented. In Central India, the use of green
manuring with gliricidia has been explored to supplement K requirements, improving soil quality and cotton
productivity. In semi-arid regions, integrated nutrient management (INM) practices have been adopted, which
include the use of organic amendments like farmyard manure (FYM) and gliricidia to partially substitute for
chemical fertilizers, thereby enhancing soil organic carbon and nutrient availability. Additionally, foliar
applications of micronutrients such as silicon (Si) and boron (B) have been shown to improve boll retention and
fiber quality in transgenic cotton. These strategies are complemented by advanced irrigation techniques like
sub-surface drip irrigation (SSDI), which optimize water and nutrient use efficiency (Kaur et al., 2024).

6.3 Observed impacts and lessons learned

The implementation of these micronutrient management strategies has led to significant improvements in cotton
yield and fiber quality. For instance, the use of gliricidia in nutrient management packages has resulted in higher
seed cotton yields and improved soil physical properties in Central India. In Maharashtra, INM practices have
enhanced the productivity of cotton-green gram intercropping systems, demonstrating the importance of balanced
fertilization for sustainable agriculture. Foliar applications of Si and B have been particularly effective in
enhancing fiber quality traits, such as ginning out-turn and fiber length, while also improving plant growth and
yield (Abbas et al., 2023). These case studies highlight the critical role of micronutrient management in addressing
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nutrient deficiencies and improving the resilience and economic viability of cotton cultivation in India. The
lessons learned emphasize the need for region-specific nutrient management strategies that integrate both organic
and inorganic inputs to optimize soil health and crop performance.

80 1 mAcute deficient ® Deficient = Latent deficient ~ Marginal sufficient ® Adequate ® High

60 -

40 -

Mean deficiencey (% of sampled sites)

S Zn B Fe Cu Mn

Figure 1 Mean deficiency of available S and micronutrients in agricultural soils of India. Error bars indicate stand error of the means
(Adopted from Shukla et al., 2021)

7 Future Directions and Innovations

7.1 Micronutrient nanotechnology and precision agriculture

The integration of nanotechnology in micronutrient management presents a promising avenue for enhancing
cotton fiber quality. Nanoparticles (NPs) offer unique properties such as high surface area and reactivity, which
can improve the efficiency of nutrient uptake in plants. This approach, known as nanonutrition, has been shown to
enhance the growth and yield of crops more effectively than conventional fertilizers (Ditta and Arshad, 2016).
Additionally, the convergence of precision agriculture with nanotechnology and artificial intelligence can optimize
nutrient delivery and uptake, thereby improving crop productivity and sustainability (Zhang et al., 2021). The use
of nano-silicon and boron has already demonstrated improvements in cotton growth and fiber quality, suggesting
that further exploration of nanotechnology in micronutrient management could yield significant benefits (Rabeh et
al., 2023).

7.2 Genetic approaches to improve nutrient efficiency

Advancements in cotton genomics have opened new possibilities for improving nutrient efficiency through
genetic approaches. The sequencing of cotton genomes has provided insights into fiber biogenesis and the genetic
basis for fiber quality traits (Yang et al., 2020). By identifying genomic variations and loci associated with fiber
quality and yield, researchers can target specific genes for molecular selection and genetic manipulation (Ma et al.,
2018). This genomic information can be leveraged to develop cotton varieties with enhanced nutrient use
efficiency, potentially reducing the need for external nutrient inputs and minimizing environmental impacts (Khan
etal., 2017).

7.3 Climate resilience and sustainable cotton quality

As climate change continues to impact cotton production, developing climate-resilient cotton varieties is crucial.

Micronutrient management plays a vital role in enhancing the resilience of cotton plants to abiotic stresses such as

drought and heat (Abbas et al., 2023). Practices like sub-surface drip irrigation combined with optimized
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fertigation have shown to improve cotton productivity and quality in water-scarce environments, highlighting the
importance of efficient water and nutrient management in building climate resilience (Kaur et al., 2024).
Furthermore, the application of micronutrients can enhance the plant's resistance to environmental stresses,
contributing to sustainable cotton production (Dimkpa and Bindraban, 2016).

8 Concluding Remarks

Research on micronutrient management in cotton production has highlighted the significant role of micronutrients
such as boron (B) and silicon (Si) in enhancing cotton fiber quality and yield. Studies have shown that the foliar
application of B and Si, either individually or in combination, can improve fiber quality traits such as fiber length,
strength, and uniformity, as well as increase boll retention and seed cotton yield. The combined application of B
and Si has been particularly effective in improving fiber tensile strength and reducing short fiber content.
Additionally, the use of plant growth regulators like mepiquat chloride, in conjunction with nitrogen, has been
found to enhance yield and fiber quality by optimizing plant growth and physiological processes.

The findings suggest that integrating micronutrient management into cotton cultivation practices can significantly
improve both yield and fiber quality. Agronomic practices should consider the foliar application of B and Si as a
viable strategy to enhance cotton production, especially in regions with micronutrient-deficient soils.
Policymakers should promote research and development of micronutrient-based fertilizers and support training
programs for farmers to implement these practices effectively. Additionally, the adoption of sustainable irrigation
practices, such as sub-surface drip irrigation, can further optimize water use efficiency and improve cotton quality
in water-scarce regions.

The research underscores the importance of micronutrient management in cotton production, offering a pathway
to improve fiber quality and yield sustainably. Future research should focus on optimizing the application rates
and combinations of micronutrients to maximize benefits across different environmental conditions and cotton
cultivars. Implementing these findings at the farm level requires collaboration between researchers, extension
services, and policymakers to ensure that farmers have access to the necessary resources and knowledge. By doing
so0, the cotton industry can enhance its resilience to climate change and meet the growing demand for high-quality
fiber.

Acknowledgments

CropSci Publisher thanks the anonymous peer review for their critical comments and revising suggestion.

Conflict of Interest Disclosure
The authors affirm that this research was conducted without any commercial or financial relationships that could be construed as a
potential conflict of interest.

References

Abbas A., Sattar A., Ul-Allah S., Sher A., ljaz M., Abbas T., Irfan M., Ullah S., Butt M., Javaid M., Kim Y., Gaafar A., Elshikh M., and Hodhod M., 2023,
Foliar application of silicon and boron improves boll retention, lint yield and fiber quality traits of transgenic cotton, Journal of King Saud
University-Science, 35(8): 102858.
https://doi.org/10.1016/j.jksus.2023.102858

Abbas H., Wahid M., Sattar A., Tung S., Saleem M., Irshad S., Alkahtani J., Elshikh M., Cheema M., and L, Y., 2022, Foliar application of mepiquat chloride

and nitrogen improves yield and fiber quality traits of cotton (Gossypium hirsutum L.), PLoS ONE, 17(6): ¢0268907.
https://doi.org/10.1371/journal.pone.0268907

Ahmed N., Ali M., Hussain S., Hassan W., Ahmad F., and Danish S., 2020, Essential micronutrients for cotton production, In: Cotton production and uses:

agronomy, crop protection, and postharvest technologies, Springer Singapore, Singapore, pp.105-117.
https://doi.org/10.1007/978-981-15-1472-2_7
Atique-ur-Rehman, Qamar R., Hussain A., Sardar H., Sarwar N., Javeed H., Magbool A., and Hussain M., 2020, Soil applied boron (B) improves growth, yield

and fiber quality traits of cotton grown on calcareous saline soil, PLoS ONE, 15(8): €0231805.
https://doi.org/10.1371/journal.pone.0231805
Bellaloui N., Turley R., and Stetina S., 2021, Influence of curly leaf trait on cottonseed micro-nutrient status in cotton (Gossypium hirsutum L.) lines, Plants,
10(8): 1701.
https://doi.org/10.3390/plants 10081701

77


https://doi.org/10.1016/j.jksus.2023.102858
https://doi.org/10.1371/journal.pone.0268907
https://doi.org/10.1007/978-981-15-1472-2_7
https://doi.org/10.1371/journal.pone.0231805
https://doi.org/10.3390/plants10081701

N
\\ // Cotton Genomics and Genetics 2025, Vol.16, No.2, 72-79
CropSci Publishen http://cropscipublisher.com/index.php/cgg

Cordeiro L., Malenowtch J., Cordeiro C., Filho J., Junior E., and Ferrari S., 2024, Improving cotton yield and fiber quality in different tropical soils with boron
fertilization, Agronomy Journal, 116(3): 1540-1550.
https://doi.org/10.1002/agj2.21553

De Souza Junior J., De Mello Prado R., Campos C., Oliveira D., Cazetta J., and Detoni J., 2022, Silicon foliar spraying in the reproductive stage of cotton plays

an equivalent role to boron in increasing yield, and combined boron-silicon application, without polymerization, increases fiber quality, Industrial Crops
and Products, 182: 114888.
https://doi.org/10.1016/j.indcrop.2022.114888

Dimkpa C., and Bindraban P., 2016, Fortification of micronutrients for efficient agronomic production: a review, Agronomy for Sustainable Development, 36(1):
7.
https://doi.org/10.1007/s13593-015-0346-6

Ditta A., and Arshad M., 2016, Applications and perspectives of using nanomaterials for sustainable plant nutrition, Nanotechnology Reviews, 5(2): 209-229.
https://doi.org/10.1515/ntrev-2015-0060

Gabhane V., Ramteke P., Chary G., Patode R., Ganvir M., Chorey A., and Tupe A., 2023, Effects of long-term nutrient management in semi-arid Vertisols on

soil quality and crop productivity in a cotton-greengram intercropping system, Field Crops Research, 303: 109115.
https://doi.org/10.1016/j.fcr.2023.109115

Gabhane V., Satpute U., Jadhao S., Patode R., and Ramteke P., 2023, Managing soil potassium through green manuring with gliricidia for improving cotton
yield and quality of shrink-swell soils of Central India, Journal of Plant Nutrition, 46(14): 3499-3518.
https://doi.org/10.1080/01904167.2023.2206432

Kaur T., Sharma P., Brar A., Choudhary A., Sharma S., and Brar H., 2024, Fiber quality, oil seed composition and fatty acid profiling of cotton (Gossypium

hirsutum L.) seed as influenced by sub-surface drip-irrigation and foliar-fertilization strategy in semi-arid agro-ecology of south-Asia, Journal of
Agriculture and Food Research, 19: 101604.
https://doi.org/10.1016/].jafr.2024.101604

Khan A., Tan D., Munsif F., Afridi M., Shah F., Wei F., Fahad S., and Zhou R., 2017, Nitrogen nutrition in cotton and control strategies for greenhouse gas

emissions: a review, Environmental Science and Pollution Research, 24(30): 23471-23487.
https://doi.org/10.1007/s11356-017-0131-y

Ma Z., He S., Wang X., Sun J., Zhang Y., Zhang G., Wu L., Li Z., Liu Z., Sun G., Yan Y., Jia Y., Yang J., Pan Z., Gu Q., Li X., Sun Z., Dai P., Liu Z., Gong W.,
Wu J., Wang M., Liu H., Feng K., Ke H., Wang J., Lan H., Wang G., Peng J., Wang N., Wang L., Pang B., Peng Z., Li R., Tian S., and Du X., 2018,
Resequencing a core collection of upland cotton identifies genomic variation and loci influencing fiber quality and yield, Nature Genetics, 50(6): 803-813.
https://doi.org/10.1038/s41588-018-0119-7

Rabeh H., and Elsokkary I., 2022, Influence of integrated nano-calcium and K-humate foliar spray on growth, yield and fiber quality of cotton grown in alluvial

non-saline soil, Alexandria Science Exchange Journal, 43(4): 609-623.
https://doi.org/10.21608/asejaiqjsae.2022.273618

Rabeh H., El-Motaium R., and Badawy S., 2023, Nano-silicon and boron foliar applications for promoting growth, yield, and fiber quality of Egyptian cotton
(Gossypium barbadense L.), Journal of Plant Nutrition, 46(15): 3617-3632.
https://doi.org/10.1080/01904167.2023.2209114

Shukla A., Behera S., Prakash C., Patra A., Rao C., Chaudhari S., Das S., Singh A., and Green A., 2021, Assessing multi-micronutrients deficiency in
agricultural soils of India, Sustainability, 13(16): 9136.
https://doi.org/10.3390/sul3169136

Silva R., Santos J., De Oliveira L., Soares M., and Santos S., 2016, Biostimulants on mineral nutrition and fiber quality of cotton crop, Revista Brasileira de
Engenharia Agricola e Ambiental, 20: 1062-1066.
https://doi.org/10.1590/1807-1929/AGRIAMBIL.V20N12P1062-1066

Swetha D., Laxminarayana P., Vidyasagar G., Reddy S., and Sharma H., 2020, Impact of secondary and micronutrients on productivity and quality of Bt cotton:

a review, International Journal of Economic Plants, 7(2): 091-093.
https://doi.org/10.23910/2/2020.0364
Tariqg M., Afzal M., Muhammad D., Ahmad S., Shahzad A., Kiran A., and Wakeel A., 2018, Relationship of tissue potassium content with yield and fiber quality

components of Bt cotton as influenced by potassium application methods, Field Crops Research, 229: 37-43.
https://doi.org/10.1016/J.FCR.2018.09.012

Ul-Allah S., Rehman A., Hussain M., and Farooq M., 2021, Fiber yield and quality in cotton under drought: effects and management, Agricultural Water
Management, 255: 106994.
https://doi.org/10.1016/J. AGWAT.2021.106994

Wahid M., Saleem M., Irshad S., Khan S., Cheema M., Saleem M., and Tung S., 2020, Foliar feeding of boron improves the productivity of cotton cultivars
with enhanced boll retention percentage, Journal of Plant Nutrition, 43(16): 2411-2424.
https://doi.org/10.1080/01904167.2020.1783300

Wahid M., Saleem M., Khan S., Irshad S., Cheema M., Saleem M., Khan H., Ali M., Bakhsh A., Hasnain Z., Alrashood S., and Alharbi S., 2021, Foliar applied
boron not only enhances seed cotton yield but also improves fiber strength and fineness of cotton cultivars, The Philippine Agricultural Scientist, 104(2): 3.
https://doi.org/10.62550/jp101020

Wei X., Li J., Wang S., Zhao Y., Duan H., and Ge X., 2022, Fiber-specific overexpression of Gh4CO1 driven by E6 promoter improves cotton fiber quality and
yield, Industrial Crops and Products, 185: 115134.
https://doi.org/10.1016/j.indcrop.2022.115134

78


https://doi.org/10.1002/agj2.21553
https://doi.org/10.1016/j.indcrop.2022.114888
https://doi.org/10.1007/s13593-015-0346-6
https://doi.org/10.1515/ntrev-2015-0060
https://doi.org/10.1016/j.fcr.2023.109115
https://doi.org/10.1080/01904167.2023.2206432
https://doi.org/10.1016/j.jafr.2024.101604
https://doi.org/10.1007/s11356-017-0131-y
https://doi.org/10.1038/s41588-018-0119-7
https://doi.org/10.21608/asejaiqjsae.2022.273618
https://doi.org/10.1080/01904167.2023.2209114
https://doi.org/10.3390/su13169136
https://doi.org/10.1590/1807-1929/AGRIAMBI.V20N12P1062-1066
https://doi.org/10.23910/2/2020.0364
https://doi.org/10.1016/J.FCR.2018.09.012
https://doi.org/10.1016/J.AGWAT.2021.106994
https://doi.org/10.1080/01904167.2020.1783300
https://doi.org/10.62550/jp101020
https://doi.org/10.1016/j.indcrop.2022.115134

W
)
\ / Cotton Genomics and Genetics 2025, Vol.16, No.2, 72-79

CropSci Publishen http://cropscipublisher.com/index.php/cgg

Yang Z., Qanmber G., Wang Z., Yang Z., and Li F., 2020, Gossypium genomics: trends, scope, and utilization for cotton improvement, Trends in Plant Science,
25(5): 488-500.
https://doi.org/10.1016/].tplants.2019.12.011

Zhang P., Guo Z., Ullah S., Melagraki G., Afantitis A., and Lynch 1., 2021, Nanotechnology and artificial intelligence to enable sustainable and precision
agriculture, Nature Plants, 7(7): 864-876.
https://doi.org/10.1038/s41477-021-00946-6

Disclaimer/Publisher's Note

The statements, opinions, and data contained in all publications are solely those of the individual
authors and contributors and do not represent the views of the publishing house and/or its editors.
The publisher and/or its editors disclaim all responsibility for any harm or damage to persons or
property that may result from the application of ideas, methods, instructions, or products discussed
in the content. Publisher remains neutral with regard to jurisdictional claims in published maps
and institutional affiliations.



https://doi.org/10.1016/j.tplants.2019.12.011
https://doi.org/10.1038/s41477-021-00946-6

