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Abstract   

Increased plant density promotes taller growth and greater vegetative 

development, intensifying competition among plants for resources and 

consequently affecting the balance between the vegetative and 

reproductive stages of the cotton plant. To ensure improved square 

development, boll development, boll retention, and seed cotton yield under 

dense planting condition, this research was conducted at the Cotton 

Research Station, Veppanthattai. The study aimed to evaluate the effects of 

plant growth regulators (PGR) and foliar nutrition on the growth, yield, and 

fibre quality of compact cotton varieties suitable for dense populations and 

mechanical harvesting. The results revealed that the application of 

mepiquat chloride (100ppm at 45 and 60 DAS), NAA (40ppm at 60 and 90 

DAS), KNO3 (2% at 60 and 90 DAS), calcium borate (0.5% at 60 and 90 DAS), 

and a defoliant (Thidiazuron 240 g/L and Diuron 120 g/L at 200 ml/ha at the 

60% boll bursting stage) achieved optimal growth attributes. These 

included plant height (98.7 cm), the number of functional leaves (07), leaf 

area index (3.9), seed cotton yield (2351 kg/ha), stalk yield (3286 kg/ha), lint 

yield (933 kg/ha), and harvest index (0.69), along with improvements in fiber 

quality parameters. In this study, potassium facilitated the efficient 

translocation of photosynthates from leaves to reproductive organs, 

contributing to enhanced biomass accumulation and yield. 

 

Keywords 

canopy management; foliar application; plant growth regulators (PGR); high
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Introduction 

Cotton (Gossypium sp.), often referred to as "white gold" is a fiber crop of 

immense commercial importance, playing a crucial role in global 

agriculture and industry (1). It significantly contributes to the agricultural 

economy and industrial sectors, providing employment to over 50 million 

people and supporting the livelihoods of approximately 6 million farmers 

(2).  

In India, cotton is cultivated over an area of 123.50 million hectares, 

producing 340.62 million bales with a productivity rate of 510 kg/ha. 

However, since 2015, total production has steadily declined from 40 million 

to 31 million bales, accompanied by stagnation in yield. This decline is 

 

PLANT SCIENCE TODAY 
ISSN 2348-1900 (online) 
Vol 11(sp4): 01–09 
https://doi.org/10.14719/pst.5921 

HORIZON  
e-Publishing Group 

Effects of mepiquat chloride and foliar nutrition on growth, 
yield, and fiber quality in High-Density Planting System (HDPS)  
 

Raja Gopal V1, Somasundaram S2*, Ragavan T1, Anantharaju P2 and Amutha R3  

 

1Department of Agronomy, Agricultural College & Research Institute, Madurai  625104, Tamil Nadu, India 

2Cotton Research Station, Tamil Nadu Agricultural University, Veppanthattai 621 116, Tamil Nadu, India 

3Department of Crop physiology, Agricultural College & Research Institute, Madurai  625 104, Tamil Nadu, India 

 

*Email: somasundaram.s@tnau.ac.in 

RESEARCH ARTICLE 

 

http://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/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/
https://doi.org/10.14719/pst.5921
http://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://crossmark.crossref.org/dialog/?doi=10.14719/pst.5921&domain=horizonepublishing.com
http://www.horizonepublishing.com/
https://doi.org/10.14719/pst.5921
mailto:somasundaram.s@tnau.ac.in


RAJA  ET AL  2     

https://plantsciencetoday.online 

attributed to pest resurgence and adverse climatic 

conditions. India's national average cotton productivity 

currently stands at 433 kg/ha, substantially lower than the 

global average of 768 kg/ha. These figures underscore the 

need for advancements in cotton genetic improvement 

and the adoption of effective agronomic practices.  

To meet the projected demand of the Indian textile 
industry by 2026, approximately 45 million bales of cotton 

will be required. The substantial gap between cotton 

production and demand in the country necessitates the 

expansion of cotton cultivation areas and the 

enhancement of both production and productivity.  

The High-Density Planting System (HDPS) employs 

narrower row spacing, typically ranging from 45 to 60 cm 

(18 to 24 inches), compare to traditional cotton spacing, 

which is wider at approximately 90 to 100 cm (35 to 40 

inches). Narrow row spacing in HDPS increases planting 

density to about 90000 to 120000 plants per hectare, 

compared to the traditional 50000 to 70000 plants per 

hectare. This approach offers structural benefits such as 

uniform boll distribution, reduced canopy height, compact 

growth, and higher plant populations, all of which 

contribute to increased yield potential. Additionally, HDPS 

facilitates easier application of defoliants, making it 

globally recognized for its effectiveness in improving yields 

and enabling mechanization. HDPS has demonstrated the 

potential to increase yield by 30-40% and is well-suited for 

complete mechanization.  

Major cotton-growing countries, including China, the USA, 

and Australia, practice HDPS with plant spacing as close as 

90 x 10 cm or even narrower, allowing for compact 

varieties suitable for single harvests. The shorter plant 

height and denser branching achieved through the 

application of growth retardants create the ideal plant 

structure suitable for mechanized operations.  

PGRs are widely employed in developed nations to 

enhance cotton production by modulating growth 

processes. Commonly used plant growth regulators 

include gibberellic acid (GA3), cytokinins, Ethephon, 

auxins, and mepiquat chloride, which improve lint yield 

and fiber quality. PGRs have been shown to increase yield 

by 100-200% under laboratory conditions and by 10-15% 

under field conditions (3). The plant response to PGR 

applications depends on factors such as growth stage, 

application rates, and environmental conditions (4).  

One key PGR, mepiquat chloride, alters the source-sink 

balance by inhibiting gibberellic acid biosynthesis. This 

inhibition reduces cell division and enlargement while 

enhancing reproductive growth by redistributing 

assimilates between vegetative and reproductive 

structures. This process has been shown to increase yields 

per plant by 9.68% and per hectare by 9.72%. Beyond 

canopy manipulation, mepiquat chloride also promotes 

root growth by increasing lateral root development, root 

vigour, and respiratory activity. To sustain cotton 

productivity under HDPS while ensuring economic and 

environmental safety, it is essential to determine the 

optimal fertilizer doses and timing for split applications in 

combination with growth retardants. 

Foliar fertilization is an effective method to enhance crop 

growth, offering several advantages such as rapid plant 

response, ease of application, supplementation to soil 

fertilization, correction of nutritional deficiencies, 

reduction of input costs, and improved nutrient uptake (5). 

The foliar application of macro- and micronutrients, either 

alone or in combination, has been reported to significantly 

enhance growth parameters, seed cotton yield, and overall 

crop performance. For instance, Bt cotton exhibited higher 

growth attributes and seed cotton yield with three foliar 

applications of micronutrient along with recommended 

fertilizer dose (RDF).  

Foliar nutrition enhances the efficiency of nutrient 

utilization, thereby improving crop growth, seed yield, and 

fiber quality characteristics in cotton. This article 

highlights the importance of applying growth retardants 

and foliar nutrition in cotton cultivation. However, foliar 

fertilization should supplement traditional soil-applied 

fertilizers to ensure an adequate and consistent nutrient 

supply for achieving optimal yields and fibre quality.  

In general, foliar applications are most effective when 

performed during the early morning or late evening to 

maximize absorption and minimize evaporation losses. It 

is crucial to avoid foliar applications on water-stressed 

cotton to prevent potential damage to the crop. While 

some conflicting opinions exist regarding the benefits of 

foliar fertilization, substantial scientific evidence and 

extensive practical applications support its effectiveness in 

improving cotton productivity (6). 

 

Materials and Methods 

A field experiment was conducted at the Cotton Research 

Station, Veppanthattai, under Tamil Nadu Agricultural 

University, during February 2024 (summer season). The 

study aimed to evaluate the effects of plant growth 

regulators and foliar spray nutrients on the compact 

cotton variety VPT 2. The experimental design employed a 

Randomized Block Design (RBD), with three replications 

and twelve treatments (Table 1).  

T1 
Mepiquat chloride 100 ppm @ 45 & 60 DAS + Defoliant (Thidiazuron 240g/
L & Diuron 120g/L at 200ml/ha) at the 60% boll bursting stage. 

T2 
Mepiquat chloride 100 ppm @ 45 and 60 DAS + NAA 40 ppm @ 60 and 90 
DAS + Defoliant (Thidiazuron 240g/L & Diuron 120g/L at 200ml/ha) at the 
60% boll bursting stage. 

T3 
Mepiquat chloride 100 ppm @ 45 and 60 DAS + Cotton plus 6 kg/ha @ 60 
and 90 DAS + Defoliant (Thidiazuron 240g/L & Diuron 120g/L at 200ml/
ha) at the 60% boll bursting stage. 

T4 
Mepiquat chloride 100 ppm @ 45 & 60 DAS +NAA 40 ppm @ 60 & 90 DAS + 
KNO3 2% @ 60 and 90 DAS + Defoliant (Thidiazuron 240g/L & Diuron 
120g/L at 200ml/ha) at the 60% boll bursting stage. 

T5 
Mepiquat chloride 100 ppm @ 45 and 60 DAS +NAA 40 ppm @ 60 and 90 
DAS + SOP 2% @ 60 & 90 DAS + Defoliant (Thidiazuron 240g/L & Diuron 
120g/L at 200ml/ha) at the 60% boll bursting stage. 

T6 

Mepiquat chloride 100 ppm @ 45 & 60 DAS + NAA 40 ppm @ 60 & 90 DAS + 
KNO3 2% @ 60 and 90 DAS + Calcium borate 0.5% @ 60 and 90 DAS + 
Defoliant (Thidiazuron 240g/L & Diuron 120g/L at 200ml/ha) at the 60% 
boll bursting stage. 

T7 

Mepiquat chloride 100 ppm @ 45 and 60 DAS + NAA 40 ppm @ 60 and 90 
DAS +SOP 2% @ 60 and 90 DAS +Calcium borate 0.5% @ 60 and 90 DAS + 
Defoliant (Thidiazuron 240g/L & Diuron 120g/L at 200ml/ha) at the 60% 
boll bursting stage. 

T8 Control (No application) 

Table 1. Treatments details in the study  
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The recommended dose of fertilizers, 100:50:50 NPK/ha, 

was applied in two split applications. Pre-emergence weed 

control was achieved using pendimethalin (Stomp) 30 EC 

at 1.0 kg a.i. ha⁻¹ and metolachlor 50% EC at 1.0 kg a.i. 

ha⁻¹. To manage sucking pests, imidacloprid 17.8% SL 

was applied at a rate of 250 ml/ha. Intercultural operations 

were performed using a power weeder at 45 days after 

sowing (DAS). Growth retardants were applied during the 

square and boll formation stages at 45 and 60 DAS. Foliar 

application of nutrients, including NAA, Cotton Plus, 

potassium nitrate, calcium borate, and sulphate of potash, 

were conducted during the flowering and boll 

development stages at 60 and 90 DAS. A defoliant mixture 

(Thidiazuron 240 g/L & Diuron 120 g/L at 200 ml/ha) was 

applied at the 80% boll-bursting stage. 

Data collection encompassed a range of parameters, 

including growth parameters (plant height, functional 

leaves, dry matter production, and leaf area index), canopy 

management practices (number and length of sympodial 

branches), yield attributes (biological yield, harvest index, 

lint yield, boll weight, stalk yield, number of bolls per 

plant, number of bolls per m²,and seed cotton yield), and 

fiber quality parameters (ginning percentage, lint index, 

seed index, upper half mean length, micronaire, uniformity 

index, tenacity, and elongation percentage).  

For plant height, measurements were taken from the base 

of the plant to the tip of the growing point, expressed in 

cm. Dry matter productions included the separate 

recording of dry weights of stem, leaves and reproductive 

parts, expressed in kgha-1. The leaf area index (LAI) was 

calculated by dividing the leaf area per plant by the land 

area occupied by that plant. The Lint index (g) was 

determined using 100 seeds of cotton, expressed as the 

lint index in grams, which provides a quantitative measure 

of lint production. Harvest index expressed as the ratio of 

seed cotton yield to biological yield and expressed in 

percent. Biological yield was determined by summing the 

seed cotton yield (kg ha-1) and stalk yield (kg ha-1). Ginning 

percentage of various treatments was calculated by 

ginning 500 g of seed cotton picked from the first picking. 

The lint index defined as the ratio between lint and seed, 

expressed as the weight of lint obtained per seed of cotton 

 

LAI = Leaf area per plant / Land area per plant 

Harvest index (%) =Economic yield/ Biological yield x 100 

Ginning (G) % = weight of lint (g) / weight of seed cotton (g)

*100 

Lint index = weight of 100 seeds * ginning percentage /100. 

 

Results 

Growth and canopy management 

Growth parameters, including plant height, number of 

functional leaves, and leaf area index, varied significantly 

depending on the application of plant growth regulators 

and nutrients (Table 2). The control treatment (T8) 

recorded the tallest plant height (110 cm), the highest 

number of functional leaves (89.7 Nos.), and the greatest 

leaf area index (4.5). Following this was treatment T6, 

which involved the application of mepiquat chloride (100 

ppm at 45 and 60 DAS), NAA (40 ppm at 60 and 90 DAS), 

KNO₃ (2% at 60 and 90 DAS), calcium borate (0.5% at 60 

and 90 DAS), and a defoliant mixture (Thidiazuron 240 g/L 

and Diuron 120 g/L at 200 ml/ha at the 60% boll bursting 

stage). This (T6) resulted in a plant height of 98.7 cm, fewer 

functional leaves (07 Nos.), and a leaf area index of 3.9, 

considered optimal for mechanical harvesting. The lowest 

plant height (82.4 cm), fewest functional leaves (10 Nos.), 

and the lowest leaf area index (3.0), were recorded in 

treatment T1.  

Regarding canopy management, significant differences 

Treatment Plant height 
(cm) 

No. of. 
Leaves at 
harvest 

LAI   
stage of 
harvest 

  

No. of. sympo-
dial branches 

Length of 
sympodia 

T1: Mepiquat chloride 100 ppm @ 45 & 60 DAS + Defoliant @ 60% boll bursting stage  82.4 10 3.1 12.7 16.4 

T2: Mepiquat chloride 100 ppm @ 45 & 60 DAS + NAA 40 ppm @ 60 & 90 DAS + Defoli-
ant @ 60% boll bursting stage 

83.8 13 3.0 13.6 17.6 

T3: Mepiquat chloride 100 ppm @ 45 & 60 DAS + Cotton Plus 6 kg/ha @ 60 & 90 DAS + 
Defoliant @ 60% boll bursting stage 92.5 09 3.2 14.2 18.0 

T4: Mepiquat chloride 100 ppm @ 45 & 60 DAS + NAA 40 ppm @ 60 & 90 DAS + KNO₃ 
2% @ 60 & 90 DAS + Defoliant @ 60% boll bursting stage 96.9 09 3.7 14.4 18.7 

T5: Mepiquat chloride 100 ppm @ 45 & 60 DAS + NAA 40 ppm @ 60 & 90 DAS + SOP 
2% @ 60 & 90 DAS + Defoliant @ 60% boll bursting stage 87.4 10 3.1 13.8 17.9 

T6: Mepiquat chloride 100 ppm @ 45 & 60 DAS + NAA 40 ppm @ 60 & 90 DAS + KNO₃ 
2% @ 60 & 90 DAS + Calcium borate 0.5% @ 60 & 90 DAS + Defoliant @ 60% boll 
bursting stage 

98.7 07 3.9 17.8 20.6 

T7: Mepiquat chloride 100 ppm @ 45 & 60 DAS + NAA 40 ppm @ 60 & 90 DAS + SOP 
2% @ 60 & 90 DAS + Calcium borate 0.5% @ 60 & 90 DAS + Defoliant @ 60% boll 
bursting stage 

94.6 08 3.3 15.7 19.6 

T8: Control (No application) 110 89.7 4.5 10.5 25.8 

SED 1.8 0.6 0.3 0.7 0.4 

CD (0.05) 4.0 1.3 0.5 1.6 0.9 

Table 2. Effect of PGR and foliar nutrition on growth parameter 
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were observed across the treatments. The control 

treatment (T8) recorded the lowest number of sympodial 

branches (10.5) and the longest branch length (25.8 cm).  

In contrast, treatment T6 exhibited the highest number of 

sympodial branches (17.8) and the lowest sympodial 

branch length (20.6 cm).Treatment T7, which involved the 

application of mepiquat chloride (100 ppm at 45 and 60 

DAS) + NAA (40 ppm at 60 and 90 DAS) + SOP (2% at 60 and 

90 DAS) + calcium borate (0.5% at 60 and 90 DAS) + 

defoliant (Thidiazuron 240 g/L & Diuron 120 g/L at 200 ml/

ha at the 60% boll bursting stage) followed with 15.7 

sympodial branches and a branch length of 19.6 cm. These 

findings are summarized in Table 2 and depicted in Fig. 1.  

Yield and yield attributes 

Yield attributes of cotton at different growth stages 

exhibited significant differences across all treatments 

(Table 3). The highest seed cotton yield (2351 kg/ha), lint 

yield (933 kg/ha), and harvest index (0.69) were recorded 

in treatment T6. This was followed by treatment T7, which 

achieved a seed cotton yield of 2265 kg/ha, lint yield of 847 

kg/ha, and a harvest index of 0.67. The lowest seed cotton 

yield (1495 kg/ha), lint yield (516 kg/ha), and harvest index 

(0.6) were observed in the control treatment (T8).  

The highest stalk yield was recorded in the control (T8) at 

3971 kg/ha, while the lowest stalk yield (3286 kg/ha) was 

observed in Treatment (T6). Regarding boll weight and the 

number of bolls per plant and per square meter, treatment 

T6 also produced the best results. It recorded a boll weight 

of 4.9 g and 79.8 bolls/m². This was followed by treatment 

T7, which recorded a boll weight of 4.2 g, and 77.0 bolls/

m². In contrast, the control (T8) had the lowest values for 

these parameters, with a boll weight of 3.9 g, and 49.8 

bolls/m² (Table 3 and Fig. 2). 

Fiber quality parameters 

Fiber quality parameters of cotton at different growth 
stages showed significant differences in ginning 

percentage, seed index, and lint index across all 

treatments (Table 4). However, parameters such as upper 

half mean length, uniformity index (%), micronaire value, 

tenacity (3.2 mm), and elongation (%) did not exhibit 

significant differences among the treatments. Treatment 

T6 recorded the highest ginning percentage (39.6%), seed 

index (8.1), and lint index (3.0), closely followed by 

Treatment T7, which achieved values of 38.2%, 8.1, and 

3.0, respectively. The control treatment (T8) showed the 

lowest values, with a ginning percentage of 34.5%, a seed 

index of 7.3, and a lint index of 2.5.  

For fiber quality traits, Treatment T6 also achieved the 

best results, recording an upper half mean length of 29.4 

mm, uniformity index of 85.6%, micronaire value of 3.8, 

tenacity of 31.9 g/tex, and elongation of 6.0% .This was 

followed by Treatment T7, which recorded an upper half 

mean length of 29.3 mm, uniformity index of 85.3%, 

micronaire value of 3.8, tenacity of 31.8 g/tex, and 

elongation of 6.0%. In contrast, the control Treatment (T8) 

demonstrated the lowest values for fiber quality 

parameters, with an upper half mean length of 28.6 mm, 

uniformity index of 84.6%, micronaire value of 3.6, tenacity 

of 30.0 g/tex, and elongation of 5.8% (Table 4). 

 

Fig. 1. Effect of foliar nutrition on growth canopy management. 

Treatment No. of bolls/m2 Boll Weight Seed Cotton 
Yield (kg/ha 

Lint yield
(kg/ha) 

Stalk 
Yield 

(kg/ha) 

Harvest 
index 

T1: Mepiquat chloride 100 ppm @ 45 & 60 DAS + Defoliant @ 60% 
boll bursting stage 62.2 4.0 1527 561 3406 0.46 

T2: Mepiquat chloride 100 ppm @ 45 & 60 DAS + NAA 40 ppm @ 60 
& 90 DAS + Defoliant @ 60% boll bursting stage 

66.6 4.0 1718 637 3258 0.42 

T3: Mepiquat chloride 100 ppm @ 45 & 60 DAS + Cotton Plus 6 kg/
ha @ 60 & 90 DAS + Defoliant @ 60% boll bursting stage 

67.6 4.1 1806 780 3128 0.52 

T4: Mepiquat chloride 100 ppm @ 45 & 60 DAS + NAA 40 ppm @ 60 
& 90 DAS + KNO₃ 2% @ 60 & 90 DAS + Defoliant @ 60% boll burst-
ing stage 

70.3 4.1 2047 781 3122 0.66 

T5: Mepiquat chloride 100 ppm @ 45 & 60 DAS + NAA 40 ppm @ 60 
& 90 DAS + SOP 2% @ 60 & 90 DAS + Defoliant @ 60% boll bursting 
stage 

66.6 4.1 2018 742 3134 0.59 

T6: Mepiquat chloride 100 ppm @ 45 & 60 DAS + NAA 40 ppm @ 60 
& 90 DAS + KNO₃ 2% @ 60 & 90 DAS + Calcium borate 0.5% @ 60 & 
90 DAS + Defoliant @ 60% boll bursting stage 

79.8 4.2 2351 933 3186 0.69 

T7: Mepiquat chloride 100 ppm @ 45 & 60 DAS + NAA 40 ppm @ 60 
& 90 DAS + SOP 2% @ 60 & 90 DAS + Calcium borate 0.5% @ 60 & 
90 DAS + Defoliant @ 60% boll bursting stage 

75.0 4.2 2265 847 3060 0.67 

T8: Control (No application) 49.8 3.9 1495 516 3671 0.37 

SED 1.7 0.2 73.6 56.1 71.3 0.1 

CD (0.05) 3.7 NS 148.6 103.3 153.0 NS 

Table 3. Effect of PGR and foliar nutrition on yield and yield attributes 
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Discussion 

Growth canopy management 

The study highlights the significant impact of different 

treatments on cotton growth attributes, particularly plant 

height, functional leaves, leaf area index, and total dry 

matter production. The application of potassium nitrate 

(KNO₃) at 2% during 60 and 90 DAS was pivotal in 

enhancing dry matter accumulation, leaf area index, and 

overall plant growth. Potassium plays a crucial role in 

several physiological processes, including photosynthesis, 

chlorophyll synthesis, water retention, and carbon 

metabolism. Additionally, it facilitates the efficient 

translocation of photosynthates from leaves to 

reproductive organs, thereby contributing to better 

biomass accumulation and yield (7).  

The application of PGRs, such as mepiquat chloride at 45 

and 60 DAS, effectively controlled excessive vegetative 

growth while optimizing the canopy structure. This effect 

was further complemented by the use of NAA at 60 and 90 

DAS, which promoted cell elongation and differentiation, 

resulting in a balanced vegetative and reproductive 

growth pattern. In contrast, the control treatment (T8), 

which lacked PGRs and defoliants, exhibited the tallest 

plants (110 cm) and the highest number of functional 

leaves (89.7), suggesting vigorous growth but potentially 

excessive vegetative growth. In contrast, Treatment (T6), 

which included mepiquat chloride, NAA, KNO₃, calcium 

borate, and defoliant, achieved an optimal plant height 

(98.7 cm), fewer functional leaves (07), and an adequate 

leaf area index (3.9). This balanced growth pattern 

rendered the plants more suitable for mechanical 

harvesting. 

 The application of defoliants (Thidiazuron and Diuron at 

the 60% boll bursting stage) in treatments like T6 

significantly improved harvest efficiency by inducing leaf 

drop and exposing bolls, thereby facilitating mechanical 

picking. Moreover, canopy management in T6 treatment 

showed the highest number of sympodial branches (14.8) 

and optimal sympodial branch length (20.6 cm), indicating 

that the combined use of PGRs and foliar nutrients 

promoted both reproductive branching and optimal 

branch extension. The inclusion of calcium borate at 0.5% 

further improved the structural integrity of the plants, as 

calcium is crucial for strengthening cell walls, while boron 

supports carbohydrate metabolism and supports pollen 

tube growth, ensuring successful fertilization and boll 

development.  

Overall, the combination treatment (T6) effectively 
balanced vegetative growth, optimized canopy 

architecture, and enhanced physiological processes, 

leading to improved cotton yield and better suitability for 

mechanical harvesting. The results underscore the 

importance of precise nutrient management and the 

strategic use of growth regulators to optimize plant 

morphology and productivity in cotton cultivation. 

Yield and yield attributes 

The results demonstrate that the highest seed cotton yield 

and associated attributes were achieved in Treatment T6, 

which involved the application of mepiquat chloride at 100 

ppm at 45 and 60 DAS, combined with NAA at 40 ppm at 60 

and 90 DAS, KNO₃ at 2% at 60 and 90 DAS, calcium borate 

at 0.5% at 60 and 90 DAS, and a defoliant (Thidiazuron 240 

g/L & Diuron 120 g/L) at the 60% boll bursting stage. This 

treatment recorded a seed cotton yield of 2351 kg/ha, a 

Fig. 2. Effect of foliar nutrition on yield and yield attributes. 

Treatment 
Ginning 

percentage 
(%) 

Seed 
index 

(g) 

Lint 
index (g) 

UHML 
(mm) 

Uniformity 
Index (%) 

Mic 
Tenacity 

3.2 mm (g/
tex) 

Elongation 
(%) 

T1: Mepiquat chloride 100 ppm @ 45 & 60 DAS + Defoliant @ 
60% boll bursting stage 

37.0 7.7 2.69 28.8 84.6 3.7 30.3 5.8 

T2: Mepiquat chloride 100 ppm @ 45 & 60 DAS + NAA 40 ppm 
@ 60 & 90 DAS + Defoliant @ 60% boll bursting stage 

36.7 7.5 2.92 28.7 84.6 3.7 30.1 5.8 

T3: Mepiquat chloride 100 ppm @ 45 & 60 DAS + Cotton Plus 
6 kg/ha @ 60 & 90 DAS + Defoliant @ 60% boll bursting stage 37.7 7.8 2.23 29.1 85.0 3.7 30.4 5.9 

T4: Mepiquat chloride 100 ppm @ 45 & 60 DAS + NAA 40 ppm 
@ 60 & 90 DAS + KNO₃ 2% @ 60 & 90 DAS + Defoliant @ 60% 
boll bursting stage 

38.1 7.9 3.08 29.3 85.3 3.7 30.9 5.9 

T5: Mepiquat chloride 100 ppm @ 45 & 60 DAS + NAA 40 ppm 
@ 60 & 90 DAS + SOP 2% @ 60 & 90 DAS + Defoliant @ 60% 
boll bursting stage 

37.1 7.7 2.81 29.1 84.6 3.7 30.3 5.8 

T6: Mepiquat chloride 100 ppm @ 45 & 60 DAS + NAA 40 ppm 
@ 60 & 90 DAS + KNO₃ 2% @ 60 & 90 DAS + Calcium borate 
0.5% @ 60 & 90 DAS + Defoliant @ 60% boll bursting stage 

39.6 8.1 3.09 29.4 85.6 3.8 31.9 6.0 

T7: Mepiquat chloride 100 ppm @ 45 & 60 DAS + NAA 40 ppm 
@ 60 & 90 DAS + SOP 2% @ 60 & 90 DAS + Calcium borate 
0.5% @ 60 & 90 DAS + Defoliant @ 60% boll bursting stage 

38.2 7.9 3.04 29.3 85.3 3.8 31.8 6.0 

T8: Control (No application) 34.5 7.3 2.54 28.6 84.6 3.6 30.0 5.8 

SED 0.6 0.18 0.07 20.2 59.1 2.6 21.4 4.1 

CD (0.05) 1.3 NS NS NS NS NS NS NS 

Table 4. Effect of PGR and foliar nutrition on fiber quality parameters 
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lint yield of 933 kg/ha, and a harvest index of 0.69. These 

results highlights the significant role of potassium, 

especially in the form of foliar application of KNO₃, in 

promoting boll retention, increasing boll weight, and 

improving overall yield per plant (8). Potassium helps in 

mitigating drought stress and maintaining plant turgor, 

thereby reducing boll shedding under adverse 

environmental conditions (9). Additionally, potassium 

facilities the translocation of photosynthates to 

developing bolls, contributing to higher boll numbers and 

increased boll weight.  

The foliar application of KNO₃ at critical stages of boll 

formation was instrumental in promoting boll retention 

and development, thereby significantly boosting seed 

cotton yield (10). This finding aligns with previous studies 

indicating that potassium nitrate, regardless of soil 

potassium status, can boost seed cotton yield by ensuring 

a sufficient supply of potassium during the boll 

development stage (11–14). The ability of potassium to 

support critical physiological functions, including 

photosynthesis, water regulation, and nutrient 

translocation, makes it essential for enhancing cotton 

productivity (15–17). The synchronization of nutrient 

supply with key developmental stages (18–20), as seen in 

T6, ensured optimal growth and yield by providing plants 

with the necessary nutrients at the critical times. 

Moreover, T6 outperformed other treatments in terms of 

boll weight (4.9 g), and the number of bolls per square 

meter (79.8). The combination of plant growth regulators 

and nutrients applied in (T6) optimized both vegetative 

and reproductive growth, leading to higher yield 

parameters. In contrast, the control (T8) without the 

application of PGRs, KNO₃, and defoliants recorded the 

lowest seed cotton yield (1495 kg/ha), lint yield (516 kg/

ha), and harvest index (0.6). The control treatment also 

showed the lowest boll weight (3.9 g), and the fewest bolls 

per square meter (49.8), demonstrating the critical role of 

foliar potassium application in maximizing cotton yield. 

The superior performance of (T6) in yield attributes further 

emphasizes the importance of providing adequate 

potassium, along with other growth regulators, to ensure 

higher productivity in cotton. 

Fiber quality parameters 

The study results on cotton fibre quality and yield 

attributes reveal notable distinctions in the effects of 

various treatments on yield-related parameters compared 

to fibre quality traits. Significant improvements were 

observed in yield attributes, such as ginning percentage, 

seed index, and lint index, across the treatments. 

However, the core fibre quality traits—upper half mean 

length, uniformity index, micronaire value, tenacity, and 

elongation—did not exhibit significant differences among 

the treatments.  

In terms of yield attributes, (T6) recorded the highest 

values for ginning percentage (39.6%), seed index (8.1), 

and lint index (3.0). The ginning percentage refers to the 

proportion of usable fiber separated from seed cotton, 

with higher values indicating more efficient fibre 

production. The seed index reflects the weight of seeds 

produced, while the lint index represents the weight of lint 

per unit of seed cotton, both of which are critical for 

assessing overall yield quality. The success of T6 is 

attributed to the foliar application of mepiquat chloride, 

NAA, KNO₃, calcium borate, and a defoliant, which ensured 

a balanced nutrient supply during critical growth stages. 

Potassium, in particular, played a crucial role in enhancing 

boll retention and minimizing shedding, contributing to 

better cotton yields. Treatment (T7), which used SOP 

(Sulphate of Potash) instead of KNO₃, also recorded high 

values for yield parameters, though slightly lower than T6, 

indicating that efficacy of both forms of potassium. In 

contrast, the control (T8), which lacked foliar nutrient 

applications, the lowest ginning percentage (34.5%), seed 

index (7.3), and lint index (2.5), highlighting the critical role 

of added nutrients and growth regulators in maximizing 

productivity. The lower performance of T8 underscores the 

importance of potassium and other nutrients in achieving 

higher yields. 

Despite the notable improvements in yield, the fibre 

quality traits, including upper half mean length (fibre 

length), uniformity index, micronaire value, tenacity, and 

elongation, remained relatively unchanged across 

treatments. T6 exhibited slightly better fibre quality 

results, with a fibre length of 29.4 mm, uniformity index of 

85.6%, micronaire value of 3.8, tenacity of 31.9 g/tex, and 

elongation of 6.0%.  However, these values were only 

marginally higher than those observed in other 

treatments, including the control (T8), which showed a 

fiber length of 28.6 mm, uniformity index of 84.6%, 

micronaire value of 3.6, tenacity of 30.0 g/tex, and 

elongation of 5.8%. This minimal variation in fiber quality 

suggests that nutrient applications have limited influence 

on intrinsic fiber characteristics. Potassium and calcium, 

although essential for plant growth, do not significantly 

affect cotton fiber structure (21, 22). Fiber traits such as 

micronaire (which reflects fibre fineness and maturity) and 

tenacity are primarily governed by genetic factors and 

environmental conditions rather than nutrient 

management practices (23, 24). While potassium is vital for 

overall plant health and productivity, its role in altering 

the physical properties of cotton fibre is minimal (25–27), 

which aligns with the findings of this study (28-30). 

Interpretation of pearson correlation analysis of 

variables along with correlation matrix and heatmap 

The study explored the relationships between various 

plant traits, revealing that plant height exhibited a positive 

and significant correlation with the leaf area index (LAI), 

sympodia length, and the number of leaves, while showing 

non-significant and weak associations with traits such as 

stalk yield, seed cotton yield, and lint yield. Similarly, the 

number of leaves had significant positive correlations with 

sympodia length and stalk yield but was negatively 

associated with the number of bolls and boll weight. LAI 

showed a strong positive relationship with sympodia 

length and leaf count but showed no significant 

associations with several other traits. Sympodial branches 

were positively correlated with boll weight, seed cotton 
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yield, and harvest index, but negatively associated with 

stalk yield and leaf count. Boll weight demonstrated 

significant positive correlations with seed cotton yield, lint 

yield, and harvest index, while stalk yield exhibited strong 

negative correlations with several yield-related traits, 

including boll weight and lint yield. Finally, the harvest 

index showed significant positive associations with seed 

cotton yield and lint yield, but a notable negative 

correlation with stalk yield (Fig. 3). 

Future research could focus on optimizing nutrient and 

growth regulator combinations to enhance fiber quality, as 

well as exploring genetic or environmental factors to 

improve the synergy between cotton yield and quality.  

In conclusion, treatment T6 (Mepiquat chloride 100 ppm @ 

45 & 60 DAS + NAA 40 ppm @ 60 & 90 DAS + KNO₃ 2% @ 60 

& 90 DAS + Calcium borate 0.5% @ 60 & 90 DAS + Defoliant 

at the 60% boll bursting stage) yielded the most favorable 

results for growth parameters, yield attributes, and fiber 

quality in cotton. The combination of growth regulators 

and foliar nutrients enhanced boll retention, reduced 

shedding, and improved yield components such as ginning 

percentage, seed index, and lint index. While fiber quality 

traits like fiber length and strength remained consistent 

across treatments, T6 exhibited slight improvements in 

uniformity and tenacity, indicating its potential to support 

high-yield production without negatively affecting fiber 

quality. This balanced approach highlights T6 as a 

promising treatment option for farmers seeking to 

maximize cotton yield and efficiency while maintaining 

fiber quality. 

 

Conclusion 

The application of mepiquat chloride (100 ppm) @ 45 and 

60 DAS + NAA (40 ppm) @ 60 and 90 DAS + KNO₃ (2%) @ 60 

Fig. 3. Interpretation of Pearson Correlation Analysis of variables along with correlation matrix and heatmap. 
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and 90 DAS + Calcium borate (0.5%) @ 60 and 90 DAS + 

Defoliant @ the 60% boll bursting stage recorded the 

highest growth and yield parameters, as well as the 

maximum seed cotton yield, compared to other 

treatments. This treatment also achieved the desired plant 

architecture, making it well-suited for mechanical 

harvesting. Therefore, it may be recommended as an effective 

strategy for enhancing cotton productivity and profitability.  

 

Acknowledgements 

Authors wish to thank Tamil Nadu Agricultural University, 

Coimbatore and Cotton Research Station, Veppanthattai 

for providing research facilities for conducting the 

experiments. 

 

Authors' Contributions 

RV conducted the experiment, recorded data, and 

performed data analysis. SS supervised the experiment, 

formulated the experimental design, provided assistance, 

and contributed to manuscript corrections and data 

analysis. RT, AP and AR offered guidance for conducting 

the experiment and made corrections to the manuscript. 

All authors reviewed and approved the final version of the 

manuscript. 

 

Compliance with Ethical Standards 

Conflict of interest: Authors do not have any conflict of 

interests to declare.  

Ethical issues: None 

 

References   

1. Manjula Udikeri MU, Shashidhara GB. Performance of compact 
cotton genotypes under high density planting system at 
different fertilizer levels. J Farm Sci. 2017;30(4):460-6. DOI: 
http://doi.org/10.5555/20183382911 

2. Indiastat.com. Available from: https://www.indiastat.com/
table/agriculture/selected-state-wise-area-production-
productivity-c/1452127 

3. KA KK. Effect of plant growth regulators on morpho-
physiological traits and yield attributes in hybrid cotton 
(Gossypium hirsutum L.). [dissertation]. Bangalore: University of 
Agricultural Sciences GKVK; 2001. Available from: https://
krishikosh.egranth.ac.in/items/3134cae0-d29a-4ab6-a683-
24051bfa8e7b 

4. Kim SK, Lee SC, Lee BH, Choi HJ, Kim KU, Lee IJ. Bulbil 
formation and yield responses of Chinese yam to application of 
gibberellic acid, mepiquat chloride and trinexapac-ethyl. J 
Agron Crop Sci. 2003;189(4):255-60. DOI: https://
doi.org/10.1046/j.1439-037X.2003.00039.x 

5. Fageria NK, Filho MB, Moreira A, Guimarães CM. Foliar 
fertilization of crop plants. J Plant Nutr. 2009;32(6):1044-64. 
DOI: https://doi.org/10.1080/01904160902872826 

6. Rajendran K, Amanullah MM, Vaiyapuri K. Foliar nutrition in 
cotton—a review. Agric Rev. 2010;31(2):1206. 

7. Kaynak MA, Unay A, Ozkan I, Sokat Y. The effect of crop rotation 
and K fertilization on accumulation of dry matter and nutrients 
in cotton (Gossypium hirsutum L.). 3rd Field Crops Congress of 
Turkey. 1999;2:13843. 

8. Hosmath JA, Biradar DP, Patil VC, Palled YB, Malligawad LH. 
Nutrient requirement of Bt cotton (Gossypium hirsutum). Indian 
J Agron. 2014;59(1):139-44. DOI: https://doi.org/10.59797/
ija.v59i1.4531 

9. Mahmood N. Response of foliar application of KNO3 on yield, 
yield components and lint quality of cotton (Gossypium 
hirsutum L.). Afr J Agric Res. 2011;6(24):5457-63. 

10. Sharma SK, Sundar Singh SS. Yield, yield attributes and quality 
of cotton as influenced by foliar application of potassium.. 
20074.   DOI: https://doi.org/10.5555/20073080501 

11. Brar MS, Gill MS, Sekhon KS, Sidhu BS, Sharma P, Singh A. Effect 
of soil and foliar application of nutrients on yield and nutrient 
concentration in Bt cotton. J Res Punjab Agric Univ. 
2008;45:12631. 

12. Kaur P, Buttar GS, Kaur M, Gill MS, Sohu RS. Effect of foliar and 
split application of potassium on seed cotton yield and fibre 
quality of American cotton (Gossypium hirsutum). Indian J Agric 
Sci. 2011;81(9):838. 

13. Sekhon NK, Singh CB. Plant nutrient status during boll 
development and seed cotton yield as affected by foliar 
application of different sources of potassium. Am J Plant Sci. 
2013;4(7):140917. DOI: https://doi.org/10.4236/ajps.2013.47172 

14. Channakeshava S, Goroji PT, Doreswamy C, Naresh NT. 
Assessment of foliar spray of potassium nitrate on growth and 
yield of cotton. Karnataka J Agric Sci. 2013;26(2):31617. DOI: 
https://doi.org/10.5555/20143088587 

15. Borowski E. The effect of nitrogenous compounds on the 
growth, photosynthesis and phosphorus uptake of sunflowers. 
Pol J Environ Stud. 2001;9:2331. DOI: https://
doi.org/10.5555/20023009620 

16. Reddy KR, Koti S, Davidonis GH, Reddy VR. Interactive effects of 
carbon dioxide and nitrogen nutrition on cotton growth, 
development, yield and fiber quality. Agron J. 2004;96(4):1148-
57. DOI: https://doi.org/10.2134/agronj2004.1148 

17. Read JJ, Reddy KR, Jenkins JN. Yield and fiber quality of upland 
cotton as influenced by nitrogen and potassium nutrition. Eur J 
Agron. 2006;24(3):282-90. DOI: https://doi.org/10.1016/
j.eja.2005.10.004 

18. Jagdish Kumar JK, Arya KC, Sidduque MZ. Effect of foliar 
application of KNO3 on growth, yield attributes, yield and 
economics of Gossypium hirsutum. Indian J Agric Sci. 2011;25
(1):122-3. DOI: https://doi.org/10.5555/20113104607 

19. Barar MS, Barar AS. Effect of foliar application of nutrients on 
the yield of Gossypium hirsutum. In: National Symposium on 
Cotton Research Strategies in New Millennium.2001 April 16p. 
34. 

20. Nehra PL, Nehara KC, Kumawat PD. Response of Gossypium 
hirsutum to wider row spacing and potassium in north-western 
plain zone of Rajasthan. Indian J Agron. 2004;18(2):1846. DOI: 
https://doi.org/10.5555/20063027209 

21. Cassman KG, Kerby TA, Roberts BA, Bryant DC, Higashi SL. 
Potassium nutrition effects on lint yield and fiber quality of 
Acala cotton. Crop Sci. 1990;30(3):677. DOI: https://
doi.org/10.2135/cropsci1990.0011183X003000030039x 

22. Pettigrew WT, Heitholt JJ, Meredith WR Jr. Genotypic 
interactions with potassium and nitrogen in cotton of varied 
maturity. Agron J. 1996;88(1):89-93. DOI: https://
doi.org/10.2135/cropsci1990.0011183X003000030039x 

23. Minton EB, Ebelhar MW. Potassium and aldicarb-disulfoton 
effects on verticillium wilt, yield and quality of cotton. Crop Sci. 
1991;31(1):209-12. DOI: https://doi.org/10.2135/
cropsci1991.0011183X003100010046x 

24. Gormus O, Yucel C. Different planting date and potassium 
fertility effects on cotton yield and fiber properties in the 
Cukurova region, Turkey. Field Crops Res. 2002;78(2-3):1419. 

https://plantsciencetoday.online


9 

Plant Science Today, ISSN 2348-1900 (online) 

DOI: https://doi.org/10.1016/S0378-4290(02)00121-1 

25. Dev Raj DR, Promila Kumari PK, Bhattoo MS, Duhan BS. Effect of 
potassium application on yield, potassium uptake and fibre 
quality of Gossypium hirsutum. Indian J Agric Sci. 2009;23
(2):247-50. DOI: https://doi.org/10.5555/20093263599 

26. Dhindsa RS, Beasley CA, Ting IP. Osmoregulation in cotton fiber: 
accumulation of potassium and malate during growth. Plant 
Physiol. 1975;56(3):394-8. DOI: https://doi.org/10.1104/
PP.56.3.394 

27. Temiz M, Koca YK, Aydin F, Karahan E. Effect of foliar potassium 
and micronutrient additions on yield and fiber quality of 
Gossypium hirsutum. J Food Agric Environ. 2009;7(1):11822. 

28. Oosterhuis DM. Potassium nutrition of cotton in the USA with 
particular reference to foliar fertilization. REUR Tech Ser FAO. 
1997;(53):10124. 

29. Kavimani R, Kumar KB, Baskaran R, Anand T. Potassium 
management through foliar nutrition for enhancing yield and 
fibre quality of rainfed cotton. Indian J Agric Sci. 2015;29
(2):2468. DOI: https://doi.org/10.5555/20163167804 

30. Blaise D, Singh JV, Bonde AN. Response of rainfed cotton 
(Gossypium hirsutum) to foliar application of potassium. Indian 
J Agron. 2009;54(4):4448. DOI: https://doi.org/10.59797/
ija.v54i4.4821 


