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ABSTRACT 
	Cotton is an important fibre crop in Myanmar. Cotton productivity is constrained by low plant populations, inappropriate crop management practices, and excessive shedding of reproductive structures, which limit seed cotton yield per unit area. This study was conducted to evaluate the effects of plant population and foliar application of naphthalene acetic acid (NAA), a synthetic auxin, on the growth and yield of cotton (Gossypium hirsutum L.). The field experiment was conducted at the Cotton Research and Development Farm (Lungyaw), Kyaukse Township, Mandalay Region, Myanmar, during the pre-monsoon season from February to July 2025 and the post-monsoon season from August 2025 to January 2026. Shwe Daung-10 was used as the test cultivar. The experiment was arranged in a split-plot design with three replications. Four plant populations (34,429, 43,037, 57,383, and 86,074 plants ha⁻¹) were assigned to the main plots, while three NAA concentrations (0, 20, and 40 ppm) were assigned to the subplots. NAA foliar sprays were applied at square formation, first bloom, and boll development stages. As plant population increased, plant height and seed cotton yield per hectare increased, whereas yield-contributing parameters decreased. Among the tested plant populations, P4 produced the highest seed cotton yields of 3,652.4 and 3,041.3 kg ha⁻¹ in the pre-monsoon and post-monsoon seasons, respectively, representing increases of 73.68% and 51.01% over P1. Foliar application of NAA significantly increased plant height, total reproductive structure setting points, harvested bolls per plant, single boll weight, and seed cotton yield per hectare, but did not significantly affect the number of sympodial branches, total reproductive structure points, or thousand-seed weight. Among the tested NAA concentrations, N3 produced the highest seed cotton yield, increasing yield by 15.71% and 20.70% over N1 in the pre-monsoon and post-monsoon seasons, respectively. The study indicated that increasing the plant population to 86,074 plants ha⁻¹ and applying 40 ppm NAA could improve cotton yield within the tested treatment ranges.



Keywords: Cotton; Gossypium hirsutum L.; naphthalene acetic acid; NAA; plant population; planting density; plant spacing; boll retention; seed cotton yield; yield components; pre-monsoon season; post-monsoon season
1. INTRODUCTION 
Cotton (Gossypium Hirsutum L.) Is one of the most important natural fibre crops in the world. It is a major commercial crop because it provides fibre for the textile industry, edible oil from cottonseed, and protein-rich meal for animal feed (Naoumkina & Kim, 2023; Riaz et al., 2023; Wang et al., 2023). Globally, cotton is cultivated on approximately 31 million hectares, producing about 25 million metric tonnes (mt) annually (Food and Agriculture Organization [FAO], 2023). Cotton is a perennial woody shrub adapted to regions with warm to hot temperatures (Stewart et al., 2010). Cotton is also an important commercial crop for developing countries, contributing fibre to the textile industry as well as products for the livestock-feed and oil industries (James, 2010). Cotton productivity is heavily limited by agronomic and management constraints, primarily poor seed quality, low plant populations, improper cultural practices, unbalanced fertilisation, and severe pest and weed pressures. Among these constraints, selecting appropriate plant spacing, which determines plant population, is particularly important. Proper plant spacing enables efficient utilisation of sunlight and soil nutrients, leading to increased seed cotton yield (Chapepa et al., 2020). Closer plant spacing can increase cotton yield by 17% compared with wider spacing (Sekar et al., 2024). Along with plant spacing, the use of plant growth regulators (PGRS) can help regulate plant growth and increase yields by 10% to 15% (Kirankumar et al., 2003). Recent cotton studies confirm that plant-density responses are environment- and system-dependent, with high-density approaches improving productivity in some production contexts, while optimal populations vary among environments (Singh et al., 2024; Kimura et al., 2024; Chen et al., 2025; Selvamani et al., 2026). Nutrient and hormone imbalances cause cotton flowers and bolls to drop, thereby lowering overall yields (Geethanjali et al., 2018). Application of plant growth regulators has been shown to reduce the shedding of fruiting bodies (Sawan et al., 1998). NAA is a synthetic auxin and plant growth regulator whose effects are concentration-dependent; low concentrations can stimulate plant growth, whereas high concentrations may inhibit growth (Campanoni & Nick, 2005; Kalve et al., 2020). The application of NAA has beneficial effects on the growth and yield of field crops by increasing fruit set and reducing fruit drop (Raoofi et al., 2014). NAA is widely used as a growth-regulating agent. At low concentrations, it can stimulate plant growth and prevent flower drop, whereas high concentrations can inhibit plant growth. The effect of NAA on cotton depends on the concentration and timing of application. Sawan et al. (1998) reported that NAA concentrations of 15 and 20 ppm applied during the square and boll development stages improved several yield components and cotton yield. Recent field evidence from another crop also indicates that NAA-containing treatments can influence reproductive retention and productivity-related responses, although such responses are treatment- and crop-dependent (Kuldeep et al., 2026). In myanmar, cotton is a key crop for local use and export earnings. It grows well in the central dry zone and is planted during three seasons: pre-monsoon, monsoon, and post-monsoon (SMART Myanmar, 2023). Farmers grow both long-staple and short-staple cotton in many areas, including Sagaing, Mandalay, Magway, and Bago regions, Nay Pyi Taw, and Southern Shan state (Ministry of Agriculture, Livestock and Irrigation [MOALI], 2023). Long-staple cotton varieties are predominantly grown in the post-monsoon season, which extends from July–August to December–January, and in the pre-monsoon season from February–March to June–July. Short-staple cotton varieties and some long-staple cotton are grown during the rainfed monsoon season from May–June to November–December (Pye Tin, 2003). Myanmar has about 2.08 million hectares of cotton fields, producing 3.97 million metric tonnes, with an average yield of 1.90 mt ha⁻¹ (473 Viss acre⁻¹). The national target yield for cotton in Myanmar is 2.82 mt ha⁻¹ (700 Viss acre⁻¹) (MOALI, 2024). In Myanmar, cotton is commonly cultivated at spacings of 90 cm × 90 cm, 90 cm × 60 cm, and 75 cm × 75 cm, depending on soil fertility. These spacings may result in low plant populations, which can limit cotton yield. In addition, the shedding of squares, flowers, and bolls can cause considerable yield losses (Department of Agriculture [DOA], 2017). However, information on the combined response of SHWE daung-10 to different plant populations and NAA concentrations across both pre-monsoon and post-monsoon conditions in Myanmar remains limited. Therefore, this study aimed to evaluate the effects of different plant populations and NAA concentrations on the growth, yield, and yield components of cotton.

2. MATERIALS AND METHOD
Two field experiments were conducted at the Cotton Research and Development Farm (Lungyaw), Kyaukse Township, Mandalay Region, Myanmar, at 112 m above sea level, 20° N latitude, and 96° E longitude, during the pre-monsoon season (February–July 2025) and post-monsoon season (August 2025–January 2026). Before sowing, composite soil samples were collected from the 0–20 cm soil layer and analyzed at the Soil and Water Utilization Division, Department of Agricultural Research (DAR), Yezin, Nay Pyi Taw. The soil had a pH of 7.0, with available N, P, and K contents of 54, 28, and 69 mg kg⁻¹, respectively, and organic matter content of 1.88%; the soil texture consisted of 33.80% clay, 20.20% silt, and 46.00% sand. The experiments were arranged in a split-plot design with three replications, with plant population as the main-plot factor and NAA concentration as the subplot factor. Four plant populations, P1 (34,429 plants ha-1; 75 cm × 75 cm), P2 (43,037 plants ha-1; 75 cm × 60 cm), P3 (57,383 plants ha-1; 75 cm × 45 cm), and P4 (86,074 plants ha-1; 75 cm × 30 cm), and three NAA concentrations, N1 (0 ppm), N2 (20 ppm), and N3 (40 ppm), were tested. Two plants were maintained per dibble. Shwe Daung-10 cotton cultivar was grown using acid-delinted seeds sown at 5–6 seeds per dibble. The land was prepared by two ploughings and three harrowings followed by ridge preparation. Thinning was conducted at the two- and four-true-leaf stages to maintain two plants per dibble. Urea, triple superphosphate, and muriate of potash were applied at rates equivalent to 140, 66, and 130 kg N, P, and K ha⁻¹, respectively. Triple superphosphate and muriate of potash were applied as basal fertilisers, while urea was applied in three equal portions after thinning, at square formation, and at first flowering. Irrigation, weeding, inter-cultivation, and pest management were carried out according to crop and field conditions. NAA powder with 98% purity was used for solution preparation. The 20 ppm NAA solution was prepared by dissolving 20.41 mg NAA in 4 mL of 95% ethanol and diluting with distilled water to 1 L; the 40 ppm solution was prepared in the same manner. NAA was applied as a foliar spray at 35, 50, and 85 days after sowing (DAS), while the control received water spray at the same stages. Plastic sheets were placed between plots during spraying to minimize spray drift. Each subplot consisted of eight rows. The two outer rows were used as border rows, while the two middle rows were used for harvesting. The rows adjacent to the border rows were used for plant sampling. Growth and physiological parameters were measured according to the sampling schedule described for each parameter. At harvest, ten plants were randomly selected from the harvested rows for determination of yield components. Seed cotton yield per hectare was determined from the total seed cotton harvested from the two central rows over three pickings and converted to kg ha-1 based on the net harvested area of 9 m² per subplot. Weeding and inter-cultivation were carried out depending on weed infestation. Irrigation was done at sowing time, squaring time, and flowering time in the pre-monsoon season and at sowing time and flowering time in the post-monsoon season.
2.1 Data Collection 
Data were collected systematically to evaluate plant growth and yield characteristics. Five plants from the harvesting rows of each plot were tagged to record plant height (cm), the number of sympodial branches per plant, total reproductive structure points per plant, and total reproductive structure setting points per plant, and mean values were calculated. Plant height was measured from the cotyledon nodes to the terminal buds and expressed in centimetres. Plant height, total reproductive structure points per plant, and total reproductive structure setting points per plant were recorded at two-week intervals from 35 to 119 DAS. The number of sympodial (reproductive) branches was recorded at harvest. Ten plants were selected from the two harvested rows to record yield-component parameters, including the number of harvested bolls, boll weight, and seed cotton yield per plant. In contrast, seed cotton yield per hectare was calculated from the total seed cotton harvested from the two harvested rows over three pickings. The net harvested area was 9 m² per subplot, calculated from two harvested rows, each 6 m long, with a row spacing of 0.75 m. The total seed cotton harvested from the three pickings was converted to kg ha⁻¹ using the net harvested area. After ginning, one thousand seeds were randomly taken from each plot, and their weight was recorded in grams.
2.2 Statistical Analysis
All collected data for the observed parameters were analysed using statistix version 8.0, and treatment means were compared using the least significant difference (lsd) test at the 5% level (Gomez & Gomez, 1984).
3. RESULTS AND DISCUSSION
3.1 Plant Height (cm) 
Plant height differed significantly among plant populations from 49 DAS to the final growth stages in both the pre-monsoon and post-monsoon seasons (Tables 1 and 2). Plant height increased with increasing plant population throughout the growing period. Among the tested plant populations, the shortest plants were consistently observed at the lowest plant population (P1), whereas the tallest plants were produced under the highest plant population (P4). At 119 DAS, plant heights in P1 were 114.78 cm in the pre-monsoon season and 110.02 cm in the post-monsoon season, whereas those in P4 were 134.52 cm and 126.65 cm, respectively. The increased plant height under higher population densities may be attributed to greater competition among plants for light, which stimulated stem elongation. Similar findings were reported by Chen et al. (2021), who observed increased plant height under higher plant densities because of greater competition for sunlight.
Regarding the effect of NAA concentration, there was no significant difference in plant height up to 49 DAS in either season, which may be related to the timing of NAA application (35, 50, and 85 DAS), as physiological effects had not yet become apparent at these assessment stages. Plant height increased significantly with NAA application compared with the control from 63 to 119 DAS (Tables 1 and 2). At 119 DAS, the maximum plant heights (126.54 cm during the pre-monsoon season and 121.32 cm during the post-monsoon season) were recorded under N3. The increase in plant height following NAA application may be due to the ability of NAA to promote cell division and elongation, thereby enhancing plant height. Similar results were reported by Khetre et al. (2018), who found that NAA enhanced plant growth by stimulating cell elongation.
3.2 Number of sympodial branches per plant
There were significant differences in the number of sympodial branches per plant among plant populations in both seasons (Table 3). The maximum numbers of branches (18.03 in the pre-monsoon season and 17.81 in the post-monsoon season) were observed in P1, whereas the minimum numbers (14.38 and 12.39, respectively) were recorded in P4. The number of sympodial branches per plant increased as plant population decreased. This may be due to reduced competition among plants and greater availability of space, light, moisture, and nutrients under wider spacing, which promoted vegetative growth and branching. This finding agrees with Bhalerao et al. (2008) and Kalaichelvi (2009), who indicated that wider plant spacing enhances the acquisition of nutrients, moisture, and light, thereby promoting vegetative and reproductive development and resulting in a greater number of sympodial branches.
No significant differences in the number of sympodial branches per plant were observed among the tested NAA concentrations, with mean values ranging from 15.93 to 16.31 in the pre-monsoon season and from 14.41 to 15.20 in the post-monsoon season (Table 3). This may be associated with the role of auxin in regulating axillary bud development. NAA is a synthetic auxin, and auxin can inhibit axillary bud outgrowth, whereas cytokinin promotes bud development (Müller & Leyser, 2011). Shimizu-Sato et al. (2009) and Ferguson and Beveridge (2009) reported that shoot branching is regulated by the auxin–cytokinin balance, with auxin inhibiting axillary bud outgrowth and cytokinin promoting lateral bud development.


3.3 Number of total reproductive structure points per plant
The number of reproductive structure points per plant did not differ significantly among plant populations at 35 DAS, possibly because resource competition among plants was minimal during the early growth stage; however, significant differences occurred from 49 to 119 DAS in both seasons (Tables 4 and 5). At 119 DAS, P1 produced the highest values of 86.23 in the pre-monsoon season and 77.30 in the post-monsoon season, whereas P4 showed the lowest values of 80.73 and 66.68, respectively. As plant population decreased, the number of reproductive structure points increased. This may be attributed to the production of more sympodial branches and enhanced axillary bud development under wider spacing. These findings agree with Bhalerao et al. (2008) and Kalaichelvi (2009), who reported that wider plant spacing increased the number of fruiting points because of better development of sympodial branches and reduced interplant competition.
The number of reproductive structure points per plant was not significantly affected by NAA concentration at any growth stage in either season, ranging from 10.90 to 86.23 in the pre-monsoon season and from 7.40 to 77.30 in the post-monsoon season (Tables 4 and 5). This may be because NAA primarily promoted the retention of existing reproductive structures rather than the initiation of new ones. The initiation of squares, flowers, and bolls is regulated by several plant hormones, which may have limited the effect of NAA on the initiation of new reproductive structures (Xiao et al., 2019). This finding is consistent with Trudgian (1965), who found that NAA application increased the retention of squares and immature bolls but did not promote the initiation of new fruiting structures.
3.4 Number of total reproductive structure setting points per plant
The number of reproductive structure setting points per plant did not differ significantly among plant populations at 35 DAS. However, highly significant differences were observed from 49 to 119 DAS in both seasons (Tables 6 and 7). The number of reproductive structure setting points per plant decreased as plant population increased. At 119 DAS, the maximum values recorded in P1 were 48.47 in the pre-monsoon season and 44.61 in the post-monsoon season, whereas the minimum values observed in P4 were 24.79 and 24.56, respectively. The reduction under higher plant density may be due to increased competition for light, nutrients, and moisture, which restricted vegetative growth and branching, leading to fewer sympodial branches and fruiting sites, lower fruit retention, and ultimately fewer bolls per plant. This result agrees with Bhalerao et al. (2008) and Kalaichelvi (2009), who observed that narrower plant spacing restricted fruiting-point formation by reducing resource availability and increasing competition among plants.
Among the tested NAA concentrations, no significant differences were observed in the number of reproductive structure setting points per plant at 35 and 49 DAS; however, highly significant effects were observed from 63 DAS to later growth stages in both seasons (Tables 6 and 7). The number of reproductive structure setting points per plant increased with increasing NAA concentration. At 119 DAS, the maximum numbers of fruit-setting points under N3 were 41.64 in the pre-monsoon season and 37.88 in the post-monsoon season, whereas the minimum numbers under N1 were 33.08 and 31.54, respectively. This may be due to reduced abscission and improved retention of squares and young bolls resulting from improved hormonal balance. Patel (1993) reported that NAA promoted the retention of fruiting bodies through improved hormonal regulation.
3.5 Number of harvested bolls per plant
Significant differences in the number of bolls per plant were observed among the different plant populations and NAA application rates in both seasons (Tables 8 and 9). The highest numbers of bolls per plant (22.30 in the pre-monsoon season and 21.63 in the post-monsoon season) were produced by P1, whereas the lowest numbers (13.76 and 13.39, respectively) were recorded in P4. The higher number of bolls under wider spacing may be due to reduced competition among plants for light, nutrients, moisture, and space, which favoured better growth and boll development. Similar findings were reported by Bhalerao and Gaikwad (2010) and Brar et al. (2000), who observed that wider spacing increased the number of harvested bolls per plant because of better growth conditions and greater interception of solar radiation.
Among the NAA concentrations, N3 produced the highest number of bolls per plant, with 20.94 bolls in the pre-monsoon season and 18.49 bolls in the post-monsoon season, whereas N1 produced the lowest numbers, with 14.18 and 16.48 bolls, respectively. The increase in boll number at the higher NAA concentration may be due to improved hormonal balance, which reduced the shedding of squares and young bolls and enhanced fruit retention. Jadhav et al. (2015) and Sabale et al. (2018) found that foliar application of NAA improved vegetative growth and increased the number of bolls per plant, resulting in higher seed cotton yield.
3.6 Single boll weight (g)
In both seasons, there were significant differences in single boll weight among the different plant populations and NAA concentrations (Tables 8 and 9). The lowest plant population (P1) produced the highest single boll weight, with 3.89 g in the pre-monsoon season and 3.58 g in the post-monsoon season, whereas the highest plant population (P4) produced the lowest values, 2.81 g and 2.80 g, respectively. As plant population increased, single boll weight decreased in both seasons. The greater boll weight under wider spacing may be due to reduced competition among plants and greater availability of light, nutrients, moisture, and space for boll development. Similar results were reported by Devraj et al. (2011), who observed increased boll weight with wider plant spacing.
Among the NAA concentrations, N3 produced the highest single boll weight (3.57 g in the pre-monsoon season and 3.39 g in the post-monsoon season), whereas N1 produced the lowest single boll weight (3.17 g and 3.16 g, respectively). As NAA concentration increased, single boll weight increased. This improvement may be attributed to the stimulatory effects of NAA on cell division and expansion, thereby promoting greater dry-matter accumulation in developing bolls. Ahmed et al. (2018) reported effects associated with cotton productivity under field conditions.
3.7 Thousand seeds weight
Thousand-seed weight was not significantly affected by plant population, NAA concentration, or their interaction in either season (Tables 8 and 9). The lack of significant differences may be attributed to the fact that thousand-seed weight is a genetically controlled trait (Narkizilova et al., 2024).
3.8 Seed cotton yield
Significant differences in seed cotton yield were observed among plant populations and NAA concentrations in both seasons (Tables 8 and 9). Among the plant populations, the highest seed cotton yield per plant was recorded in P1, with 88.69 g in the pre-monsoon season and 77.49 g in the post-monsoon season. This may be due to reduced competition for light, nutrients, moisture, and space, which promoted better plant growth and boll development. Bednarz et al. (2000) reported that lower plant population densities resulted in greater production of fruiting sites and improved fruit retention in cotton.
Unlike seed cotton yield per plant, seed cotton yield per hectare increased as plant population increased. The highest yields per hectare (3,652.4 kg ha⁻¹ in the pre-monsoon season and 3,041.3 kg ha⁻¹ in the post-monsoon season) were recorded in P4, whereas the lowest yields (2,102.9 and 2,014.0 kg ha⁻¹, respectively) were observed in P1. The increase in yield per hectare at higher plant density may be attributed primarily to the greater number of plants per unit area. Reddy and Kumar (2010) reported that closer spacing resulted in higher seed cotton yield because of the higher plant population.
Among the NAA concentrations, N3 produced the highest yield per plant and per hectare in both seasons. The increase in seed cotton yield with increasing NAA concentration may be due to its role as a growth regulator that enhances fruit retention, reduces boll shedding, and promotes efficient translocation of assimilates to reproductive organs, ultimately increasing both boll number and individual boll weight. These results align with those of Sawan et al. (1998), who reported that NAA improved yield components and cotton yield.
3.9 Interaction effects of plant populations and NAA concentrations
There were no significant interaction effects between plant populations and NAA concentrations for any of the tested parameters (Tables 1–9), indicating insufficient evidence of a differential response to NAA among the plant populations.

Table 1 Plant height of cotton as affected by different plant populations and Naphthalene Acetic Acid (NAA) concentrations at different growth stages during pre-monsoon season, 2025
	[bookmark: _Hlk238904045]Treatments
	Plant height (cm)

	
	35 DAS
	49 DAS
	63 DAS
	77 DAS
	91 DAS
	105 DAS
	119 DAS

	Plant populations (PP)
	
	
	
	
	
	
	

	P1 (34429 plants ha-1)
	25.26
	52.17 d
	89.55 c
	103.47 c
	106.30 c
	109.79 d
	114.78 d

	P2 (43037 plants ha-1)
	25.45
	60.41 c
	90.83 c
	109.30 b
	110.32 c
	113.79 c
	121.81 c

	P3 (57383 plants ha-1)
	25.52
	68.19 b
	99.54 b
	114.16 ab
	115.51 b
	120.00 b
	128.98 b

	P4 (86074 plants ha-1)
	25.74
	76.51 a
	107.16 a
	119.19 a
	123.81 a
	126.23 a
	134.52 a

	LSD 0.05
	1.68
	3.68
	3.93
	5.20
	4.70
	1.82
	3.67

	NAA concentrations (NAA)
	
	
	
	
	
	
	

	N1 (0 ppm NAA)
	25.39
	63.89
	92.24 b
	107.88 b
	111.11 b
	114.34 b
	122.59 b

	N2 (20 ppm NAA)
	25.46
	64.24
	98.46 a
	113.16 a
	115.16 a
	118.61 a
	125.95 a

	N3 (40 ppm NAA)
	25.63
	64.82
	99.62 a
	113.54 a
	115.69 a
	119.42 a
	126.54 a

	LSD 0.05
	1.31
	2.83
	3.06
	3.48
	2.90
	2.17
	1.97

	Pr>F
	
	
	
	
	
	
	

	PP
	.915
	<.001
	<.001
	.002
	.001
	<.001
	<.001

	NAA
	.925
	.784
	<.001
	.005
	.008
	<.001
	0.001

	PP × NAA
	.997
	.997
	.946
	.993
	.981
	.985
	.878

	CV % (a)
	5.73
	4.97
	3.52
	4.04
	3.58
	1.34
	2.54

	CV % (b)
	5.93
	5.08
	3.66
	3.60
	2.94
	2.13
	1.82


Means followed by same letters in each column are not significantly different by LSD test at 5% level. CV% = Coefficient of variation




Table 2 Plant height of cotton as affected by different plant populations and Naphthalene Acetic Acid (NAA) concentrations at different growth stages during post-monsoon season, 2025-2026
	Treatments
	Plant height (cm)

	
	35 DAS
	49 DAS
	63 DAS
	77 DAS
	91 DAS
	105 DAS
	119 DAS

	Plant populations (PP)
	
	
	
	
	
	
	

	P1 (34429 plants ha-1)
	21.94
	32.29 c
	79.70 c
	  88.25 c
	102.69 c
	106.07 c
	110.02 c

	P2 (43037 plants ha-1)
	22.42
	 35.20 bc
	 82.29 bc
	  95.86 b
	106.34 c
	 111.32 bc
	113.20 c

	P3 (57383 plants ha-1)
	22.71
	37.98 b
	 86.53 ab
	105.16 a
	111.38 b
	114.78 b
	118.54 b

	P4 (86074 plants ha-1)
	23.67
	44.33 a
	90.93 a
	111.56 a
	119.31 a
	122.76 a
	126.65 a

	LSD 0.05
	2.87
	3.52
	6.08
	6.81
	4.28
	5.57
	4.24

	NAA concentrations (NAA)
	
	
	
	
	
	
	

	N1 (0 ppm NAA)
	22.16
	36.22
	82.04 b
	  97.90 b
	104.53 b
	109.05 b
	112.04 b

	N2 (20 ppm NAA)
	22.69
	37.58
	  84.91 ab
	  100.72 ab
	110.44 a
	  113.62 ab
	117.95 a

	N3 (40 ppm NAA)
	23.22
	38.56
	87.64 a
	102.00 a
	114.82 a
	118.53 a
	121.32 a

	LSD 0.05
	3.61
	2.83
	4.45
	3.35
	5.74
	5.73
	5.34

	Pr>F
	
	
	
	
	
	
	

	PP
	.550
	<.001
	.017
	.001
	<.001
	.002
	<.001

	NAA
	.825
	.241
	.043
	.044
	.006
	.010
	.007

	PP × NAA
	.903
	.999
	.998
	.999
	.986
	.999
	.977

	CV % (a)
	10.97
	8.15
	6.21
	5.89
	3.37
	4.25
	3.14

	CV % (b)
	18.39
	8.72
	6.06
	3.86
	6.03
	5.82
	5.27


Means followed by same letters in each column are not significantly different by LSD test at 5% level. CV = Coefficient of variation




Table 3 Sympodial branches per plant of cotton as affected by different plant populations and Naphthalene Acetic Acid (NAA) concentrations at harvest during pre-monsoon, 2025 and post-monsoon seasons, 2025-2026
	Treatments

	Sympodial branches per plant (No.)

	
	pre-monsoon season
	post-monsoon season

	Plant populations (PP)
	
	

	P1 (34429 plants ha-1)
	18.03 a
	17.81 a

	P2 (43037 plants ha-1)
	16.61 b
	15.29 b

	P3 (57383 plants ha-1)
	15.43 c
	13.99 c

	P4 (86074 plants ha-1)
	14.38 d
	12.39 d

	LSD 0.05
	0.69
	1.11

	NAA concentrations (NAA)
	
	

	N1 (0 ppm NAA)
	15.93
	14.41

	N2 (20 ppm NAA)
	16.10
	15.00

	N3 (40 ppm NAA)
	16.31
	15.20

	LSD 0.05
	0.85
	0.99

	Pr>F
	
	

	PP
	<.001
	<.001

	NAA
	.655
	.240

	PP × NAA
	.964
	.986

	CV % (a)
	3.69
	6.46

	CV % (b)
	6.12
	7.67


[bookmark: _Hlk238628802]Means followed by same letters in each column are not significantly different by LSD test at 5% level. CV = Coefficient of variation
Table 4 Total reproductive structures points per plant of cotton as affected by different plant populations and Naphthalene Acetic Acid (NAA) concentrations at different growth stages during pre-monsoon season, 2025

	[bookmark: _Hlk238626092]Treatments

	Total reproductive structures points per plant (No.)

	
	35 DAS
	49 DAS
	63 DAS
	77 DAS
	91 DAS
	105 DAS
	119 DAS

	Plant populations (PP)
	
	
	
	
	
	
	

	P1 (34429 plants ha-1)
	11.72
	18.32 a
	53.37 a
	66.61 a
	77.47 a
	79.40 a
	86.23 a

	P2 (43037 plants ha-1)
	11.61
	17.14 b
	51.12 b
	63.36 b
	74.99 b
	76.43 b
	83.67 b

	P3 (57383 plants ha-1)
	11.19
	15.40 c
	49.19 c
	58.89 c
	66.67 c
	74.47 c
	82.34 b

	P4 (86074 plants ha-1)
	10.9
	14.36 d
	45.83 d
	54.09 d
	61.96 d
	72.63 c
	80.73 c

	LSD 0.05
	1.05
	0.75
	1.61
	1.91
	2.09
	1.91
	1.50

	NAA concentrations (NAA)
	
	
	
	
	
	
	

	N1 (0 ppm NAA)
	11.15
	15.88
	49.48
	60.32
	70.14
	75.47
	83.13

	N2 (20 ppm NAA)
	11.36
	16.43
	49.83
	60.72
	70.14
	75.76
	83.22

	N3 (40 ppm NAA)
	11.56
	16.62
	50.33
	61.18
	70.53
	75.98
	83.39

	LSD 0.05
	1.08
	0.72
	1.00
	1.63
	1.70
	1.34
	0.77

	Pr>F
	
	
	
	
	
	
	

	PP
	.290
	<.001
	<.001
	<.001
	<.001
	.001
	.001

	NAA
	.730
	.109
	.226
	.549
	.861
	.728
	.759

	PP × NAA
	.956
	.953
	.991
	.973
	.935
	.964
	.942

	CV % (a)
	8.01
	3.98
	2.79
	2.73
	2.58
	2.18
	1.56

	CV % (b)
	11.00
	5.12
	2.32
	3.11
	2.80
	2.05
	1.07


Means followed by same letters in each column are not significantly different by LSD test at 5% level. CV = Coefficient of variation
Table 5 Total reproductive structures points per plant of cotton as affected by different plant populations and Naphthalene Acetic Acid (NAA) concentrations at different growth stages during post-monsoon season, 2025-2026

	[bookmark: _Hlk238629216]Treatments

	Total reproductive structures points per plant (No.)

	
	35 DAS
	49 DAS
	63 DAS
	77 DAS
	91 DAS
	105 DAS
	119 DAS

	Plant populations (PP)
	
	
	
	
	
	
	

	P1 (34429 plants ha-1)
	7.73
	16.61 a
	34.19 a
	63.35 a
	68.31 a
	71.31 a
	77.30 a

	P2 (43037 plants ha-1)
	7.49
	16.19 ab
	32.20 b
	58.30 b
	65.59 b
	67.73 b
	70.40 b

	P3 (57383 plants ha-1)
	7.43
	15.97 bc
	30.17 c
	53.69 c
	61.60 c
	64.66 c
	67.66 c

	P4 (86074 plants ha-1)
	7.40
	15.70 c
	28.13 d
	48.27 d
	54.64 d
	60.20 d
	66.68 c

	LSD 0.05
	0.36
	0.44
	0.85
	1.66
	1.98
	1.72
	1.49

	NAA concentrations (NAA)
	
	
	
	
	
	
	

	N1 (0 ppm NAA)
	7.45
	16.00
	31.08
	55.63
	62.34
	65.83
	70.18

	N2 (20 ppm NAA)
	7.52
	16.11
	31.17
	55.88
	62.49
	65.92
	70.56

	N3 (40 ppm NAA)
	7.58
	16.24
	31.28
	56.20
	62.77
	66.17
	70.78

	LSD 0.05
	0.63
	0.45
	0.95
	1.06
	1.28
	1.22
	1.85

	Pr>F
	
	
	
	
	
	
	

	PP
	.206
	.011
	<.001
	<.001
	<.001
	<.001
	<.001

	NAA
	.916
	.537
	.905
	.540
	.773
	.833
	.789

	PP × NAA
	.943
	.991
	.984
	.964
	.706
	.858
	.826

	CV % (a)
	4.19
	2.36
	2.36
	2.58
	2.74
	2.26
	1.83

	CV % (b)
	9.69
	3.23
	3.51
	2.19
	2.37
	2.14
	3.04


[bookmark: _Hlk238629343]Means followed by same letters in each column are not significantly different by LSD test at 5% level. CV = Coefficient of variation
Table 6 Total reproductive structure setting points per plant of cotton as affected by different plant populations and Naphthalene Acetic Acid (NAA) concentrations at different growth stages during pre-monsoon season, 2025

	[bookmark: _Hlk238629381]Treatments

	Total reproductive structure setting points per plant (No.)

	
	35 DAS
	49 DAS
	63 DAS
	77 DAS
	91 DAS
	105 DAS
	119 DAS

	Plant populations (PP)
	
	
	
	
	
	
	

	P1 (34429 plants ha-1)
	11.72
	18.32 a
	47.22 a
	52.33 a
	51.57 a
	49.27 a
	48.47 a

	P2 (43037 plants ha-1)
	11.61
	17.14 b
	42.74 b
	46.12 b
	45.91 b
	42.92 b
	42.34 b

	P3 (57383 plants ha-1)
	11.19
	15.40 c
	37.91 c
	39.32 c
	36.84 c
	36.17 c
	33.66 c

	P4 (86074 plants ha-1)
	10.90
	14.36 d
	34.38 d
	33.44 d
	30.05 d
	29.24 d
	24.79 d

	LSD 0.05
	1.05
	0.75
	2.56
	2.52
	2.69
	2.42
	2.18

	NAA concentrations (NAA)
	
	
	
	
	
	
	

	N1 (0 ppm NAA)
	11.15
	15.88
	37.69 c
	39.24 c
	38.08 c
	36.38 c
	33.08 c

	N2 (20 ppm NAA)
	11.36
	16.43
	40.93 b
	43.47 b
	41.43 b
	39.60 b
	37.23 b

	N3 (40 ppm NAA)
	11.56
	16.62
	43.07 a
	45.68 a
	43.77 a
	42.22 a
	41.64 a

	LSD 0.05
	1.08
	0.72
	1.13
	1.40
	1.76
	1.78
	1.91

	Pr>F
	
	
	
	
	
	
	

	PP
	.290
	<.001
	<.001
	<.001
	<.001
	<.001
	<.001

	NAA
	.730
	.109
	<.001
	<.001
	<.001
	<.001
	<.001

	PP × NAA
	.983
	.952
	.373
	.282
	.826
	.918
	.992

	CV % (a)
	8.01
	3.98
	5.47
	5.11
	5.67
	5.33
	5.07

	CV % (b)
	11.00
	5.12
	3.21
	3.77
	4.95
	5.21
	5.91


[bookmark: _Hlk238629474]Means followed by same letters in each column are not significantly different by LSD test at 5% level. CV = Coefficient of variation
Table 7 Total reproductive structure setting points per plant of cotton as affected by different plant populations and Naphthalene Acetic Acid (NAA) concentrations at different growth stages during post-monsoon season, 2025-2026

	[bookmark: _Hlk238629522]Treatments

	Total reproductive structure setting points per plant (No.)

	
	35 DAS
	49 
DAS
	63 DAS
	77 DAS
	91 DAS
	105 DAS
	119 DAS

	Plant populations (PP)
	
	
	
	
	
	
	

	P1 (34429 plants ha-1)
	7.73
	16.61 a
	30.25 a
	48.83 a
	46.14 a
	45.97 a
	44.61 a

	P2 (43037 plants ha-1)
	7.49
	16.19 ab
	27.20 b
	42.42 b
	41.37 b
	39.03 b
	37.76 b

	P3 (57383 plants ha-1)
	7.43
	15.97 bc
	24.29 c
	36.69 c
	35.80 c
	34.07 c
	32.34 c

	P4 (86074 plants ha-1)
	7.40
	15.70 c
	21.68 d
	30.27 d
	28.36 d
	27.62 d
	24.56 d

	LSD 0.05
	0.36
	0.44
	1.07
	1.84
	1.98
	2.19
	1.70

	NAA concentrations (NAA)
	
	
	
	
	
	
	

	N1 (0 ppm NAA)
	7.45
	16.00
	24.61 c
	36.77 c
	35.50 c
	34.48 c
	31.54 c

	N2 (20 ppm NAA)
	7.52
	16.11
	25.75 b
	39.92 b
	38.10 b
	36.75 b
	35.03 b

	N3 (40 ppm NAA)
	7.58
	16.24
	27.20 a
	41.97 a
	40.15 a
	38.80 a
	37.88 a

	LSD 0.05
	0.63
	0.45
	0.95
	1.33
	1.61
	1.39
	2.21

	Pr>F
	
	
	
	
	
	
	

	PP
	.206
	.011
	<.001
	<.001
	<.001
	<.001
	<.001

	NAA
	.916
	.537
	<.001
	<.001
	<.001
	<.001
	<.001

	PP × NAA
	.982
	.995
	.998
	.694
	.994
	.998
	.990

	CV % (a)
	4.19
	2.36
	3.57
	4.04
	4.54
	5.19
	4.22

	CV % (b)
	9.69
	3.23
	4.26
	3.88
	4.89
	4.38
	7.34


[bookmark: _Hlk238630929]Means followed by same letters in each column are not significantly different by LSD test at 5% level. CV = Coefficient of variation

Table 8 Yield and yield components of cotton as affected by different plant populations and Naphthalene Acetic Acid (NAA) concentrations during pre-monsoon season, 2025

	[bookmark: _Hlk238630979]Treatment
	No. of harvested
bolls per plant
	Single boll
weight (g)
	1000 seed
weight (g)
	Seed cotton yield

	
	
	
	
	g plant-1
	kg ha-1

	Plant populations (PP)
	
	
	
	
	

	P1 (34429 plants ha-1)
	22.30 a
	3.89 a
	83.44
	88.69 a
	2102.9 d

	P2 (43037 plants ha-1)
	19.90 b
	3.53 b
	82.11
	76.45 b
	2594.7 c

	P3 (57383 plants ha-1)
	16.25 c
	3.24 c
	82.00
	64.66 c
	3150.5 b

	P4 (86074 plants ha-1)
	13.76 d
	2.81 d
	79.89
	42.15 d
	3652.4 a

	LSD 0.05
	1.39
	0.22
	3.66
	7.67
	127.09

	NAA concentrations (NAA)
	
	
	
	
	

	N1 (0 ppm NAA)
	14.18 c
	3.17 c
	80.75
	50.32 c
	2669.1 c

	N2 (20 ppm NAA)
	19.04 b
	3.36 b
	81.92
	67.63 b
	2867.7 b

	N3 (40 ppm NAA)
	20.94 a
	3.57 a
	82.92
	86.01 a
	3088.5 a

	LSD 0.05
	1.32
	0.16
	2.06
	11.62
	100.76

	Pr>F
	
	
	
	
	

	PP
	<.001
	<.001
	0.810
	<.001
	<.001

	NAA
	<.001
	<.001
	0.585
	<.001
	<.001

	PP × NAA
	.858
	.341
	.956
	.569
	.360

	CV % (a)
	6.68
	5.55
	9.49
	9.78
	3.83

	CV % (b)
	8.48
	5.56
	6.16
	19.75
	4.05



[bookmark: _Hlk238631058]Means followed by same letters in each column are not significantly different by LSD test at 5% level. CV = Coefficient of variation

Table 9 Yield and yield components of cotton as affected by different plant populations and Naphthalene Acetic Acid (NAA) concentrations during post-monsoon season, 2025-2026

	Treatment
	No. of harvested
bolls per plant
	Single
 boll
weight (g)
	1000 seed
weight (g)
	Seed cotton yield

	
	
	
	
	g plant-1
	kg ha-1

	Plant populations (PP)
	
	
	
	
	

	P1 (34429 plants ha-1)
	21.63 a
	3.58 a
	82.44
	77.49 a
	2014.0 d

	P2 (43037 plants ha-1)
	18.44 b
	3.43 b
	81.67
	63.36 b
	2272.4 c

	P3 (57383 plants ha-1)
	16.58 c
	3.28 c
	81.44
	54.42 c
	2510.5 b

	P4 (86074 plants ha-1)
	13.39 d
	2.80 d
	80.33
	37.59 d
	3041.3 a

	LSD 0.05
	1.03
	0.14
	1.74
	4.79
	113.36

	NAA concentrations (NAA)
	
	
	
	
	

	N1 (0 ppm NAA)
	16.48 c
	3.16 c
	80.75
	53.05 c
	2227.4 c

	N2 (20 ppm NAA)
	17.56 b
	3.27 b
	81.25
	58.21 b
	2462.7 b

	N3 (40 ppm NAA)
	18.49 a
	3.39 a
	82.42
	63.38 a
	2688.5 a

	LSD 0.05
	0.77
	0.10
	1.88
	2.94
	121.63

	Pr>F
	
	
	
	
	

	PP
	<.001
	<.001
	.695
	<.001
	<.001

	NAA
	<.001
	.001
	.669
	<.001
	<.001

	PP × NAA
	.881
	.684
	.983
	.991
	.982

	CV % (a)
	5.09
	3.74
	4.53
	7.13
	4.00

	CV % (b)
	5.06
	3.39
	5.67
	5.84
	5.71


Means followed by same letters in each column are not significantly different by LSD test at 5% level. CV = Coefficient of variation

4. CONCLUSION
Plant population and NAA concentration significantly affected plant height, yield, and yield-contributing parameters of cotton in both seasons. As plant population increased, plant height and seed cotton yield per hectare increased significantly, whereas yield-contributing parameters decreased. Among the tested plant populations, the highest plant population, p4 (86,074 plants ha⁻¹, with 75 cm × 30 cm spacing and two plants per dibble), produced the greatest seed cotton yield per hectare because the greater number of plants per unit area resulted in a greater number of harvested bolls per unit area despite lower productivity per plant. As the applied NAA concentration increased, plant height and seed cotton yield per hectare increased significantly. Among the tested NAA concentrations, n3 (40 ppm) produced the highest seed cotton yield. Therefore, increasing the plant population to 86,074 plants ha⁻¹ using a spacing of 75 cm × 30 cm with two plants per dibble and applying 40 ppm NAA could improve seed cotton yield under the conditions of both seasons studied.


Limitations

The study was conducted at a single research location using one cotton cultivar and covered only one pre-monsoon and one post-monsoon season. Consequently, the observed responses may vary under other soil, climatic, varietal, or management conditions. In addition, plant population and NAA concentration were evaluated only within the specified treatment ranges. The absence of significant interaction effects should therefore be interpreted within these experimental conditions. Multi-location and multi-year studies involving additional cultivars, plant populations, and NAA concentrations would strengthen the generalisability of the findings.
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