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ABSTRACT 
 

Adopting a high-density planting system in cotton cultivation has resulted in 

increased yields compared to traditional methods. Despite the clear benefits, farmers 

face various challenges throughout the cultivation process, from sowing to 

harvesting. However, selecting appropriate plant spacings, fertilizer levels and 

implementing tailored cultivation techniques can significantly enhance productivity. A 

field experiment was conducted at Siddapur research farm, Regional Agricultural 

Research Station, Warangal, Telangana, India during kharif 2023 to investigate the 

“Impact of different plant densities and fertilizer levels on yield attributes, yield and 

fibre quality characters of cotton in high density planting system (HDPS)”. The 

experiment was laid out in randomized block design (factorial) and replicated thrice, 

consisting of 12 treatment combinations comprising of three plant spacings S1: 80 x 

20 cm (62,500 plants ha-1), S2: 90 x 15 cm (74,074 plants ha-1), S3: 90 x 60 cm in 

factor I and four fertilizer levels (F1: 100%RDF, F2: 125%RDF, F3: 100%RDF + 

Microbial consortia , F4: Control )in factor II. Both the factors significantly influenced 

the number of bolls per plant, number of bolls m-2 and seed cotton yield per hectare. 

The results revealed that higher no. of bolls plant-1 were recorded in 90 x 60 cm 

(18,518 plants ha-1) however, higher no. of bolls m-2, seed cotton yield (2233 kgha-1) 

obtained from higher plant density (74,074 plants ha-1) with the spacing 90 x 15 cm. 

Boll weight was not significantly influenced by varied plant spacings and fertilizer 

levels. Among the different levels of fertilizer, 125%RDF recorded highest no. of 

bolls per plant, no. of bolls m-2 and seed cotton yield (2362 kgha-1). Fibre quality 

characters viz., Upper half mean length(mm), micronaire(µginch-1), tenacity(gtex-1) 



 

 

and uniformity index (%) were not significantly influenced by both plant spacings and 

fertilizer levels as they are primarily governed by genetic makeup of cotton 

genotypes.For optimum seed cotton yield, cotton should be sown at closer spacing 

90 x 15 cm and the application of 125%RDF was economically feasible in high 

density planting system. 
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1. INTRODUCTION  
 

Cotton (Gossypium hirsutum L.) is one of the most important commercial cash crop 

and fibre crop of global significance and cultivated in more than seventy countries. It is 

referred to as "White gold" or the "King of fibers" because it is a vital raw material for the 

economy that generates employment and foreign exchange. 

“According to the United States Department of Agriculture (USDA), globally, cotton area and 

production are projected as 35.5 million hectares and 115.7 million bales during 2022-23” 

(PJTSAU, 2023). “India has the largest area under cotton cultivation with 13.0 million 

hectares with the production and productivity of 34.3 million bales and 447 kg ha-1, 

respectively during 2022-23. In Telangana, the area of cotton during 2021-22 was 1.8 million 

hectares with the production and productivity of 4.8 million bales and 439 kg ha-1, 

respectively (Indiastat). The average lower productivity of cotton in India in general or 

Telangana state in particular can be primarily attributed to the fact that a majority of the 

cotton-growing zones are reliant on rainfed conditions. Most of the research findings 

revealed that heavy soils are more suitable for cotton cultivation” [12]. However, in the state 

of Telangana, most of the farmers are cultivating cotton as a rainfed crop on light textured 

soils characterized by shallow depth, poor fertility, vulnerable to water and soil erosion, 

producing notably low yields. Further, monocropping, low plant population, imbalanced 

application of fertilizers and delayed sowing due to late onset of rainfall, intermittent and 

terminal dry spells. 



 

 

“Almost 95 per cent Indian cotton farmers cultivated the genetically modified Bt cotton. But 

the farmers are facing a problem of stagnating yields from Bt cotton hybrids due to increased 

labour demand, increased labour costs and increased costs for cotton picking and nutrient 

requirements. All these facts point to the direct need for sustainable practices. So, to sustain 

the productivity, high density planting systems, with narrow and ultra narrow spacing for 

rainfed soils and developing suitable management options for improving yields and to 

improve input use efficiency is the need of the hour” [14]. 

“In cotton, wider intra row spacing often creates the problem of wider gaps when the plant 

stand is affected either by heavy rainfall or due to high temperature with prolonged or 

intermittent dry spell during seedling development. So, the poor plant stands results in low 

seed cotton yield. Hence, to maintain optimum plant populations the intra-row spacing must 

be reduced and short compact genotypes can be grown which produce higher yield at closer 

intra-row spacing” [3] [15]. A possible way for redefining cotton productivity is through the 

manipulation of row spacing to increase plant density and their spatial arrangement with an 

appropriate plant geometry, which is termed as high-density planting system (HDPS) in 

cotton.  

“Among the various factors of cotton production, the plant density and fertilizer dose plays a 

significant role. Plants may show better growth and development and give highest yield per 

plant but may not give maximum yield per unit area because of inadequate plant population. 

Thus, for increasing economic yield, optimum spacing is essential”. [7] 

               Management aspects like plant density and nutrient management are two 

important agronomic practices for getting higher productivity in cotton. Establishing an 

appropriate plant stand is paramount to obtain higher yields as lower plant density will be 

wastage of resources    while, high plant density limits individual plant growth. 

The study on the impact of varying plant densities and fertilizer levels on yield attributes, 

yield, and fiber quality of Bt cotton in HDPS is vital for the scientific community. This 

research can optimize crop management practices, boost productivity, and improve fiber 

quality, all crucial for the sustainable growth of the cotton industry. The findings will aid 

farmers in selecting optimal planting densities and fertilizer applications to maximize yields 

and ensure economic viability, enhancing the overall efficiency and competitiveness of 

cotton production. 

“The yield and yield attributing parameters of cotton vary with the plant spacings” 

[16] [20]. “Balanced fertilization is one of the major key factors for enhancing the cotton 

yields” [19]. The maximum yield potential of Bt cotton hybrids can only be realized by proper 



 

 

agronomic techniques, such as correct plant spacing and balanced nitrogen fertilizer, 

whether under irrigated or rainfed circumstances. Given the increased area of Bt cotton as 

well as farmer-specific tests with various plant geometries, it was deemed necessary to 

undertake the current experiment to specify appropriate plant geometry and fertilizer levels. 

As a result, the current study was conducted to determine appropriate plant geometry and 

fertilizer levels under a high density planting scheme. 

 
2. MATERIAL AND METHODS  
 
The experiment was conducted at Siddapur research farm, Regional Agricultural Research 

Station, Warangal, Telangana during kharif 2023. The soil of the experimental site was 

sandy loam in texture. It was low available N (250 kg ha-1), medium in available P (21.3 kg 

ha-1) and organic carbon content (0.52%), high in available K (361.2 kg ha-1) and pH (7.3). 

The total rainfall received during the cropping season was 873.8 mm. The experiment was 

laid out in randomized block design (factorial) and replicated thrice, consisting of 12 

treatment combinations comprising of three plant spacings S1: 80 x 20 cm (62,500 plants ha-

1), S2: 90 x 15 cm (74,074 plants ha-1), S3: 90 x 60 cm in factor I and four fertilizer levels 

(F1: 100%RDF, F2: 125%RDF, F3: 100%RDF + Microbial consortia , F4: Control )in factor II. 

Seed of cotton hybrid, RCH-665 was sown by dibbling as per treatments on 6 July of 2023. 

A full dose of phosphorus was applied as basal application at the time of sowing. The 

required amount of nitrogen along with potassium was applied to the surface of soil as band 

placement at 20, 40, 60 and 80 (DAS) according to treatments. Microbial consortia include 

Azotobacter (500gm), Phosphorous Solubilizing Bacteria-PSB (500 gm) and Potassium 

Releasing Bacteria-KRB (500gm) are mixed with 50kg vermicompost and applied to the soil 

of respective treatments. All the recommended agronomic practices and need-based plant 

protection measures were followed to establish a better and healthy crop. The growth and 

yield observations were recorded as per standard procedures. 

Number of bolls plant-1: The total number of bolls which are present in boll development 

and opened bolls at picking from the five tagged plants from the net plot were counted, 

averaged and expressed as no. of bolls plant-1 . 

Number of bolls m
-2

: Number of bolls were counted from one square meter area of the 

net plot in each treatment before the harvest and expressed as number of bolls m-2. 

Boll weight (g boll-1): The seed cotton yield obtained from bolls of tagged plants in each 

plot was weighed, averaged and expressed as boll weight in g boll-1. 



 

 

Seed cotton yield (kg ha-1): After picking, seed cotton obtained from each treatment in net 

plot was weighed on an electronic balance. The seed cotton yield was obtained from picking 

of net plots in each treatment, was weighed in g plot-1 and yield was converted to kg ha-1. 

Fibre quality characters: Fiber characters like Upper half mean length(mm), uniformity 

index (%), micronaire (µg inch-1) and tenacity (g tex-1) of cotton in each treatment were 

measured using high volume instrument (HVI). For Fibre quality studies, 100 g lint from each 

treatment from net plot was collected and sent for analysis to Central Institute for Research 

on Cotton Technology (CIRCOT), Mumbai. 

The data was statistically analyzed by adopting standard analysis of variance (ANOVA) as 

described by Gomez and Gomez, [9]. The significance difference was also tested using ‘F’ 

value at 5% level of significance. The value of critical difference (C.D.) for examining 

treatment means for their significance was done at 5% level. 

 
3. RESULTS AND DISCUSSION 
 
3.1 Effect of different Plant Spacings and Fertilizer levels on yield attributes of Cotton 
“The results showed that yield attributes like number of bolls per plant, no. of bolls m-2 were 

significantly influenced by plant spacings. Cotton planted at 90 x 60 cm (18,518 plants ha-1) 

produced more number of bolls per plant (22.2) (Table 1) compared to other two spacings. 

Reduced cotton plant densities typically produce a greater number of bolls outside the first 

and second position as well as sympodia arising from monopodial branches that may be due 

to less inter plant competition within the row” [14]. However, cotton planted with more plant 

density of 74,074 plants ha-1 (90 cm x 15 cm) produced more bolls m-2(112.3) followed by 80 

x 20 cm (62,500 plants ha-1)(108.8) proved to be superior over the normal spacing 90 x 60 

cm (18,518 plants ha-1).The results are in conformity with findings of Kumar and 

Ramachandra [9] [11], where high plant density per unit area increased the number of bolls 

relative to low plant densities. 

Data on no. of bolls per plant and unit area revealed that significantly higher were recorded 

with application of 125%RDF(F2) and followed by 100%RDF + Microbial consortia(F3) and 

100%RDF. Further, lower were recorded in the control treatment(F4).“Cotton plant 

produced more bolls per plant in wider rows because of substantial space available for 

growth, more photosynthetic efficiency, frequent availability of water and nutrients, less 

humidity for efficient control of insect pest attack and boll saving from rottening, which 

resulted in increase in fruiting points, fruiting period, fruit retention and ultimately greater 

bolls per plant and seed cotton yield per plant.The number of bolls per plant is a function of 

boll production and retention which mainly depends on leaf area development and its 



 

 

photosynthetic efficiency. The increase in the number of picked bolls per plant with higher 

doses of fertilizer might be due to greater nutrient availability and uptake, enhanced leaf 

formation, improved photosynthesis, and better translocation of assimilates to reproductive 

parts, leading to improved square and boll formation. These results are supported” by [8] [6]. 

Whereas boll weight was not significantly affected by varied plant spacings and fertilizer 

levels. 

 

3.2 Effect of different Plant Spacings and Fertilizer levels on Seed cotton yield (kg/ha) 
Seed cotton yield (SCY) (kg/ha) was significantly influenced by plant geometry and fertilizer 

levels (Table 1). Significantly maximum seed cotton yield (2233kg/ha)) recorded with S2-90 

x 15cm due to optimum plant density per unit area increased the number of bolls per unit 

area and it was followed by S1-80 x 20 cm (2040kg/ha). The lowest seed cotton yield 

(1841kg/ha) was noticed with S3-90 x 60 cm due to less plant population per unit area even 

though more no. of bolls per plant recorded. These results are in conformity with the work 

done by Singh et al. [20], Gouthami et al. [10], [16], [18]. 

SCY was significantly influenced by different fertilizer levels. Among them, significantly 

higher seed cotton yield (2072 kg ha-1) was recorded with 125%RDF, compared to 

100%RDF + Microbial consortia (1706 kg ha-1) and 100%RDF (1996 kg ha-1) and lower seed 

cotton yield was recorded in the control treatment.The crop canopy has an impact on 

production efficiencies and profitable yields, which can be controlled through row spacing 

and population modification. An adequate plant stand may help in harnessing all renewable 

and non-renewable resources in a more and efficient manner, leading to increased 

agricultural yields. 

In cotton plants, nutrient requirements vary across different growth stages rather than being 

uniform. Applying fertilizers according to the specific crop growth periods enhances nutrient 

uptake, promotes plant growth and development, and ultimately supports higher seed cotton 

yields. 

According to Dadgale et al. [7] the beneficial impact of mineral nutrient supply on the number 

of sink organs is not solely due to increased nitrogen (N) supply, but also due to enhanced 

supply of photosynthates to the sink sites. These results are in conformity with Bharathi et al. 

[5] and Kanchana et al. [11]. 

The interaction effect on yield attributes and seed cotton yield on varied plant spacings and 

fertilizer levels was found to be non-significant during this study. 

3.3 Effect of different Plant Spacings and Fertilizer levels on Fibre quality characters 



 

 

“There are a number of factors influencing fiber quality, of which cultivar is of the greatest 

importance while agronomic practices are secondary” [4]. A perusal data presented in the 

(Table 1) shows the fibre quality characters, viz. upper half mean length (mm), tenacity (gtex-

1), micronaire (µginch-1) and uniformity ratio (%) were not influenced significantly due to 

varied plant spacings, fertilizer levels and their interaction. This was due to the fact that 

quality parameters are primarily governed by genetic makeup of cotton genotypes. Similar 

results were reported by Dadgale et al. [7][17]. 

 
 
Table 1. Yield attributes, yield and fibre quality characters of Bt cotton under varied 
plant densities and fertilizer levels during kharif, 2023 
 
 

Spacings 

No. of 
bolls 
plant -

1 

No. of 
bolls m-2 

Boll 
weight 

(g) 

Seed 
cotton 
yield 

(kg/ha) 

UHML 
(mm) 

Micronaire 
(µg inch-1) 

Tenacity 
(g tex-1) 

Uniformity 
index (%) 

S1: 80 cm X 
20 cm (62,500 
plants ha-1) 

19.6 108.8 4.2 2040 28.36 3.86 29.22 83.75 

S2 :90 cm X 
15 cm (74,074 

plants ha-1) 
16.1 112.3 4.0 2233 28.43 3.93 29.48 83.75 

S3: 90 cm X 
60 cm (18,518 

plants ha-1) 
22.2 40.1 4.3 1841 28.19 3.84 28.96 83.67 

SEm+ 0.38 2.2 0.13 4.91 0.23 0.07 0.22 0.26 

CD (P=0.05) 1.11 6.45 NS 14.41 NS NS NS NS 

Fertilizer Levels 

F1: 100%RDF 18.5 84.7 4.3 1942 28.36 3.81 29.21 83.77 

F2: 125% RDF 22.7 105.4 4.0 2362 28.55 3.91 29.64 83.66 

F3: 100% 
RDF+ 

microbial 
consortia 

20.5 93.5 4.3 2113 28.15 3.9 28.94 83.77 

F4: Control 15.4 64.4 3.9 1737 28.22 3.87 29.06 83.66 

SEm+ 0.44 2.54 0.15 5.67 0.27 0.08 0.26 0.3 

CD (P=0.05) 1.28 7.45 NS 16.64 NS NS NS NS 

Interaction 

SEm+ 0.76 4.4 0.26 9.82 0.47 0.14 0.45 0.51 

CD (P=0.05) NS NS NS NS NS NS NS NS 



 

 

*NS- Nonsignificant 
 
4. CONCLUSION 
 
From the above discussion it was concluded that growing Bt cotton at plant density of 74,074 

plants ha-1 under HDPS by adopting spacing of 90 cm x 15 cm was found to be effective to 

obtain significantly higher seed cotton yield (2233 kg ha-1). With respect to fertilizer levels, 

(125 % RDF) recorded the highest seed cotton yield (2362 kg/ha) because more no of bolls 

per plant in a unit area were registered. 
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