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Abstract 

Cotton is an important cash crop of Pakistan and it is very popular among the farmers' community of southern Punjab, especially 

the Bahawalpur area. According to National data, both zinc and boron are more deficient micronutrients in the soils of Pakistan. 

Farmers apply fertilizers in haphazard manners without any recommendation and they have very little know-how about the role 

of micronutrients, especially boron and zinc on cotton (Gossypium hirsutum L.). A field experiment was conducted to determine 

the response of cotton to boron and zinc applications along with NPK in the soils of southern Punjab to increase the quality, 

growth and yield of cotton. The results showed that the integrated use of micro and macronutrients caused a significant 

improvement in growth, yield, nutrient uptake and fiber quality of the cotton crop. Maximum improvement in plant height (61%), 

boll diameter (75%), number of bolls plant-1 (100%), and fiber strength (11%) was observed in T8 where boron @ 2 kg ha-1 and 

zinc @ 5 kg ha-1 were applied along with recommended dose of NPK. The T8 also significantly improved the nutritional status 

(51, 75, 40%, 94%, and 72% increase in N, P, K, Zn and B contents) and yield of cotton (44% and 48% increase in lint yield and 

cotton seed yield, respectively) as compared to unfertilized control. It is concluded that boron @ 2 kg ha-1 and zinc @ 5 kg ha-1 

should also be applied in combination with macronutrients for sustainable production of Bt cotton.  
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Introduction 

Pakistan is the fourth largest producer of cotton 

(Gossypium hirsutum L.) in the world and is a vital 

player in the cotton producing countries. Cotton 

covers about 3 million hectare area and shares about 

1.5% of GDP annually [1]. It fulfills the demand of 

raw lint for country’s largest industry (Textile 

industry) and makes a good affluence in the form of 

foreign exchange [2]. However, the yield of cotton in 

Pakistan is still far behind from developed countries. 

Judicious use of fertilizers is a key to obtaining 

maximum yield in all crops, including cotton [3]. 

Cotton plant has an indeterminate growth pattern, so 

the use of balanced micro and macro nutrients is 

essential for the optimum vegetative and reproductive 

growth to obtain maximum yield [4]. For Bt-cotton, a 

lot of work has been done in developing optimum 

levels of NPK fertilizers, but there is a lack of interest 

in determining the adequate levels of micro-nutrients 

for its sustainable production. While, under our soil 

conditions, boron and zinc are reported as deficient 

micronutrient and their deficiency significantly 

lowering cotton yield in the recent years [5]. For the 

nutrition of the cotton plant, boron is considered as a  

 

crucial component. Its deficiency results in alteration 

of many physiological processes and if applied in 

excess, its toxicity results in a severe reduction in 

yield [6]. Boron holds key tasks in cotton’s 

vegetative as well as reproductive growth. During 

early development, it is involved in cell growth and 

elongation, by regulating the translocation of sugars, 

formation of cell wall, mediating the synthesis of 

amino acids and carrying out the nitrate metabolism 

[7, 8]. At later stages, boron is involved in flowering, 

seed and fruit development. Goldbach [9] reported 

that boron is involved in facilitating the uptake and 

utilization of phosphorus by controlling phosphorus 

efflux during root and flower growth. It is also 

involved in the pollen growth and fertilization, by 

maintaining the hormonal concentrations in ovary, 

ensuring better seed growth and fiber quality [10]. On 

the other hands, the excessive supply of boron results 

in severe toxicity leading to necrotic leaves and 

lowering the dry matter production [6]. The higher 

concentration of boron results in deficiency of Ca
+2

 

and K
+
 resulting in browning of leaves and death of 

terminal bud [11]. Higher level of boron also fixes 
the NAD

+
 and ribose sugars in cytoplasm, resulting 

in inhibition of RNA activity leading to the restricted 
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biosynthesis of several enzymes involved in plant 

biochemical machinery [12, 13] 

Alkaline calcareous soils of arid and semi-arid 

regions in the whole world are the main cause of zinc 

deficiency in plant nutrition and ultimately in the 

plants [14]. Zinc availability lowers down due to the 

precipitation of zinc in alkaline soil solution, and due 

to the fixation of zinc with CaCO3 particles and 

mainly due to lower zinc replacement in soil solution 

because of low organic matter contents generally less 

than 1% [14]. Zinc plays an important role as a 

catalyst in many enzymatic metabolic processes [15], 

like the integrity of membrane [16], protein 

compounds synthesis, biosynthesis of tryptophan 

[17], nitrogen, phosphorus and potassium uptake by 

plants and their metabolism and mobilization of 

photosynthates [18, 19]. In the plants grown in zinc 

deficient soils, the plant leads to punctured plasma 

membrane in mostly plant roots as observed by high 

rates of efflux of K
+
 [16, 19]. Keeping in view the 

importance of boron and zinc in plant nutrition and 

the consequences of their mismanagement, the 

present study was conducted to determine the 

adequate level of boron along with other micro and 

macro nutrients for sustainable production of Bt 

cotton.  

Materials and methods 

Field experiment 

A field experiment was conducted to determine 

the adequate level of boron and zinc for quality 

production of cotton. The experiment was laid out in 

Randomized Complete Block Design with four 

replications. A set of treatments as T1 = Control (No 

fertilizer), T2 = NPK (230-80-65 kg ha
-1

), T3 = Boron 

(1 kg ha
-1

), T4 = Boron (2 kg ha
-1

), T5 = Boron (3 kg 

ha
-1

), T6 = Zinc (5 kg ha
-1

), T7 = Boron (1 kg ha
-1

)
 
and 

zinc (5 kg ha
-1

), T8 = Boron (2 kg ha
-1

)
 
and zinc (5 kg 

ha
-1

) and T9 = Boron (3 kg ha
-1

)
 
and zinc (5 kg ha

-1
) 

was used in the experiment. The recommended dose 

of NPK fertilizer was applied to all plots except 

control. 

For the sowing of crop, land was prepared at 

proper filed capacity, once with mould board plough 

and harrowed twice to bring the soil to a fine tilth. S-

Metolachlor was applied as pre-emergence herbicide 

and paraquat for eradication of growing weeds. The 

NPK were applied as urea, diammonium phosphate 

and sulfate of potash, respectively. The entire dose of 

P and K were applied as basal dose during land 

preparation, while N was applied in four splits. The 

boron and zinc were applied as Borax and ZnSO4, 

respectively. Whole dose of zinc was applied at the 

time of 1
st
 irrigation as soil application while boron 

was applied in two splits as foliar spray. Adequate 

irrigation was provided to the experimental area for 

minimizing effect of drought stress during cotton 

growth stages, especially at the reproductive stage. 

The field remained in observation throughout the 

course of experiment to avoid the unseen damages. 

Insects were monitored throughout the experiment 

and no insect control was found necessary during the 

growing season. During the experiment, ten plants 

were selected randomly for observations in each plot. 

All physiological traits were measured 80 days after 

planting, the time of peak flowering and fruiting. 

After all bolls had opened, a total of 50-boll sample 

was collected from each plot by hand-harvesting for 

boll weight, seed cotton weight per boll and number 

of seeds per boll. Plots were harvested twice by hand 

and yield of four rows of the plot was weighed and 

calculated for seed cotton yield. The first harvest was 

done on 15 October, 2013 and the second harvest was 

made on 11 November, 2013. The samples were 

ginned on a laboratory roller gin, and seed samples of 

100 seeds were taken from each of the replicates of 

field plots for 100 seed weight. For measuring staple 

length, fiber strength and fiber fineness, a sample of 

40 g lint with 8% moisture was taken from each 

family in each replication, and tested using HVI 

(High Volume Instrument). 

Plant analysis 

The plant sample digestion was done according to 

the Wolf [20] and nitrogen contents were determined 

using micro kjheldahl apparatus as described by Ryan 

et al. [21]. Phosphorus and potassium were 

determined using spectrophotometer and flame 

photometer, respectively, according to the method of 

Chapman and Prat [22] and Ryan et al. [21], 

respectively. Zinc and boron were determined by 

atomic absorption spectrometer as described by Ryan 

et al. [21]. 

 Statistical analysis  

The collected data were analyzed by using 

Fisher’s analysis of variance technique and LSD at 

5% probability was used to compare the treatment 

means [23]. 

Results 

Effect of different levels of boron and zinc on 

growth attributes of Bt-cotton 

The data regarding the effect of different levels of 

boron and zinc on growth attributes of Bt-cotton 

(Table 1) indicates that minimum plant height was 
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observed in control and the application of 

recommended dose of NPK fertilizer (T2) resulted in 

a significant increase (33%) in plant height. While, 

the application of boron @ 1, 2 and 3 kg ha
-1

 along 

with recommended dose of NPK (T3, T4 and T5) 

resulted in 39.48%, 48.35% and 54.02% increase in 

plant height, respectively compared to control (T1). 

The application of different doses of boron, along 

with zinc (5 kg ha
-1

) resulted in significantly higher 

increase in plant height compared to T1 (control), T2 

(NPK 230-80-65 kg ha
-1

), T3 (boron 1 kg ha
-1

), T4 

(boron 2 kg ha
-1

) and T5 (boron 3 kg ha
-1

). 

The results regarding the number of sympodial 

branches plant
-1

 (Table 1) indicated that the lowest 

number of sympodial branches plant
-1 

(10.33 plant
-1

)
 

were observed in control (T1), while with the 

application of recommended NPK, boron and zinc 

resulted in a significant increase in the number of 

sympodial branches plant
-1

 (up to 1 fold). Though, 

the maximum increase in the number of sympodial 

branches plant
-1

 was observed when recommended 

NPK, zinc and boron were applied together. 

However, no significant difference was observed 

with increasing concentration of boron among T7 

(Boron 1 kg ha
-1 

and zinc 5 kg ha
-1

), T8 (Boron 2 kg 

ha
-1 

and zinc 5 kg ha
-1

) and T9 (Boron @ 3 kg ha
-1 

and 

zinc @ 5 kg ha
-1

). 

Effect of different levels of boron and zinc on yield 

attributes of Bt-cotton 

The results regarding the yield parameters 

revealed (Table 1) that the application of NPK and 

different levels of boron (1 kg ha
-1

,
 
2 kg ha

-1
 and 3 kg 

ha
-1

), separately and along with zinc @ 5 kg ha
-1

, 

resulted in a significant increase in boll diameter and 

number of bolls plant
-1

. The data showed that the 

maximum boll diameter and the number of bolls 

plant
-1

 were observed in T9 (boron 3 kg ha
-1 

and zinc 

5 kg ha
-1

 and T8 (boron 2 kg ha
-1 

and zinc 5 kg ha
-1

 

followed by T5 (boron 3 kg ha
-1

). 

The data presented in Fig. 1 also showed that the 

application of boron and zinc with NPK resulted in a 

significant increase in seed cotton yield. The results 

showed that the application of NPK, boron 3 kg ha
-1 

and zinc 5 kg ha
-1

 (T9) resulted in the maximum 

increase (83.6%) in seed cotton yield as compared to 

control. However, no significant difference was 

observed with increasing boron levels. Moreover, 

when zinc was not applied with boron, the seed 

cotton yield was significantly lower than T9 (boron 3 

kg ha
-1 

and zinc 5 kg ha
-1

). 

The data regarding lint yield (Fig. 2) showed that 

the sole application of boron (1, 2 and 3 kg ha
-1

) 

along with NPK (T3, T4 and T5) resulted in a 

significant increase in lint yield (33.5%, 41.7% and 

44.8%, respectively). Furthermore, the application of 

NPK, boron 3 kg ha
-1

 and zinc 5 kg ha
-1

 (T9) showed 

a maximum increase (1 fold) in the lint yield 

followed by T8 (boron 2 kg ha
-1 

and zinc 5 kg ha
-1

). 

 

 
Fig. 1 Effect of different doses of macro and micronutrients on the 
seed yield of cotton (Bars sharing same letters are statistically show 

non-significant results at par at the 5 % level of probability). 

 
Fig. 2 Effect of different doses of macro and micronutrients on lint 
yield of cotton (Bars sharing same letters are statistically show non-

significant results at par at the 5 % level of probability). 

Effect of different levels of boron and zinc on lint 

quality of Bt-cotton 

The data (Table 2) showed that the spinning 

consistency index (SCI) of cotton fiber was 

significantly increased with the application of macro 

(NPK) and micronutrients (zinc and boron), as 

compared to control. The application of NPK, boron 

1 kg ha
-1

 and zinc 5 kg ha
-1 

(T7) resulted in the 

maximum increase (14%) in SCI. Moreover, all other 
treatments showed higher SCI as compared to control 

but there was no statistical difference among them. 
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Table 1 Effect of different doses of macro and micronutrients on the growth and yield parameters of Bt-cotton. 

Treatment 

(kg ha-1) 

Plant height 

(cm) 

No. of 

Sympodial 

branches (plant-1) 

Boll diameter 

(cm) 

No. of bolls 

plant-1) 

Control 117.60 ± 2.193 f 10.33 ± 0.600 e 2.34 ± 0.128 f 31.00 ± 1.323 f 

RD NPK only (230-80-65) 156.03 ± 1.675 e 17.00 ± 0.289 d 2.71 ± 0.019 e 56.33 ± 1.301 e 

Boron (1 kg ha-1) 164.63 ± 1.129 d 18.67 ± 0.440 c 2.99 ± 0.147 e 59.57 ± 0.928 e 

Boron (2 kg ha-1) 174.47 ± 2.511 c 18.77 ± 0.145 c 3.46 ± 0.187 d 64.33 ± 1.878 d 

Boron (3 kg ha-1) 181.13 ± 0.897 b 20.00 ± 0.289 b 3.94 ± 0.027 bc 71.00 ± 1.041 bc 
Zinc (5 kg ha-1) 189.53 ± 0.926 a 20.00 ± 0.289 b 3.42 ± 0.083 d 65.50 ± 2.309 d 

Boron + Zinc (1 + 5 kg ha-1) 188.13 ± 1.980 a 21.17 ± 0.440 ab 3.68 ± 0.056 cd 67.17 ± 1.220 cd 

Boron + Zinc (2 + 5 kg ha-1) 189.77 ± 2.890 a 21.33 ± 0.440 a 4.10 ± 0.091 ab 73.00 ± 0.764 ab 

Boron + Zinc (3 + 5 kg ha-1) 191.03 ± 0.987 a 21.50 ± 0.288 a 4.37 ± 0.083 a 85.67 ± 0.928 a 
LSD (p < 0.05) 5.44 1.18 0.32 4.06 

 RD = recommended dose; Means sharing same letters are statistically show non-significant results at par at 5 % level of probability. 

Table 2 Effect of different doses of macro and micronutrients on the fiber quality of Bt-cotton. 

Treatment 

(kg ha-1) 

Spinning consistency index 

(SCI) 

Fiber fineness 

(Micronaire) 

Upper half mean 

length 

Fiber strength 

(kN-m kg-1) 

Control 129.33 ± 1.86 c 4.24 ± 0.23 c 1.12 ± 0.02 a 28.73 ± 0.786 cd 

RD NPK only (230-80-65) 142.33 ± 0.33 ab 4.61 ± 0.04 ab 1.14 ± 0.01 a 29.43 ± 0.09 bc 
Boron (1 kg ha-1) 139.33 ± 0.88 ac 4.57 ± 0.02 ab 1.13 ± 0.00 a 29.93 ± 0.03 bc 

Boron (2 kg ha-1) 136.33 ± 1.20 ac 4.63 ± 0.04 ab 1.13 ± 0.01 a 26.60 ± 0.10 d 

Boron (3 kg ha-1) 141.67 ± 0.88 ac 4.40 ± 0.07 bc 1.12 ± 0.03 a 29.13 ± 0.50 bd 
Zinc (5 kg ha-1) 143.67 ± 1.86 ab 4.73 ± 0.13 a 1.12 ± 0.02 a 31.51 ± 0.90 ab 

Boron + Zinc (1 + 5 kg ha-1) 147.33 ± 5.21 a 4.74 ± 0.047 a 1.15 ± 0.00 a 30.80 ± 2.18 ac 

Boron + Zinc (2 + 5 kg ha-1) 142.00 ± 10.02 ab 4.22 ± 0.07 c 1.11 ± 0.02 a 32.75 ± 0.71 a 
Boron + Zinc (3 + 5 kg ha-1) 134.00 ± 1.00 bc 4.66 ± 0.07 ab 1.13 ± 0.01 a 28.33 ± 0.23 cd 

LSD (p < 0.05) 12.41 0.31 0.04 2.68 
RD = recommended dose; Means sharing same letters are statistically show non-significant results at par at 5 % level of probability. 

The data presented in Table 2 showed that T6 (zinc 5 

kg ha
-1

) and T7 (boron 1 kg ha
-1

 and zinc 5 kg ha
-1

) 

showed a maximum increase in fiber fineness i.e. 

11.8% increase in each case. Additionally, the results 

also showed that the upper half mean length (UHML) 

of cotton fiber was unaffected by the application of 

zinc and boron as no significant difference among the 

treatments was observed regarding UHML. The 

results regarding fiber strength described that the 

maximum fiber strength (32.75 kN-m kg
-1

) was 

observed in T8 (boron 2 kg ha
-1

 and zinc 5 kg ha
-1

) 

followed by T6 (zinc 5 kg ha
-1

) and T7 (boron 1 kg ha
-

1 
and zinc 5 kg ha

-1
). The statistical analysis of data 

indicated that T6, T7 and T8 were not significantly 

different from each other. 

Effect of different levels of boron and zinc on 

nutrient concentration in shoots of Bt-cotton 

The data regarding nutritional analysis (Table 3) 

showed that the application of macro and 

micronutrient in different combinations resulted in a 

significant increase in nitrogen, phosphorus and 

potassium concentration in shoots. The results 

showed that the maximum increase in nitrogen 

(53.2%) and phosphorus (91%) was resulted in T9 

(boron 3 kg ha
-1

 and zinc 5 kg ha
-1

), while in the case 

of potassium, the maximum increase (47.7%) was 

observed in T7 (boron 1 kg ha
-1

 and zinc 5 kg ha
-1

).  

 

Similarly, in the case of zinc and boron, the data 

showed (Table 3) that the application of boron in 

combination with zinc and NPK resulted in a 

significant increase in zinc concentration in shoots of 

Bt-cotton. The maximum increase in zinc resulted in 

T9 (boron 3 kg ha
-1

 and zinc 5 kg ha
-1

) and T8 (boron 

2 kg ha
-1

 and zinc 5 kg ha
-1

), which were statistically 

similar (97.32% and 94.68% increase, respectively). 

It was also evident from the results (Table 3) that 

boron concentration was significantly increased with 

increasing boron level as the maximum increase in 

boron concentration in shoots (1 fold) was observed 

in T9 where 3 kg ha
-1

 boron was applied with NPK 

and 5 kg ha
-1 

zinc. 

Discussion 

Our study results clearly revealed that the 

combined use of recommended NPK, boron and zinc 

significantly improved the crop yield and quality. 

Several previous studies had determined the positive 

effect of boron and zinc along with NPK fertilizers 

on growth, yield, lint quality and nutrient uptake of 

Bt-cotton [24-28]. The sufficient supply of micro and 

macronutrients results in efficient hormonal activity. 

Higher uptake of boron and zinc promote the 

synthesis of growth promoting hormones, especially 

the production of auxins resulting in enhanced 

growth and increased the number of internodes that 
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Table 3 Effect of different doses of macro and micronutrients on nutrient concentration in shoots of Bt-cotton. 

Treatment 
Nitrogen 

(%) 

Phosphorus 

(%) 

Potassium 

(%) 

Zinc 

(µg g-1) 

Boron 

(µg g-1) 

Control 3.61 ± 0.02 g 0.33 ± 0.01 d 3.27 ± 0.09 e 25.00±1.53 df 27.0 ±1.16 e 
RD NPK only (230-80-65) 4.89 ± 0.01 f 0.57 ± 0.01 b 4.23 ± 0.03 d 24.33±0.67 f 26.67±0.88 e 

Boron (1 kg ha-1) 4.92 ± 0.01 f 0.53±0.01 c 4.33 ± 0.07 cd 24.67±0.88 de 37.33±0.67 c 

Boron (2 kg ha-1) 5.37 ± 0.02 d 0.57 ± 0.01 b 4.60 ± 0.06 b 25.33±0.88 de 36.00 ± 0.58 c 
Boron (3 kg ha-1) 5.44 ± 0.02 bc 0.55 ± 0.01 b 4.59 ± 0.033 b 27.00±0.58 d 46.00 ± 1.15 b 

Zinc (5 kg ha-1) 5.15 ± 0.01 e 0.53 ± 0.01 c 4.70 ± 0.06 ab 48.33±0.67 ab 27.67 ± 0.88 e 

Boron + Zinc (1 + 5 kg ha-1) 5.42 ± 0.01 c 0.52 ± 0.01 c 4.83 ± 0.03 a 46.33±0.67 b 34.33 ± 0.67 d 
Boron + Zinc (2 + 5 kg ha-1) 5.47 ± 0.01 b 0.58 ± 0.01 b 4.60 ± 0.06 b 48.67 ± 0.33 ab 46.67 ± 0.88 b 

Boron + Zinc (3 + 5 kg ha-1) 5.53 ± 0.01 a 0.63 ± 0.01 a 4.43 ± 0.03 c 49.33 ± 0.88 a 56.00 ± 0.58 a 

LSD (p < 0.05) 0.0416 0.0245 0.1508 2.5396 2.6017 
RD = recommended dose; Means sharing same letters are statistically show non-significant results at par at 5 % level of probability. 

 

promoted the development of main shoot as well 

growth of sympodial branches [29-33]. Blevins and 

Lukaszewski [7] explained that the boron plays a 

pivotal role in nitrogen metabolism, membranes 

functioning, photosynthesis and cell division. The 

application of boron improved all these physiological 

processes, resulting in improved growth due to 

enhanced protein synthesis and efficient supply of 

metabolites [34]. All these factors are collectively 

responsible of increased growth attributes as shown 

in Table 1. Kausar et al. [35] and Ahmad et al. [27] 

reported that the balanced use of macro and 

micronutrients resulted in a significant increase in 

yield and product quality. Lint quality is adversely 

affected by the boron deficiency as it has a primary 

role in regulating lint quality and boll development. 

The deficiency of zinc is also a well-documented 

issue that decreases the crop yields by significantly 

decreasing plant performance [36, 37]. Since, these 

micronutrients are involved in indispensable 

functions like translocation and incorporation of 

sugar compounds and nitrogen in complex 

carbohydrates (fiber) and proteins.  

The need of zinc and boron are highest during 

seed formation and lint development. However, under 

calcareous soil conditions, there is acute shortage of 

these nutrients which results in the lower yield and 

lint quality, which could only be overcome by the 

application of these nutrients along with NPK 

fertilization [38]. Wójcik et al. [39] reported that 

boron and zinc application improved the transport 

and deposition of assimilates in fruiting body 

resulting in enhanced fruit yield and quality. The 

increased yield also attributed to the increased 

boronic acid mediated carbohydrate transport through 

cell membranes [10, 40]. Zinc has a synergistic 

relationship with most of essential nutrients 

especially nitrogen. The integrated use of zinc along 

with other nutrients enhanced its uptake [41]. Boron 

and zinc fertilization also significantly improved 

phosphorus accumulation in seeds that enhance the  

 

protein contents resulting in the higher seed yield as 

reported by Aref [42].  

In our study, the nutritional analysis of cotton 

plants showed that the use of boron and zinc with 

NPK resulted in significantly higher uptake of 

nitrogen, phosphorus, potassium zinc and boron. 

Siddiqui et al. [43] reported similar results as they 

concluded that the use of 1.5 kg ha
-1

 boron with 

recommended NPK and zinc resulted in maximum 

improvement in the nutrient status of the plant. 

Similar results were also reported by Neena and 

Chatterjee [44] which further strengthened our 

findings. Marschner [45] suggested that boron is a 

key element of several enzymes involved in the 

regulation of nutrients, metabolites transfer and cell 

membrane permeability. Zinc is also known to have 

an important role in nutrients uptake and metabolism. 

In addition, hormonal regulation and photosynthates 

transportation are also regulated by boron [17-19]. 

Several previous studies clarified the role of boron 

and zinc in nutrients transport and uptake in the 

plant’s body as Robertson and Loughman [46] and 

Parr and Loughman [47] proposed that the deficiency 

of boron limit the uptake of nutrients in plant body 

and inhibit the activity of enzymes involved in the 

long distance transfer of nutrients in plants. The 

inhibited activity of enzymes may be attributed to the 

lower activity of ATPase in membrane vessels under 

limited supply of phosphorus due to zinc deficiency 

[48]. The adequate supply of boron and zinc result in 

improved plant’s internal physiology and improved 

nutrient uptake and assimilation [49-51]. 

Conclusions 

This study revealed that judicious and balanced 

use of micro and macronutrients in Bt-cotton 

substantially improved the growth, boll diameter, 

number of bolls per plant, fiber quality, nutrient 

uptake and seed cotton yield. The results also showed 

that the combination of boron and zinc (2 kg ha
-1 

and 

5 kg ha
-1

, respectively)
 

along with recommended 
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NPK significantly increased the yield and quality of 

cotton than their applications alone.  
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