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ABSTRACT 

Background 

Low yield of cotton on alkaline calcareous soils of Pakistan may be attributed 

to low application and availability of plant nutrients, intensive cultivation, 

nutrient imbalance or less use of organic manures. Hence there is a need to 

improve seed cotton yield by integrated use of macro and micronutrients. 

Methodology A two-year experiment was conducted on a farmer’s field at 

Adaptive Research Station Sahiwal to evaluate the effect of integrated use of 

macro and micronutrients on the yield and yield components of two cotton 

varieties (cv. MNH-886 and FH-142). The  treatments used were  T1: 

Recommended NPK 340-114-92 kg ha-1, T2: NPK + Zn 7.5 kg ha-1 + B 7.5 kg 

ha-1 + Fe 5 kg ha-1 and T3: NPK + Zn 7.5 kg ha-1 + B 7.5 kg ha-1 + Fe 5 kg ha-

1 + Cu 2.5 kg ha-1. Zinc, boron, iron and copper were applied as ZnSO4, 

H3BO4, FeSO4 and CuSO4, respectively. The experiment was laid out using 

split plot design with three replications.  

Results The results of first year revealed that T3 (NPK + Zn 7.5 kg ha-1 + B 

7.5 kg ha-1 + Fe 5 kg ha-1 + Cu 2.5 kg ha-1) proved as the best balanced fertilizer 

dose for higher seed cotton yield of FH-142 (2264 kg ha-1) with higher number 

of bolls (25.8 plant-1) and boll weight (3.37g) followed by seed cotton yield of 

MNH-886 (2156 kg ha-1) with  number of bolls (24.6 plant-1) and boll weight 

(3.23g) obtained in 2nd year with same treatment. Minimum seed cotton yield 

(1963 and 1894 kg ha-1), number of bolls (21.8 and 20.4 plant-1) and boll 

weight (2.92 and 2.78 g) was recorded with application of NPK 340-114-92 

kg ha-1 in case of FH-142 and MNH-886, respectively. The trend of two year 

data was statistically similar. The results showed significant relationship (R2 

= 0.99, 0.99) among boll number and seed cotton yield for FH-142 and MNH-

886, respectively during 2nd year. While, T3 gave highest agronomic efficiency 

(0.506 and 0.529 kg seed cotton kg-1 nutrients for FH-142 during both years.  

Conclusion Better seed cotton yield may be achieved with an integrated use 

of macro and micronutrients. Furthermore, cotton variety FH-142 performed 

better than MNH-886. 

 
 

INTRODUCTION 

  

The soils in Pakistan are predominantly alluvial, 

loessal, alkaline in pH, calcareous and low in organic 

matter (Hussain et al. 2018). These factors are mainly 

responsible for nutrient fixation in soil, and 

subsequently low availability to plants. Total area of 

the world occupied by cotton crop is 30,760 million 

hectares which produces 107.48 million bales, giving 

an average seed cotton yield of 761 kg ha-1. Pakistan 

is the 4th largest producer, 3rd largest exporter and 4th 

largest consumer of cotton in the world. Cotton being 

a white gold in economy of Pakistan contributes more 

than 60 percent to total foreign exchange and about 

8.5% domestic edible oil needs (Anonymous 2001). 

Despite this fact, the productivity of cotton is far
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below as compare to other cotton producing countries. 

Realizing the importance of cotton crop, there is 

pressing need to improve the average yield of seed 

cotton as increasing population demand for increased 

food and clothes. Low average yield of cotton, besides 

many other factors, is attributed to varieties with low 

yield potential and imbalanced use of fertilizers.  

Balanced use of nitrogen (N), phosphorus (P) 

and potassium (K) is an important consideration for 

harvesting higher cotton yield. However, farmers 

usually overuse nitrogenous fertilizer along with sub 

optimal rate of P and K. The mineral nutrition of 

cotton depends on both the cotton root’s ability to 

explore the soil and supply of balanced amount of N, 

P, K and micronutrients to the soils (Bisson et al. 

1994). Soil tests carried out in Pakistan showed a 

general lack of N, a wide spread deficiency of P and 

an occasional deficiency of K (Wahhab 1985). 

Deficiency of N in cotton can reduce both vegetative 

and reproductive growth and induce premature 

senescence, leading to potential yield loss (Gerik et al. 

1994). The balanced and timely availability of N, P, K 

and water are the major constraints to good cotton 

production in most cotton producing environments 

(Morrow and Krieg 1990). Nitrogen is generally 

considered a yield limiting factor in both dryland and 

irrigated cotton production systems that focus on 

optimizing lint yield and avoiding its excessive 

applications that reduce the quality (Hutmacher et al. 

2004). The benefit of N and P fertilizer nutrients 

largely depends on the input responsiveness of cotton 

cultivars (Cioroi and Florea 2003; Nichols et al. 2004). 

Several factors, including soil type, affect cotton 

response to P. The critical level of P is a function of 

actual concentration of the labile pool that in turn 

determines the available P at a given time during the 

growth of cotton (Crozier et al. 2004). Potassium 

fertilization increased cotton yield by 9% in second 

year of a third-year study (Pettigrew 2003). Al-

Mohsen et al. (2015) investigated that the application 

of recommended dose of mineral N and K fertilizer (70 

kg N fed-1 and 24 kg K2O fed-1) gave the highest values 

of plant height, number of open bolls plant-1, boll 

weight, seed index, lint percentage, seed cotton yield 

plant-1 and seed cotton yield fed-1. 

Deficiency of more than one nutrients is frequent 

in alkaline soils of Pakistan (Anonymous 1998; Imtiaz 

et al. 2010). Fageria et al. (2002) reported that with the 

introduction of high yielding varieties, high cropping 

intensity, calcareous nature and alkaline reaction soils, 

imbalanced application of macronutrients and low or 

less use of organic manures caused widespread 

deficiencies of micronutrients. The deficiency of 

boron (B) and zinc (Zn) in our soils has significantly 

the lowered cotton yield (Yaseen et al. 2013). Many 

plant physiological processes are altered by the 

deficiency of B and its excess results in a severe 

reduction in yield because it interferes with the 

absorption of calcium (Ca) and K, resulting in death of 

terminal buds and browning of leaves (Reid et al. 

2004). Previous research documented that B helps in 

P absorption and utilization (Goldbach 1984). It 

ensures better seed growth and fiber quality by 

maintaining the hormonal concentrations in ovary 

(Brown et al. 2002). In calcareous soils, Zn availability 

is less due to its precipitation and fixation with CaCO3 

and lower Zn replacement in soil solution because of 

low organic matter contents (<1%) (Rashid and Ryan 

2004). Zinc plays an important role in the biosynthesis 

of tryptophan (Oosterhuis et al. 1991), integrity of 

membrane (Cakmak and Marschner 1988), enzymatic 

metabolic processes (Vallee and Auld 1990), N, P and 

K absorption by plants and their metabolism as well as 

translocation of photosynthates (Glass 1989; Li et al. 

2009). Copper (Cu) is a crucial metal for normal 

growth and development of plant as it participates in 

many physiological processes and is an essential 

cofactor for many metallo-proteins (Yruela 2005) 

Iron (Fe) is an essential micronutrient for normal 

plant growth and development as it is takes part in 

chlorophyll synthesis and maintenance of chloroplast 

structure and function. It activates many metabolic 

pathways and is a constituent of many enzymes. The 

primary cause of Fe chlorosis in plants is an imbalance 

between the demand and solubility of Fe in soil (Rout 

and Sahoo 2015). Foliar spray of Zn, Fe, B and Cu has 

been reported to be effective in overcoming 

micronutrients deficiency (Ali et al. 2011). Deficiency 

of any single micronutrient may hamper plant growth 

and subsequently yield (Mousavi 2011). 

Among the macronutrients, excessive and 

indiscriminate use of P-fertilizers can affect chemical 

or physiological interactions in soil-plant systems. 

These interactions, known as P-induced micro-

nutrients disorder (Timmer and Teng 1990; Ajouri et 

al. 2004), can reduce the solubility of micronutrients 

(Zn, B, Cu and Fe), leading to their reduced solubility 

and low availability to plants (Wang et al. 1990). 

Boron deficiency or excess may affect the solubility 

and availability of macro and micronutrients in soil 

(Tariq and Mott 2007; Ahmed et al. 2008). Rational 

use of macronutrients is necessary for maintaining soil 

fertility by ensuring solubility and availability of 

micronutrients. The productivity of cotton crop varies 

greatly due to the addition of macro and 

micronutrients. Among micronutrients, Zn, B, Fe and 

Cu fertilizers significantly enhanced the yield of 

cotton. Ahmed et al. (2011) concluded that application 

of B fertilizer @ 0.0, 1.0, 1.5, 2.0, 2.5 and 3.0 kg B ha-

1 produced significant effect on enhancing biological 

yield of cotton. They also found that the addition of 

various levels of B caused a substantial increase in the 
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uptake of N, P, K, Cu, Fe, Zn and B nutrients, while 

lowering down the uptake of macronutrients. The 

enhanced assimilation of macronutrients resulted in 

greater production of biological yield and better 

growth and development of cotton plant. Ravikiran et 

al. (2012) studied the effect of macro and soluble 

micronutrients on growth and yield of BT cotton under 

irrigated conditions and found that application of 

187.5: 93.5: 93.5 kg NPK ha-1 in combination with 

0.5% micronutrients foliar spray recorded the highest 

seed cotton yield ha-1 and plant-1, lint index, N and P 

uptake and gross return.  

Keeping in mind the need for increased seed 

cotton yield, this research was carried out to evaluate 

the integrated effect of macro and micronutrients on 

seed cotton yield and its components in alkaline 

calcareous soils of semi-arid climatic conditions. 

 

MATERIALS AND METHODS 

 

The two-year experiment was conducted on farmer’s 

field at Adaptive Research Station, Sahiwal in the 2nd 

fortnight of April, 2017-18 and 2018-19 to evaluate 

the response of cotton (cv. MNH-886 and FvH-142) to 

fertilizer treatments including  T1: Recommended 

NPK 340-114-92 kg ha-1, T2: NPK + Zn 7.5 kg ha-1 + 

B 7.5 kg ha-1 + Fe 5 kg ha-1 and T3: NPK + Zn 7.5 kg 

ha-1 + B 7.5 kg ha-1 + Fe 5 kg ha-1 + Cu 2.5 kg ha-1. 

Zinc, B, Fe and Cu were applied as ZnSO4, H3BO4, 

FeSO4 and CuSO4, respectively.  

The experiment was laid out in split plot design 

with three replications. Soil samples were collected 

before planting crop from the experimental sites and 

analysis was carried out as per method of Ryan et al. 

(2001). The soil of the experimental sites was clay 

loam with alkaline pH (8.6), 0.52% organic matter, 

0.036% N, 5.1 ppm available P and 145 ppm available 

potash. The average amount of Zn, B, Cu and Fe was   

0.67-0.71, 0.48- 0.5, 0.17-0.21 and 2.59-2.78 mg kg-1, 

respectively. The values demonstrated that soil was 

medium to heavy textured, alkaline in reaction, free of 

excessive soluble salts, low in organic matter, N and 

P. The K level was inadequate to get an economic 

yield. The micronutrients were also below their critical 

level.  

Two cotton varieties MNH-886 and FH-142 

were sown on a well prepared seed bed at 75 cm row 

to row and 22.5 cm plant to plant distances. Full dose 

of P2O5 as single superphosphate and K as sulphate of 

potash was applied at planting and 340 kg N as urea 

was applied in five equal splits. Zinc 7.5 kg ha-1 + B 

7.5 kg ha-1 + Fe 5 kg ha-1 and Cu 2.5 kg ha-1 were 

applied at 30 days after sowing according to treatment 

plan. Pre-emergence weedicide i.e. S-metolochlor @ 

2 L ha-1 was applied to control weeds. All required 

agronomic practices and plant protection measures 

were carried out uniformly. 

The seed cotton data was recorded plot wise and 

finally converted into kg per hectare. Ten plants from 

each treatment were selected at random for counting 

number of bolls plant-1 and 25 bolls were taken 

randomly from each treatment to determine boll 

weight. The average maximum temperature (43.67 ºC 

and 44.1ºC), minimum temperature (25.56°C and 

27.11ºC) and total rainfall (119 mm and 140 mm) 

during 1st and 2nd years, respectively was recorded 

during the crop period. Agronomic efficiency (AE) 

was calculated using the formula of Novoa and 

Loomis (1981); 

 

𝐴𝐸 =
Yield(Rec. NPK) − Yield(50% Rec. NPK) 

NPK applied
 

 

Statistical analysis 

The data on yield and yield components were 

subjected to statistical analysis and treatment 

differences were determined using LSD at 5% level of 

significance. 

 

RESULTS AND DISCUSSION 

 

The data regarding the effect of integrated use of 

macro and micronutrients on seed cotton yield and 

yield components of two cotton varieties is given in 

Table 1. The results revealed that seed cotton yield and 

its components varied significantly (p < 0.05) with the 

integrated use of macro and micronutrients during 

both years. Maximum number of bolls plant-1, boll 

weight and seed cotton yield was obtained with the 

application of treatment T3 i.e. recommended NPK 

340-114-92 kg ha-1 + Zn 7.5 kg ha-1 + B 7.5 kg ha-1 + 

Fe 5 kg ha-1 + Cu 2.5 kg ha-1. The comparison of two 

cotton varieties indicated that the performance of FH-

142 was superior than MNH-886 as the values of yield 

and yield components were higher for this variety. The 

minimum seed cotton yield, number of bolls plant-1, 

boll weight and agronomic efficiency was noted with 

T1 for the both varieties. Combined use of 

recommended NPK, B, Zn, Fe and Cu significantly 

improved the crop yield. Singh et al. (2015) and 

Ahmad et al. (2018) had documented a positive impact 

of integrated use of micronutrients along with 

recommended N, P and K on plant growth and 

development, and nutrients absorption by cotton. The 

ample supply of macro and micronutrients resulted in 

better hormonal activity. While, the more absorption 

of micronutrients stimulated the synthesis of growth 

regulating hormones. These hormones, especially the 

formation of auxins resulted in enhancing growth and 

promoting the development of monopodial and 

sympodial branches (Girgis 1992). It was found that 

during the 1st year, there was a significant positive
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Table 1 Effect of integrated use of macro and micronutrients on the seed cotton yield under semi-arid agro-ecological 

conditions during 1st year 

Treatments  Bolls plant-1 Boll weight(g) Yield (kg ha-1) AE (kg seed cotton 

kg-1 nutrients  

MNH-

886 

FH-142 MNH-

886 

FH-142 MNH-

886 

FH-142 MNH-

886 

FH-142 

T1  18.4e 19.6d 2.74d 2.80d 1750e 1825d - - 

T2 21.2c 23.4b 2.92c 3.20b 1810d 1912c 0.106 0.153 

T3 23.6b 24.2a 3.10b 3.32a 2018b 2113a 0.471 0.506 

LSD value  0.59 0.11 70.14   

Means not sharing a common letter in column are significant at 5% probability level. AE: Agronomic efficiency, T1: NPK @ 340-114-92 kg ha-1, 

T2: NPK +  Zn 7.5 kg ha-1 + B 7.5 kg ha-1 + Fe 5 kg ha-1, T3: NPK + Zn 7.5 kg ha-1 + B 7.5 kg ha-1 + Fe 5 kg ha-1 + Cu 2.5 kg ha-1 

 

Table 2 Effect of integrated use of macro and micronutrients on the seed cotton yield under semi-arid agro-ecological 

conditions during 2nd year 

Treatments  Bolls plant-1 Boll weight(g) Yield (kg ha-1) AE (kg seed cotton 

kg-1 nutrients 

MNH-

886 

FH-142 MNH-

886 

FH-142 MNH-

886 

FH-142 MNH-886 FH-142 

T1 20.4d 21.8c 2.78e 2.92d 1894d 1963d - - 

T2 22.6c 24.2b 3.06c 3.25b 2040c 2138b 0.257 0.309 

T3  24.6b 25.8a 3.23 b 3.37a 2156b 2264a 0.461 0.529 

LSD value  0.84 0.09 73.61   

Means not sharing a common letter in column are significant at 5% probability level. AE: Agronomic efficiency, T1: NPK @ 340-114-92 kg ha-1, 
T2: NPK +  Zn 7.5 kg ha-1 + B 7.5 kg ha-1 + Fe 5 kg ha-1, T3: NPK + Zn 7.5 kg ha-1 + B 7.5 kg ha-1 + Fe 5 kg ha-1 + Cu 2.5 kg ha-1 
 

 

Figure 1 Relationship between boll weight and seed cotton yield as influenced by integrated use of macro and 

micronutrients under semi-arid agro-ecological conditions during 1st year 

 

relationship between seed cotton yield with boll 

weight (R2 = 0.74, 0.90, Figure 1) and seed cotton 

yield with agronomic efficiency (R2 = 0.95, 0.90, 

Figure 2) for MNH-886 and FH-142, respectively. 

Moreover, integrated use of N, P and K also 

significantly (p < 0.05) influenced the number of bolls 

plant-1, boll weight, seed cotton yield and agronomic 

efficiency during the 2nd year. The cotton varieties 

growth and yield data recorded in the 1st year depicted 

a very similar trend to that of 2nd year, proving that 

the application of T3 (NPK 340-14-92 kg ha-1 + Zn 7.5 

kg ha-1 + B 7.5 kg ha-1 + Fe 5 kg ha-1 + Cu 2.5 kg ha-1) 

was found better in improving seed cotton yield (2264 

and 2156 kg ha-1), number of bolls plant-1 (25.8 and 

24.6) boll weight (3.37 and 3.23 g) and agronomic 

efficiency (0.529 and 0.461 kg seed cotton kg-1  
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Figure 2 Relationship between Agronomic efficiency and seed cotton yield as influenced by integrated use of macro 

and micronutrients under semi-arid agro-ecological conditions during 1st year. 

 

 

 

 
Figure 3 Relationship between boll number and seed cotton yield as influenced by integrated use of macro and 

micronutrients under semi-arid agro-ecological conditions during 2nd year 

 
nutrient) of cotton crop, respectively. Moreover, the 

performance of cotton variety FH-142 was better than 

MNH-886 during both years of study. Overall, results 

of 2nd year were better than 1st year, probably due to 

suitable weather conditions. Significant relationship 

(R2 = 0.99, 0.99) was noted for seed cotton yield with 

boll number plant-1 and agronomic efficiency for both 

varieties during 2nd year (Figure 3 and 4). It indicated 

that seed cotton yield was linearly increased with an 

increase in boll number as a result of integrated 

application of macro and micronutrients. Ahmed et al. 
(2008) found that the integrated application of 

macro and micronutrients caused a significant 

improvement in growth and seed cotton yield. The 

results obtained from this experiment were also in 

agreement with Loomis and Durst (1992), Cioroi and 

Florea (2003), Rashid and Ryan (2004), Ahmed et al. 

(2011), Mousavi (2011), Ravikiran et al. (2012),
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Figure 4 Relationship between Agronomic efficiency and seed cotton yield as influenced by integrated use of macro 

and micronutrients under semi-arid agro-ecological conditions during 2nd year. 

 

Yaseen et al. (2013), Ahmad et al. (2016) who 

concluded that deficiency of any single micronutrient 

may hamper plant growth and subsequently seed 

cotton yield.  

 

CONCLUSIONS 

 

The higher growth, seed cotton yield and agronomic 

efficiency values with integrated use of NPK along 

with B 7.5 kg ha-1 + Zn 7.5 kg ha-1 + Fe 5 kg ha-1 + Cu 

2.5 kg ha-1 led to conclude that for sustainable seed 

cotton yield improvement, cotton producers must need 

to change traditional soil fertility programs based 

solely on macronutrients to an integrated system 

consisting of macro and micronutrients. 
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