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1. Introduction
Adequate levels of micro- and macroinorganic nutrients 
are required for optimal growth (Ahmad et al. 2009, 
2011), and supplements give improvements in yield 
if only suboptimal levels are otherwise available. Six 
micronutrients (boron, manganese, iron, copper, zinc, 
and molybdenum) play distinct and vital roles in plant 
physiology and biochemical processes (Putra et al. 2012; 
Rab and Haq 2012). The scarcity of any nutrient in the soil 
can be a barrier to growth, even when all other nutrients 
are in excess in the soil (Soleymani and Shahrajabian 
2012). 

Extensive farming of crops with high micronutrient 
demands on alkaline calcareous soils that are low in 
organic matter has made Pakistan’s soils deficient in 
Zn (60%–70%), B, and Fe (50%–60%), with localized 
deficiency in micronutrients (Jiskani 2011) depending 
upon the cropping intensity (Memon et al. 2012). The 
field scale deficiency of these nutrients in Pakistan has 
hampered seed-cotton productivity during the last decade 
(Ali 2012; Soleymani and Shahrajabian 2012) and it is 
predicted to get worse in the future. 

Soil application of Zn, B, Fe, Mn, and Cu on calcareous 
soils is less efficient, as these nutrients remain inaccessible 
to plant roots due to the higher soil pH (Rashid and Ryan 
2004; Sajid et al. 2008). However, an alternative approach 

under such circumstances is foliar application of these 
nutrients (Rab and Haq 2012), for 2 reasons. First, it 
eliminates the effects of soil pH on the availability of 
these nutrients (Ali 2012). Second, it is more effective and 
less costly (Ali et al. 2007). For that reason, it has gained 
significant attention in agriculture worldwide (Leiw et al. 
2012). Usually, it is recommended for horticultural crops, 
e.g. tomato (Rab and Haq 2012), but it has also been found 
as a more effective technique for correcting micronutrient 
deficiency in cereal crops like wheat (Yassen et al. 2010; 
Bameri et al. 2012) and sorghum (Soleymani and 
Shahrajabian 2012). Moreover, this technique generated 
additional benefits, in terms of cash, when applied in the 
right dose at the right time admixed with an appropriate 
surfactant (Oosterhuits et al. 2010). On the other hand, the 
use of micronutrients for fiber crops, particularly cotton, is 
very rare in Pakistan (Jiskani 2011). 

Keeping these aspects in mind, a series of demonstration 
experiments were conducted for 2 years to evaluate the 
effectiveness of foliar feeding of micronutrients on cotton 
crops grown on calcareous soils. 

2. Materials and methods
The field demonstration trials were conducted in the Toba 
Tek Singh district, Punjab (Pakistan) in collaboration 
with the Endowment Fund Secretariat (EFS) at the 
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University of Agriculture, Faisalabad, Pakistan. Ten sites 
were selected and at each a grid plot (5 × 2.8 m2) was 
used as the experimental unit. The soil was a calcareous 
sandy clay loam with alkaline pH and very low organic 
matter (Table 1). Three replicates of each treatment were 
randomized using a randomized complete block design. 
Cotton (Gossypium hirsutum L.) cv. Neelam-121 or NS-
121 was selected as it was frequently grown in the area. 
After seedbed preparation, cotton seeds were sown by 
drill, maintaining a spacing of 76 cm between rows, 
and then thinned to 38 cm between plants. Fertilizers 
were applied to the soil at the rate of 150, 125 and 100 
kg ha–1 nitrogen (N), phosphorus (P2O5), and potassium 
(K2O), respectively, as urea, diammonium phosphate, 
and sulfate of potash. A micronutrient mixture (MNM) 
of the registered brand Uni Micropower® was used for 
foliar application. The formulation of the foliar spray 
contained Zn (4.7%), Fe (2%), Cu (0.3%), B (1%), and Mn 
(2%), amended with surfactant to curtail water desertion 
during the spray process, to ensure the nutrients adhered 
to the leaf surface, and to maximize uptake by foliage. The 
treatment plan was as follows: T1 = control (NPK fertilizers 
applied to the soil) plus spray of 250 L water ha–1; T2 = NPK 
plus 625 mL ha–1 MNM dissolved in 250 L of water (117.5 
mg ha–1 Zn, 50 mg ha–1 Fe, 7.5 mg ha–1 Cu, 25 mg ha–1 B, 50 
mg ha–1 Mn); T3 = NPK plus 1250 mL ha–1 MNM dissolved 
in 250 L of water (235 mg ha–1 Zn, 100 mg ha–1 Fe, 15 mg 
ha–1 Cu, 50 mg ha–1 B, 100 mg ha–1 Mn); T4 = NPK plus 1875 

mL ha–1 MNM dissolved in 250 L of water (352.5 mg ha–1 

Zn, 150 mg ha–1 Fe, 22.5 mg ha–1 Cu, 75 mg ha–1 B, 150 mg 
ha–1 Mn); T5 = NPK plus 2500 mL ha–1 MNM dissolved in 
250 L of water (470 mg ha–1 Zn, 200 mg ha–1 Fe, 30 mg ha–1 

Cu, 100 mg ha–1 B, 200 mg ha–1 Mn); T6 = NPK plus 3750 
mL ha–1 MNM dissolved in 250 L of water (705 mg ha–1 

Zn, 300 mg ha–1 Fe, 45 mg ha–1 Cu, 150 mg ha–1 B, 300 mg 
ha–1 Mn). The MNM at 625 and 1250 mL ha–1 mixed into 
250 L of water were applied as a single spray (at the 8 to 
10 leaves stage, which is nearly 50 days after emergence), 
whereas MNM at 1875 and 2500 mL ha–1 were applied 
in 2 splits; half of the 1875 and 2500 mL was sprayed 50 
days after emergence and half 65 days after emergence. 
However, MNM at 3750 mL ha–1 mixed into 250 L of water 
was divided into 3 splits (1250 mL per split), with the first 
split 50 days after emergence, the second split 15 days after 
the first, and the third split 15 days after the second.

Data regarding plant height, monopodial and 
sympodial branches, number of flowers, closed squares, and 
opened squares plant–1, chlorophyll contents (measured 
periodically with the help of portable chlorophyll meter 
SPAD-504), and seed cotton yield plant–1 were recorded 
from 20 tagged plants and subjected to statistical scrutiny. 
To determine the macro- and micronutrients in leaves and 
petioles, 100 fully expanded new leaves with petioles were 
picked from tagged plants and preserved in polythene 
bags. Furthermore, economic analysis was performed 
according to CIMMYT (1988) and the benefit–cost 

Table 1. Physico-chemical characteristics of soil at the 10 experimental sites. 

Parameters Value Characteristics Values

Sand 53.16% CO3
–– 12 ± 3 me L–1

Silt 29.13% HCO3
– 0.9 ± 0.2 me L–1

Clay 17.71% Cl– 14.7 ± 0.7 me L–1

Textural class Sandy clay loam SO4
–– 9.1 ± 0.2 me L–1

Saturation 33 ± 2% Na+ 14.1 ± 0.2 me L–1

pHs 7.8 ± 0.2 Ca++ + Mg++ 8.38 ± 1.0 me L–1

ECs 2.41 ± 0.5 dS m–1 Total N 0.030 ± 0.004%

CEC 4.35 cmolc kg–1 soil Available P 6.23 ± 0.9 mg kg–1 soil

Organic matter 0.61 ± 0.08% Extractable K 146 ± 8 mg kg–1 soil

Available Micronutrients 

Ca++ 220.2 mg kg–1 Mg++ 60.4 mg kg–1

Fe++ 8.90 mg kg–1 Mn++ 7.20 mg kg–1

Zn++ 0.90 mg kg–1 Cu++ 1.50 mg kg–1

B 0.31 mg kg–1
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ratio (BCR) and value–cost ratio (VCR) were calculated 
according to methods used by Dash et al. (1995) and 
Hussain et al. (2008) for the economic feasibility of the 
foliar feeding technology. Fisher’s analysis of variance was 
used to analyze data regarding different parameters at 5% 
probability level (Steel et al. 1997).  

Sampled leaves and petioles of cotton were oven 
dried to a constant weight, ground, and analyzed for 
macro- and micronutrients as described by Wolf (1982). 
Nitrogen was analyzed according to Jackson (1962), while 
phosphorus was analyzed using the vanadate–molybdate 
spectrophotometric procedure (Jones et al. 1991). Potassium 
was determined by a flame photometer (Chapman 
and Pratt 1961). Zinc, iron, copper, and manganese 
concentrations in di-acid digested solution were identified 
using an atomic absorption spectrophotometer (Jones et 
al. 1991). Boron was determined on a spectrophotometer 
(Gaines and Mitchell 1997). The uptake of nutrients was 
calculated by multiplying N, P, and K concentrations by 
dry mass (Ameri and Tehranifar 2012). 

3. Results 
Ninety days after germination, the data showed smaller 
plants with fewer monopodial and sympodial branches 
from the control plots that had only N, P, and K fertilizers. 
Conversely, these smaller plants turned into significantly 
(P ≤ 0.01) larger plants with more branches per plant 

due to the foliar application of Zn, B, Fe, Cu, and Mn 
in the presence of NPK fertilizers (Figures 1 and 2). 
The plants provided with supplementary doses of these 
micronutrients bore more flowers per plant because of 
the corresponding increase in monopodial and sympodial 
branches per plant (Figure 3a). Those plants eventually 
offered a fruitful base for additional square bolls (fruit of 
cotton) on the micronutrient-fed plants (Figure 3b). 

Plants in T1 produced the smallest number of 
monopodial and sympodial branches per plant (Figure 
2b). Branches per plant were higher in those plots that 
had foliar application of MNM solutions having Zn ≥ 235 
mg ha–1, Fe ≥ 100 mg ha–1, Cu ≥ 15 mg ha–1, B ≥ 50 mg 
ha–1, and Mn ≥ 100 mg ha–1 in the presence of soil-applied 
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Figure 1. Plant height of cotton at different dosages of MNM 
integrated with soil-applied NPK fertilizers under farmers’ field 
conditions. (Each value is the mean of 20 tagged plants taken 90 
days after germination from 10 experimental sites per treatment 
over 2 years).
*Bars sharing same letter(s) do not differ from one another at P ≤ 0.05 
according to DMR test  **percent increase over control (NPK fertilizers 
alone) due to foliar application of micronutrients in the presence of 
NPK fertilizers, T1 = Control (NPK fertilizers applied to the soil) plus 
spray of 250 L of water; T2 = NPK plus foliar application of 625 mL ha–1 
MNM solution containing 117.5 mg ha–1 Zn, 50 mg ha–1 Fe, 7.5 mg ha–1 

Cu, 25 mg ha–1 B, and 50 mg ha–1 Mn; T3 = NPK plus foliar application of 
1250 mL ha–1 MNM solution containing 235 mg ha–1 Zn, 100 mg ha–1 Fe, 
15 mg ha–1 Cu, 50 mg ha–1 B, and 100 mg ha–1 Mn; T4 = NPK plus foliar 
application of 1875 mL ha–1 MNM solution containing 352.5 mg ha–1 Zn, 
150 mg ha–1 Fe, 22.5 mg ha–1 Cu, 75 mg ha–1 B, and 150 mg ha–1 Mn; T5 = 
NPK plus foliar application of 2500 mL ha–1 MNM solution containing 
470 mg ha–1 Zn, 200 mg ha–1 Fe, 30 mg ha–1 Cu, 100 mg ha–1 B, and 200 mg 
ha–1 Mn; T6 = NPK plus foliar application of 3750 mL ha–1 MNM solution 
containing 705 mg ha–1 Zn, 300 mg ha–1 Fe, 45 mg ha–1 Cu, 150 mg ha–1 B, 
and 300 mg ha–1 Mn.

Figure 2. Branching in cotton at different dosages of MNM under 
farmers’ field conditions (Each value is the mean of 20 tagged 
plants taken 90 days after emergence from 10 experimental sites 
per treatment over 2 years).
(MNM = mixture of micronutrients)
*Bars sharing same letter(s) do not differ from one another at P ≤ 0.05 
according to DMR test  **percent increase over control (NPK fertilizers 
alone) due to foliar application of micronutrients in the presence of 
NPK fertilizers, T1 = Control (NPK fertilizers applied to the soil) plus 
spray of 250 L of water; T2 = NPK plus foliar application of 625 mL ha–1 
MNM solution containing 117.5 mg ha–1 Zn, 50 mg ha–1 Fe, 7.5 mg ha–1 

Cu, 25 mg ha–1 B, and 50 mg ha–1 Mn; T3 = NPK plus foliar application of 
1250 mL ha–1 MNM solution containing 235 mg ha–1 Zn, 100 mg ha–1 Fe, 
15 mg ha–1 Cu, 50 mg ha–1 B, and 100 mg ha–1 Mn; T4 = NPK plus foliar 
application of 1875 mL ha–1 MNM solution containing 352.5 mg ha–1 Zn, 
150 mg ha–1 Fe, 22.5 mg ha–1 Cu, 75 mg ha–1 B, and 150 mg ha–1 Mn; T5 = 
NPK plus foliar application of 2500 mL ha–1 MNM solution containing 
470 mg ha–1 Zn, 200 mg ha–1 Fe, 30 mg ha–1 Cu, 100 mg ha–1 B and 200 mg 
ha–1 Mn; T6 = NPK plus foliar application of 3750 mL ha–1 MNM solution 
containing 705 mg ha–1 Zn, 300 mg ha–1 Fe, 45 mg ha–1 Cu, 150 mg ha–1 B, 
and 300 mg ha–1 Mn.
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NPK fertilizers (Figures 2a and 2b). Correspondingly, 
there was a significant difference in the development and 
count of flowers as well as square bolls per plant due to 
the foliar feeding of micronutrient solutions (Figure 3). 
Finally, improvements in yield parameters due to foliar 
feeding led to higher seed-cotton yield per hectare and 
income (Figure 4; Table 2). The effect of MNM in T6 on 
seed-cotton yield was statistically at a peak (Figure 4) and 
resulted in a clear-cut distinction between revenues from 
plots with and without application of Zn, B, Fe, Cu, and Mn 
(Table 2). Economic analysis reveals that T6 broadens the 
BCR the most effectively (Table 2). Similarly, Table 2 also 
demonstrates that the VCR improved as the concentration 
of Zn, B, Fe, Mn, and Cu in the MNM solution increased. 
These results are further supported by the contents of 
Table 3. Improvement in the concentration of macro- 
and micronutrients in cotton leaves and petioles was 
noted due to foliar application of MNM in the presence 
of soil-applied NPK fertilizers. This happened due to 
effective absorption of Zn, B, Fe, Mn, and Cu through the 
leaves. Correspondingly, improvement in the chlorophyll 
contents (given in Figure 5) additionally supported the 

findings. Micronutrient-sprayed cotton fields looked 
more vigorous, healthy, and lush green as compared to 
surrounding control cotton fields. 

4. Discussion
B, Mn, Fe, Cu, and Zn are usually deficient in calcareous 
soils. As these micronutrients have a significant effect 
on plant physiology and are involved in biochemical 
processes (Putra et al. 2012; Rab and Haq 2012), their 
deficiency caused a reduction in plant yield due to lack 
of proper growth. According to SAAESD (2009), Fe, Mn, 
Zn, Cu, and B must be present in the leaves of cotton 
plants at ≥50, ≥25, ≥20, ≥5, and ≥20 mg kg–1, respectively. 
Table 3 shows that foliar application of Zn, B, Fe, Cu, and 
Mn improved plant height, monopodial and sympodial 
branches per plant, flowers and bolls per plant, chlorophyll 
content, and ultimately seed-cotton yield due to meeting 
sufficient levels of these nutrients in cotton leaves and 
petioles (Table 3). Meeting the sufficient amount of these 
nutrients stimulated enzymatic activities (Oosterhuits 
et al. 2010), leading to an improvement in biochemical 
processes like photosynthesis, respiration, and protein 

e*  

f*  
e*  

10**  
d  

9  
e  20  

d  

14  
c  

23  
c  29  

c  

14  
c  

13  
d  

29  
c  

21  
b  

30  
b  43  

b  

32  
a  

49  
a  66  

a  

0

10

20

30

40

50

60

70

No. of �owers per plant No. of closed square
bolls per plant

No. of opened square
bolls per plant

Fl
ow

er
s /

 b
ol

ls 
pl

an
t–1

NPK (Control) 625 mL ha–1 MNM + NPK
1250 mL ha–1 MNM + NPK 1875 mL ha–1 MNM + NPK
2500 mL ha–1 MNM + NPK 3750 mL ha–1 MNM + NPK

(a)                                        (b)                                               (c)  

Figure 3. Number of flowers and bolls at different dosages of MNM under farmers’ field conditions (Each value is the mean of 20 tagged 
plants taken 90 days after emergence from 10 experimental sites per treatment over 2 years).
(MNM = mixture of micronutrients)
*Bars sharing same letter(s) do not differ from one another at P ≤ 0.05 according to DMR test  **percent increase over control (NPK fertilizers alone) due 
to foliar application of micronutrients in the presence of NPK fertilizers, T1 = Control (NPK fertilizers applied to the soil) plus spray of 250 L of water; 
T2 = NPK plus foliar application of 625 mL ha–1 MNM solution containing 117.5 mg ha–1 Zn, 50 mg ha–1 Fe, 7.5 mg ha–1 Cu, 25 mg ha–1 B, and 50 mg ha–1 

Mn; T3 = NPK plus foliar application of 1250 mL ha–1 MNM solution containing 235 mg ha–1 Zn, 100 mg ha–1 Fe, 15 mg ha–1 Cu, 50 mg ha–1 B, and 100 
mg ha–1 Mn; T4 = NPK plus foliar application of 1875 ml ha–1 MNM solution containing 352.5 mg ha–1 Zn, 150 mg ha–1 Fe, 22.5 mg ha–1 Cu, 75 mg ha–1 B, 
and 150 mg ha–1 Mn; T5 = NPK plus foliar application of 2500 mL ha–1 MNM solution containing 470 mg ha–1 Zn, 200 mg ha–1 Fe, 30 mg ha–1 Cu, 100 mg 
ha–1 B, and 200 mg ha–1 Mn; T6 = NPK plus foliar application of 3750 mL ha–1 MNM solution containing 705 mg ha–1 Zn, 300 mg ha–1 Fe, 45 mg ha–1 Cu, 
150 mg ha–1 B, and 300 mg ha–1 Mn.
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synthesis, as reported by Cheniae and Martin (1970). 
Improved growth due to foliar application of B was also 
reported by Amad et al. (2009), Oosterhuits (2010), and 
Ali et al. (2012). The improved concentration of B in leaves 
might be involved in cell wall properties related to cell 
enlargement (Edwards and Walker 1983; Leiw et al. 2012), 
thus leading to longer stems loaded with more branches 
and flowers per plant. According to Putra et al. (2012), 
the availability of boron to plants directly correlated with 
the affected stomatal morphology, conductance, and 
transpiration. Therefore, inadequate level of Zn, Mn, 
Cu, Fe, and particularly of B in leaves might be the 
right explanation for lower plant growth and seed-cotton 
yield in the control plots that had only the application of 
soil NPK fertilizers. Accordingly, adequate absorption 
and utilization of these nutrients is essential to accelerate 
plant growth and get a higher yield of seed-cotton, as was 

observed due to foliar feeding of a solution containing 
Zn, B, Cu, Fe, and Mn (Figures 2a and 2b; Tables 1 and 
2). Similar observations were also highlighted by Ali 
(2012) as being due to foliar application of micronutrient. 
According to Korzeniowska (2008) and Leiw et al. (2012), 
infertility of flowers and premature falling of flowers are 
the consequence of Zn and B insufficiency in plants, and 
ultimately reduction in yields occurs. This paper showed 
that inadequate or imbalanced use of micronutrients is 
one of the foremost factors that bring the potential of high 
yielding cotton cultivars down. For that reason, foliar 
feeding of micronutrients is highly advisable for cotton 
regions with calcareous soils. This paper also suggests 
that foliar feeding of micronutrients, particularly of Zn, B, 
Fe, Mn, and Cu, is an effective technology for increasing 
the yield of cotton, particularly on calcareous soils with a 
high pH like in Pakistan.
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Figure 4. Seed-cotton yield at different dosages of MNM under 
farmers’ field conditions (Each value is the mean of 20 tagged 
plants taken 90 days after emergence from 10 experimental sites 
per treatment over 2 years).
(MNM = mixture of micronutrients)
*Bars sharing same letter(s) do not differ from one another at P ≤ 0.05 
according to DMR test  **percent increase over control (NPK fertilizers 
alone) due to foliar application of micronutrients in the presence of 
NPK fertilizers, T1 = Control (NPK fertilizers applied to the soil) plus 
spray of 250 L of water; T2 = NPK plus foliar application of 625 mL ha–1 
MNM solution containing 117.5 mg ha–1 Zn, 50 mg ha–1 Fe, 7.5 mg ha–1 

Cu, 25 mg ha–1 B, and 50 mg ha–1 Mn; T3 = NPK plus foliar application of 
1250 mL ha–1 MNM solution containing 235 mg ha–1 Zn, 100 mg ha–1 Fe, 
15 mg ha–1 Cu, 50 mg ha–1 B, and 100 mg ha–1 Mn; T4 = NPK plus foliar 
application of 1875 mL ha–1 MNM solution containing 352.5 mg ha–1 Zn, 
150 mg ha–1 Fe, 22.5 mg ha–1 Cu, 75 mg ha–1 B, and 150 mg ha–1 Mn; T5 = 
NPK plus foliar application of 2500 mL ha–1 MNM solution containing 
470 mg ha–1 Zn, 200 mg ha–1 Fe, 30 mg ha–1 Cu, 100 mg ha–1 B, and 200 mg 
ha–1 Mn; T6 = NPK plus foliar application of 3750 mL ha–1 MNM solution 
containing 705 mg ha–1 Zn, 300 mg ha–1 Fe, 45 mg ha–1 Cu, 150 mg ha–1 B, 
and 300 mg ha–1 Mn.

Figure 5. Chlorophyll contents at different dosages of MNM 
under farmers’ field conditions (Each value is the mean of 20 
tagged plants taken 90 days after emergence from 10 experimental 
sites per treatment over 2 years).
(MNM = mixture of micronutrients)
*Bars sharing same letter(s) do not differ from one another at P ≤ 0.05 
according to DMR test  **percent increase over control (NPK fertilizers 
alone) due to foliar application of micronutrients in the presence of 
NPK fertilizers, T1 = Control (NPK fertilizers applied to the soil) plus 
spray of 250 L of water; T2 = NPK plus foliar application of 625 mL ha–1 
MNM solution containing 117.5 mg ha–1 Zn, 50 mg ha–1 Fe, 7.5 mg ha–1 

Cu, 25 mg ha–1 B, and 50 mg ha–1 Mn; T3 = NPK plus foliar application of 
1250 mL ha–1 MNM solution containing 235 mg ha–1 Zn, 100 mg ha–1 Fe, 
15 mg ha–1 Cu, 50 mg ha–1 B, and 100 mg ha–1 Mn; T4 = NPK plus foliar 
application of 1875 mL ha–1 MNM solution containing 352.5 mg ha–1 Zn, 
150 mg ha–1 Fe, 22.5 mg ha–1 Cu, 75 mg ha–1 B, and 150 mg ha–1 Mn; T5 = 
NPK plus foliar application of 2500 mL ha–1 MNM solution containing 
470 mg ha–1 Zn, 200 mg ha–1 Fe, 30 mg ha–1 Cu, 100 mg ha–1 B, and 200 mg 
ha–1 Mn; T6 = NPK plus foliar application of 3750 mL ha–1 MNM solution 
containing 705 mg ha–1 Zn, 300 mg ha–1 Fe, 45 mg ha–1 Cu, 150 mg ha–1 B, 
and 300 mg ha–1 Mn.
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It can be concluded that foliar application of a Zn, Fe, B, 
Mn, and Cu solution definitely affected cotton growth and 
seed-cotton yield of Bt cotton, and improved the income 
of farmers. Therefore, foliar application of a micronutrient 
solution with formulation containing 705 mg ha–1 Zn, 
300 mg ha–1 Fe, 45 mg ha–1 Cu, 150 mg ha–1 B, and 300 mg 
ha–1 Mn is necessary for better plant growth and getting 
maximum seed cotton yield from the Bt cotton cultivar.
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Table 2. Economic feasibility of foliar feeding technology for the production of cotton tested on the farmers’ field (Each value is the 
mean of 10 experimental sites per treatment over 2 years).

Treatments
Harvest index Net income* Benefit–cost ratio*

Value–cost
ratio*

% Percent incr.** Rs. ha–1 Percent incr.** Rs. ha–1 Percent incr.**

T1 21.7 d*** --- 189,341 d** --- 2.38 d** --- ---

T2 21.7 d 0 189,752 d 0 2.38 d 0 1.04 e

T3 23.5 c 8 209,335 c 11 2.62 c 10 36.79 c

T4 23.5c 8 209,518 c 11 2.61 c 10 21.50 d

T5 25.3 b 17 241,749 b 28 3.00 b 26 48.22 b

T6 28.3 a 30 292,275 a 54 3.61 a 52 63.14 a

LSD Value 0.0688 1083.4 0.0130 0.7040

*Values are calculated on the basis of prices of fertilizer inputs and pesticides used, labor, machinery used charges, irrigation charges, seed-cotton prices 
during 2010 (1 Rs = $0.01), **Percent increase over control (NPK fertilizers alone) due to foliar application of micronutrients in the presence of NPK 
fertilizers ***Values sharing same letter(s) within the column do not differ at P = 0.05 according to LSD test, 
T1 = Control (NPK); T2 = NPK plus foliar application of 625 mL ha–1 MNM solution; T3 = NPK plus foliar application of 1250 mL ha–1 MNM solution; 
T4 = NPK plus foliar application of 1875 mL ha–1 MNM solution; T5 = NPK plus foliar application of 2500 mL ha–1 MNM solution; T6 = NPK plus foliar 
application of 3750 mL ha–1 MNM solution 

Table 3. Integrated effect of soil-applied NPK and foliar feeding of micronutrients on concentrations of macro- and micronutrients 
in cotton leaves and petioles on farmers’ fields (Each value is the mean of 20 tagged plants taken 90 days after emergence from 10 
experimental sites per treatment over 2 years).

Treatments
Macronutrients (%) Micronutrients (mg kg–1)

N P K Ca Zn B Mn Cu Fe

T1 3.0 d* 0.47 e* 2.7 b* 2.51c* 20.4 e* 64.2 f* 27.3f* 5.16e* 102.5 f*

T2 3.0 d 0.47 e 2.7 b 2.57c 22.4 e 64.4 e 27.4e 5.21e 102.8 e

T3 3.1 c 0.51c 2.9 a 2.72bc 52.8 d 73.8 d 29.5d 5.32d 108.4 d

T4 3.2 b 0.52 c 2.9 a 2.81b 66.0 c 75.3 c 30.1c 5.40c 110.2 c

T5 3.2 b 0.53 b 2.9 a 3.00b 82.1 b 77.0 b 30.8b 5.44b 110.9 b

T6 3.3 a 0.58 a 3.0 a 3.31 a 135.4 a 79.5 a 33.8a 5.56a 111.1 a

LSD value 0.0632 0.036 0.170 0.232 0.0110 0.1670 0.0668 0.0329 0.1098

*Values sharing same letter(s) within the column do not differ at P = 0.05 according to LSD test 
T1 = Control (NPK); T2 = NPK plus foliar application of 625 mL ha–1 MNM solution; T3 = NPK plus foliar application of 1250 mL ha–1 MNM solution; 
T4 = NPK plus foliar application of 1875 mL ha–1 MNM solution; T5 = NPK plus foliar application of 2500 mL ha–1 MNM solution; T6 = NPK plus foliar 
application of 3750 mL ha–1 MNM solution
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