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Effect of integrated plant nutrients management in wheat 

Muhammad Amjad Nadim Khan, Inayat Ullah Awan and Mohammad Safdar Baloch 

Abstract 

The present research was initiated at the Agricultural Research Institute, Dera Ismail 

Khan, Pakistan during rabi seasons 2009-10 and 2010-11. This field oriented research 

project on the application of NPK, organic fertilizers and micronutrients was laid out 

in a randomized complete block design (RCBD) using four replications. The sub-plot 

size was 1.8 m × 5 m (9 m2) using wheat variety “Gomal-8” throughout the study. The 

data were recorded on various physiological (leaf area index and leaf area duration at 

49 & 98 days after sowing, crop growth rate, relative growth rate, net assimilation 

rate), agronomic (number of days to maturity, plant height at maturity, number of 

tillers, spike length, number of grain, thousand grain weight, grain and biological 

yield, harvest index), economic (benefit cost ratio) and quality (grain protein contents) 

parameters during the course of study. 

In experiment 1, five micronutrients (Zn, Cu, Fe, Mn, B), alone and in combination, 

were tested. The results revealed significant variations in most of the physiological 

and agronomic parameters. During the years 2009-10 & 2010-11, maximum leaf area 

index (3.33 & 3.49 m-2) with the highest crop growth rate (23.31 & 33.49 g m-2 day-1) 

was recorded with boron (2 kg ha-1) application. The same treatment also had the 

highest grain yield (4.97 & 4.99 t ha-1) with the highest net return of Rs. 72,483/- & 

69,456/- and benefit cost ratio (2.32 & 2.14). The same trend was noticed in 

experiment 2 where these five micronutrients were applied in three different methods 

(side dressing, foliar spray, soil application). The use of boron significantly influenced 

crop growth as well yield and yield components. During both the experimental years, 

maximum leaf area index, crop growth rate and the highest grain yield (5.17 & 5.63 t 

ha-1) was obtained by applying boron @ 2 kg ha-1. Among the application methods, 

soil application at sowing proved its efficacy in terms of time and cost saving 

compared to foliar spray and side dressing. The soil application of boron gave the 

highest net return (Rs. 88,099/- & 92,685/-) and benefit cost ratio (2.61 & 2.52) 

during both the cropping seasons. Foliar spray of zinc was least economical while 

zinc application produced the lowest grain yield (4.80 & 5.47 t ha-1) during both the 
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experimental years. The application of NPK (full recommended dose), organic 

fertilizers and micronutrients in experiment 3 produced the highest crop growth rate 

(40.42 & 40.96 g m-2 day-1) and grain yield (4.40 & 5.29 t ha-1) during both the 

experimental years. Among different organic fertilizers, farmyard manure (FYM) 

showed better results during both the years. Similar results were noted in case of 

micronutrients application. Boron application improved almost all growth and yield 

parameters. Economically, the application of NPK (full RFD) in addition to boron 

was the best combination with maximum net benefit (Rs. 63,023/- & 89,671/-) and 

benefit cost ratio (2.17 & 2.57). 

On the basis of results obtained, it is concluded that fertilizer NPK (full recommended 

dose) should be applied for maximum wheat productivity. Among different 

micronutrients, boron application (2 kg ha-1) along with NPK (full RFD) enhanced the 

crop growth status and yield while soil application of micronutrients was convenient 

and effective. Organic manures are basically slow releasing in nature but must be used 

with chemical sources; however, the combination of FYM and NPK (half RFD) is 

also encouraging due to highly priced chemical fertilizers. 
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Chapter 1 

Introduction 

Wheat (Triticum aestivum L.) is the major source of plant based human nutrition of all 

the nations and is a part of their daily dietary needs in one form or the other. Not only 

humans, but poultry and livestock also rely on wheat for their feed. Wheat has a wider 

adaptability to various agro-climatic conditions and is being successfully cultivated in 

more or less all countries of the world. It is believed that wheat could be seen in fields 

somewhere in the world in every month of the year (Anonymous, 2011c). Asian 

countries utilize wheat more often (as an essential item in every meal of the day) than 

European, North American or African countries as these nations consume other 

parallel food commodities like rice, maize, soybean, pearl millet, sorghum etc. to 

supplement their daily dietary needs.  

In Pakistan, wheat is annually grown on an area of 8.895 million hectares with total 

production of 24.213 million tons and average yield of 2.72 t ha-1 (Anonymous, 

2011a). In Dera Ismail Khan District, it is planted on 42913 hectares with total 

production of 75970 tonnes with 1.77 t ha-1 average yield (Anonymous, 2011b). 

Farmers and scientists in Pakistan are working hard to meet the dietary demand of 

ever increasing population and industrial utilization. For instance, wheat production 

has been increased 189% during the last 64 years but hardly meets the domestic need 

and has to rely on imports (Anonymous, 2008).  

Self sufficiency in wheat can be achieved and sustained only if wheat yields are 

increased beyond the current levels. Almost every government focused on wheat 

production in the country to avoid any upcoming wheat crises by initiating mega 

projects for irrigation, reclamation etc. and invested in communication, 

mechanization, Research and Development services and ensuring consistent supply of 

farm inputs and timely procurement of the commodity (Khan et al., 2000). A 

conservative estimate showed that average yield in Pakistan is two and half times 

lower than other wheat producing countries in the world, bridging up this gap is a 

challenging scenario for scientists and farmers (Khan et al., 2000). Low seed quality, 

salinity, water logging, inadequate use of fertilizers, lack of consistent variety release, 

lack of irrigation water, high input prices, low farmers’ education, lack of research 
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and extension integration and no use of micronutrients and/or organic fertilizers are 

the reasons behind this yield gap (Malakouti, 2008). 

Organic matter improves soil structures, nutrient retention, aeration, moisture and 

water infiltration (Deksissa et al., 2008). Although organic amendments can provide 

nutrients to plants, their transformation during organic matter decomposition strongly 

interacts with plant nutrient uptake, leading to a competition for nutrients between soil 

microorganisms and plants (Hammad et al., 2011)). Further, organic systems are 

beneficial for overall health of agriculture environment (Defra, 2002). Manqiang et al. 

(2009) reported that development and management of effective fertilization program 

by manipulating the quantity and type of organic amendments improve soil 

ecosystems and fertility. The use of organic manures is increasing day by day due to 

depletion in the soil fertility. Economic premiums for certified organic grains have 

been driving many transition decisions related to the organic farming (Delate and 

Camberdella, 2004). 

Recent crop improvement in wheat evolved nutrient responsive varieties, but in the 

developing countries the small holdings, poor economic conditions and marketing 

systems for input usually restrict farmers for fertilizer application or they use 

subsistence dose of synthetic nutrients (N, P and K). In such a scenario, it has 

generally been suggested that organic fertilizers in the form of farmyard manure 

(FYM) or compost could enhance the availability of synthetic fertilizers (El-Ghamry 

et al., 2009). In addition, these organic fertilizers increase the water/nutrients holding 

capacity, aeration and permeability, biological activities, decrease soil crust as well as 

water/nutrient losses through surface run-off and protecting the agricultural soil from 

erosion (Malakouti, 2008). The application of manures also improves the root growth 

with number and area of green leaves. Mandal et al. (2007) reported that balanced 

application of NPK+FYM gave the highest tillering and flowering. They also 

observed a significant positive interaction between fertilizer treatments and 

physiological stages of wheat growth. The application of FYM, directly or indirectly, 

influences the enzyme activity which in turn regulates nutrient transformation (Saha 

et al., 2008a). 

In accordance, application of micronutrients plays an imperative role in yield 

improvement (Rehm and Sims, 2006). Although they are needed in trace amount but 
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their adequate supply improves nutrient availability and positively affect the cell 

physiology that is reflected in yield as well (Taiwo et al., 2001; Adediran et al., 

2004). Therefore, their optimum application is important because of increasing 

economic and environmental concerns (Siddiqui et al., 2009). It has also been 

observed that foliar sprays of nutrient solution at tillering, jointing and boot stages 

along with half of the recommended doses of N and P helped in enhancing yield and 

yield components of wheat (Arif et al., 2006). Khan et al. (2006) reported that Cu, Fe, 

Mn and Zn contents of leaf, straw and grain of wheat increased with the application of 

various levels of Hal-Tonic and mineral fertilizers. The use of organic manures is 

desirable for sustained supply of Zn and Cu to rice-wheat cropping system soils 

(Mishra et al., 2006). By supplying plants with micronutrients, either through soil 

application, foliar spray or seed treatment, increased yield and quality as well as 

macronutrient use efficiency could be achieved (Malakouti, 2008).  

In view of the aforementioned facts, it has been felt necessary to study the factors 

responsible for fertilizer efficiency improvement when used in slashed dose, by 

combining it with organic sources and optimal micro nutritional usage. Some studies 

on fertilizer use efficiency have been made but it needs further investigation regarding 

wheat crop, whereas micronutrient never had been tested in wheat under the climatic 

conditions of Dera Ismail Khan. 

Considering all these, a hypothesis was set for the project in hand that wheat yield 

would not affect by the use of micronutrient or organic fertilizer. To evaluate this 

hypothesis, the following objectives were set. 

Objectives: 

1. To study the impact of different micronutrients, alone and in combination, 

on yield of wheat. 

2. To enhance the crop production by integrated plant nutrients management 

in wheat. 

3. To improve fertilizer use efficiency by combining NPK with organic 

fertilizers. 
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Chapter 2 

Review of Literature 

The induction of this chapter is to sort out the gaps existing in the knowledge and to 

review the literature published by various authors for tackling the difficulties they had 

faced. Therefore, the most relevant and recent references have been reviewed and 

included in this section to analyze in our own perspective.  

2.1 Micronutrients application 

Khurana and Chatterjee (2000) reported that the deficiency of Mn decreased the 

biomass, concentration of Mn, chlorophyll, sugars, hill reaction activity, acid 

phosphatase activity, and increased peroxidase and polyphenol oxidase. The 

magnitude of Mn deficiency effects was mitigated to variable extent when Mn was 

deficient along with deficient Cu and/or deficient Zn. The effects of either Cu or Zn 

deficiency viz. intensification of foliar symptoms, decrease in biomass, leaf Cu/Zn, 

seed yield and starch content were increased further in combined deficiency of Cu and 

Zn. The stimulation in acid phosphatase and decrease in the activity of polyphenol 

oxidase and carbonic anhydrase in Cu or Zn deficient leaves were further aggravated 

when both Cu and Zn were deficient together. All these changes revealed a synergism 

between Cu and Zn in wheat. 

Shukla and Warsi (2000) reported that leaf area index, leaf area ratio, net assimilation 

rate, relative growth rate and dry matter accumulation, were the highest at high NPK 

level with values of 5.36 at 75 DAS, 163.74 cm g-1 at 30 DAS, 8.31 g   m-1 day-1 at 

60-65 DAS, 80.65 mg g-1 day-1 and 102.21 q ha-1 (1 q is equal to 100 kg) at harvest, 

respectively. Grain yield was also highest in the high NPK rate (48.41 q ha-1), 

whereas harvest index (43.94%) was second best to Zn application (44.62%). Among 

the micronutrients, Zn had the highest yield and growth parameters. Fe and B had no 

significant effect on the growth and yield of wheat. The contents of Zn, Mn and B 

were higher in the grains, while the contents of S and Fe were higher in the straws. 

Ziaeian and Malakouti (2001) studied fertilizer treatments including control (nitrogen, 

phosphorous and potassium based on soil tests), control + Fe, control + Mn, control + 



 
25 

 

Zn and control + Cu on wheat. The results showed that Fe, Mn, Zn and Cu 

fertilization caused significant increase in grain yield, straw yield, 1000-grain weight 

and the number of seeds spike-1. With the application of these nutrients, their 

concentration and total uptake in grain and flag leaves and the grain protein content 

increased significantly. Based on the DTPA method, the critical soil levels were found 

to be 4.3 mg kg-1 for Fe and Mn and 0.9 mg kg-1 for Zn and Cu. 

Asad and Rafique (2002) stated that fertilizer treatments (macro and micronutrients) 

increased wheat dry matter, grain yield, and straw yield significantly over an 

unfertilized control. Soil tests for B and Zn were increased both at boot and harvesting 

stage and Fe at boot stage, with the addition of micronutrients. Plants without B 

showed classical B deficiency symptoms at grain formation stage, but not at 

vegetative stage. Boron concentration in the dry matter of wheat plants increased with 

the addition of B fertilizer in the soil. Boron deficiency was not observed in plants 

containing >4 mg B kg-1 at the boot stage, or in soils containing > 1.4 mg kg-1 hot 

water soluble B. 

Rashid and Ryan (2004) reported that zinc (Zn) deficiency is the most widespread 

problem because of factors like alkaline soil pH, calcareousness, low organic matter, 

exposed sub-soils, Zn free fertilizers and/or flooding-induced electro chemical 

changes. Soil-applied Zn has a relatively long residual effect. Iron (Fe) chlorosis, the 

second most important micronutrient disorder, is induced by high soil HCO3 in 

calcareous soils; high moisture and cold temperature accentuate it. Soil fertilization 

for iron is problematic; therefore, foliar feeding or breeding for tolerance remains the 

practical solutions. Boron (B) is a nonmetal micronutrient. Research in the recent past 

has revealed B to be a widespread problem in crops like cotton, rapeseed, wheat, 

peanut, sorghum, and rice. The deficiency can be corrected by its soil application or 

by foliar feeding. Soil micronutrient deficiencies not only reduce crop productivity, 

but low Zn and Fe plant food is also adversely affecting human health and well-being. 

Though fertilizer use for micronutrients is highly cost-effective, actual use remains 

rather limited to a few specific crops in various countries. Thus, micronutrient 

problems are likely to be accentuated because of increased pressure on soil resources. 

Ananda and Patil (2005) reported that combined application of zinc and iron each @ 

25 kg ha-1 recorded significantly higher grain yield (42.23 q ha-1) as compared to 
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control. Among the different time of nitrogen application tested, nitrogen applied in 

three splits i.e., ½ basal + ½ 30 DAS + ¼ 60 DAS and «basal + 1/3 30 DAS + 1/3 60 

DAS recorded significantly higher grain yield (41.44 and 40.96 q ha-1, respectively) 

as compared to nitrogen applied in two splits i.e., ½ basal + ½ 30 DAS (38.91 q ha-1). 

However, the interaction effects were found to be non-significant. The correlation 

studies between yield and growth as well as yield components revealed that grain 

yield had positive and significant correlation with total dry matter production, number 

of tillers at 30, 60 and 90 DAS, leaf area at 60 and 90 DAS, effective tillers, 1000-

grain weight, number of grains per ear head and weight of grains spike-1.  

Soylu et al. (2005) reported that B application increased the grain yield by 9.6% on 

average in durum wheat and by 10.9% in bread wheat. Kõzõltan-91 and Yõlmaz-98 

among durum wheat cultivars, and Gun-91 and Bezostaja-1 among bread wheat 

cultivars were the most sensitive to B deficiency having the highest grain yields when 

treated with B. On the other hand, C-1252 and Cakmak-79 (durum wheat), Kõnacõ-97 

and Sultan-95 (bread wheat) showed tolerance to B deficiency since their high yield 

capacities were not affected by B deficiency. This study revealed that B deficiency 

can depress the yield in cereals to a great extent.  

Hosseini (2006) stated that Zn treatment had no significant effects on wheat growth, 

yet it alleviated the suppressing influences of excess B. Boron application, greater of 

to 5 mg and higher than 2.5 mg kg-1 soil decreased grain and straw yields. The results 

showed that straw was more sensitive to excess B than the grain. Zinc supply 

increased panicles especially in presence of 20 mg B kg-1 soil, while 80 mg B kg-1 soil 

reduced grain number and 1000-grain weight. Boron addition up to 5 mg B kg-1 soil 

had no effect on biological yield whereas higher levels reduced it. When no Zn was 

supplied, 40 and 80 mg B kg-1 soil reduced harvest index. Zinc increased panicle 

number especially in presence of B. In the present study, Zn increased grain Zn 

concentration and uptake at all B rates. Moreover, Zn reduced grain B concentration 

while B increased it. Critical B toxicity was 7.3 mg kg-1 grain. The results reported 

herein showed that in soils with high excess B, Zn application may reduce the adverse 

effects of B toxicity and consequently increased the plant performance. 

Khan et al. (2006) obtained higher grain and straw yields from 1.48 to 4.25 and from 

1.55 to 3.55 t ha-1, respectively when 15 kg ha-1 Hal-Tonic was applied with 
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recommended dose of NP. However, plant analytical data showed that Cu, Fe, Mn 

and Zn contents of leaf, straw and grain of wheat increased with the application of 

various levels of Hal-Tonic and mineral fertilizers. The effect was more pronounced 

where 10 kg ha-1 Hal-Tonic was applied with recommended dose of NP fertilizer. 

Chaudry et al. (2007) applied micronutrients Zn, Fe and B @ 5, 10 and 1 kg ha-1, 

respectively either in single or in combination along with basal dose of NPK @ 150-

120-90 kg ha-1. Three wheat varieties viz. Inqlab-91, Chakwal-97 and Chakwal-2000 

were used. All the micronutrients (Zn, Fe and B) significantly increased the wheat 

yield over control when applied in single and in combination. Response of Inqlab-91 

to Fe and B was higher than Chakkwal-97 and in case of Zn, Chakwal-97 performed 

better than Inqlab-91 for increasing the grain yield. 

Li et al. (2007) showed that soil Cu, Zn, Fe and Mn concentrations did not change 

among the different treatments to a significant level, except for a slight decrease of 

soil Zn in the check (no fertilizer application). The DTPA-extractable soil Zn, Fe and 

Mn concentrations increased from 0.41 to 1.08 mg kg-1, from 10.3 to 17.7 mg kg-1 and 

from 9.7 to 11.8 mg kg-1, respectively with increasing soil organic matter content, 

thus showing the importance of soil organic matter in micronutrient availability for 

crops. The NPK treatment also had higher DTPA-extractable micronutrient 

concentrations in soil. Deficiency of N or P resulted in a low yield but high 

micronutrient concentrations in crops except Cu in maize stalks. Higher available soil 

P significantly decreased crop micronutrients, possibly because of their precipitation 

as metal phosphates. Maize stalks contained higher concentrations of micronutrients 

than those of wheat straw, whereas wheat grain had higher micronutrients than those 

of corn grain. The transfer coefficients of micronutrients from straw to grain were 

significantly different between winter wheat (1.63-2.52 for Cu; 2.31-3.82 for Zn; no 

change for Fe; 0.55-0.84 for Mn) and summer maize (0.24-0.50 for Cu; 0.50-1.21 for 

Zn; 0.02-0.04 for Fe: 0.07-0.10 for Mn). In conclusion, application of organic matter 

significantly increased the DTPA-extractable concentrations of Zn, Fe and Mn 

compared to check, grain and vegetative tissue in the check and NK had higher 

micronutrient concentrations than those in other treatments. 

Chowdhury et al. (2008) noticed a wide range of genetic variation in the response to 

low boron. At very low levels of boron concentration in the soils, highly susceptible 
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genotypes had complete male sterile and set either a few or no grain, whereas the 

tolerant or moderately tolerant genotypes had normal spike and set grains. Promising 

genotypes 'HD 2643', 'HP 1633' were moderately tolerant to boron deficiency and 

showed very low spike sterility (<10%). The results revealed that application of boron 

(soil + foliar) was the best method to increase grain yield of wheat genotypes. 

Whereas the genotypic differences among the varieties showed that 'HD 2285' (37% 

yield increase) is one of the most boron-sensitive cultivars and could be used as 

standard check. 

Ghasemi and Ronaghi (2008) showed that neither soil application of Fe-EDDHA nor 

foliar application of Fe sulfate had a significant effect on wheat dry matter yield 

(DMY). In general, Fe application increased Fe uptake but decreased that of Mn, zinc 

(Zn) and copper (Cu). Application of Mn increased only Mn uptake and had no 

significant effect on the uptake of the other cationic micronutrients. Iron treatments 

considerably increased the ratio of Fe to Mn, Zn, Cu and (Mn+Zn+Cu). Failure to 

observe an increase in wheat DMY following Fe application is attributed to the 

antagonistic effect of Fe with Mn, Zn, and Cu and hence, imbalance in Fe to 

(Mn+Zn+Cu) ratio. Due to the nutritional disorder and imbalance, it appeared that 

neither soil application of Fe-EDDHA nor foliar application of Fe-sulfate was 

appropriate in correcting Fe deficiency in wheat grown on calcareous soils.  

Harris et al. (2008) obtained significantly increased mean grain yield of wheat from 

2.28 to 2.42 t ha-1 (6%) by priming with water alone and to 2.61 t ha-1 (14%) by 

priming with 0.3% Zn. Mean grain yield of chickpea in seven trials was increased 

significantly from 1.39 to 1.65 t ha-1 (19%) by priming seeds with 0.05% Zn. The 

effect of priming chickpea seeds with water was intermediate (1.49 t ha-1) and not 

statistically separable from the non-primed and zinc-primed treatments. Increased 

grain yield due to priming in both crops was associated with increases in total biomass 

but there was no significant effect of priming on harvest index. In addition to 

increasing yield, priming seeds with Zn also significantly increased grain zinc 

concentration, by 12% in wheat (mean of three trials) and by 29% in chickpea (one 

trial) and the total amount of Zn taken up by the grain (by 27% in wheat and by 130% 

in chickpea). Using ZnSO4 to prime seeds was very cost-effective, with net benefit-to-

cost ratios of 75 for wheat and 780 for chickpea. 
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Malakouti (2008) found that Zn deficiency was the most detrimental to effective crop 

yield. Other important micronutrients that increase crop yield (most to least effect) 

were Fe, B, Mn, Cu, and Mo. In fact, in some cases, especially with inefficient 

cultivars such as durum wheat (Triticum durum L.), micronutrients could increase 

grain yield up to 50%, as well as increase macronutrient use efficiency. By supplying 

plants with micronutrients, either through soil application, foliar spray, or seed 

treatment, increased yield and higher quality, as well as macronutrient use efficiency, 

could be achieved.  

Rehm (2008) reported that application of Cu increased grain yield. Grain yield 

response, however, could not be predicted by amount of Cu extracted from soil. 

Concentrations of Cu in whole plant tissue did not match those reported in the 

literature. The results of this study didn’t support the addition of Cu to a fertilizer 

program for production of hard red spring wheat on mineral soils. 

Shivay et al. (2008) revealed that the residual effect of zinc-enriched urea on 

succeeding wheat yield and zinc uptake was significant only at a higher level of zinc 

enriched urea (ZEU). By increasing levels of zinc enrichment of urea, the partial 

factor productivity, agronomic efficiency, apparent recovery and physiological 

efficiency of applied zinc in a rice-wheat system decreased significantly. Considering 

all the economic parameters (benefit cost ratio, IR gained IR-1 invested in zinc), 1.0% 

ZEU proved the most economic source for aromatic rice-wheat cropping system and 

therefore is recommended for rice-wheat cropping system. 

Abbas et al. (2009a) showed that application of recommended NPK fertilizer 

significantly increased all parameters of wheat i.e. plant height, spike length, number 

of spikelets spike-1, number of fertile tillers m-2, straw and grain yield and 1000-grain 

weight over control (no NPK). Application of Fe also showed a significant response 

to wheat at lower rates. High rates of Fe reduced/did not affect the growth and yield 

contributing parameters of crop. The best results were obtained when Fe @ 12 kg ha-1 

was applied with recommended NPK. Increasing rates of Fe dose up to 12 kg ha-1 

increased grain yield while higher rate did not have any significant effect. 

Abbas et al. (2009b) revealed that combined application of NPK and zinc 

significantly improved growth and yield parameters of wheat. Application of zinc 
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increased its total uptake and also resulted in a built-up of zinc in the upper 15 cm 

layer to be available for next crop. Increasing zinc application showed a little increase 

in the uptake of manganese. The uptake of iron increased by applying zinc up to 8 kg 

ha-1 while high zinc doses resulted in reduced iron uptake. Applying zinc up to 12 kg 

ha-1 increased net return, however, value cost ratio decreased by increasing zinc doses 

beyond 4 kg ha-1. 

Ahmad et al. (2009) stated that sexual reproduction in plant is more sensitive to low 

B, than vegetative growth. Considerable research activities have been directed at 

accentuating the physiological and biochemical role of B in plant growth and 

development. 

Behera and Singh (2009) stated that wheat grain and straw yields under 100% 

NPK+FYM and 100 NPK+Zn were at par and higher as compared to other treatments. 

Total uptake of Zn, Fe, Mn and Cu ranged from 134.0 to 324.7, 1030.8 to 2540.2, 

219.4 to 466.3 and 60.8 to 149.3 g ha-1 by wheat under different treatments. 

Kumar et al. (2009) reported that growth attributes like plant height, fresh and dry 

matter yield, percent dry matter enhanced with increasing Cu levels and was 

maximum at 1.5 mg kg-1 Cu while the number of tillers was minimum at this level. 

The grain yield at 1.5 mg kg-1 Cu was enhanced by 62.9% from the control. The 

increase in weight of 1000-grains ranged from 33.93 to 41.35 g in comparison to 

control (32.58 g). Harvest index (%) also increased and ranged from 39.42 to 47.73 in 

different treatments in comparison to control (35.92). Both 1000-grain weight and 

harvest index were maximum in the plants at 1.5 mg kg-1 copper concentrations in 

leaves, grain and straw enhanced with increasing levels of Cu application. The Fe 

concentration in leaves was significantly reduced by Cu application and the reduction 

was 10.3% at 2.5 mg kg-1 Cu and was not influenced in by Cu application in grain and 

straw The Mn concentration was not affected by Cu application in any of the plant 

part studied. However, Zn concentration decreased significantly at higher levels of Cu 

(2.0 and 2.5 mg kg-1) in leaves and remained unaffected in the grain and straw. 

Rad and Pessarakli (2009) showed that the interactive effects of Zn and Mn were 

significant on the number of grains in each spike. The highest number of grains 

resulted from the application of 80 kg ZnSO4 ha-1 and foliar Mn. The interactive 
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effects of Zn and Fe were significant on weight of 1000-grains. The highest weight of 

1000-grains resulted from application of 80 kg Zn and foliar Fe. Application of 80 kg 

ZnSO4 ha-1 alone and 80 kg ZnSO4 ha-1 with foliar application of Mn significantly 

increased grain yield. Two year results showed that foliar application of Zn increased 

concentrations of Zn (99%) and Fe (8%). Foliar application of Fe resulted in a 21% 

increase in Fe concentration and 13% increase in Zn concentration in grains. The 

foliar application of Mn resulted 7% increase in Mn concentration in grains. 

Reid and Fitzpatrick (2009) demonstrated that the expression of genes encoding B 

efflux transporters in leaves of wheat (Triticum aestivum) and barley (Hordeum 

vulgare) is associated with an ability of leaf tissues to withstand higher concentrations 

of B. In tolerant cultivars, necrosis in leaves occurred at B concentrations more than 

2-fold higher than in sensitive cultivars. It is hypothesized that this leaf tolerance is 

achieved via redistribution of B by efflux transporters from sensitive symplastic 

compartments into the leaf apoplast. Measurements of B concentrations in leaf 

protoplasts and of B released following infiltration of leaves, support this hypothesis. 

It was also shown that under B-toxic conditions, leaching of B from leaves by rain 

had a strong positive effect on growth of both roots and shoots. Measurements of rates 

of guttation and the concentration of B in guttation droplets indicated that the impact 

of guttation on the alleviation of B toxicity would be small. 

Sayyari et al. (2009) observed that in solution culture at high concentrations, raya 

showed a higher Mn uptake compared to wheat and oat. However, at low Mn supply, 

all three species were comparably Mn-efficient i.e. plant growth was similar and also 

the uptake was similar. Manganese concentration in the shoot dry weight was always 

higher in raya than in wheat or oat. This was due to a higher Mn uptake whereas 

relative shoot-growth rate and root-to-shoot ratio were similar among the species. 

This point to plant differences in their ability to affect Mn availability in the 

rhizosphere. In the bulk soil, all the crops decreased Mn solution concentration. 

Wheat showed a Mn solution concentration of 25 µmol L-1 which was not 

significantly different from the control. The results indicate that differences in Mn 

efficiency among the crops studied are related to their ability to affect the solubility of 

Mn in the rhizosphere. 
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Zhao et al. (2009a) found significant differences between bread wheat genotypes for 

grain Fe and Zn. Grain Zn, but not Fe, concentration correlated negatively with grain 

yield, and there was a significant decreasing trend in grain Zn concentration with the 

date of variety release, suggesting that genetic improvement in yield has resulted in a 

dilution of Zn concentration in grain. Both grain Zn and Fe concentrations also 

correlated positively and significantly with grain protein content and P concentration, 

but the correlations with kernel size, kernel weight or bran yield were weak.  

Holloway and Alston (2010) revealed that boron decreased dry matter production (but 

not tillering), grain yield, root length and water-use efficiency (total dry weight and 

grain yield): it increased the concentrations of boron and decreased the concentration 

of sodium in the plants. At the concentrations of salt and boron used, boron had more 

deleterious effects on wheat than did salt. Yield was depressed by salt at 

concentrations of sodium in the tissue commonly found in field-grown plants. 

Khan et al. (2011) reported that direct application of 2 kg B ha-1 in wheat was more 

beneficial as compared to cumulative or residual application in rice-wheat system. 

Highest grain yield of wheat (4803 kg ha-1) was recorded with the application of 2 kg 

B ha-1 only to wheat crop (direct) while 4770 kg ha-1 recorded with the application of 

2 kg B ha-1 both to wheat and rice (cumulative). The yield increased due to residual 

effect of B was statistically lower than the cumulative effect of B. The concentration 

of B in soil and leaves increased due to the treatments in order: cumulative > direct 

effect > residual > control (without B). The yield attributes like 1000-grain weight, 

number of spikes, spike length and plant height were increased by the residual, direct 

and cumulative effect of B levels. Under B-deficient soil conditions, yield of wheat 

can be increased by direct application of B while yield of rice can be maximized by 

the cumulative use of B fertilization. 

2.2 Micronutrients application methods 

Bansal and Nayyar (2001) reported significant differences between varieties for grain 

yield, Mn concentration and Mn uptake. The grain yield of wheat under Mn stress 

condition was 1.50-4.40 t ha-1. Though all the varieties responded to foliar application 

of Mn, the increase in grain yield varied from 13.6-73.3%. The Triticum durum 

varieties (PBW-34 and PDW-233) responded more to Mn than the Triticum aestivum 
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(PBW-373, Raj-3765 and PBW-343) varieties. Further trials with varying levels of 

Mn deficiency showed increase in grain yield with foliar sprays of Mn, emphasizing 

the importance of Mn fertilization when wheatis grown on Mn-deficient soils. 

Haslett et al. (2001) stated that inorganic (ZnO, ZnSO4) and chelated sources of Zn 

(ZnEDTA, glycine-chelated Biomin Zn) applied foliarly provided sufficient Zn for 

vigorous growth. Zinc concentrations in roots and shoots were in the sufficiency 

range, except in the Zn control. Foliar treatments with ZnSO4 and chelated Zn forms 

resulted in shoot Zn concentrations in 7-week-old plants being about two-fold greater 

than those in plants supplied with Zn in the root environment or via foliar spray of 

ZnO. Foliar applied Zn-65 was translocated to leaves above and below the treated leaf 

as well as to the root tips. Foliar application of Zn in inorganic or organic form was 

equally suitable for providing adequate Zn nutrition to wheat.  

Erenoglu et al. (2002) reported that Zn nutritional status did not affect total uptake of 

foliar applied Zn. However, Zn-deficient plants translocated more Zn-65 from the 

treated leaf to the roots and remainder parts of shoots. In Zn-deficient plants about 

40% of the total absorbed Zn-65 was translocated from the treated leaf to theroots and 

remainder parts of shoots within 8 days while in Zn-sufficient plants the proportion of 

the translocated Zn-65 of the total absorbed Zn-65 was about 25%. Bread wheat 

compared to durum wheat, tended to accumulate more Zn-65 in shoots and less Zn-65 

in roots, particularly under Zn-deficient conditions. The results indicated that 

differences in expression of Zn efficiency between and within durum and bread wheat 

are not related to translocation or distribution of foliar-applied Zn-65 within plants. 

Differential compartmentation of Zn at the cellular levels is discussed as a possible 

factor determining genotypic variation in Zn efficiency within wheat. 

Prasad et al. (2002) indicated that the use of 25 kg ZnSO4 ha-1 as soil application after 

a two crop interval was found to be optimal. The rate of increase in yields of rice and 

wheat was 52.4 and 21.0 kg per kg of zinc sulfate, respectively and the percent 

increase in yield of rice was 46.6 and in wheat 38.1. The rice and wheat yield in the 

cropping system was significantly correlated with zinc removal. 

Ebrahim and Aly (2004) elucidated that applying bacterial fertilizers (Ar, Am) to the 

experimental soil, influenced the photosynthesis and dry matter accumulation. Zinc 
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application at 50 mg L-1 supported by the bio-fertilization with Ar + Am resulted in 

the highest shoot contents of nitrogen (N), magnesium (Mg), manganese (Mn), 

carbohydrate and total-soluble proteins. The highest phosphorus (P) concentration 

was achieved at 25 mg L-1 Zn supported by Ar plus Am. Irrespective of the bacterial 

inoculum, shoot contents of potassium (K) and Zn showed a positive correlation with 

the sprayed dose of Zn. 

Karamanos et al. (2004) indicated that foliar applications were not always as effective 

as broadcast and incorporation of at least 4 kg Cu ha-1 in the form of CuSO4. 5H2O. 

The maximum grain yield in some cases was obtained by the combination of two 

foliar Cu applications. Responses of wheat to foliar Cu application were obtained on 

soils that contained DTPA-extractable Cu concentration of less than 0.4 mg kg-1. 

Foliar Cu applications did not have an appreciable effect on grain quality parameters. 

Delfine et al. (2005) stated that foliar application of humic acid caused a transitional 

production of plant drymass with respect to unfertilized control and split soil N 

application. This effect was also evident for grain yield, spike fertility and grain 

protein content. Humic acid never affected photosynthesis or stomatal conductance, 

while Rubisco activity and leaf protein content showed intermediate responses 

between unfertilized control and split soil N application. Humic acid had limited 

promoting effects on plant growth, grain yield and quality, and photosynthetic 

metabolism of durum wheat crops with respect to split soil N application. 

Malhi et al. (2005) revealed that wheat plants in the zero-Cu treatment exhibited Cu 

deficiency. For foliar application at the flag-leaf stage, gain yield increased with all 

four of the Cu fertilizers. Foliar application at the four-leaf growth stage of three Cu 

fertilizers (Cu chelate-EDTA, Cu sequestered I and Cu sulphate/chelate), soil 

incorporation of all Cu fertilizers at 2 kg Cu ha-1 and two Cu fertilizers (Cu ligno-

sulphonate and Cu sulphate) at 0.5 kg Cu ha-1 rate, and seed-row placement of two Cu 

fertilizers (Cu ligno-sulphonate and Cu sulphate) at 1 kg Cu ha-1 increased grain yield 

of wheat. There was no effect of Cu fertilization on protein concentration in grain. 

The results showed that foliar application of Cu fertilizers at the flag-leaf growth 

stage can be used for immediate correction of Cu deficiency in wheat. Because Cu 

deficiency often occurs in irregular patches within fields, foliar application may be the 
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most practical and economical way to correct Cu deficiency during the growing 

season. 

Arif et al. (2006) studied foliar application treatments viz. control (water spray), spray 

at tillering (single spray) and/or spray at jointing (two sprays) and/or spray at boot 

stage (three sprays). Significant increase was recorded in number of spikes m-2, grains 

spike-1, 1000-grain weight, biological yield and grain yield with foliar application of 

nutrients. Three foliar applications of nutrients resulted in maximum number of spikes 

m-2, grains spike-1, 1000-grains weight and biological yield. Maximum grain yield 

was recorded for two foliar sprays which was statistically similar to that of three foliar 

sprays. It was concluded that three foliar sprays of nutrient solution at tillering, 

jointing and boot stages along with half of the recommended doses of N and P helped 

in enhancing yield and yield components. 

Nataraja et al. (2006) reported that soil application of ZnSO4 @ 10 kg ha-1 recorded 

significantly higher LA (71.27 dm2 m-1 row length), LAI (3.14) at 90 DAS, LAD 

(92.90 days), AGR (4.658 g m-1 row length day-1) and CGR (0.207 g dm-2 day-1) and 

grain and straw yield (31.27 and 49.36 q ha-1, respectively) at harvest over rest of the 

treatments. But, RGR was found to be higher (0.014 mg g-1 day-1 each) with the 

application of FeSO4 @ 5 kg ha-1 and combined soil application of FeSO4 @ 5 kg ha-1 

+ ZnSO4 @ 10 kg ha-1. However, combined application of 100% recommended dose 

of P2O5 + soil application of ZnSO4 @ 10 kg ha-1 recorded significantly higher LA 

(88.00 dm2 m-1 row length), LAI (3.91) at 90 DAS and LAD (113.70 days). This 

might be due to availability of sufficient nutrients which might have resulted in higher 

leaf area which in turn caused higher photosynthesis and dry matter accumulation 

ultimately resulting in maximum AGR, CGR and RGR which in turn increased the 

grain and straw yield of wheat. 

Simoglou and Dordas (2006) demonstrated that Mn and B treatments had no 

significant influence on flag leaf area. Moreover there was no significant difference in 

yield components. These findings suggested that foliar application of micronutrients 

can be used to reduce the severity of tan spot on wheat, however, the physiological 

basis of these remains unknown. 
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Soleimani (2006) evaluated the efficiency of Zn factor treatments viz. (1) Zns = Soil 

application, (2) Znsf1= Soil application + foliar application with concentration of 

0.3%, (3) Znsf2= Soil application + foliar application with concentration of 0.6%, (4) 

Zn0= Non-application of Zinc Sulphate). Analysis of data indicated that effects of 

factor of zinc sulphate application were significant at level of 1%. Also, the grain and 

straw yield, thousand grains weight (TSW), grains spike-1 and concentration of Zn, 

Fe, Mn and Cu were affected by integrated application of soil and foliar of zinc 

sulphate. Increasing of the grain yield in factors of Zns, Znsf1 & Znsf2 in comparison 

with control (without application) were 17.5, 21 and 22%, respectively in first year 

and were 15, 17.2 and 18.5%, respectively in second year. Grain spike-1 in treatment 

of integrated soil and foliar application with concentration of 0.3% was the same as 

treatment of integrated soil and foliar application with concentration of 0.6%. In other 

hand, zinc content of grains in treatment of Znsf2 was higher than the other 

treatments. Increasing of Zn concentration in treatments of soil and foliar application 

with concentrations of 0.6% and 0.3% respect to non-application of zinc sulphate 

were 46.5 and 39%, respectively. In other hand, the interaction of Zn-Mn affected the 

Fe content of grains. Also integrated soil and foliar application of ZnSo4 affected the 

Mn and Cu content of grains. 

Kaleri (2007) showed that plant height affected significantly by the fertilizer 

treatments. Number of application of micronutrients or foliar application of Mg (1%) 

produced equally maximum plant height (92.28 and 91.89 cm). Wheat treated with 

soil application of 6 kg Zn ha-1 produced maximum number of tillers (20.81 plant-1). 

Among the micronutrient treatments soil application of 6 kg Zn ha-1 displayed longer 

spikes (13.84 cm). However, foliar applications of micronutrients were less effective 

although superior to basal dressing of NP. Soil application of Zn at 6 kg ha-1 resulted 

in greater number of grains (71.95 per spike). However, no application of 

micronutrients resulted in poor grain number (46.62 per spike). Wheat crop treated 

with 6 kg Zn ha-1 through soil dressing gave maximum seed index (68.66 g) while no 

application of micronutrients resulted in poor seed index value (50.68 g). Wheat 

receiving 6 kg Zn ha-1 through soil application gave higher wheat grain yield (5113.33 

kg ha-1) closely followed by 3 kg Mg ha-1 (4944.33 kg ha-1) and 3.5 kg B ha-1 

(99.28.00 kg ha-1), respectively. However, minimum grain yield was recorded when 

no trace elements were applied (4124.67 kg ha-1). On the basis of present study, it was 



 
37 

 

concluded that soil application of micronutrients were relatively more effective than 

foliar application in the local soil conditions. Among the micronutrients Zn applied at 

6 kg ha-1 followed by 3 kg Mg ha-1 and 3.5 kg B ha-1 gave higher grain yield due to 

increased values in all yield related parameters. 

Kinaci and Gulmezoglu (2007) revealed that foliar treatments had significant positive 

effect on grain yield, spikelet number spike-1, number of grain spike-1, 1000-grain 

weight and harvest index. The most effective foliar fertilizeron yield and yield 

components during drought stress were Zn-15, achelated (EDTA) form of zinc. Both 

NZN and ZnSO4 increased grain yield of triticale under no stress conditions. 

Sarkar et al. (2007) stated that a single late application of B (at 45 or 60 DAS through 

soil or foliar spray, respectively) to wheat was more effective than the early or split 

application in increasing yields. Better use efficiency of B can thus be achieved if it is 

applied late for wheat. 

Curtin et al. (2008) applied micronutrients at recommended rates as solid fertilizer 

(Zn and B), foliar spray (Mn) or both (Cu). Foliar treatments increased Cu and Mn in 

vegetative tissue but not in grain. Soil-applied CuSo4 had little or no effect on plant 

Cu. Sodium borate (2.3 kg B ha-1) increased plant B by an average of 68% at mid-late 

tillering. Zn (4.4 kg ha-1 as ZnSO4) gave small improvements in plant Zn (generally < 

20%). The critical tissue Mn concentration to achieve 95% of maximum yield was 

estimated at 13 mg kg-1 at ear emergence. Their results suggested that wheat crops 

with > 12 mg Zn kg-1 at mid-late tillering or > 10 mg Zn kg-1 at ear emergence do not 

respond to applied Zn. Crops with > 2 mg Cu kg-1 at mid-late tillering were not 

responsive to Cu. 

Korzeniowska (2008) stated that foliar fertilization treatments caused a significant 

grain yield increase of four (Zyta, Kobra, Mewa and Pegassos) out of ten winter 

wheat cultivars. The average yield increment ranged between 9 and 15%. The 

cultivars which responded positively to the fertilization were the ones which produced 

the lowest yields on the control plots without boron. The nutritional demands of the 

cultivars Korweta, Kris, Soraja, Jawa, Symfonia and Sakwa for boron were much 

lower than those of the other cultivars. Although the foliar fertilisation with boron 
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increased the concentration of this element in the shoots of these 6 cultivars, they did 

not respond with higher yield to the application of this element. 

Uddin et al. (2008) reported that boron application @ 2 kg ha-1 significantly increased 

the spikelet spike-1, grains spike-1, tillers plant-1, spike length, straw and grain yield of 

wheat over the control. However, it had no significant effect on plant height. Boron 

application increased straw yield from 3540 kg ha-1 to 3895 kg ha-1, grain yield  from 

1500 kg ha-1 to 2304 kg ha-1 and 1000-grain weight from 36.0 g to 39.2 g. 

Considering the method of boron application seed priming with boron performed 

better than other methods in increasing yield contributing characters except straw 

yield and 1000-grain weight. Soil application of boron had the highest straw yield and 

1000-grain weight. Thousand-grain weight was influenced significantly due to 

interaction effect of boron and variety. There was no significant interaction of variety 

× application methods on yield contributing characters except 1000-grain weight. 

Ali et al. (2009) revealed that combined application of zinc and boron resulted in 

maximum grains spike-1, thousand grains weight, biological yield and grain yield. 

Water application and control treatments resulted in minimum number of spikes m-2, 

grains spike-1, thousand grain weight, biological yield and grain yield. The present 

experiment showed that foliar application of zinc and boron results in increased grain 

yield and yield components of wheat. 

Fageria et al. (2009) demonstrated that soil application method is more common and 

most effective for nutrients, which required in higher amounts. However, under 

certain circumstances, foliar fertilization is more economic and effective. Foliar 

fertilization requires higher leaf area index for absorbing applied nutrient solutionin 

sufficient amount, it may be necessary to have more than one application depending 

on severity of nutrient deficiency. Nutrient concentration and day temperature should 

be optimal to avoid leaf burning and fertilizer source should be soluble in water to be 

more effective. Foliar fertilization of crops can complement soil fertilization.  

Habib (2009) showed that foliar application of Zn and Fe increased seed yield and its 

quality compared with control. Among treatments, application of Fe + Zn produced 

the highest seed yield and quality. 
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Tahir et al. (2009) found that number of grains per spike, 1000-grain weight and grain 

yield was significantly increased where boron was applied at booting stage. So, boron 

application at booting stage was found to be the best time for obtaining higher grain 

yield of wheat. 

Khan et al. (2010) observed no effect of micronutrient application on number of 

tillers, fertile tillers and spike length. Exogenous application of Shelter significantly 

improved the number of grains per spike, 1000-grain weight, grainyield, straw yield, 

biological yield and harvest index at different growth stages of wheat. An increase in 

the number of grains per spike, 1000-grain weight, straw yield and biological yield 

was recorded when Shelter was applied at least at three growth stages. Maximum 

grain yield, net economic returns were recorded when Shelter was applied at tillering, 

jointing, booting and earing.  

Manal et al. (2010) showed that salinity affects most yield parameters, i.e. plant 

height, harvest index, number of tillers and spikes plant-1, spikes weight, weight of 

grains and straw plant-1 as well as the biological yield. However, it increases 

photosynthetic pigments content in the leaves and potassium concentration in the 

grains. Concerning the foliar spraying application with Mn and Fe or uniconazole, 

yield parameters and photosynthetic pigments were increased in the leaves, on the 

other hand, macro nutrients (NPK) as well as micronutrients (Mn and Fe) increased 

by foliar spraying.  

Narimani et al. (2010) revealed that fertilizer treatments imposed positive effects on 

spike length and kernel protein content, but Zn had highest positive effect on them 

(13.4 and 9.6% compared to check, respectively). All fertilizer treatments imposed 

positive effects on test weight, but Cu had highest positive effect on it (6.1% 

compared to check). Also, all fertilizer treatments imposed positive effects on 

economic yield, but Fe+Cu had highest positive effect on it (34.1% compared to 

check). Although all fertilizer treatments imposed positive effects on fertile tiller 

number, but Cu+Zn had highest positive effect on it (61.6% compared to check). This 

treatment, also, had highest positive effect on 1000-kernel weight and spike number 

per unit area, and highest negative effect on sterile floret number (9.2, 17.3 and 18% 

compared to check, respectively). Fe+Cu+Zn treatment had highest positive effect on 

plant height, fertile floret number and kernel number per spike (15.1, 17.6 and 14.3% 
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compared to check, respectively). If only one micronutrient was to be utilized, Zn is 

obviously the best choice for improvement of yield and its components. Since all 

fertilizer treatments had positive effects on most of important traits, it can be 

suggested the utilization of Fe+Zn+Cu treatment in the form of foliar spray in culture 

of durum wheat. 

2.3 Use of organic fertilizers 

Singh et al. (2001) obtained maximum yields where the recommended rate of NPK 

was applied along with FYM and blue green algae (BGA). The organic carbon 

content of the soil decreased up to 50% of the recommended NPK, either alone or in 

combination with FYM, BGA or FYM+BGA. Available soil nutrients were enhanced 

up to 75% of the recommended NPK dosage, alone or with FYM, BGA or FYM + 

BGA, compared with initial values. The maximum build-up of available N, P and K 

was measured under integrated use of 100% NPK along with FYM and BGA. 

Hussain et al. (2002) reported that different NPK levels significantly affected plant 

height, number of tillers, 1000-seed weight, grain yield and protein content of wheat. 

The maximum grain yield (4.99 t ha-1) was recorded in Inqulab-91 with the 

application of 105-75-75 kg NPK ha-1. 

Warraich et al. (2002) revealed that leaf area index, relative growth rate and net 

assimilation rate significantly increased with increasing levels of nitrogen, but the 

increase in leaf area duration was non-significant. Grain filling rate, grain filling 

duration, grain weight and grain yield also increased with the increasing levels of 

nitrogen. Harvest index, however, did not increase with increasing levels of nitrogen. 

Cheema et al. (2003) recorded maximum grain yield (4293 kg ha-1) with 150-100-50 

kg NPK ha-1 and 125 kg ha-1 seed rate. It was closely followed by the same fertilizer 

level with seeding rate of 100 kg ha-1 by giving 4287 kg ha-1 yield. It showed that 

higher dose of NPK fertilizer induce more tillering and grain weight in wheat plants 

under low seed rate which compensate reduction in grin yield. Increasing NPK levels 

up to 150-100-50 kg ha-1 with seeding rate of 75, 100 and 125 kg ha-1 significantly 

and linearly enhance wheat grain yield while reduction in yield was obtained beyond 

this fertilizer dose and seeding rate. 
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Duan et al. (2004) showed that N and P fertilizers significantly influenced spring 

wheat yield. If the application rates of N and P reach 200-35.6 kg ha-1, spring wheat 

yield was the highest. Potassium fertilizer had less influence on spring wheat yield. 

Bhatti et al. (2005) compared treatments viz. (1) control (rice-wheat), (2) gypsum, (3) 

farmyard manure (FYM), (4) berseem (Trifolium alexandrinum L.) as green manure 

(GM) and (5) dhancha (Sesbania sp.) as GM. All treatments increased yields of both 

rice and wheat significantly (P<0.01) over the control with the green manure 

treatments proving more economical than the others; while they decreased pH, 

electrical conductivity (EC) and sodium adsorption ratio (SAR) of the soil. Saturation 

percentage and available water of the soil were raised for all treatments due to an 

increase in organic matter content of the soil. 

Mishra et al. (2006) reported that green manuring with Sesbania gave the highest rice 

yield whereas lowest yields were recorded with wheat straw incorporation. The 

organic manures had significant residual effect on succeeding wheat and the highest 

yields were recorded with FYM. The percent increase over no organic manure 

(control) in total rice-wheat productivity was the highest with Sesbania green 

manuring (19.5%) and lowest with wheat straw (4%). The concentration and uptake 

of Zn and Cu by individual crops and system was significantly greater with organic 

manures. The micronutrient status of soil after 3 cycles of rice-wheat cropping system 

declined over initial values but the decline was the least with FYM followed by green 

manures. Application of organic manures is desirable for sustained supply of Zn and 

Cu to rice-wheat cropping system soils. 

Khan et al. (2007) stated that integrated fertilization had pronounced residual effects 

on grain and straw yields of wheat. However, an overall non-significant trend was 

followed among the different combinations in terms of organic residues. There was no 

definite wheat yield trend for other treatments. The results showed that organic 

manures especially NPK + FYM had direct and residual effects on yields. 

Mandal et al. (2007) recommended a balanced application of NPK+FYM for getting 

the highest values at tillering followed by the flowering and dough stages. A 

significant positive interaction between fertilizer treatments and physiological stages 
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of wheat growth was observed, being highest at maximum tillering due to application 

of NPK+FYM.  

Mavi and Singh (2007a) assessed the influence of crop residues (rice straw, wheat 

straw) and organic manures (poultry manure, farmyard manure, cowpea and sesbania) 

on urea hydrolysis. The results showed that the rate of urea hydrolysis decreased with 

an increase in time of incubation (12 to 96 h) while the disappearance of urea N was 

associated with the corresponding increase in (NH4
+ + No3

-)-N content in soils treated 

with crop residues and organic manures. In the non-amended soil, the time required 

for the complete hydrolysis of the applied urea (200 mu g urea Ng-1 soil) was more 

than 96 h at both the moisture levels whereas in amended soils, 60 to 72 h of 

incubation periods were required for urea hydrolysis. The rate of urea hydrolysis in 

the amended soil was of the following order: sesbania > cowpea > poultry manure > 

farmyard manure > rice straw and wheat straw, irrespective of the moisture regime. 

The rate constant value for urease activity was higher at field capacity, indicating that 

urea hydrolysis proceeded rapidly under the condition of field capacity rather than 

saturated conditions (1:1 soil : water ratio). 

Mavi and Singh (2007b) studied the effect of crop residues (rice straw, wheat straw) 

and organic manures (poultry manure, farmyard manure, cowpea and sesbania) on the 

movement of urea. They reported that among all the crop residues and organic 

manures, sesbania amended soils had the highest amount of (NH4
++NO3

-)-N followed 

by cowpea, poultry manure, farmyard manure, rice and wheat straw in both soils. 

Rasool et al. (2007) characterized the soil physical environment in relation to the long 

term application of farmyard manure (FYM) and inorganic fertilizers in rice-wheat. 

They reported that the total porosity of soil increased with the application of both 

FYM and N120P30K30 from that in control plots. In 0-15 cm soil layer, the total 

porosity increased by 25% with FYM from that in control plots. The average water 

holding capacity (WHC) was 16 and 11% higher with FYM and N120P30K30 

application from that in control plots. The grain yield and uptake of N, P and K by 

both rice and wheat were higher with the application of FYM and inorganic fertilizers 

than in control plots. 
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Ibrahim et al. (2008) stated that organic manures application increased the wheat 

yield by 11.13 (105%) to 13.53 (128%) g pot-1, relative to the control. The wheat 

plant height, number of tillers, spike length, straw yield, grain yield and 1000-grain 

weight all were statistically different from that of control. The findings of the trial 

suggested that crop productivity may be improved significantly by the application of 

various organic manures for longer time. Hence, instead of using inorganic chemical 

fertilizer alone, the integrated use could be more effective and sustainable for 

environment and agriculture. 

Rasool et al. (2008) measured bulk density, organic carbon content (OC), structural 

stability of soil aggregates and water holding capacity of 0-60 cm soil layer. The 

application of FYM to maize increased the organic carbon by 16% whereas 

N100P50K50 increased it by 21%. The increased organic matter with both FYM and 

N100P50K50 increased the total soil porosity and decreased soil bulk density from 

that in control plots. The average water holding capacity (WHC) was higher with 

FYM and N100P50K50 application than that in control plots. The mean weight 

diameter (MWD), total porosity, OC content and WHC improved with the application 

of balanced application of fertilizers. The grain yield and uptake of N, P and K by 

both maize and wheat were higher with the application of FYM and inorganic 

fertilizers than in control plots. The uptake of N, P & K increased with the application 

of FYM and N100P50K50. 

Rehman et al. (2008) revealed that different levels of NPK and FYM alone or in 

combination had significant effect on emergence, spikes, grains spike-1, biological 

yield and thousand grain weight. Maximum emergence (83.5 m-2), grains (55.8 spike-

1), thousand grain weight (35.16 g) and biological yield (10008 kg ha-1) were recorded 

at 80-60-60 NPK ha-1. Maximum spikes (201.6 m-2) were recorded at 80-60-30 kg 

NPK ha-1. Farmyard manure at 45 t ha-1 produced the maximum spikes (191.2 m-2), 

grains (54.4 spike-1), thousand grain weight (34.69 g) and biological yield (10000 kg 

ha-1), while no significance difference was recorded for these parameters between 30 

and 45 t FYM ha-1. The application of 80-60-60 kg NPK and 30 t FYM ha-1 produced 

the maximum wheat yield components and biomass under rain-fed condition. 

Saha et al. (2008a) reported that manure application increased soil carbohydrate, 

dehydrogenase, acid and alkaline phosphatases, cellulose and protease activity 
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significantly. Urease activity was not influenced by the manure treatment and the 

activity was highest in controls. Both acid and alkaline phosphatase activities were 

negatively influenced by chemical fertilizer treatment. Almost all the enzymes studied 

were significantly correlated with soil C content. The results suggested that 

application of FYM directly or indirectly influences the enzyme activity and it in turn 

regulates nutrient transformation. 

Saha et al. (2008b) reported that the dehydrogenate activity of soils increased 

significantly in FYM and 1/2 NPK+FYM. Except urease, all other enzymatic 

activities were increased in those treatments, which received manure. Urease activity 

was higher in mineral-N applied plots. Grain protein content of both maize and wheat 

was highest in mineral fertilized plots. Test weight also increased significantly on 

application of mineral fertilizer. Plots treated with half dose of recommended mineral 

fertilizer along with FYM were higher in urease, phosphomono and diesterase 

activities than that of NPK + FYM treated plots. Long-term application of inorganic 

nutrients along with FYM improved grain mineral composition and yield. 

Yaduvanshi and Sharma (2008) investigated the effect of no-tillage (NT) and 

conventional tillage (CT) practices applied either with NP fertilizer alone or in 

conjunction with gypsum or farmyard manure (FYM) or sulphitation press-mud 

(SPM) on wheat. In general, wheat yield increased with the increase in nitrogen (N) 

and phosphorus (P) fertilizer doses. The grain yield in the NT treatment remained 

below the CT treatment during the first year but was greater than CT treatment during 

the next two years. In NT practice, 32.44 cm irrigation water was used each year as 

compared to 39.66 cm in CT practice. No-tillage, thus, saved 7.22 cm of irrigation 

water. The results emphasized the necessity of using N120P26 kg ha-1 fertilizers dose 

with FYM or SPM or gypsum under NT practice for improving soil organic matter 

and sustaining wheat production. 

Bakht et al. (2009) found that post harvest incorporation of crop residues significantly 

(p < 0.05) increased the grain and straw yields of wheat. On average, crop residues 

incorporation increased the wheat grain yield by 1.31 times and straw yield by 1.39 

times. The wheat crop also responded strongly to the previous legume (mungbean) in 

terms of enhanced grain yield by 2.09 times and straw yield by 2.16 times over the 

previous cereal (maize) treatment. The N uptake in wheat grain and straw was 
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increased 1.31 and 1.64 times by residues treatment, 2.08 and 2.49 times by 

mungbean and 1.71 and 1.86 times by fertilizer N applied to wheat, respectively. The 

soil mineral N was increased 1.23 times by residues, 1.34 times by mungbean and 

2.49 times by the application of fertilizer N to wheat. Similarly, the soil organic C was 

increased 1.04-fold by residues, 1.08 times by mungbean and 1.00 times by the 

application of fertilizer N. 

El-Ghamry et al. (2009) studied the interaction effect of FYM addition and foliar 

application of micronutrients on quantitative yield characteristics of wheat plants 

which recorded a significant increase in all studied yield parameters as compared with 

control treatment. The concentrations of macro and micronutrients in grain and straw 

yield of wheat were affected by FYM and foliar application of micro nutrients and 

this effect was significant. There was significant effect of the interaction between 

FYM addition and foliar application of micronutrients and the treatment of adding 

FYM with foliar application of the mixed micronutrients (B, Mo and Zn) was the 

superior. 

Mandal et al. (2009) recorded a significant positive interactive effect of fertilizer 

treatments and stages of wheat growth for N and P availability in soil and their uptake 

by wheat crop. Stepwise regressions have revealed that grain yield of wheat was 

significantly associated with mineralizable N at tillering (R2 = 0.80), No3-N at 

flowering (R2 = 0.73) and Olsen-P and Plant-P (R2 = 0.87) at dough stage of wheat 

growth. The results indicated that in the background of long-term fertility 

management regimes, crop growth (rhizospheric feed back) stages have significant 

impact oil the nutrient dynamics in soil and nutrient concentration in growing plants.  

Qazi et al. (2009) studied the economic feasibility of municipal solid waste compost 

(MSWC) applications. Fertilizer doses were either based on standard N, P and K 

recommendations or on measured site-specific soil plant available phosphorus (PAP) 

levels. It was found that combining MSWC and mineral fertilizer applications based 

on site-specific PAP levels with the use of pesticides and herbicides was an 

economically and environmentally viable management strategy. Results showed that 

incorporation of MSWC improved soil physical properties such as bulk density and 

penetration resistance. No potential risks of heavy metal (Zn, Cd, Cr, Ph and Ni) 

accumulation were observed. Treatments comprised of MSWC and mineral fertilizer 
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adjusted to site-specific PAP levels and with common pest management showed 

highest cumulative yields. A basic economic analysis revealed a significantly higher 

cumulative net profit and value-to-cost ratio (VCR) for all site-specific doses. 

Rani et al. (2009) observed that the average yield of wheat 'PBW 343' with various 

organic sources varied from 2.68 to 3.02 t ha-1. The yield of 'C 306' wheat varied from 

2.89 to 2.94 t ha-1 in different organic treatments. The relative yield of organic rice 

(green manure-farmyard manure treatment) 'PBW 343' and 'C 306' wheat with 

reference to recommended chemical fertilizers was 86, 54 and 59% respectively. The 

inorganic fertilizer treatment increased the N content and crude protein of wheat grain 

over organic manure treatments significantly. The benefit rupee-1 invested was highest 

in chemical fertilizer treatment (Rs 12.85) compared to cowpea green manure (Rs 

8.22-8.60). The net returns from wheat was highest (Rs 39416/- for 'PBW 343' and 

25136/- for 'C 306') in the chemical fertilizer treatment, whereas benefit was highest 

in farmyard manure treatment.  

Sodhi et al. (2009) reported that the application of rice straw compost either alone or 

in combination with inorganic fertilizers increased the macro aggregate size fractions 

except for 0.25-0.50 mm fraction. Application of rice straw compost at 2 t ha-1 along 

with inorganic fertilizers (IN+2RSC) increased C and N concentration significantly 

over control. The C and N concentration increased further when rice straw compost at 

8 t ha-1 (8RSC) was added. It was concluded that soils could be rehabilitated and 

could sustain the soil C and N levels with the continuous application of rice straw 

compost either alone or in combination with inorganic fertilizers. This will also help 

in controlling the rising levels of atmospheric carbon dioxide. 

Zhang et al. (2009) showed that regular manure application can increase soil organic 

carbon (SOC) and grain yield. Overall, regular use of manure resulted in larger 

increase in SOC in the maize and wheat-maize systems than in the rice-based systems. 

Application of manure tends to increase the grain yield in the maize and wheat maize 

systems. There was only one site that shows significant improvement in the yield 

trend in association with the application of manure. The effects of manure on yield 

trends were probably determined by the initial yield and/or the 'organic C effect' that 

may cause gradual improvements in SOC and soil physical properties. 
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Zhao et al. (2009b) reported that FYM combined with chemical fertilizer management 

(M+NP) resulted in higher increase in SOC, available NP and higher activities of 

protease, urease, and alkaline-phosphatase compared with those found under straw 

manure combined with chemical fertilizer management (S+NP). However, soil of 

straw treatment had higher levels of potential soil respiration, soil water retention, 

microbial biomass, soil porosity, invertase, catalase and lower bulk density than FYM 

treatment. M+NP produced the highest crop yields at all treatments. These results 

indicated that straw management positively affected soil physical, chemical and 

biochemical properties as manure treatment in calcareous soil. Adding straw manure, 

as a replacement of farmyard manure, could be a promising strategy on some soil 

physical and biological properties as compared to farmyard manure in calcareous soil. 

Akhtar et al. (2011) reported that fertilizer application along with compost increased 

the yield, N, P uptake by wheat compared to fertilizer alone. Performance was found 

in the order: nitrogen enriched compost (NEC) + fertilizer > non-enriched compost + 

fertilizer > fertilizer alone. The NEC along with lower fertilizer-N rate (75 mg kg-1 

soil) was found at par with that of the highest fertilizer-N rate (175 mg kg-1 soil) 

alone. The results showed that the use of NEC (200 mg kg-1 soil) for wheat production 

could be a useful tool to improve the efficiency of commercial N-fertilizer. 

Jan et al. (2011) reported that plant height, tillers m-2, grains spike-1, grain & straw 

yield and harvest index were significantly higher in plots which received 30 mg FYM 

ha-1. In case of N, no distinctive differences between the effect of 90 and 120 kg ha-1 

was observed for most of the parameters. N-application @ 90 kg ha-1 had significantly 

higher plant height, grains spike-1, grain yield, straw yield and harvest index as 

compared with the lower levels i.e. 0, 30 and 60 kg N ha-1 but were at par with 120 kg 

N ha-1. Significantly higher numbers of tillers, grains, grain yield, straw yield and 

harvest index were recorded with application of 30 mg FYM + 90 kg N ha-1.  

Hammad et al. (2011a) reported that recommended NPK doses produced maximum 

tillers (274.8 m-2), grains (52.10 spike-1), biomass (9.61 t ha-1) and grain yield (3.84 t 

ha-1) while lowest was observed in control. This treatment also had maximum net 

benefit ($ 1189.85 ha-1). 
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Mehdi et al. (2011) revealed that recommended dose of chemical fertilizers alone 

applied to wheat gave the maximum yield of grain and straw followed by 

combinations of FYM (20 t ha-1 + 75% residual) which was non-significant with 

FYM (20 t ha-1 + 50% residual) combination and least in FYM and sesbania alone at 

20 t ha-1 (residual). The NPK contents both in grain and straw were increased 

significantly by applying various combinations of organic manures (residual) and 

chemical fertilizers over alone application of organic manures (residual). Maximum 

contents of NPK both in grain and straw of wheat were recorded in the combination 

of seabania at 20 t ha-1 (residual) + 75% RD followed by sesbania at 20 t ha-1 + 50% 

RD and least in alone sesbania and FYM (residual) treatments. Soil analysis after 

harvest of wheat showed that salinity/sodicity parameters of the soil decreased, while 

fertility status of the soil improved further. 

Niamatullah et al. (2011) revealed that NPK @ 80-40-30 kg ha-1 proved most 

economical dose yielding Rs. 7358.54 ha-1 for wheat. 
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Chapter 3 

Materials and Methods 

The present study was carried out at the Agricultural Research Institute (ARI), Dera 

Ismail Khan, Khyber Pakhtunkhwa, Pakistan during the years 2009-10 and 2010-11.  

3.1  Agro-ecology of the area 

Dera Ismail Khan is located at the extreme south of Khyber Pakhtunkhwa Province of 

Pakistan. Geographical coordinates of the area are 31.92° north (latitude) and 70.78° 

east (longitude). The district has about 15% irrigated area of the total area. Soils of the 

area are calcareous in nature with low organic matter, nitrogen and phosphorus while 

adequate to marginal in potassium. The climate of the area is arid to semi-arid with 

hot dry summer having moderate spells during monsoon season. The area is situated 

at an elevation range of 121 to 210 meters above sea. The average maximum and 

minimum temperatures during the crop season was 26o and 11oC with relative 

humidity of 79% (October) and 60% (April). The detailed meteorological position of 

the research area during the crop seasons are presented in Appendix-1. 

3.2  Soil status  

The research trials were conducted in the field which was fallow during 2009 while 

maize crop was sown during 2010. Physiochemical properties of the soil are given in 

Table 3.1. 

3.3  Land preparation  

The land was prepared by giving 2-3 plowings (including disc plough and cultivator 

operation). The stubbles of the previous crop were incorporated into the soil. The field 

was irrigated 15-20 days before sowing and at proper moist conditions, cultivator and 

rotavator was used to ensure fine seedbed. Sowing was done by man driven hand drill.  
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Table 3.1. Physiochemical characteristics of the soil at Agricultural Research 
Institute, Dera Ismail Khan. 

Symbol Unit 
Values 

2009-10 2010-11 

Textural Class - Silty Clay Silty Clay 

pH (1:5) 1-14 7.6 8.2 

EC (1:2.5) dS m-1 0.26 0.41 

Organic Matter % 0.68 0.87 

Total Nitrogen % 0.042 0.032 

Total Phosphorus ppm 16.85 7.00 

Total Potassium ppm 400 285 

Source: Soil Chemistry Lab., Agricultural Research Institute, Dera Ismail Khan, Pakistan 

3.4.  Crop variety   

High yielding, disease resistant, approved wheat variety “Gomal-8” was sown @ 100 

kg seed ha-1 in all trials. 

3.5 Water management 

Generally wheat crop requires four to six irrigations depending on the climatic 

conditions, rainfall, cultivar and other factors affecting evapotranspiration. Irrigation 

to wheat crop was given at: 1) adventitious root development, 2) tillering, 3) spike 

emergence, 4) anthesis, 5) milk stage and 6) dough stage. Generally there are two 

critical periods at which water stress causes great yield reduction, the period from 

adventitious root development to tillering and then from anthesis to milk stage. The 

first irrigation was applied to the all the experiments at 25 DAS while the subsequent 

irrigations were given according to crop need. 

3.6 Weed management 

Weeds affect the growth and development of wheat and compete with the crop for 

moisture as well as nutrients. Generally there are two types of weeds i.e. narrow 

leaves and broad leaves. The detail of some noxious weeds of wheat crop is given in 

Table 3.2. Two different weedicides viz. Puma Super (for narrow leaves) and Buctril 

Super (for broad leaves) were used in the present experiments. Buctril Super 60% EC 

([bromoxynil+MCPA:Bayer] 750 mL ha-1) was applied after 1st irrigation in proper 
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moist condition while Puma Super 7.5% EW ([fenoxaprop-p-ethyl:Bayer] 625 mL  

ha-1)  was sprayed after 2nd irrigation. 

Table 3.2. List of different weeds found in wheat crop. 

No. Scientific name Common name Nature Growth habit 
1 Amaranthus viridus Smooth pig weed Broad leaves Annual 
2 Chenopodium album Lambs quarter - do - - do - 
3 Convolvulus arvensis Field bind weed - do - Perennial 
4 Cynodon dactylon Bermuda grass Grass - do - 
5 Cyprus rotundus Purple nut sedge Sedge - do - 
6 Avena fatua Wild oat Grass Annual 
7 Echinocloa colonum Jungle grass - do -  - do - 
8 Vicia sativa Common vetch Broad leaves - do - 
   

3.7 Layout and statistical design  

The first experiment was carried out in a randomized complete block design (RCBD) 

using single variable factor while the rest of two experiments were laid out in split-

plot arrangements. All the trials were replicated four times.  

3.8 Statistical analysis  

The research data collected during 2009-10 and 2010-11 were analyzed statistically 

using analysis of variance technique (Steel et al., 1997) and subsequently the 

treatment means were compared by Tukey’s HSD Test (Gomez and Gomez, 1984). 

The analysis was performed by using Statistix-8.1 computer software program. 

The specific experimental procedure is described hereunder: 

Experiment 1. Response of wheat to different micronutrients. 

The experiment was laid out in a randomized complete block design with four 

replications. The net plot size was 1.8 m × 5 m (9 m2) having 6 rows of 5 m length 

and 30 cm apart. The trial was sown on 25th October each year with a basal fertilizer 

dose of 150-120-90 kg NPK ha-1 in the form of Urea, Di-Ammonium Phosphate and 

Potassium Sulphate, respectively. Half dose of nitrogen with all of P2O5 and K2O 

were applied at the time of sowing while remaining half nitrogen was applied with 

first irrigation. Similarly, micronutrients viz. Zinc, Copper, Iron, Manganese and 
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Boron were applied in the form of ZnSO4, CuSO4, FeSO4, MnSO4 and Borax at 

seedbed preparation. The detail of experimental treatments is given in Appendix-2. 

Following parameters were recorded during the course of study. 

3.9 Observations recorded 

1) Leaf area (m-2). 

2) Leaf area index (49 and 98 DAS). 

3) Leaf area duration (49 and 98 DAS). 

4) Crop growth rate (g m-2 day-1). 

5) Relative growth rate (mg g-1 day-1). 

6) Net assimilation rate (mg m-2 day-1). 

7) Number of days to maturity. 

8) Plant height at maturity (cm). 

9) Number of tillers (m-2). 

10) Spike length (cm). 

11) Number of grains (spike-1). 

12) 1000-grain weight (g). 

13) Grain yield (t ha-1). 

14) Biological yield (t ha-1). 

15) Harvest index (%). 

16) Benefit cost ratio. 

17) Grain protein contents (%). 

Data on individual parameter was recorded by using the following procedure: 

3.10 Leaf area (m-2) 

Leaf area was recorded by taking samples of five representative plants in each 

sub-plot at 49 and 98 DAS. It was calculated by the multiplication of length, 

breadth of each leaf and 0.75 (factor). After taking the average of five plants, 

it was multiplied by standard plant population (33 m-2). 
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3.11 Leaf area index (m-2) at 49 and 98 DAS 

Leaf area index was measured at 49 and 98 DAS by using the following 

formula: 

10000

)(m area leaf Total
)m (LAIindex  area Leaf

-2
2-    

3.12 Leaf area duration (m-2) at 49 and 98 DAS 

Leaf area duration was calculated by integrating leaf area index over crop 

growth period. It is expressed in days and calculated as under: 

 Leaf area duration (LAD m-2) = LAI (m-2) × M 

 Where M is the number of weeks in the crop growth period. 

3.13 Crop growth rate (g m-2 day-1) 

Dry weight of plants (m-2) in each sub-plot was recorded at 49 and 98 DAS 

and then crop growth rate was calculated by using the formula: 

12

12

T- T

 W- W
)(CGR rategrowth  Crop    

Where W1 = Dry weight (49 DAS), W2 = Dry weight (98 DAS),  T1 and T2 are the 

time interval in days. 

3.14 Relative growth rate (mg g-1 day-1) 

 Relative growth rate was calculated by using the following formula: 

 12

12

T- T

)(WLn  - )(WLn 
)(RGR rategrowth  Relative 

  

 Where Ln is the natural log.
 

3.15 Net assimilation rate (mg m-2 day-1) 

 Net assimilation rate was calculated by using the following formula: 

 )LA- (LA )T- (T

))(LALn  - )(LA(Ln  )W-(W
)(NAR rateon assimilatiNet 

1212

1212
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 Where W1 and W2 are dry weight (49 and 98 DAS), LA1 and LA2 are the leaf 

area (49 and 98 DAS), T2 and T1 are time interval, Ln is the natural log. 
 

3.16 Number of days to maturity 

 Number of days to maturity was recorded by counting the days from date of 

sowing to the date when 50% plants were physiologically matured. The 

complete loss of green color of glumes was used as an indicator of 

physiological maturity. 

3.17 Plant height at maturity (cm) 

 Plant height data was measured in randomly selected 10 plants in each sub-

plot from ground to the top of each plant including spike but excluding awns 

at physiological maturity. 

3.18 Number of tillers (m-2) 

 Number of tillers in 1 m2 area was counted randomly in each sub-plot before 

harvesting the crop. 

3.19 Spike length (cm) 

 Length of 10 spikes taken randomly in each sub-plot was measured with the 

help of scale and average was calculated and recorded. 

3.20 Number of grains (spike-1) 

 Ten spikes taken randomly in each sub-plot were threshed manually and their 

grains were counted, averaged and recorded. 

3.21 1000-grain weight (g) 

 Thousand grains in each sub-plot were counted, weighed by using sensitive 

electronic balance and then recorded. 
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3.22 Grain yield (t ha-1) 

 Central 4 rows in each sub-plot were harvested, sun dried and threshed 

separately. After that, grain yield (t ha-1) was calculated by using the formula: 

 10
 )(m rows 4 of Area

(kg) rows 4 of Yield
)ha(t  yieldGrain 

2
1-   

3.23 Biological yield (t ha-1) 

 Total biomass (kg) was recorded after harvesting central 4 rows in each sub-

plot. After that, biological yield (t ha-1) was calculated by using the formula: 

 10
 )(m rows 4 of Area

(kg) rows 4 of Biomass
)ha(t  yield Biological

2
1-   

3.24 Harvest index (%) 

  Harvest index was calculated by using the following formula: 

 
100

 yield Biological

yieldGrain 
)(%index Harvest   

3.25 Benefit cost ratio (BCR) 

Benefit cost ratio was determined by using the following formula: 

 expenses Total

income Total
(BCR) ratiocost Benefit   

3.26 Grain protein contents (%) 

To obtain the grain protein contents, N concentration in grains of each sub-

plot was determined by the Kjeldahl method according to the procedure 

outlined by Westerman (1990). After that, grain protein contents were 

determined by multiplying with 6.25 (factor). 
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Experiment 2. Effect of different micronutrients and their mode of 
application in wheat. 

The experiment was laid out in a randomized complete block design with split-plot 

arrangements and replicated 4 times. The net plot size was 1.8 m × 5 m (9 m2) having 

6 rows of 5 m length and 30 cm apart. The trial was sown on 25th October each year. 

Main-plot consists of micronutrients viz. Zinc, Copper, Iron, Manganese and Boron 

applied in the form of ZnSO4, CuSO4, FeSO4, MnSO4 and Borax. While 

micronutrients application methods viz. side dressing, foliar application and soil 

application were assigned to sub-plots. Basel fertilizer dose @ 150-120-90 kg NPK 

ha-1 in the form of Urea, Di-Ammonium Phosphate and Potassium Sulphate, 

respectively was also applied to all treatments. Half dose of nitrogen with all of P2O5 

and K2O were applied at the time of sowing while remaining half nitrogen was 

applied with first irrigation. Detail of experimental treatments is given in Appendix-3. 

3.27 Parameters recorded 

All the observations, mentioned before, were recorded as per procedure stated in 

Experiment 1. 

Experiment 3. Agronomy of balanced nutritional management for higher 
yield of wheat 

The experiment was laid out in a randomized complete block design with split-plot 

arrangements and replicated 4 times. The net plot size was 1.8 m × 5 m (9 m2) having 

6 rows of 5 m length and 30 cm apart. The trial was sown on 25th October each year. 

Main-plot consists of NPK (full recommended dose), FYM + half NPK, Compost + 

half NPK and Soil Conditioner + half NPK. While micronutrients viz. Zn, Cu, B, 

Zn+Cu, Zn+B, Cu+B, Zn+Cu+B along with control (no micronutrient) applied in the 

form of ZnSO4, CuSO4, FeSO4, MnSO4 and Borax were assigned to sub-plots. Half 

dose of nitrogen and all of P2O5 and K2O were applied at the time of sowing while 

remaining half nitrogen was applied with first irrigation. Detail of treatments is given 

in Appendix-4. 

3.28 Parameters recorded 

All the observations, mentioned before, were recorded as per procedure stated in 

Experiment 1. 
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Chapter 4 

Results and Discussion 

Experiment 1. Response of wheat to different micronutrients. 

Abstract 

The present research work was undertaken to find out the effect of micronutrients, 

alone and in combination, along with a control treatment under the agro-ecological 

conditions of Dera Ismail Khan, Pakistan, during the years 2009-10 and 2010-11. The 

trial was laid out in a randomized complete block design with four replications. Five 

micronutrients viz. Zn, Cu, Fe, Mn and B were used in three different doses. Data on 

various physiological and agronomic parameters were recorded while economical 

analysis was also performed. The results revealed that boron application @ 2 kg ha-1 

produced higher leaf area index (3.33 & 3.49) and leaf area duration (46.71 & 48.89) 

at 98 DAS in two consecutive years. The same treatment also enhanced crop growth 

rate (23.31 & 33.39 g m-2   day-1), number of tillers (299.0 & 304.5 m-2), number of 

grains spike-1 (63.50 & 65.25) and grain yield (4.97 & 4.99 t ha-1) of wheat. The use 

of copper @ 8 kg ha-1 also produced statistically at par grain yield (4.82 & 4.76 t ha-1) 

during both the years similar to that of boron treatment. Higher net assimilation rate 

(3.03 & 3.19 mg m-2 day-1) was recorded with boron application. This treatment also 

showed the highest net economic return with higher benefit cost ratio during both the 

experimental years as compared to all other treatments including control where no 

micronutrient was applied.   

Introduction 

Wheat is the basic food stuff in most of the developing countries of the world. In 

Pakistan, the total need of wheat is increasing because of population expansion as 

well as stagnant yield per unit area. Wheat yield in Pakistan is almost two and half 

times low as compared to other advanced wheat producing countries of the world 

(Khan et al., 2000) whereas bridging up this gap is a challenging scenario for the 

scientists and farmers as well. Lack of quality seed, soil salinity, water logging, 

lack/loss of irrigation water, high input prices, low farmers’ education and improper 



 
58 

 

and inadequate use of fertilizers supplied with no micronutrients are the limiting 

factors towards the higher wheat production. The use of micronutrients in addition to 

major elements possesses a pivotal place in the yield improvement (Rehm and Sims, 

2006). Ziaeian and Malakouti (2001) observed significant increase in the 

concentration and total uptake of micronutrients (Zn, Cu, Fe and Mn) in grain and 

leaves. Addition of minor elements, though required in trace amounts, helps plants in 

chlorophyll formation, nucleic acid and protein synthesis and plays an active role in 

several enzymatic activities of photosynthesis as well as respiration and translocation 

of food (Das, 2003). In Pakistan, research on micronutrients’ nutrition in increasing 

crop productivity is limited although most soils of the country are facing their wide 

spread deficiencies (Nisar and Rashid, 2003). According to an estimate, wheat crop 

requires 66-209 g zinc, 34-50 g copper, 232-1219 g iron and 140-330 g manganese for 

the producing 2 t grains ha-1 (Khan et al., 2006). Analytical data of wheat plant 

showed Zn, Cu, Fe and Mn contents of leaf, straw and grain are increased with the 

application of various levels of Hal-Tonic and mineral fertilizers (Khan et al., 2006). 

Despite of liberal application of NPK fertilizer, normal growth of high yielding 

varieties could not be obtained because of non supplementation of micronutrients. 

Nataraja et al. (2006) stated that fertilizer responsive varieties express their full yield 

potential when trace elements are applied along with NPK fertilizers while Chaudry et 

al. (2007) revealed that micronutrients (Zn, Fe and B) significantly increased the 

wheat yield over control when applied single or in combination. Mandal et al. (2007) 

also observed significant positive interaction between fertilizer treatments and 

physiological stages of wheat growth.  

Keeping this in view, it was felt necessary to study various factors responsible for 

fertilizer use efficiency in wheat when used in slashed dose and optimal micro-

nutritional usage under the agro-ecological conditions of the area. 

Experimental procedure 

The trial was laid out in a randomized complete block design with four replications. 

Sub-plot size was 1.8 m × 5 m (9 m2) having 6 rows of 5 m length and 30 cm apart. 

The trial was sown on 25th October for two consecutive years from 2009-11. The 

recommended fertilizer doses of NPK were uniformly applied to all treatments. The 

respective doses of micronutrients were applied to the soil at seedbed preparation. The 
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detail of the experimental treatments is given in Appendix-2. Data collected during 

both the cropping seasons were analyzed using analysis of variance technique (Steel 

et al., 1997) and subsequently the individual treatment means were compared using 

Tukey’s HSD Test (Gomez and Gomez, 1984). The analysis was performed by using 

“Statistix 8.1” computer software program. 

Results and Discussion 

4.1.1 Leaf area index (m-2) at 49 DAS 

Leaf area index refers to the efficiency of photosynthetic process. It is the ratio of 

total leaves area to the ground cover, which increases to maximum after crop 

emergence (Reddy, 2004). Data presented in Table 4.1.1 revealed that the use of 

micronutrients had non-significant effect on leaf area index at 49 DAS during both the 

cropping seasons. However, the maximum LAI (0.27 & 0.33 m-2) was recorded in 

plots where boron was applied @ 2 kg ha-1 during the years 2009-10 and 2010-11, 

respectively while the control plots produced minimum leaf area index (0.13 & 0.20 

m-2) during both the experimental years. It seems that the crop growth at this stage (49 

DAS) was not optimum to signify the effect of micronutrients.  

4.1.2 Leaf area index (m-2) at 98 DAS 

Application of different micronutrients, alone and in combination at variable rates, 

significantly affected leaf area index during the years 2009-10 and 2010-11. It is 

shown from the data given in Table 4.1.2 that the use of boron @ 2 kg ha-1 produced 

the maximum leaf area index (3.33 & 3.49 m-2) at 98 DAS during both the cropping 

seasons. It was statistically at par with the application of copper @ 8 kg (3.17 & 

3.46), manganese @ 8 kg (3.02 & 3.37) and copper @ 6 kg ha-1 (3.00 & 3.21 LAI    

m-2), respectively. The combination treatments of micronutrients, T16 and T17, also 

produced better leaf area index (2.88 & 3.21 and 2.71 & 3.19 m-2) at 98 DAS, 

respectively. It seems that boron application boosted up the tissue formation with 

better plant growth which increased its concentration in leaves and resulted in higher 

leaf area index during both the cropping seasons (Das, 2003). It has been reported that 

the use of boron helped plants in chlorophyll formation and increases the 

photosynthetic activities (Ziaeian and and Malakouti, 2001; Card et al., 2005; Manal 
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et al., 2010). The plots where no micronutrient was applied produced the minimum 

leaf area index (1.92 and 2.31 m-2) during both the cropping seasons. An overview of 

the data showed higher leaf area index in 2010-11 than the preceding year. This might 

be due to bio-variation between two years, which caused differential in leaf shape 

(length, width etc.) and number of leaves plant-1. 

4.1.3 Leaf area duration (m-2) at 49 DAS 

Leaf area duration provides means for comparing various treatments on the basis of 

leaf persistence which reflects the extent of light interception and it is directly 

associated with leaf area index (Reddy, 2004). Data given in Table 4.1.3 revealed that 

micronutrients had non-significant effect on leaf area duration at 49 DAS. However, 

the maximum LAD (1.90 & 2.31 m-2) was recorded with the application of boron @ 2 

kg ha-1 and minimum in control plots (0.90 & 1.40 m-2) during both the sowing 

seasons. The higher leaf area duration in boron treated plots might be due to the more 

leaf area index in this treatment. 

4.1.4 Leaf area duration (m-2) at 98 DAS 

The use of different micronutrients in variable rates had significant effect on leaf area 

duration at 98 DAS. The data given in Table 4.1.4 indicated that the plot receiving 

boron @ 2 kg ha-1 showed the maximum leaf area duration (46.71 & 48.89 m-2) 

during both the cropping seasons. It was statistically at par with the application of 

copper @ 8 kg (44.39 & 48.47), manganese @ 8 kg (42.39 & 47.21) and copper @ 6 

kg ha-1 (42.01 & 44.97 LAD m-2), respectively. Statistically non-significant results 

were obtained in T16 (40.36 & 44.94) and T17 (38.05 & 44.76 LAD m-2), respectively. 

It was also observed that medium dose of boron and copper showed better results than 

higher, medium and lower doses of zinc in T3 (36.61 & 38.36), T2 (36.04 & 38.18) 

and T1 (35.24 & 37.62 LAD m-2) during both the experimental years. The minimum 

leaf area duration (26.89 & 32.41 m-2) was recorded in control plots receiving no 

micronutrients. The two cropping seasons projected similar trend as that of leaf area 

index at 98 DAS. Higher leaf area index in T14, where boron was applied @ 2 kg ha-1, 

was reflected in more leaf area duration during both the cropping years. These results 

coincide with Nadim et al. (2011) who recorded more leaf area duration with the 

application of boron. 
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Table 4.1.1. Leaf area index (m-2) at 49 DAS of wheat as affected by different 
micronutrients during 2009-10 and 2010-11. 

Treatments 
Leaf area index (49 DAS) 

2009-10 2010-11 
T1 - Zn1 @ 5 kg ha-1 0.15 NS 0.23 NS 
T2 - Zn2 @ 10 kg ha-1 0.16 0.24 
T3 - Zn3 @ 15 kg ha-1 0.16 0.24 
T4 - Cu1 @ 6 kg ha-1 0.21 0.28 
T5 - Cu2 @ 8 kg ha-1 0.22 0.29 
T6 - Cu3 @ 10 kg ha-1 0.14 0.22 
T7 - Fe1 @ 8 kg ha-1 0.14 0.21 
T8 - Fe2 @ 12 kg ha-1 0.17 0.24 
T9 - Fe3 @ 16 kg ha-1 0.18 0.25 
T10 - Mn1 @ 8 kg ha-1 0.21 0.28 
T11 - Mn2 @ 12 kg ha-1 0.15 0.22 
T12 - Mn3 @ 16 kg ha-1 0.15 0.22 
T13 - B1 @ 1 kg ha-1 0.15 0.23 
T14 - B2 @ 2 kg ha-1 0.27 0.33
T15 - B3 @ 3 kg ha-1 0.17 0.25
T16 - Zn1+Cu1+Fe1+Mn1+B1 0.19 0.26 
T17 - Zn2+Cu2+Fe2+Mn2+B2 0.18 0.25 
T18 - Zn3+Cu3+Fe3+Mn3+B3 0.14 0.21 
T19 - Control (no micronutrients) 0.13 0.20 
NS = non-significant 

Table 4.1.2. Leaf area index (m-2) at 98 DAS of wheat as affected by different 
micronutrients during 2009-10 and 2010-11. 

Treatments 
Leaf area index (98 DAS) 

2009-10 2010-11 
T1 - Zn1 @ 5 kg ha-1 2.51 b-f 2.68 a-d 
T2 - Zn2 @ 10 kg ha-1 2.57 b-f 2.72 a-d 
T3 - Zn3 @ 15 kg ha-1 2.61 b-e 2.74 a-d 
T4 - Cu1 @ 6 kg ha-1 3.00 abc 3.21 abc 
T5 - Cu2 @ 8 kg ha-1 3.17 ab 3.46 a 
T6 - Cu3 @ 10 kg ha-1 2.15 ef 2.48 cd 
T7 - Fe1 @ 8 kg ha-1 2.14 ef 2.38 cd 
T8 - Fe2 @ 12 kg ha-1 2.62 b-e 2.76 a-d 
T9 - Fe3 @ 16 kg ha-1 2.66 a-e 3.06 a-d 
T10 - Mn1 @ 8 kg ha-1 3.02 abc 3.37 ab 
T11 - Mn2 @ 12 kg ha-1 2.18 ef 2.50 cd 
T12 - Mn3 @ 16 kg ha-1 2.29 def 2.61 bcd 
T13 - B1 @ 1 kg ha-1 2.39 c-f 2.67 a-d 
T14 - B2 @ 2 kg ha-1 3.33 a 3.49 a 
T15 - B3 @ 3 kg ha-1 2.65 a-e 2.92 a-d 
T16 - Zn1+Cu1+Fe1+Mn1+B1 2.88 a-d 3.21 abc 
T17 - Zn2+Cu2+Fe2+Mn2+B2 2.71 a-e 3.19 abc 
T18 - Zn3+Cu3+Fe3+Mn3+B3 2.15 ef 2.45 cd 
T19 - Control (no micronutrients) 1.92 f 2.31 d 
LSD0.05 0.67 0.82 
Any two means not sharing a common letter(s) are significant (P<0.05). 
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Table 4.1.3. Leaf area duration (m-2) at 49 DAS of wheat as affected by 
different micronutrients during 2009-10 and 2010-11. 

Treatments 
Leaf area duration (49 DAS) 

2009-10 2010-11 
T1 - Zn1 @ 5 kg ha-1 1.10 NS  1.62 NS 
T2 - Zn2 @ 10 kg ha-1 1.12   1.71 
T3 - Zn3 @ 15 kg ha-1 1.16   1.73 
T4 - Cu1 @ 6 kg ha-1 1.50   2.01 
T5 - Cu2 @ 8 kg ha-1 1.55   2.08 
T6 - Cu3 @ 10 kg ha-1 1.03   1.54 
T7 - Fe1 @ 8 kg ha-1 0.98   1.48 
T8 - Fe2 @ 12 kg ha-1 1.22   1.73 
T9 - Fe3 @ 16 kg ha-1 1.25   1.76 
T10 - Mn1 @ 8 kg ha-1 1.52   2.01 
T11 - Mn2 @ 12 kg ha-1 1.04   1.57 
T12 - Mn3 @ 16 kg ha-1 1.04   1.59 
T13 - B1 @ 1 kg ha-1 1.07   1.61 
T14 - B2 @ 2 kg ha-1 1.90  2.31
T15 - B3 @ 3 kg ha-1 1.23  1.75
T16 - Zn1+Cu1+Fe1+Mn1+B1 1.31   1.85 
T17 - Zn2+Cu2+Fe2+Mn2+B2 1.29   1.80 
T18 - Zn3+Cu3+Fe3+Mn3+B3 0.98   1.48 
T19 - Control (no micronutrients) 0.90   1.40 
NS = non-significant 

Table 4.1.4. Leaf area duration (m-2) at 98 DAS of wheat as affected by 
different micronutrients during 2009-10 and 2010-11. 

Treatments 
Leaf area duration (98 DAS) 

2009-10 2010-11 
T1 - Zn1 @ 5 kg ha-1 35.24 b-f 37.62 a-d 
T2 - Zn2 @ 10 kg ha-1 36.04 b-f 38.18 a-d 
T3 - Zn3 @ 15 kg ha-1 36.61 b-e 38.36 a-d 
T4 - Cu1 @ 6 kg ha-1 42.01 abc 44.97 abc 
T5 - Cu2 @ 8 kg ha-1 44.39 ab 48.47 a 
T6 - Cu3 @ 10 kg ha-1 30.19 ef 34.79 cd 
T7 - Fe1 @ 8 kg ha-1 30.00 ef 33.39 cd 
T8 - Fe2 @ 12 kg ha-1 36.76 b-e 38.67 a-d 
T9 - Fe3 @ 16 kg ha-1 37.29 a-e 42.87 a-d 
T10 - Mn1 @ 8 kg ha-1 42.39 abc 47.21 ab 
T11 - Mn2 @ 12 kg ha-1 30.62 ef 35.07 cd 
T12 - Mn3 @ 16 kg ha-1 32.09 def 36.54 bcd 
T13 - B1 @ 1 kg ha-1 33.50 c-f 37.48 a-d 
T14 - B2 @ 2 kg ha-1 46.71 a 48.89 a 
T15 - B3 @ 3 kg ha-1 37.25 a-e 40.91 a-d 
T16 - Zn1+Cu1+Fe1+Mn1+B1 40.36 a-d 44.94 abc 
T17 - Zn2+Cu2+Fe2+Mn2+B2 38.05 a-e 44.76 abc 
T18 - Zn3+Cu3+Fe3+Mn3+B3 30.13 ef 34.40 cd 
T19 - Control (no micronutrients) 26.89 f 32.41 d 
LSD0.05 9.51 11.58 

Any two means not sharing a common letter(s) are significant (P<0.05). 
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4.1.5 Crop growth rate (g m-2 day-1) 

Crop growth rate is the dry matter production per unit time which is affected by 

temperature, solar radiation, age of cultivar and water/nutrient supply. Micronutrients 

application enhances the plant growth through increased photosynthesis and other 

plant pathways (Reddy, 2004). The data given in Table 4.1.5 depicted that the use of 

micronutrients, alone and in combination, significantly affected the crop growth rate. 

During the year 2009-10, maximum crop growth rate (23.31 g m-2 day-1) was recorded 

in boron application treatment @ 2 kg ha-1 which was statistically at par with copper 

and manganese @ 8 kg each (22.78 & 22.07) and copper @ 6 kg ha-1 (20.99 g m-2 

day-1), respectively. These results were statistically similar to T16 (20.60) and T17 

(20.35 g m-2 day-1), respectively during the year 2009-10. The plots supplied with 

boron @ 2 kg ha-1 produced significantly higher crop growth rate (33.39 g m-2 day-1) 

during the year 2010-11. It was followed by the application of copper and manganese 

@ 8 kg each (28.08 & 27.44) and copper @ 6 kg ha-1 (27.34 g m-2 day-1) during the 

year 2010-11. Though non-significant with each other, the combination treatments of 

micronutrients in T16 (26.55) and T17 (26.38 g m-2 day-1) produced optimum crop 

growth rate during the year 2010-11. The use of boron helped in better utilization of 

the available nutrients with increased leaf area, high photosynthesis and dry matter 

accumulation which resulted in the maximum crop growth rate. These results are 

supported by Asad and Rafique (2002) who reported that boron fertilization increased 

the dry matter production of wheat. Among various micronutrients, zinc application 

produced optimal crop growth rate during both the cropping seasons. The minimum 

crop growth rate (14.13 & 16.66 g m-2 day-1) was obtained in control plots.  

4.1.6 Relative growth rate (mg g-1 day-1) 

Dry weight increase in time interval in relation to the initial weight expresses the 

relative growth rate (RGR) while crop growth rate is an absolute measure of growth, 

therefore, similar values could be expected for different initial weights (Reddy, 2004). 

Data given in Table 4.1.6 showed that application of different micronutrients had 

significant effect on the relative growth rate. As far as the doses of micronutrients are 

concerned, significantly maximum relative growth rate (80.75 & 89.59 mg g-1 day-1) 

was obtained with the application of boron @ 2 kg ha-1 during 2009-10 and 2010-11, 

respectively.  
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Table 4.1.5. Crop growth rate (g m-2 day-1) of wheat as affected by different 
micronutrients during 2009-10 and 2010-11. 

Treatments 
Crop growth rate (g m-2 day-1) 

2009-10 2010-11 
T1 - Zn1 @ 5 kg ha-1 17.19 a-d 21.79 gh 
T2 - Zn2 @ 10 kg ha-1 17.59 a-d 21.90 fgh 
T3 - Zn3 @ 15 kg ha-1 18.22 a-d 22.72 efg 
T4 - Cu1 @ 6 kg ha-1 20.99 a-d 27.34 bc 
T5 - Cu2 @ 8 kg ha-1 22.78 ab 28.08 b 
T6 - Cu3 @ 10 kg ha-1 15.21 cd 20.01 hi 
T7 - Fe1 @ 8 kg ha-1 14.73 d 18.35 ij 
T8 - Fe2 @ 12 kg ha-1 19.44 a-d 24.29 def 
T9 - Fe3 @ 16 kg ha-1 19.77 a-d 25.56 cd 
T10 - Mn1 @ 8 kg ha-1 22.07 abc 27.44 bc 
T11 - Mn2 @ 12 kg ha-1 16.12 bcd 20.11 hi 
T12 - Mn3 @ 16 kg ha-1 16.22 bcd 20.42 ghi 
T13 - B1 @ 1 kg ha-1 16.42 a-d 20.72 ghi 
T14 - B2 @ 2 kg ha-1 23.31 a 33.39 a 
T15 - B3 @ 3 kg ha-1 19.60 a-d 25.09 cde 
T16 - Zn1+Cu1+Fe1+Mn1+B1 20.60 a-d 26.55 bcd 
T17 - Zn2+Cu2+Fe2+Mn2+B2 20.35 a-d 26.38 bcd 
T18 - Zn3+Cu3+Fe3+Mn3+B3 15.01 d 19.69 hi 
T19 - Control (no micronutrients) 14.13 d 16.66 j 
LSD0.05 6.99 2.45
Any two means not sharing a common letter(s) are significant (P<0.05). 

Table 4.1.6. Relative growth rate (mg g-1 day-1) of wheat as affected by 
different micronutrients during 2009-10 and 2010-11. 

Treatments 
Relative growth rate (mg g-1 day-1) 

2009-10 2010-11 
T1 - Zn1 @ 5 kg ha-1 73.01 abc 80.83 a-e 
T2 - Zn2 @ 10 kg ha-1 73.81 abc 81.05 a-e 
T3 - Zn3 @ 15 kg ha-1 74.11 ab 82.09 a-e 
T4 - Cu1 @ 6 kg ha-1 76.50 ab 87.38 abc 
T5 - Cu2 @ 8 kg ha-1 76.90 ab 88.73 ab 
T6 - Cu3 @ 10 kg ha-1 71.01 abc 78.34 cde 
T7 - Fe1 @ 8 kg ha-1 68.04 bc 77.49 de 
T8 - Fe2 @ 12 kg ha-1 74.34 ab 82.71 a-e 
T9 - Fe3 @ 16 kg ha-1 75.01 ab 84.09 a-e 
T10 - Mn1 @ 8 kg ha-1 76.74 ab 88.45 ab 
T11 - Mn2 @ 12 kg ha-1 71.83 abc 79.68 b-e 
T12 - Mn3 @ 16 kg ha-1 72.23 abc 79.83 b-e 
T13 - B1 @ 1 kg ha-1 72.59 abc 80.56 a-e 
T14 - B2 @ 2 kg ha-1 80.75 a 89.59 a 
T15 - B3 @ 3 kg ha-1 74.96 ab 83.36 a-e 
T16 - Zn1+Cu1+Fe1+Mn1+B1 76.23 ab 86.69 a-d 
T17 - Zn2+Cu2+Fe2+Mn2+B2 75.33 ab 85.00 a-e 
T18 - Zn3+Cu3+Fe3+Mn3+B3 69.01 bc 78.25 cde 
T19 - Control (no micronutrients) 64.08 c 75.80 e 
LSD0.05 9.80 9.71 

Any two means not sharing a common letter(s) are significant (P<0.05). 
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These results were, however, statistically at par with copper @ 8 kg (76.90 & 88.73), 

manganese @ 8 kg (76.74 & 88.45) and copper @ 6 kg ha-1 (76.50 & 87.38 mg g-1 

day-1) during both the cropping seasons. The results of the combined application of 

micronutrients in T16 (76.23 & 86.69) and T17 (75.33 & 85.00 mg g-1 day-1) were also 

non-significant statistically. In general, high concentrations of boron in leaves 

increase plant food accumulation which results in more relative growth rate (Card et 

al., 2005; Nataraja et al., 2006). Kumar et al. (2009) stated that increased level of 

copper application enhanced the Cu concentrations in leaves and dry matter 

production. Among different treatments, the control plots produced the minimum 

relative growth rate (64.08 & 75.80) during both the seasons, respectively. 

4.1.7 Net assimilation rate (mg m-2 day-1) 

Net assimilation rate (NAR) refers the plant capacity to increase dry weight in terms 

of area of its assimilatory surface. It represents the photosynthetic efficiency in the 

overall sense and in connection with relative growth rate (Reddy, 2004). Different 

factors influence the NAR such as temperature, light, CO2, water, leaf age, mineral 

elements, chlorophyll and genotype (Reddy, 2004). Data presented in Table 4.1.7 

showed that micronutrients application significantly affected the net assimilation rate 

during both the seasons. Among various treatments, application of boron @ 2 kg ha-1 

produced the maximum NAR (3.03 & 3.19 mg m-2 day-1) during the year 2009-10 and 

2010-11. These results were statistically at par with the application of copper and 

manganese (8 kg ha-1 each) with NAR of 2.63 & 2.92 and 2.41 & 2.75 and copper (6 

kg ha-1) with NAR of 2.41 & 2.64 mg m-2 day-1, respectively. The combined 

application of micronutrients in T16 (2.37 & 2.53) and T17 (2.33 & 2.49 mg m-2 day-1) 

also produced non-significant results during both the years. These findings are 

supported by Asad and Rafique (2002) who reported that addition of boron increased 

the dry matter production of wheat. In another study, Kumar et al. (2009) reported 

increased Cu concentrations in leaves and straw with enhanced plants assimilation 

process. It was also observed that zinc application at different rates had comparatively 

lower assimilation rate during both the cropping seasons. The higher NAR during 

2010-11 might be due to differences in soil fertility status, humidity and rainfall than 

the preceding year. Moreover, nitrogen splitting and translocation enhanced the 

micronutrients efficiency and boosted up the vegetative plant growth drastically. The 
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minimum net assimilation rate (1.56 & 1.65 mg m-2 day-1) was recorded in control 

plots where no micronutrient was applied during both the years. 

4.1.8 Number of days to maturity 

Total number of days from sowing to physiological maturity of the crop was recorded 

and presented in Table 4.1.8. The application of micronutrients had no significant 

effect on the days to maturity. However, maximum numbers of days to maturity 

(152.50 & 154.00) was recorded in the plots where boron was applied @ 2 kg ha-1. 

Similar results (152.50 & 154.00 days) were noted by the application of copper and 

manganese @ 8 kg ha-1 during 2009-10 and 2010-11, respectively. There was little 

difference among varied treatments for number of days to maturity. This might be due 

to use of single wheat variety throughout experimentation. The minimum number of 

days to maturity (150.50 & 152.00) was taken by the control plots where no 

micronutrients were applied. 

4.1.9 Plant height at maturity (cm) 

Data pertaining to plant height of wheat crop are shown in Table 4.1.9. Analysis of 

the data revealed non-significant variations in plant height by the application of 

micronutrients, alone and in combination. The use of boron @ 2 kg ha-1 produced 

taller plants (101.00 & 102.50 cm) during both the years. The application of copper 

and manganese @ 8 kg ha-1 each had somewhat shorter plants i.e. 100.75 & 99.75 cm 

(2009-10) and 102.25 cm (2010-11). The combined use of micronutrients in T16 and 

T17 produced almost similar plant height (98.25 & 98.00 cm) during 2009-10 while 

101.50 and 100.75 cm during 2010-11. The control plots, receiving no micronutrients, 

showed plant height of 92.50 and 97.00 cm during both the years, respectively. Uddin 

et al. (2009) also reported non-significant variations in plant height of wheat by the 

application of micronutrients. 

4.1.10 Number of tillers (m-2) 

Tillering in cereal crops is one of the most important yield contributing parameters 

and is influenced by genotype, environment and plant nutrition etc. Data on number 

of tillers per unit area are presented in Table 4.1.10, which revealed significant 

variations among treatments in two cropping seasons.  



 
67 

 

Table 4.1.7. Net assimilation rate (mg m-2 day-1) of wheat as affected by 
different micronutrients during 2009-10 and 2010-11. 

Treatments 
Net assimilation rate (mg m-2 day-1) 

2009-10 2010-11 
T1 - Zn1 @ 5 kg ha-1 1.98 ab 2.10 e-i 
T2 - Zn2 @ 10 kg ha-1 2.02 ab 2.11 e-i 
T3 - Zn3 @ 15 kg ha-1 2.15 ab 2.15 d-i 
T4 - Cu1 @ 6 kg ha-1 2.41 ab 2.64 bcd 
T5 - Cu2 @ 8 kg ha-1 2.63 ab 2.92 ab 
T6 - Cu3 @ 10 kg ha-1 1.72 ab 1.82 hi 
T7 - Fe1 @ 8 kg ha-1 1.66 b 1.72 i 
T8 - Fe2 @ 12 kg ha-1 2.22 ab 2.31 c-h 
T9 - Fe3 @ 16 kg ha-1 2.32 ab 2.38 c-g 
T10 - Mn1 @ 8 kg ha-1 2.41 ab 2.75 abc 
T11 - Mn2 @ 12 kg ha-1 1.72 ab 1.82 hi 
T12 - Mn3 @ 16 kg ha-1 1.73 ab 1.91 ghi 
T13 - B1 @ 1 kg ha-1 1.90 ab 1.99 f-i 
T14 - B2 @ 2 kg ha-1 3.03 a 3.19 a 
T15 - B3 @ 3 kg ha-1 2.25 ab 2.31 c-h 
T16 - Zn1+Cu1+Fe1+Mn1+B1 2.37 ab 2.53 b-e 
T17 - Zn2+Cu2+Fe2+Mn2+B2 2.33 ab 2.49 b-f 
T18 - Zn3+Cu3+Fe3+Mn3+B3 1.71 b 1.75 i 
T19 - Control (no micronutrients) 1.56 b 1.65 i 
LSD0.05 1.31 0.52
Any two means not sharing a common letter(s) are significant (P<0.05). 

Table 4.1.8. Number of days to maturity of wheat as affected by different 
micronutrients during 2009-10 and 2010-11. 

Treatments 
No. of days to maturity 

2009-10 2010-11 
T1 - Zn1 @ 5 kg ha-1 151.25 NS  152.75 NS  
T2 - Zn2 @ 10 kg ha-1 151.50  153.00   
T3 - Zn3 @ 15 kg ha-1 151.50   153.00   
T4 - Cu1 @ 6 kg ha-1 152.25   153.75   
T5 - Cu2 @ 8 kg ha-1 152.50   154.00   
T6 - Cu3 @ 10 kg ha-1 151.00   152.50   
T7 - Fe1 @ 8 kg ha-1 150.75   152.25   
T8 - Fe2 @ 12 kg ha-1 151.75  153.25   
T9 - Fe3 @ 16 kg ha-1 151.75   153.25   
T10 - Mn1 @ 8 kg ha-1 152.50   154.00   
T11 - Mn2 @ 12 kg ha-1 151.00   152.50   
T12 - Mn3 @ 16 kg ha-1 151.00   152.50   
T13 - B1 @ 1 kg ha-1 151.25   152.75   
T14 - B2 @ 2 kg ha-1 152.50   154.00   
T15 - B3 @ 3 kg ha-1 151.75   153.25   
T16 - Zn1+Cu1+Fe1+Mn1+B1 152.25   153.75   
T17 - Zn2+Cu2+Fe2+Mn2+B2 152.00   153.50   
T18 - Zn3+Cu3+Fe3+Mn3+B3 150.75   152.25   
T19 - Control (no micronutrients) 150.50   152.00   
NS = non-significant 
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Table 4.1.9. Plant height (cm) at maturity of wheat as affected by different 
micronutrients during 2009-10 and 2010-11. 

Treatments 
Plant height (cm) 

2009-10 2010-11 
T1 - Zn1 @ 5 kg ha-1 96.50 NS  99.50 NS 
T2 - Zn2 @ 10 kg ha-1 96.50   100.0 
T3 - Zn3 @ 15 kg ha-1 97.00   100.0 
T4 - Cu1 @ 6 kg ha-1 99.00   101.5 
T5 - Cu2 @ 8 kg ha-1 100.7 102.2 
T6 - Cu3 @ 10 kg ha-1 94.75   98.00 
T7 - Fe1 @ 8 kg ha-1 94.25   97.75 
T8 - Fe2 @ 12 kg ha-1 97.25   100.0 
T9 - Fe3 @ 16 kg ha-1 97.50   100.5 
T10 - Mn1 @ 8 kg ha-1 99.75   102.2 
T11 - Mn2 @ 12 kg ha-1 95.50   98.00 
T12 - Mn3 @ 16 kg ha-1 95.50   98.75 
T13 - B1 @ 1 kg ha-1 95.75   98.75 
T14 - B2 @ 2 kg ha-1 101.0 102.5 
T15 - B3 @ 3 kg ha-1 97.25  100.0 
T16 - Zn1+Cu1+Fe1+Mn1+B1 98.25   101.5 
T17 - Zn2+Cu2+Fe2+Mn2+B2 98.00   100.7 
T18 - Zn3+Cu3+Fe3+Mn3+B3 94.25   97.75 
T19 - Control (no micronutrients) 92.50   97.00 
NS = non-significant 

Table 4.1.10. Number of tillers (m-2) of wheat as affected by different 
micronutrients during 2009-10 and 2010-11. 

Treatments 
No. of tillers (m-2) 

2009-10 2010-11 
T1 - Zn1 @ 5 kg ha-1 245.50 d-g 246.75 bcd 
T2 - Zn2 @ 10 kg ha-1 251.00 c-f 248.25 bcd 
T3 - Zn3 @ 15 kg ha-1 251.75 c-f 253.00 bcd 
T4 - Cu1 @ 6 kg ha-1 270.75 bcd 272.50 a-d 
T5 - Cu2 @ 8 kg ha-1 279.75 ab 279.50 ab 
T6 - Cu3 @ 10 kg ha-1 240.00 fg 235.00 bcd 
T7 - Fe1 @ 8 kg ha-1 240.00 fg 228.00 d 
T8 - Fe2 @ 12 kg ha-1 256.00 b-f 253.25 bcd 
T9 - Fe3 @ 16 kg ha-1 262.00 b-f 260.75 a-d 
T10 - Mn1 @ 8 kg ha-1 276.50 abc 276.00 abc 
T11 - Mn2 @ 12 kg ha-1 240.25 fg 237.25 bcd 
T12 - Mn3 @ 16 kg ha-1 244.00 efg 240.75 bcd 
T13 - B1 @ 1 kg ha-1 245.50 d-g 243.25 bcd 
T14 - B2 @ 2 kg ha-1 299.00 a 304.50 a 
T15 - B3 @ 3 kg ha-1 260.75 b-f 256.25 bcd 
T16 - Zn1+Cu1+Fe1+Mn1+B1 268.50 b-e 268.25 a-d 
T17 - Zn2+Cu2+Fe2+Mn2+B2 266.25 b-e 268.25 a-d 
T18 - Zn3+Cu3+Fe3+Mn3+B3 240.00 fg 231.00 cd 
T19 - Control (no micronutrients) 222.75 g 225.75 d 
LSD0.05 25.97 47.50 

Any two means not sharing a common letter(s) are significant (P<0.05). 



 
69 

 

Among various treatments, the use of boron @ 2 kg ha-1 produced significantly higher 

number of tillers (299.00 & 304.50 m-2) during both the experimental years. The 

application of copper and manganese @ 8 kg ha-1 each had statistically at par number 

of tillers (279.75 & 276.50) during 2009-10 and 279.50 & 276.00 during 2010-11. 

The combined use of micronutrients in T16 and T17 had slightly less number of tillers 

per unit area. The application of born was found to be beneficial in stimulating the 

plant growth and enhancing yield attributes (Das, 2003). The results of the present 

study are in line with those of Uddin et al. (2008) who recorded increased number of 

tillers with the application of boron @ 2 kg ha-1. The application of iron and zinc in 

different doses produced comparatively less number of tillers per unit area. The 

minimum number of tillers (222.75 & 225.75 m-2) was obtained in control plots where 

no micronutrient was added to the soil. 

4.1.11 Spike length (cm) 

Data given in Table 4.1.11 showed that micronutrients application had no significant 

effect on spike length during both the cropping seasons. However, the maximum 

spike length (10.47 & 10.60 cm) was recorded with boron application @ 2 kg ha-1 

during both the sowing seasons. Almost similar spike length was recorded with the 

application of copper @ 8 kg ha-1. Spike length of 10.42 cm (2009-10) and 10.50 cm 

(2010-11) was recorded with the application of manganese and copper @ 8 and 6 kg 

ha-1. It was also observed that combined application of micronutrients as well as sole 

application of iron and zinc produced slightly shorter spike lengths during both the 

cropping seasons. Spike length is basically a genetic factor of a crop variety, which is 

less affected by fertilizer and environment. The minimum spike length (9.40 & 9.60 

cm) was recorded in control plots. The findings of this study are in agreement with 

Khan et al. (2010) who stated that micronutrients application had no significant effect 

on spike length of wheat.   

4.1.12 Number of grains (spike-1) 

Number of grains is an important yield contributing factor which plays a pivotal role 

in yield improvement. The data presented in Table 4.1.12 indicated significant 

variations in grains spike-1 with the application of micronutrients in two experimental 

seasons. Among different treatments, the use of boron @ 2 kg ha-1 produced the 
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Table 4.1.11. Spike length (cm) of wheat as affected by different micronutrients 
during 2009-10 and 2010-11. 

Treatments 
Spike length (cm) 

2009-10 2010-11 
T1 - Zn1 @ 5 kg ha-1 9.67 NS 10.0 NS 
T2 - Zn2 @ 10 kg ha-1 9.77 10.1 
T3 - Zn3 @ 15 kg ha-1 9.80 10.1 
T4 - Cu1 @ 6 kg ha-1 10.4 10.5 
T5 - Cu2 @ 8 kg ha-1 10.4 10.5 
T6 - Cu3 @ 10 kg ha-1 9.47 9.90 
T7 - Fe1 @ 8 kg ha-1 9.40 9.62 
T8 - Fe2 @ 12 kg ha-1 9.87 10.1 
T9 - Fe3 @ 16 kg ha-1 9.87 10.2 
T10 - Mn1 @ 8 kg ha-1 10.4 10.5 
T11 - Mn2 @ 12 kg ha-1 9.50 9.90 
T12 - Mn3 @ 16 kg ha-1 9.50 9.97 
T13 - B1 @ 1 kg ha-1 9.65 10.0 
T14 - B2 @ 2 kg ha-1 10.4 10.6
T15 - B3 @ 3 kg ha-1 9.87 10.2
T16 - Zn1+Cu1+Fe1+Mn1+B1 10.2 10.4 
T17 - Zn2+Cu2+Fe2+Mn2+B2 9.90 10.3 
T18 - Zn3+Cu3+Fe3+Mn3+B3 9.45 9.85 
T19 - Control (no micronutrients) 9.40 9.60 
NS = non-significant 

Table 4.1.12. Number of grains (spike-1) of wheat as affected by different 
micronutrients during 2009-10 and 2010-11. 

Treatments 
No. of grains (spike-1) 

2009-10 2010-11 
T1 - Zn1 @ 5 kg ha-1 55.00 cd 56.00 b-e 
T2 - Zn2 @ 10 kg ha-1 56.00 bcd 56.25 b-e 
T3 - Zn3 @ 15 kg ha-1 56.00 bcd 56.75 b-e 
T4 - Cu1 @ 6 kg ha-1 58.25 abc 59.00 a-d 
T5 - Cu2 @ 8 kg ha-1 62.00 ab 62.25 ab 
T6 - Cu3 @ 10 kg ha-1 53.25 cd 53.50 def 
T7 - Fe1 @ 8 kg ha-1 52.25 cd 50.25 ef 
T8 - Fe2 @ 12 kg ha-1 56.25 bcd 57.00 b-e 
T9 - Fe3 @ 16 kg ha-1 57.25 bc 58.75 a-d 
T10 - Mn1 @ 8 kg ha-1 61.75 ab 60.75 abc 
T11 - Mn2 @ 12 kg ha-1 54.00 cd 54.00 c-f 
T12 - Mn3 @ 16 kg ha-1 54.00 cd 54.75 c-f 
T13 - B1 @ 1 kg ha-1 54.75 cd 55.50 b-f 
T14 - B2 @ 2 kg ha-1 63.50 a 65.25 a 
T15 - B3 @ 3 kg ha-1 56.50 bcd 58.25 a-d 
T16 - Zn1+Cu1+Fe1+Mn1+B1 57.25 bc 58.75 a-d 
T17 - Zn2+Cu2+Fe2+Mn2+B2 57.25 bc 58.75 a-d 
T18 - Zn3+Cu3+Fe3+Mn3+B3 52.75 cd 50.75 ef 
T19 - Control (no micronutrients) 50.75 d 48.50 f 
LSD0.05 6.15 7.15 

Any two means not sharing a common letter(s) are significant (P<0.05). 
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maximum number of grains (63.50 & 65.25 spike-1) during both the years. These 

results were statistically at par with the application of copper @ 8 and 6 kg (62.00 & 

58.25 grains during 2009-10 and 62.25 & 59.00 grains during 2010-11) and 

manganese @ 8 kg   ha-1 (61.75 & 60.75 grains spike-1 during both the years). The 

combined use of micronutrients in T16 and T17 produced 57.25 grains (2009-10) and 

58.75 grains spike-1 (2010-11), respectively. The higher number of grains with boron 

application might be due to better utilization of plant food as boron is responsible for 

grain filling in cereals (Das, 2003). Findings of the present study are supported by Ali 

et al. (2009) who recorded maximum number of grains by the application of boron. 

Similarly, higher number of grains spike-1 was noted with the application of boron and 

copper (Tahir et al., 2009; Narimani, 2010). The minimum number of grain (50.75 

and 48.50 spkie-1) was recorded in control plots. 

4.1.13 1000-grain weight (g) 

One of the important yield determining components is grain weight. It is a genetical 

character and less influenced by the environmental factors but sometimes, different 

nutritional behavior affects the grain weight substantially. Data regarding grain 

weight are given in Table 4.1.13 which revealed significant variations among various 

micronutrients treatments in two cropping seasons. Among various treatments, the use 

of boron @ 2 kg ha-1 produced the maximum 1000-grain weight (44.64 & 44.33 g) 

during both the years.  During the year 2009-10, application of copper and manganese 

@ 8 kg gave 44.02 g each while copper @ 6 kg ha-1 produced 43.64 g seed weight. 

All these treatments were statistically at par with each other. Similar trend was 

observed during the next sowing season with 44.08 g (copper @ 8 kg), 42.52 g 

(manganese @ 8 kg) and 42.20 g (copper @ 6 kg ha-1) seed weight, respectively. 

During the two years study, the combined use of micronutrients in T16 (43.22 & 42.10 

g) and T17 (43.05 & 42.02 g) showed non-significant variations in grain weight. 

Previous research findings revealed that the application of boron increased 1000-grain 

weight up to 8% (Uddin et al., 2008). Ali et al. (2009) and Tahir et al. (2009) also 

obtained higher grain weight with the application of boron. Though non-significant 

statistically, application of iron and manganese produced slightly lesser weight of 

1000-grains in two years of experimentation. The minimum 1000-grain weight (39.67 

& 37.28 g) was recorded in control plots. 



 
72 

 

4.1.14 Grain yield (t ha-1) 

The most integrative trait of a genotype is its grain yield (Araus et al., 2001). 

Basically grain yield is the interplay of different components like spikes per unit area, 

kernels spike and thousand kernels weight. Though, kernel weight exerts an influence 

on grain yield but its effect is lower as compared to spikes and kernels spike-1. The 

data given in Table 4.1.15 indicated that different micronutrients treatments had 

significant effect on grain yield of wheat during the years 2009-10 and 2010-11. 

Amongst micronutrients treatments, significantly highest grain yield (4.97 & 4.99 t 

ha-1) was produced by the application of boron @ 2 kg ha-1. While the use of copper 

and manganese @ 8 kg each and copper @ 6 kg ha-1 produced statistically at par grain 

yield of 4.82, 4.80 and 4.52 during 2009-10 and 4.76, 4.70 and 4.69 t ha-1 during the 

year 2010-11, respectively. Also the combined use of micronutrients in T16 and T17 

showed non-significant variations in grain yield. These treatments produced 4.50 & 

4.61 (T16) and 4.44 & 4.47 t ha-1 (T17) grain yield, respectively. Higher dose of boron 

(3 kg ha-1) also showed better and statistically at par grain yield (4.40 & 4.37 t ha-1) 

during both the growing seasons. The use of iron @ 16 kg gave 4.40 and 4.42 t ha-1 

while zinc @ 15 kg ha-1 produced 4.16 and 4.27 t ha-1 grain yield during the years 

2009-10 and 2010-11. As mentioned earlier, almost all the yield components were 

higher with the application of boron, which finally produced the maximum grain 

yield. The application of boron improves the spikelets appearance as well as grain 

setting while the quality parameter also enriched with boron treatment. These results 

are supported by Chaudry et al. (2007) who reported significantly increased grain 

yield with the application of boron along with basal dose of NPK while Uddin et al. 

(2008) obtained 50% yield increase by the application of boron @ 2 kg ha-1. Sarkar et 

al. (2007) stated that application of boron was more effective in increasing yields 

whereas Tahir et al. (2009) obtained higher grain yield by the application of boron at 

booting stage. As compared to micronutrients treatments, the control plots had the 

lowest grain yield (3.68 and 3.76 t ha-1) during both the growing seasons. 

4.1.15 Biological yield (t ha-1) 

Total biomass is the interrelationship of plant height and number of tillers per unit 

area. Data pertaining to biological yield are given in Table 4.1.15. Analysis of the data 

showed significant variations in biomass production during both the years.  
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Table 4.1.13. 1000-grain weight (g) of wheat as affected by different 
micronutrients during 2009-10 and 2010-11. 

Treatments 
1000-grain weight (g) 

2009-10 2010-11 
T1 - Zn1 @ 5 kg ha-1 42.24 b-e 41.17 ab 
T2 - Zn2 @ 10 kg ha-1 42.43 a-e 41.38 ab 
T3 - Zn3 @ 15 kg ha-1 42.58 a-e 41.52 ab 
T4 - Cu1 @ 6 kg ha-1 43.64 abc 42.20 ab 
T5 - Cu2 @ 8 kg ha-1 44.02 ab 44.08 a 
T6 - Cu3 @ 10 kg ha-1 41.39 c-f 40.10 ab 
T7 - Fe1 @ 8 kg ha-1 40.54 ef 39.79 ab 
T8 - Fe2 @ 12 kg ha-1 42.66 a-e 41.63 ab 
T9 - Fe3 @ 16 kg ha-1 42.99 a-d 42.01 ab 
T10 - Mn1 @ 8 kg ha-1 44.02 ab 42.52 a 
T11 - Mn2 @ 12 kg ha-1 41.55 c-f 40.63 ab 
T12 - Mn3 @ 16 kg ha-1 41.55 c-f 40.73 ab 
T13 - B1 @ 1 kg ha-1 41.68 c-f 41.09 ab 
T14 - B2 @ 2 kg ha-1 44.64 a 44.33 a 
T15 - B3 @ 3 kg ha-1 42.80 a-e 41.79 ab 
T16 - Zn1+Cu1+Fe1+Mn1+B1 43.22 a-d 42.10 ab 
T17 - Zn2+Cu2+Fe2+Mn2+B2 43.05 a-d 42.02 ab 
T18 - Zn3+Cu3+Fe3+Mn3+B3 41.31 def 39.97 ab 
T19 - Control (no micronutrients) 39.67 f 37.28 b 
LSD0.05 2.31 5.12
Any two means not sharing a common letter(s) are significant (P<0.05). 

Table 4.1.14. Grain yield (t ha-1) of wheat as affected by different micronutrients 
during 2009-10 and 2010-11. 

Treatments 
Grain yield (t ha-1) 

2009-10 2010-11 
T1 - Zn1 @ 5 kg ha-1 4.04 fgh 4.14 b-f 
T2 - Zn2 @ 10 kg ha-1 4.08 e-h 4.16 b-f 
T3 - Zn3 @ 15 kg ha-1 4.16 d-g 4.27 b-f 
T4 - Cu1 @ 6 kg ha-1 4.58 bc 4.69 ab 
T5 - Cu2 @ 8 kg ha-1 4.82 ab 4.76 ab 
T6 - Cu3 @ 10 kg ha-1 3.81 hi 3.86 def 
T7 - Fe1 @ 8 kg ha-1 3.76 hi 3.82 ef 
T8 - Fe2 @ 12 kg ha-1 4.21 def 4.31 b-f 
T9 - Fe3 @ 16 kg ha-1 4.40 cde 4.42 a-e 
T10 - Mn1 @ 8 kg ha-1 4.80 ab 4.70 ab 
T11 - Mn2 @ 12 kg ha-1 3.84 ghi 3.93 def 
T12 - Mn3 @ 16 kg ha-1 3.91 f-i 3.98 def 
T13 - B1 @ 1 kg ha-1 3.92 f-i 3.99 c-f 
T14 - B2 @ 2 kg ha-1 4.97 a 4.99 a 
T15 - B3 @ 3 kg ha-1 4.40 cde 4.37 a-f 
T16 - Zn1+Cu1+Fe1+Mn1+B1 4.50 bcd 4.61 abc 
T17 - Zn2+Cu2+Fe2+Mn2+B2 4.44 cd 4.47 a-d 
T18 - Zn3+Cu3+Fe3+Mn3+B3 3.80 hi 3.83 ef 
T19 - Control (no micronutrients) 3.68 i 3.76 f 
LSD0.05 0.34 0.62 

Any two means not sharing a common letter(s) are significant (P<0.05). 
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Maximum biological yield (14.90 & 15.20 t ha-1) was obtained with the application of 

boron @ 2 kg ha-1 which was statistically at par with copper and manganese (8 kg ha-1 

each) application with biological yield of 14.50 and 14.26 t ha-1 during 2009-10 and 

14.58 and 14.37 t ha-1 during 2010-11. Non-significant variations were noted in 

biological yield recorded in T16 (13.47 & 13.54) and T17 (13.23 & 13.33 t ha-1) during 

both the years. The lowest biological yield (11.01 & 11.24 t ha-1) was obtained in 

control plots. Khan et al. (2010) reported that micronutrient application significantly 

increased the biological yield of wheat while Ali et al. (2009) obtained maximum 

biomass with the application of boron and zinc. 

4.1.16 Harvest index (%) 

The harvest index is dependent on the economic and biomass production while it is 

expressed in percent form. The data regarding harvest index is given in Table 4.1.16 

which showed non-significant variations among treatments. However, the maximum 

harvest index (34.23%) was recorded in plots treated with iron @ 8 kg during the year 

2009-10 while the use of copper @ 6 kg ha-1 produced 34.54% harvest index during 

2010-11. Different treatments produced harvest indices with minimal variations 

during both the experimental years. The minimum harvest index (31.42 and 32.44%) 

was recorded by the application of boron @ 1 kg ha-1 during both the experimental 

years. 

4.1.17 Benefit cost ratio (BCR) 

Economic analysis of wheat for two growing seasons is presented in Table 4.1.17-18. 

The analysis revealed that maximum net income (Rs. 72,483/- & 69,456/-) was 

obtained by the application of boron @ 2 kg ha-1. This was followed by net return of 

Rs. 65,248/- & 59,004/- recorded with the application of manganese @ 8 kg ha-1 

during two years of experimentation. The plots where the combination of medium 

doses of micronutrients (T17) were applied during 2009-10 and 2010-11 produced the 

minimum income (Rs. 18,614/- & 15,583/-). The maximum benefit cost ratio of 2.32 

& 2.14 was recorded by the application of boron @ 2 kg-1 during both the cropping 

seasons. Higher BCR with boron application might be due to lower input cost, higher 

grain yield as well as higher net return. The minimum benefit cost ratio (0.87 & 0.85) 
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Table 4.1.15. Biological yield (t ha-1) of wheat as affected by different 
micronutrients during 2009-10 and 2010-11. 

Treatments 
Biological yield (t ha-1) 

2009-10 2010-11 
T1 - Zn1 @ 5 kg ha-1 12.54 d-g 12.71 ab 
T2 - Zn2 @ 10 kg ha-1 12.61 def 12.91 ab 
T3 - Zn3 @ 15 kg ha-1 12.66 def 12.91 ab 
T4 - Cu1 @ 6 kg ha-1 13.72 a-d 13.75 ab 
T5 - Cu2 @ 8 kg ha-1 14.50 ab 14.58 ab 
T6 - Cu3 @ 10 kg ha-1 11.45 fgh 11.87 ab 
T7 - Fe1 @ 8 kg ha-1 11.02 h 11.25 b 
T8 - Fe2 @ 12 kg ha-1 13.07 cde 13.12 ab 
T9 - Fe3 @ 16 kg ha-1 13.20 cde 13.33 ab 
T10 - Mn1 @ 8 kg ha-1 14.26 abc 14.37 ab 
T11 - Mn2 @ 12 kg ha-1 12.05 e-h 12.08 ab 
T12 - Mn3 @ 16 kg ha-1 12.10 e-h 12.08 ab 
T13 - B1 @ 1 kg ha-1 12.49 d-g 12.71 ab 
T14 - B2 @ 2 kg ha-1 14.90 a 15.20 a 
T15 - B3 @ 3 kg ha-1 13.08 cde 13.12 ab 
T16 - Zn1+Cu1+Fe1+Mn1+B1 13.47 bcd 13.54 ab 
T17 - Zn2+Cu2+Fe2+Mn2+B2 13.23 cde 13.33 ab 
T18 - Zn3+Cu3+Fe3+Mn3+B3 11.30 gh 11.45 b 
T19 - Control (no micronutrients) 11.01 h 11.24 b 
LSD0.05 1.25 3.47 
Any two means not sharing a common letter(s) are significant (P<0.05). 

Table 4.1.16. Harvest index (%) of wheat as affected by different micronutrients 
during 2009-10 and 2010-11. 

Treatments 
Harvest index (%) 

2009-10 2010-11 
T1 - Zn1 @ 5 kg ha-1 32.27 NS 32.88 NS 
T2 - Zn2 @ 10 kg ha-1 32.41 32.45 
T3 - Zn3 @ 15 kg ha-1 32.86 33.45 
T4 - Cu1 @ 6 kg ha-1 33.51 34.54 
T5 - Cu2 @ 8 kg ha-1 33.31 33.08 
T6 - Cu3 @ 10 kg ha-1 33.36 32.92 
T7 - Fe1 @ 8 kg ha-1 34.23 34.10 
T8 - Fe2 @ 12 kg ha-1 32.26 33.83 
T9 - Fe3 @ 16 kg ha-1 33.34 33.69 
T10 - Mn1 @ 8 kg ha-1 33.64 32.93 
T11 - Mn2 @ 12 kg ha-1 31.88 32.61 
T12 - Mn3 @ 16 kg ha-1 32.33 33.42 
T13 - B1 @ 1 kg ha-1 31.42 32.44 
T14 - B2 @ 2 kg ha-1 33.46 33.02 
T15 - B3 @ 3 kg ha-1 33.62 33.34 
T16 - Zn1+Cu1+Fe1+Mn1+B1 33.38 34.51 
T17 - Zn2+Cu2+Fe2+Mn2+B2 33.60 33.59 
T18 - Zn3+Cu3+Fe3+Mn3+B3 33.75 33.65 
T19 - Control (no micronutrients) 33.43 33.52 
NS = non-significant 
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Table 4.1.17.  Benefit cost ratio (BCR) of wheat as affected by different micronutrients during 2009-10. 

Micronutrients 
Yield 

(t ha-1) 
Cost (Rs.) Income (Rs.) Net 

Income 
BCR 

Fixed Variable Total Grains Straw Total 
T1 - Zn1 (5 kg ha-1) 4.04 51204 5680 56884 91304 12120 103424 46540 1.82 
T2 - Zn2 (10 kg ha-1) 4.08 51204 11360 62564 92208 12240 104448 41884 1.67 
T3 - Zn3 (15 kg ha-1) 4.16 51204 17040 68244 94016 12480 106496 38252 1.56 
T4 - Cu1 (6 kg ha-1) 4.58 51204 6600 57804 103508 13740 117248 59444 2.03 
T5 - Cu2 (8 kg ha-1) 4.82 51204 8800 60004 108932 14460 123392 63388 2.06 
T6 - Cu3 (10 kg ha-1) 3.81 51204 11000 62204 86106 11430 97536 35332 1.57 
T7 - Fe1 (8 kg ha-1) 3.76 51204 7000 58204 84976 11280 96256 38052 1.65
T8 - Fe2 (12 kg ha-1) 4.21 51204 10500 61704 95146 12630 107776 46072 1.75 
T9 - Fe3 (16 kg ha-1) 4.40 51204 14000 65204 99440 13200 112640 47436 1.73 
T10 - Mn1 (8 kg ha-1) 4.80 51204 6428 57632 108480 14400 122880 65248 2.13
T11 - Mn2 (12 kg ha-1) 3.84 51204 9641 60845 86784 11520 98304 37459 1.62 
T12 - Mn3 (16 kg ha-1) 3.91 51204 12854 64058 88366 11730 100096 36038 1.56 
T13 - B1 (1 kg ha-1) 3.92 51204 1950 53154 88592 11760 100352 47198 1.89
T14 - B2 (2 kg ha-1) 4.97 51204 3545 54749 112322 14910 127232 72483 2.32 
T15 - B3 (3 kg ha-1) 4.40 51204 5320 56524 99440 13200 112640 56116 1.99 
T16 - Zn1+Cu1+Fe1+Mn1+B1 4.50 51204 27658 78862 101700 13500 115200 36338 1.46
T17 - Zn2+Cu2+Fe2+Mn2+B2 4.44 51204 43846 95050 100344 13320 113664 18614 1.20 
T18 - Zn3+Cu3+Fe3+Mn3+B3 3.80 51204 60216 111420 85880 11400 97280 -14140 0.87 
T19 - Control (no micronutrient) 3.68 51204 - 51204 83168 11040 94208 43004 1.84 
Purchase rates: 
Wheat seed @ Rs. 34/- per kg  Urea @ Rs. 850/- per 50 kg bag  DAP @ Rs. 2980/- per 50 kg bag SOP @  Rs. 1290/- per 50 kg bag 
ZnSO4 @ Rs. 250/- per kg  CuSO4 @ Rs. 275/- per kg  FeSO4 @ Rs. 175/- per kg  MnSO4 @ Rs. 225/- per kg 
Borax @ Rs. 195/- per kg  Buctril Super @ Rs. 785/- per 600 mL bottle  Puma Super @ Rs. 480/- per 500 mL bottle 
Sale rates: 
Wheat grains @ Rs. 22.60 per kg Wheat straw @ Rs. 300/- per 100 kg threshed seed 
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Table 4.1.18.  Benefit cost ratio (BCR) of wheat as affected by different micronutrients during 2010-11. 

Micronutrients 
Yield 

(t ha-1) 
Cost (Rs.) Income (Rs.) Net 

Income 
BCR 

Fixed Variable Total Grains Straw Total 
T1 - Zn1 (5 kg ha-1) 4.14 57238 5680 62918 93564 14490 108054 45136 1.72 
T2 - Zn2 (10 kg ha-1) 4.16 57238 11360 68598 94016 14560 108576 39978 1.58 
T3 - Zn3 (15 kg ha-1) 4.27 57238 17040 74278 96502 14945 111447 37169 1.50 
T4 - Cu1 (6 kg ha-1) 4.69 57238 6600 63838 105994 16415 122409 58571 1.92 
T5 - Cu2 (8 kg ha-1) 4.76 57238 8800 66038 107576 16660 124236 58198 1.88 
T6 - Cu3 (10 kg ha-1) 3.86 57238 11000 68238 87236 13510 100746 32508 1.48 
T7 - Fe1 (8 kg ha-1) 3.82 57238 7000 64238 86332 13370 99702 35464 1.55
T8 - Fe2 (12 kg ha-1) 4.31 57238 10500 67738 97406 15085 112491 44753 1.66 
T9 - Fe3 (16 kg ha-1) 4.42 57238 14000 71238 99892 15470 115362 44124 1.62 
T10 - Mn1 (8 kg ha-1) 4.70 57238 6428 63666 106220 16450 122670 59004 1.93
T11 - Mn2 (12 kg ha-1) 3.93 57238 9641 66879 88818 13755 102573 35694 1.53 
T12 - Mn3 (16 kg ha-1) 3.98 57238 12854 70092 89948 13930 103878 33786 1.48 
T13 - B1 (1 kg ha-1) 3.99 57238 1950 59188 90174 13965 104139 44951 1.76
T14 - B2 (2 kg ha-1) 4.99 57238 3545 60783 112774 17465 130239 69456 2.14 
T15 - B3 (3 kg ha-1) 4.37 57238 5320 62558 98762 15295 114057 51499 1.82 
T16 - Zn1+Cu1+Fe1+Mn1+B1 4.61 57238 27658 84896 104186 16135 120321 35425 1.42
T17 - Zn2+Cu2+Fe2+Mn2+B2 4.47 57238 43846 101084 101022 15645 116667 15583 1.15 
T18 - Zn3+Cu3+Fe3+Mn3+B3 3.83 57238 60216 117454 86558 13405 99963 -17491 0.85 
T19 - Control (no micronutrient) 3.76 57238 - 57238 84976 13160 98136 40898 1.71 
Purchase rates: 
Wheat seed @ Rs. 42/- per kg  Urea @ Rs. 1050/- per 50 kg bag DAP @ Rs. 2800/- per 50 kg bag SOP @  Rs. 2400/- per 50 kg bag 
ZnSO4 @ Rs. 250/- per kg  CuSO4 @ Rs. 275/- per kg  FeSO4 @ Rs. 175/- per kg  MnSO4 @ Rs. 225/- per kg 
Borax @ Rs. 195/- per kg  Buctril Super @ Rs. 750/- per 600 mL bottle  Puma Super @ Rs. 500/- per 500 mL bottle 
Sale rates: 
Wheat grains @ Rs. 22.00 per kg Wheat straw @ Rs. 350/- per 100 kg threshed seed 
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was recorded by the combined application of micronutrients in T18. It was mainly due 

to higher costs of these trace elements in the local market. 

4.1.18 Grain protein contents (%) 

Among cereals, wheat is the best crop because its grains produce protein that has 

unique chemical and physical properties. The most important objective in wheat 

production is to increase grain yield together with grain protein contents. Higher 

concentrations of protein enhance the wheat ability to impart strength to dough. There 

is a general tendency in wheat varieties to produce low, medium and high protein 

contents which may be altered by different factors like sowing time, planting density 

and fertilizer application (Stone and Savin, 2000). Data pertaining to protein contents 

(Table 4.1.19) showed that there was slight difference among different treatment 

means. Maximum protein contents (9.9%) were recorded with the application of 

boron (2 kg ha-1) during the year 2009-10. The highest protein percentage (9.8%) was 

noted by the application of iron (8 kg ha-1) and boron (2 kg ha-1) during the next 

cropping season. It is obvious that N-fertilization mainly affects the protein contents 

and in present study, the reason for lower differences in protein percentage might be 

the uniform application of nitrogen to all treatments. Boron application helped the 

plants in formation of quality fruits which caused higher protein contents during both 

the experimental years. These results are supported by Bilen et al. (2011) who 

reported that boron application plays an important role in the metabolism of 

carbohydrates and nitrogen assimilation in plants. The lowest protein contents (8.6 & 

8.9%) were obtained by the application of each iron and manganese (12 kg ha-1) 

during both the years while the use of zinc (10 & 15 kg ha-1) also produced 8.9% 

protein during 2010-11. 
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Table 4.1.19. Grain protein contents (%) of wheat as affected by different 
micronutrients during 2009-10 and 2010-11. 

Treatments 
Grain protein (%) 

2009-10 2010-11 
T1 - Zn1 @ 5 kg ha-1 8.9 9.1 
T2 - Zn2 @ 10 kg ha-1 8.7 8.9 
T3 - Zn3 @ 15 kg ha-1 8.7 8.9 
T4 - Cu1 @ 6 kg ha-1 8.9 9.1 
T5 - Cu2 @ 8 kg ha-1 9.3 9.5 
T6 - Cu3 @ 10 kg ha-1 8.9 9.2 
T7 - Fe1 @ 8 kg ha-1 9.7 9.8 
T8 - Fe2 @ 12 kg ha-1 8.6 8.9 
T9 - Fe3 @ 16 kg ha-1 9.1 9.4 
T10 - Mn1 @ 8 kg ha-1 9.0 9.3 
T11 - Mn2 @ 12 kg ha-1 8.6 8.9 
T12 - Mn3 @ 16 kg ha-1 9.5 9.7 
T13 - B1 @ 1 kg ha-1 9.0 9.4 
T14 - B2 @ 2 kg ha-1 9.9 9.8 
T15 - B3 @ 3 kg ha-1 8.8 9.1 
T16 - Zn1+Cu1+Fe1+Mn1+B1 9.4 9.7 
T17 - Zn2+Cu2+Fe2+Mn2+B2 8.7 9.1 
T18 - Zn3+Cu3+Fe3+Mn3+B3 9.3 9.5 
T19 - Control (no micronutrients) 9.4 9.7 
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Experiment 2. Effect of different micronutrients and their mode of 
application in wheat. 

Abstract 

The present research was carried out to investigate the effect of micronutrients and 

their application methods under the agro-ecology of Dera Ismail Khan, Pakistan, 

during the years 2009-10 and 2010-11. The trial was laid out in a randomized 

complete block design using split-plot arrangements with four replications. Main plot 

consists of five micronutrients viz. Zn, Cu, Fe, Mn and B while application methods 

(side dressing, foliar application and soil application) were assigned to sub-plots. 

Results revealed that boron application @ 2 kg ha-1 produced higher crop growth rate 

(29.38 & 30.14 g m-2 day-1), net assimilation rate (2.73 & 2.78 mg m-2 day-1), number 

of tillers (281.67 & 307.00 m-2), number of grains spike-1 (59.41 & 61.08) and grain 

yield (5.17 & 5.63 t ha-1) during both the years. The use of copper @ 8 kg ha-1 also 

showed encouraging results similar to boron. Among various application methods, 

soil application method (at sowing) showed the best results as compared to side 

dressing and foliar application both at 4 weeks after sowing (WAS) during both the 

experimental years. Also, different micronutrients significantly interacted with the 

application methods for physiological and agronomic traits including leaf area index 

(LAI), crop growth rate (CGR), relative growth rate (RGR), net assimilation rate 

(NAR) and grain yield. Soil application best interacted with boron for producing 

higher number of tillers, grains spike-1, grain yield and almost all the physiological 

traits. This combination also resulted in the best net return with higher benefit cost 

ratio (2.45 & 2.32) during both the years. 

Introduction 

Wheat is the chief source of plant based human nutrition and is a part of our daily 

dietary needs. According to an estimate, wheat yield in Pakistan is two and half times 

low than other wheat producing countries of the world including China, India, USA, 

Russia and France (Khan et al., 2000). One of the major causes behind this low yield 

is inadequate and improper use of fertilizers with no use of micronutrients (Khan et 

al., 1999). Balanced nutrition supplied with trace elements plays an important role in 

wheat yield improvement (Rehm and Sims, 2006). Although, micronutrients are 
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required in trace amounts but their adequate supply improves nutrient availability and 

positively affects the cell physiology that is reflected in grain yield (Taiwo et al., 

2001; Adediran et al., 2004). Micronutrients deficiency is widespread in many Asian 

countries due to the calcareous nature of soils, high pH, low organic matter, salt 

stress, prolonged drought, high bicarbonate contents in irrigation water and 

imbalanced application of NPK fertilizers (Ahmadikhah et al., 2010). Induced stress 

in plants including low crop yield and quality, imperfect plant morphological structure 

(such as fewer xylem vessels of small size), widespread infestation of various diseases 

and pests and lower fertilizer use efficiency are some of the adverse effects of 

micronutrient deficiency (Malakouti, 2008). Their lack greatly influences both the 

quantity and the quality of plant products (Ahmadikhah et al., 2010). Kumar et al. 

(2009) indicated that Cu fluxes and its interactions with other micronutrients (Fe, Mn, 

Zn) affects the growth and yield of wheat plants while Cu excess may induce the 

deficiency of other micronutrients and adversely affect the yield. Micronutrient 

deficiency has become a major yield limiting factor that may either be primary, due to 

their low total contents or secondary, caused by soil factors that reduce their 

availability to plants (Sharma and Chaudhary, 2007). The use of micronutrients is also 

important because of increasing economic and environmental concerns (Siddiqui et 

al., 2009). Khan et al. (2006) reported that Cu, Fe, Mn and Zn contents of leaf, straw 

and grain of wheat increased with the application of mineral fertilizers. Soleimani 

(2006) found that integrated application of Zn through soil and foliar spray affected 

the Mn and Cu contents of wheat grains. More to the point, micronutrients application 

methods also affect the crop growth and yield. Arif et al. (2006) advocated foliar 

sprays of nutrient solution at tillering, jointing and boot stages along with half of the 

recommended doses of N and P to increase yield and yield components of wheat. 

Kinaci and Gulmezoglu (2007) revealed that foliar treatments had positive effect on 

the yield attributes.  

With this in view, a research trial was conducted to utilize these rich sources of plant 

food in different ways as no attempts have ever been made to evaluate this issue under 

the agro-ecology of the area.  
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Experimental procedure 

The trial was laid out in a randomized complete block design with split-plot 

arrangements having four replications. The sub-plot size was 1.8 m × 5 m (9 m2) 

containing 6 rows, 5 m long and 30 cm apart. The trial was sown on 25th October for 

two successive years from 2009-11. The recommended fertilizer doses of NPK were 

uniformly applied to all treatments. Main plot consists of micronutrients (Zn, Cu, Fe, 

Mn and B) while the application methods viz. side dressing (4 WAS), foliar 

application (4 WAS) and soil application (at sowing) were assigned to the sub-plots. 

Detail of the experimental treatments is presented in Appendix-3. Data collected 

during both the cropping seasons were analyzed using analysis of variance technique 

(Steel et al., 1997) and subsequently the individual treatment means were compared 

by Tukey HSD Test (Gomez and Gomez, 1984). The analysis was performed by using 

“Statistix 8.1” computer software program. 

Results and Discussion 

4.2.1 Leaf area index (m-2) at 49 DAS 

Data given in Table 4.2.1 revealed that different micronutrients significantly affected 

LAI (49 DAS) while the application methods had non-significant effect during both 

the experimental years. The maximum LAI (0.29 & 0.35 m-2) was recorded by the 

application of boron. The use of copper, manganese and iron each produced LAI of 

0.28 during 2009-10 and 0.32, 0.31, 0.30 m-2 during 2010-11. These treatments were, 

however, statistically at par with each other. Zinc application produced the minimum 

LAI (0.25 & 0.28 m-2) during two consecutive years. Among application methods, 

soil application (at sowing) produced the maximum LAI (0.29) while foliar 

application had the minimum LAI (0.27 m-2) during 2009-10. The three application 

methods recorded similar LAI of 0.31 m-2 during the next cropping season. As far as 

the interaction of the micronutrients and their application methods is concerned, 

significantly higher leaf area index (0.33 & 0.44 m-2) was obtained by the soil 

application of boron during both the experimental years. This was statistically at par 

with LAI of 0.32 (during 2009-10) and 0.42 & 0.40 (during 2010-11) recorded in side 

dressing (4 WAS) of iron and foliar application (4 WAS) of boron, respectively. 

However, foliar application of zinc exhibited the minimum LAI (0.22 & 0.21 m-2) 
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Table 4.2.1. Leaf area index (m-2) at 49 DAS of wheat as affected by different 
micronutrients and their mode of application during 2009-10 and 
2010-11.  

 

  2009-10 

Micronutrients 
Application methods 

Side dressing Foliar appl. Soil appl. Means 

Zinc (Zn) 0.24 bcd 0.22 d 0.30 a-d 0.25 b 

Copper (Cu) 0.24 cd 0.29 a-d 0.31 abc 0.28 ab 

Iron (Fe) 0.32 a 0.24 cd 0.29 a-d 0.28 ab 

Manganese (Mn) 0.24 bcd 0.31 abc 0.29 a-d 0.28 ab 

Boron (B) 0.24 cd 0.32 ab 0.33 a 0.29 a 

Means 0.28 NS 0.27 0.29  

LSD0.05 Micronutrients = 0.03 
 Micronutrients × Application methods = 0.08 
NS = non-significant 
Any two means in their respective group sharing no common letter(s) are significant (P<0.05)
 

  2010-11 

Zinc (Zn) 0.25 cde 0.21 e 0.37 a-e 0.28 b 

Copper (Cu) 0.24 de 0.29 a-e 0.37 a-d 0.32 ab 

Iron (Fe) 0.42 ab 0.25 cde 0.29 a-e 0.30 ab 

Manganese (Mn) 0.26 be 0.38 a-d 0.28 b-e 0.31 ab 

Boron (B) 0.23 de 0.40 abc 0.44 a 0.35 a 

Means 0.31 NS 0.31 0.31  

LSD0.05 Micronutrients = 0.06 
  Micronutrients × Application methods = 0.16 
NS = non-significant 
Any two means in their respective group sharing no common letter(s) are significant (P<0.05)
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during both the years of experimentation. Higher leaf area index in boron treated plots 

might be due to better translocation of food as well as higher concentrations in the 

apical portion of the leaves which enhanced the plant growth. Likewise, the use of 

boron helped plants in chlorophyll formation with increased photosynthetic activities 

(Manal et al., 2010). 

4.2.2 Leaf area index (m-2) at 98 DAS 

Similar trend was observed during the two cropping seasons for the leaf area index at 

98 DAS. Data shown in Table 4.2.2 revealed that use of trace elements significantly 

affected the leaf area index (98 DAS) while non-significant variations in LAI was 

observed by different application methods. It is evident from the results that leaf area 

index increased linearly from one growth phase to another. The maximum leaf area 

index (2.70 & 3.25 m-2) was recorded in boron treatment during both the experimental 

years. It was statistically at par with LAI of 2.61 & 2.48 (2009-10) and 3.12 & 3.04 m-

2 (the succeeding year) recorded in copper and manganese treatments, respectively. 

Availability of sufficient nutrients resulted in higher leaf area, which in turn boosted 

the photosynthetic activity and ultimately higher dry matter accumulation. These 

findings are supported by Tahir et al. (2009) who reported that boron application is 

essential for cell division, elongation of meristematic tissues and leaves expansion. 

The minimum LAI (2.20 & 2.62 m-2) was noted in zinc treatment during the cropping 

years. Among the application methods, soil application (at sowing) showed instant 

intake of nutrients by the plants which resulted in maximum leaf area indices of 2.51 

and 2.99 while placement of micro-elements aside the rows (4 WAS) facilitated the 

plants to absorb efficiently for producing LAI of 2.47 & 2.99 m-2, respectively during 

two successive years. The interaction between micronutrients and application methods 

was significant statistically. Soil application (at sowing) of boron produced higher 

LAI (3.28 & 3.94 m-2) during the years 2009-10 and 2010-11. It was statistically at 

par with side dressing of iron (3.16 & 3.79) and foliar application of boron (3.01 & 

3.39 LAI m-2). The minimum leaf area index (1.74 & 1.98 m-2) was produced by the 

foliar application of zinc during both the years. 
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Table 4.2.2. Leaf area index (m-2) at 98 DAS of wheat as affected by different 
micronutrients and their mode of application during 2009-10 and 
2010-11.  

 

  2009-10 

Micronutrients 
Application methods 

Side dressing Foliar appl. Soil appl. Means 

Zinc (Zn) 2.17 b-f 1.74 f 2.68 a-f 2.20 b 

Copper (Cu) 1.96 def 2.35 a-f 2.85 a-e 2.61 a 

Iron (Fe) 3.16 ab 2.03 c-f 2.65 a-f 2.38 ab 

Manganese (Mn) 2.21 b-f 2.98 a-d 2.25 a-f 2.48 ab 

Boron (B) 1.82 ef 3.01 abc 3.28 a 2.70 a 

Means 2.47 NS 2.45 2.51  

LSD0.05 Micronutrients = 0.39 
 Micronutrients × Application methods = 1.10 
NS = non-significant 
Any two means in their respective group sharing no common letter(s) are significant (P<0.05)
 

  2010-11 

Zinc (Zn) 2.67 bcd 1.98 d 3.20 abc 2.62 b 

Copper (Cu) 2.48 cd 3.04 a-d 3.27 abc 3.12 ab 

Iron (Fe) 3.79 ab 2.51 cd 3.05 a-d 2.93 ab 

Manganese (Mn) 2.71 bcd 3.36 abc 3.04 a-d 3.04 ab 

Boron (B) 2.42 cd 3.39 abc 3.94 a 3.25 a 

Means 2.99 NS 2.98 2.99  

LSD0.05 Micronutrients = 0.54 
  Micronutrients × Application methods = 1.16 
NS = non-significant 
Any two means in their respective group sharing no common letter(s) are significant (P<0.05)
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4.2.3 Leaf area duration (m-2) at 49 DAS 

Leaf area duration expresses the leaf persistence for different treatments and it is also 

referred as the measurement of leafiness (Reddy, 2004). Data presented in Table 4.2.3 

showed that different micronutrients had significant effect on LAD (49 DAS) whereas 

application methods did no affect significantly. The two factors also interacted 

significantly for the leaf area duration at 49 DAS. Among trace elements, significantly 

higher leaf area duration (2.08 & 2.50 m-2) was recorded in boron application. It was 

statistically at par with LAD of 2.02 & 2.00 (during 1st year) and 2.23 & 2.17 m-2 

(during succeeding year) produced by the application of copper and iron, respectively.  

The minimum LAD (1.80 & 1.96 m-2) was observed with the use of zinc during both 

the cropping seasons. Though non-significant statistically, the soil application (at 

sowing) produced maximum leaf area duration (2.03 & 2.20 m-2) during both the 

years while minimum LAD of 1.91 & 2.17 m-2 was recorded in foliar application of 

micronutrients. It is obvious that leaf area index and leaf area duration are directly 

proportional to each other. Higher the leaf area index more will be the LAD and vice-

versa. Boron plays a key role in different plant activities like cell wall formation, cell 

division and leaf formation which increases leaf area index and leaf area duration. 

These results are supported by Siddiqui et al. (2009) who observed higher leaf area 

duration with the application of boron. As far as the interaction is concerned, 

significantly maximum LAD (2.30 & 3.10 m-2) was recorded by the soil application 

of boron during the experimental years. LAD produced by side dressing of iron (2.28 

& 2.91) and foliar application of boron (2.27 & 2.79) and manganese (2.22 & 2.67 

LAD m-2) was statistically at par during both the cropping seasons. The lowest leaf 

area duration (1.58 & 1.48 m-2) was produced by the foliar application of zinc. 

4.2.4 Leaf area duration (m-2) at 98 DAS 

Analysis of the data given in Table 4.2.4 revealed that different micronutrients had 

significant effect on the leaf area duration (98 DAS) while the application methods 

showed non-significant variations for LAD. Among various trace elements, the use of 

born produced the maximum leaf area duration (37.87 & 45.54 m-2) during both the 

years. It was statistically at par with copper (36.61 & 43.71) and iron (34.75 & 42.57  
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Table 4.2.3. Leaf area duration (m-2) at 49 DAS of wheat as affected by 
different micronutrients and their mode of application during 
2009-10 and 2010-11.  

 

  2009-10 

Micronutrients 
Application methods 

Side dressing Foliar appl. Soil appl. Means 

Zinc (Zn) 1.70 bc 1.58 c 2.12 abc 1.80 b 

Copper (Cu) 1.69 bc 2.08 abc 2.20 ab 2.02 ab 

Iron (Fe) 2.28 a 1.69 bc 2.08 abc 1.99 ab 

Manganese (Mn) 1.71 bc 2.22 ab 2.07 abc 2.00 ab 

Boron (B) 1.68 bc 2.27 a 2.30 a 2.08 a 

Means 1.99 NS 1.91 2.03  

LSD0.05 Micronutrients = 0.25 
 Micronutrients × Application methods = 0.55 
NS = non-significant 
Any two means in their respective group sharing no common letter(s) are significant (P<0.05)
 

  2010-11 

Zinc (Zn) 1.80 cde 1.48 e 2.60 a-e 1.9600   b 

Copper (Cu) 1.67 de 2.03 a-e 2.63 a-d 2.2375  ab 

Iron (Fe) 2.91 ab 1.74 cde 2.05 a-e 2.1150  ab 

Manganese (Mn) 1.86 b-e 2.67 a-d 1.98 b-e 2.1700  ab 

Boron (B) 1.60 de 2.79 abc 3.10 a 2.5000  a 

Means 2.20 NS 2.17 2.20  

LSD0.05 Micronutrients = 0.43 
  Micronutrients × Application methods = 1.15 
NS = non-significant 
Any two means in their respective group sharing no common letter(s) are significant (P<0.05)
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Table 4.2.4. Leaf area duration (m-2) at 98 DAS of wheat as affected by 
different micronutrients and their mode of application during 
2009-10 and 2010-11.  

 

  2009-10 

Micronutrients 
Application methods 

Side dressing Foliar appl. Soil appl. Means 

Zinc (Zn) 30.49 b-f 24.49 f 37.62 a-f 30.87 b 

Copper (Cu) 27.52 def 32.93 a-f 39.91 a-e 36.61 a 

Iron (Fe) 44.28 a 28.45 c-f 37.11 a-f 33.45 ab 

Manganese (Mn) 30.98 b-f 41.71 a-d 31.57 a-f 34.75 ab 

Boron (B) 25.49 ef 42.11 abc 46.02 a 37.87 a 

Means 34.66 NS 34.34 35.14  

LSD0.05 Micronutrients = 5.44 
 Micronutrients × Application methods = 15.52 
NS = non-significant 
Any two means in their respective group sharing no common letter(s) are significant (P<0.05)
 

  2010-11 

Zinc (Zn) 37.43 bcd 27.75 d 44.87 abc 36.68 b 

Copper (Cu) 34.75 cd 42.68 a-d 45.76 abc 43.70 ab 

Iron (Fe) 53.14 ab 35.15 cd 42.80 a-d 41.06 ab 

Manganese (Mn) 38.04 bcd 47.08 abc 42.57 a-d 42.57 ab 

Boron (B) 33.87 cd 47.56 abc 55.19 a 45.54 a 

Means 41.97 NS  41.78  41.98  

LSD0.05 Micronutrients = 7.65 
  Micronutrients × Application methods = 16.31 
NS = non-significant 
Any two means in their respective group sharing no common letter(s) are significant (P<0.05)
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LAD m-2) treatments during both the cropping seasons. The lowest leaf area duration 

(30.87 and 36.68 m-2) was recorded in zinc application. Though non-significant 

statistically, soil application of micronutrients produced the higher leaf area duration 

(35.14 & 41.98 m-2) during both the experimental years while foliar application had 

the minimum LAD (34.34 & 41.78 m-2). The use of different micronutrients and their 

application methods significantly interacted with each other. The maximum leaf area 

duration (46.02 & 55.19 m-2) was measured in soil application of boron during 2009-

10 and 2010-11. It was statistically at par with iron when applied as side dressing 

(44.28 & 53.14) while boron (42.11 & 47.56) and manganese (41.71 & 47.08 LAD  

m-2) when applied as foliar treatments. However, minimum LAD (24.49 & 27.75 m-2) 

was produced by the foliar application of zinc during both the experimental years. 

Higher leaf persistence recorded in boron application might be due to better utilization 

and translocation of plant food reserves supplied at the time of sowing with food 

enriched leaves. These findings are in line with Moeinian et al. (2011) who reported 

more leaf persistence with the application of boron in wheat. 

4.2.5 Crop growth rate (g m-2 day-1) 

One of the important physiological traits of the plants is crop growth rate which is 

influenced by temperature, radiation, cultivar usage and water/nutrient supply. The 

data presented in Table 4.2.5 exhibited that crop growth rate was significantly 

affected by micronutrients. Among different trace elements, the maximum crop 

growth rate (29.38 & 30.14 g m-2 day-1) was recorded by the application of boron 

during both the experimental years. It was statistically at par with the application of 

copper (29.26 & 28.06 g m-2 day-1). Slightly lesser CGR (27.91) was recorded in 

manganese application during 2009-10 and 27.78 g m-2 day-1 during the second year 

of experiment. The minimum crop growth rate (25.10 & 24.61 g m-2 day-1) was 

produced by zinc application during both the cropping seasons. Likewise, different 

application methods had significant effect on crop growth rate during 2009-10 

showing the maximum CGR (28.76 g m-2 day-1) in soil application (at sowing). The 

data further revealed non-significant variations in crop growth rate during the year 

2010-11. However, the maximum CGR (27.75) was recorded in soil application while 

the foliar treatment (4 WAS) produced the minimum crop growth rate (27.01 g m-2 

day-1). Previously Tahir et al. (2009) reported that boron application causes more leaf 
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expansion and increased photosynthetic activities which improves plant growth. 

Moreover, soil application at sowing showed better results due to sufficient 

availability of nutrients at the time when plants were in need of nutritional supplement 

which influenced the size and efficiency of leaf canopy and hence the ability of crop 

to convert solar energy into economic growth (Reddy, 2004). The variable factors had 

significant effect on crop growth rate through their interactive behavior. Soil 

application of boron produced the highest crop growth rate (35.38 & 37.58 g m-2   

day-1) during both the experimental years which was statistically at par with side 

dressing of iron (34.12 & 31.98) and foliar application of boron (32.14 & 31.71) and 

manganese (32.10 & 31.63 g m-2 day-1) during two consecutive years. The minimum 

crop growth rate (20.47 & 20.50 g m-2 day-1) was noted in foliar application of zinc 

during both the experimental years.  

4.2.6 Relative growth rate (mg g-1 day-1)  

Relative growth rate emphasizes the initial plant weight in time interval. The data 

pertaining to relative growth rate are given in Table 4.2.6 which revealed that 

micronutrients as well as their application methods had non-significant effect. 

However, among various trace elements, the use of boron produced the maximum 

relative growth rate (72.11 & 73.19 mg g-1 day-1) during both the years. While the 

application of zinc exhibited the lowest relative growth rate (67.00 & 68.70 mg g-1 

day-1) during two consecutive years. On the other hand, the highest relative growth 

rate (69.94 & 72.69 mg g-1 day-1) was recorded in soil application. As far as the 

interaction is concerned, the highest relative growth rate (75.87 & 78.39) was 

produced by the soil application of boron while the minimum (62.58 & 62.97 mg g-1 

day-1) was measured in the foliar application of zinc during both the experimental 

years. These results are supported by Shukla and Warsi (2000) who reported that 

application of boron and iron had no significant effect on the relative growth rate and 

dry matter accumulation of wheat. 
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Table 4.2.5. Crop growth rate (g m-2 day-1) of wheat as affected by different 
micronutrients and their mode of application during 2009-10 and 
2010-11.  

 

  2009-10 

Micronutrients 
Application methods 

Side dressing Foliar appl. Soil appl. Means 

Zinc (Zn) 23.16 c 20.47 c 31.68 ab 25.10 c 

Copper (Cu) 21.02 c 28.71 b 31.70 ab 29.26 a 

Iron (Fe) 34.12 a 22.08 c 31.57 ab 27.14 b 

Manganese (Mn) 23.41 c 32.10 ab 28.22 b 27.91 b 

Boron (B) 20.62 c 32.14 ab 35.38 a 29.38 a 

Means 27.64 ab 26.88 b 28.76 a  

LSD0.05 Micronutrients = 1.02 
 Application methods = 1.40 
 Micronutrients × Application methods = 4.70 
NS = non-significant 
Any two means in their respective group sharing no common letter(s) are significant (P<0.05)
 

  2010-11 

Zinc (Zn) 24.33 cd 20.50 d 29.00 bc 24.61 c 

Copper (Cu) 23.05 cd 27.14 bcd 29.58 bc 28.06 ab 

Iron (Fe) 31.98 ab 23.96 cd 28.25 bc 26.59 bc 

Manganese (Mn) 24.61 cd 31.63 ab 27.10 bcd 27.78 abc 

Boron (B) 21.12 d 31.71 ab 37.58 a 30.14 a 

Means 27.54 NS 27.01 27.75  

LSD0.05 Micronutrients = 3.26 
  Micronutrients × Application methods = 6.77 
NS = non-significant 
Any two means in their respective group sharing no common letter(s) are significant (P<0.05)
 



 
92 

 

Table 4.2.6. Relative growth rate (mg g-1 day-1) of wheat as affected by 
different micronutrients and their mode of application during 
2009-10 and 2010-11.  

 

  2009-10 

Micronutrients 
Application methods 

Side dressing Foliar appl. Soil appl. Means 

Zinc (Zn) 68.22 NS 62.58  70.19  67.00 NS 

Copper (Cu) 67.47 68.87  70.91  70.61 

Iron (Fe) 73.99  68.08  69.78  69.08 

Manganese (Mn) 68.48  71.36  68.85  69.56 

Boron (B) 67.29  73.17  75.87  72.11 

Means 69.67 NS 69.40  69.94   

NS = non-significant 
 

  2010-11 

Zinc (Zn) 69.07 NS  62.97   74.06  68.70 NS   

Copper (Cu) 63.93   72.31   74.43  73.00   

Iron (Fe) 77.77   67.69   72.96  70.22   

Manganese (Mn) 70.21   77.09   71.72  72.81   

Boron (B) 63.89   77.29   78.39   73.19   

Means 71.41 NS  70.65   72.69    

NS = non-significant 
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4.2.7 Net assimilation rate (mg m-2 day-1)  

The use of different micronutrients had significant effect on net assimilation rate 

while it was non-significantly affected by the application methods (Table 4.2.7). 

Among different micronutrients, boron application accumulated the maximum (2.73) 

and statistically similar assimilates to copper (2.53 mg m-2 day-1) during the year 

2009-10. The use of boron also produced the highest and statistically significant NAR 

(2.78) during the year 2010-11 followed by the application of copper and manganese 

with 2.41 and 2.34 mg m-2 day-1, respectively. Higher concentrations of boron in the 

leaves and leaf tips resulted in increased photosynthesis and more chlorophyll 

formation. This was further evident by Tahir et al. (2009) who stated that boron 

deficiency caused hang-up of leaf expansion and decrease in photosynthesis. The 

minimum net assimilation rate (2.33 & 2.10 mg m-2 day-1) was produced by the zinc 

application. Among application methods, soil application (at sowing) of micro-

elements resulted in maximum NAR (2.54 & 2.48 mg m-2 day-1). Micronutrients and 

their application methods significantly interacted with each other. Soil application of 

boron had significantly higher NAR (3.35) which was statistically similar NAR 

recorded in side dressing of iron, foliar application of boron and manganese, 

respectively during the year 2009-10. During the next cropping season, significantly 

higher net assimilation rate (3.84) was recorded by the soil application of boron 

followed by the side dressing of iron (2.82) and foliar application of boron (2.70) and 

manganese (2.65 mg m-2 day-1 NAR). Foliar application of zinc showed the minimum 

net assimilation rate (2.06 and 1.70 mg m-2 day-1), respectively during both the 

cropping seasons. These results are in line with Shukla and Warsi (2000) who 

reported that all the growth parameters including NAR were highest with the 

application of micronutrients.  

4.2.8 Number of days to maturity  

Complete loss of green color from the glume of wheat spike represents the 

physiological maturity. The data presented in Table 4.2.8 revealed that micronutrients 

and their application methods had no significant effect on the number of days to 

maturity. However, the maximum number of days to maturity (155.08 & 155.58) was 

recorded in plots where boron was applied during both the experimental years. 

Similar results were also produced by the application of copper and manganese. The 
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crop took minimum number of days to maturity (154.58 & 155.08) by the application 

of zinc. Similarly, micronutrients application though soil (at sowing) showed higher 

number of days to maturity (155.00 & 155.50) during 2009-10 and 2010-11 while the 

foliar treatment took minimum days to maturity (154.75 & 155.25) during the 

experimental years. As far as the interaction between micronutrients and their 

application methods is concerned, maximum days to maturity were recorded by the 

soil application of boron (155.50 & 156.00) during both the cropping seasons. The use 

of foliar application of zinc showed the minimum number of days to maturity (154.00 

& 154.50). 

4.2.9 Plant height at maturity (cm)  

The perusal of data given in Table 4.2.9 explained that both micronutrients as well as 

their application methods non-significantly affected plant height during both the 

years. As far as the use of micronutrients, taller plants were produced in boron 

application (106.25 & 106.83 cm) while the use of copper produced 106.00 & 106.83 

cm tall plants during the experimental years. The application of zinc, however, 

produced short statured plants (103.75 & 105.92 cm). The same trend was also 

observed in different application methods where soil application (at sowing) produced 

the tallest plants (105.35 & 106.65 cm) while plant height of 104.90 & 106.45 cm was 

recorded in foliar application method. Micronutrients and their application methods 

also non-significantly interacted with each other. However, the use of boron through 

soil produced the tallest plants (108.75 & 108.00 cm) during both the years. The 

minimum plant height (101.50 & 104.50 cm) was recorded in the foliar application of 

zinc during both the experimental years. These results are in line with Uddin et al. 

(2009) who reported that application of micronutrients had non-significant effect on 

plant height. 
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Table 4.2.7. Net assimilation rate (mg m-2 day-1) of wheat as affected by 
different micronutrients and their mode of application during 
2009-10 and 2010-11.  

 

  2009-10 

Micronutrients 
Application methods 

Side dressing Foliar appl. Soil appl. Means 

Zinc (Zn) 2.32 b 2.06 b 2.60 ab 2.33 b 

Copper (Cu) 2.20 b 2.46 b 2.65 ab 2.53 ab 

Iron (Fe) 2.77 ab 2.29 b 2.52 b 2.44 ab 

Manganese (Mn) 2.33 b 2.65 ab 2.41 b 2.46 ab 

Boron (B) 2.11 b 2.71 ab 3.35 a 2.73 a 

Means 2.49 NS 2.46 2.54  

LSD0.05 Micronutrients = 0.38 
 Micronutrients × Application methods = 0.78 
NS = non-significant 
Any two means in their respective group sharing no common letter(s) are significant (P<0.05)
 

  2010-11 

Zinc (Zn) 2.07 c-f 1.70 f 2.52 bcd 2.10 c 

Copper (Cu) 1.91 def 2.37 b-f 2.57 bcd 2.41 b 

Iron (Fe) 2.82 b 1.94 def 2.47 b-e 2.28 bc 

Manganese (Mn) 2.15 b-f 2.65 bc 2.23 b-f 2.34 bc 

Boron (B) 1.79 ef 2.70 bc 3.84 a 2.78 a 

Means 2.35 NS 2.32 2.48  

LSD0.05 Micronutrients = 0.29 
  Micronutrients × Application methods = 0.71 
NS = non-significant 
Any two means in their respective group sharing no common letter(s) are significant (P<0.05)
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Table 4.2.8. Number of days to maturity of wheat as affected by different 
micronutrients and their mode of application during 2009-10 and 
2010-11.  

 

  2009-10 

Micronutrients 
Application methods 

Side dressing Foliar appl. Soil appl. Means 

Zinc (Zn) 154.50 NS  154.00   155.25   154.58 NS  

Copper (Cu) 154.25   155.00   155.25   155.00   

Iron (Fe) 154.25   154.50   155.00   154.83   

Manganese (Mn) 154.50   155.50   154.75   154.92   

Boron (B) 155.50   155.50   155.50   155.08   

Means 154.90 NS  154.75   155.00    

NS = non-significant 
 

  2010-11 

Zinc (Zn) 155.00 NS  154.50   155.75   155.08 NS  

Copper (Cu) 154.75   155.50   155.75   155.50   

Iron (Fe) 154.75   155.00   155.50   155.33   

Manganese (Mn) 155.00   156.00   155.25   155.42   

Boron (B) 156.00   156.00   156.00   155.58   

Means 155.40 NS  155.25   155.50    

NS = non-significant 
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Table 4.2.9. Plant height (cm) maturity of wheat as affected by different 
micronutrients and their mode of application during    2009-10 and 
2010-11.  

 

  2009-10 

Micronutrients 
Application methods 

Side dressing Foliar appl. Soil appl. Means 

Zinc (Zn) 103.25 NS  101.50   106.50   103.75 NS  

Copper (Cu) 102.25   105.25   107.00   106.00   

Iron (Fe) 108.50   103.25   106.25   104.83   

Manganese (Mn) 103.50   107.00   104.25   104.92   

Boron (B) 102.00   108.00   108.75   106.25   

Means 105.20 NS  104.90   105.35    

NS = non-significant 
 

  2010-11 

Zinc (Zn) 105.75 NS  104.50   107.50   105.92 NS  

Copper (Cu) 105.25   106.75   107.50   106.83   

Iron (Fe) 104.50   105.50   107.00   106.50   

Manganese (Mn) 106.50   107.50   106.50   106.75   

Boron (B) 108.00   107.75   108.00   106.83   

Means 106.60 NS   106.45   106.65    

NS = non-significant 
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4.2.10 Number of tillers (m-2)  

Tillering is an important developmental stage that allows the plants to compensate 

under low plant populations or taking advantage of good growing conditions. The 

appearance of tillers is closely coordinated with leaves on the main stem while the 

number of tillers formed depends on the variety and growing conditions (Reddy, 

2004). Data presented in Table 4.2.10 revealed that micronutrients application had 

significant effect on tillering during two cropping seasons. During the year 2009-10, 

significantly higher number of tillers (281.67 m-2) was produced by the application of 

boron. It was followed by the use of copper and manganese which gave 263.42 & 

256.50 tillers per unit area. Boron application also produced the maximum number of 

tillers (307.00) during the year 2010-11, which was statistically at par with 301.25 and 

299.92 tillers m-2 produced by the application of copper and manganese, respectively. 

The plants utilize applied boron in different activities such as photosynthesis, nitrogen 

fixation, respiration and biochemical pathways which enhance their growth and 

development and as a result, healthy plants increase tillering. The results of the 

present study coincided with Uddin et al. (2008) who reported that application of 

boron significantly increased the number of tillers over the control. The results are 

further supported by Ali et al. (2009) who obtained maximum number of tillers with 

boron application. Similarly, Holloway and Alston (2010) obtained increased number 

of tillers with boron application. The minimum number of tillers (239.42 & 285.17  

m-2) was produced by the application of zinc. The placement of micronutrients around 

the plants greatly influenced the crop status, particularly the way and time of 

application. Soil application (at sowing) produced significantly higher number of 

tillers (261.95) during 2009-10 while foliar treatment showed the minimum number of 

tillers (255.85) per unit area. Different application methods had non-significant effect 

on tillering during the year 2010-11, however, maximum number of tillers (300.05) 

was produced in soil application while foliar application showed the minimum tillers 

(296.15 m-2). The interaction of these two factors also showed significant results. Soil 

application of boron produced the maximum tillers (331.25 & 331.50 m-2) during both 

the years while side dressing of iron (299.75 & 319.50) and foliar application of boron 

(292.75 & 312.00) and manganese (277.50 & 315.75) produced statistically similar 

results during both the experimental years. Foliar application of zinc produced the 

minimum tillers (213.25 & 266.25 m-2). 
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4.2.11 Spike length (cm)  

Spike length is basically a varietal character which does not greatly influence the crop 

yields. The data given in Table 4.2.11 showed that micronutrients application had no 

significant effect on spike length during both the cropping seasons. However, the 

maximum spike length (10.00 & 10.70 cm) was produced by the application of boron. 

Almost similar spike length was recorded with the application of copper, manganese 

as well as iron during two consecutive years. The minimum spike length (9.56 & 

10.50 cm) was produced with the use of zinc. Different application methods also 

showed non-significant results. Soil application (at sowing) showed the highest spike 

length (9.86 & 10.63) during both the years while the minimum spike length (9.74 & 

10.59 cm) was noted in foliar application method. The two factors also interacted 

non-significantly with each other. The maximum spike length (10.77 & 10.95 cm) 

was recorded in soil application of boron while foliar application of zinc produced the 

shortest spike length (9.12 & 10.35 cm) during both the cropping years. Being a 

genetic factor of a particular crop variety, spike length is least affected by fertilizers 

and other available resources. Khan et al. (2010) also reported that application of 

micronutrients had no significant effect on spike length. 

4.2.12 Number of grains (spike-1)  

It is an important yield contributing parameter which greatly influences the crop 

production. Data given in Table 4.2.12 revealed that micronutrients significantly 

affected the grains spike-1. Among different micronutrients, the use of boron produced 

spikes with highest number of grains (59.41 & 61.08) which was statistically at par 

with the application of copper (58.16 & 59.00) and manganese (56.83 & 58.63) 

during 2009-10 and 2010-11. The minimum number of grains (53.75 & 56.00) in a 

spike was produced with the application of zinc during both the cropping years. It is 

evident from the data that number of grains spike-1 was not significantly affected by 

different application methods; however, soil application (at sowing) produced the 

maximum number of grains (57.40 & 58.85 spike-1). The minimum number of grains 

(56.15 & 58.05 spike-1) was obtained with the foliar application method. As far as the 

interaction is concerned, the highest number of grains (64.25 & 66.50 spike-1) was 

recorded with the soil application of boron. It was statistically at par with side 

dressing of iron (63.75 & 62.25) and foliar application of boron (60.75 & 62.00) and 
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manganese (59.00 & 61.25 grains spike-1) during the year 2009-10 and 2010-11. The 

lowest number of grains (48.75 & 51.50 spike-1) was obtained by the foliar 

application of zinc. Boron is basically responsible for fruit setting and qualitative 

improvement which resulted in increased number of grains. The highest number of 

grains recorded in B treated plots was because of the reason that this element is 

responsible for the grain formation and fruit setting in crop plants. These results are in 

line with Uddin et al. (2008) who obtained higher number of grains spike-1 by the 

application of boron. The present results are further supported by Tahir et al. (2009) 

who recorded significant increase in number of grains spike-1 with the foliar 

application of boron. 

4.2.13 1000-grain weight (g)  

The genetic makeup of different genotypes controls the seed weight. Being an 

absolute value, it is seldom changed or affected by the environmental behavior 

(Shahzad et al., 2007). The data presented in Table 4.2.13 indicated that different 

micronutrients and their application methods had non-significant effect on the grain 

weight. However, the use of boron resulted in the maximum 1000-grain weight (43.04 

& 42.83 g) during both the experimental years. The lowest 1000-grain weight (42.24 

& 40.97 g) was produced by the application of zinc during both the cropping seasons, 

respectively. Data analysis also showed non-significant variations by different 

application methods. Soil application (at sowing) produced the higher grain weight 

(42.73 & 42.57) while the minimum seed weight (42.59 & 40.97 g) was recorded by 

the foliar application during 2009-0 and 2010-11. Different micronutrients and their 

application methods had non-significant effect on grain weight. However, soil 

application of boron produced the maximum grain weight (43.82 & 45.06 g). The 

lowest 1000-grain weight (41.60 & 38.42 g) was produced with the foliar application 

of zinc during both the experimental years. 
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Table 4.2.10. Number of tillers (m-2) of wheat as affected by different 
micronutrients and their mode of application during    2009-10 and 
2010-11.  

 

  2009-10 

Micronutrients 
Application methods 

Side dressing Foliar appl. Soil appl. Means 

Zinc (Zn) 233.25 ij 213.25 k 271.75 def 239.42 d 

Copper (Cu) 225.50 ijk 257.00 fgh 275.50 cde 263.42 b 

Iron (Fe) 299.75 b 231.50 ij 259.00 efg 252.67 c 

Manganese (Mn) 240.00 hi 277.50 cd 252.00 gh 256.50 bc 

Boron (B) 221.00 jk 292.75 bc 331.25 a 281.67 a 

Means 258.40 ab 255.85 b 261.95 a  

LSD0.05 Micronutrients = 8.76 
 Application methods = 4.98 
 Micronutrients × Application methods = 16.66 
NS = non-significant 
Any two means in their respective group sharing no common letter(s) are significant (P<0.05)
 

  2010-11 

Zinc (Zn) 285.25 c-f 266.25 f 304.00 a-d 285.17 b 

Copper (Cu) 276.25 def 297.75 b-e 310.50 abc 301.25 a 

Iron (Fe) 319.50 ab 284.50 c-f 299.75 b-e 294.83 ab 

Manganese (Mn) 287.25 c-f 315.75 ab 296.75 b-e 299.92 a 

Boron (B) 272.50 ef 317.00 ab 331.50 a 307.00 a 

Means 296.70 NS  296.15   300.05   

LSD0.05 Micronutrients = 13.43 
  Micronutrients × Application methods = 26.47 
NS = non-significant 
Any two means in their respective group sharing no common letter(s) are significant (P<0.05)
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Table 4.2.11. Spike length (cm) of wheat as affected by different micronutrients 
and their mode of application during    2009-10 and 2010-11.  

 

  2009-10 

Micronutrients 
Application methods 

Side dressing Foliar appl. Soil appl. Means 

Zinc (Zn) 9.70 NS 9.12 9.87 9.56 NS 

Copper (Cu) 9.37 9.85 9.97 9.88 

Iron (Fe) 10.2 9.55 9.87 9.73 

Manganese (Mn) 9.80 9.97 9.82 9.86 

Boron (B) 9.15 10.1 10.7 10.0 

Means 9.83 NS 9.74 9.86  

NS = non-significant 
 

  2010-11 

Zinc (Zn) 10.50 NS 10.35   10.67   10.50 NS  

Copper (Cu) 10.47  10.62   10.70   10.67   

Iron (Fe) 10.87   10.47   10.67   10.59   

Manganese (Mn) 10.52   10.70   10.55   10.60   

Boron (B) 10.35   10.80   10.95   10.70   

Means 10.62 NS  10.59   10.63    

NS = non-significant 



 
103 

 

Table 4.2.12. Number of grains (spike-1) of wheat as affected by different 

micronutrients and their mode of application during    2009-10 and 

2010-11.  

 

  2009-10 

Micronutrients 
Application methods 

Side dressing Foliar appl. Soil appl. Means 

Zinc (Zn) 55.50 ab 48.75 b 57.00 ab 53.75 b 

Copper (Cu) 54.50 ab 56.25 ab 58.50 ab 58.16 ab 

Iron (Fe) 63.75 a 54.50 ab 56.25 ab 56.41 ab 

Manganese (Mn) 55.75 ab 59.00 ab 55.75 ab 56.83 ab 

Boron (B) 53.25 ab 60.75 a 64.25 a 59.41 a 

Means 57.20 NS  56.15   57.40    

LSD0.05 Micronutrients = 4.87 
 Micronutrients × Application methods = 12.27 
NS = non-significant 
Any two means in their respective group sharing no common letter(s) are significant (P<0.05)
 

  2010-11 

Zinc (Zn) 57.75 bc 51.50 c 58.75 abc 56.00 c 

Copper (Cu) 55.25 bc 58.00 bc 60.25 ab 59.00 ab 

Iron (Fe) 62.25 ab 55.25 bc 58.50 abc 57.83 bc 

Manganese (Mn) 57.75 bc 61.25 ab 58.00 bc 58.66 ab 

Boron (B) 54.75 bc 62.00 ab 66.50 a 61.08 a 

Means 58.65 NS 58.05 58.85  

LSD0.05 Micronutrients = 2.63 
  Micronutrients × Application methods = 9.34 
NS = non-significant 
Any two means in their respective group sharing no common letter(s) are significant (P<0.05)
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Table 4.2.13. 1000-grain weight (g) of wheat as affected by different 
micronutrients and their mode of application during    2009-10 and 
2010-11.  

 

  2009-10 

Micronutrients 
Application methods 

Side dressing Foliar appl. Soil appl. Means 

Zinc (Zn) 42.21 NS  41.60  42.92   42.24 NS  

Copper (Cu) 42.07   42.56  43.11   42.87   

Iron (Fe) 43.65   42.18   42.80   42.58   

Manganese (Mn) 42.28   43.15   42.38   42.60   

Boron (B) 41.77   43.54   43.82   43.04   

Means 42.68 NS  42.59   42.73    

NS = non-significant 
 

  2010-11 

Zinc (Zn) 41.32 NS 38.42 43.17 40.97 NS 

Copper (Cu) 40.33 42.46 43.24 42.77 

Iron (Fe) 44.97 40.75 42.78 42.01 

Manganese (Mn) 41.87 43.74 42.10 42.57 

Boron (B) 38.67 44.59 45.06 42.83 

Means 42.13 NS 41.99 42.57  

NS = non-significant 
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4.2.14 Grain yield (t ha-1)  

Crop productivity is the rate at which a crop accumulates organic matter which 

depends primarily on the rate of photosynthesis and conversion of light energy to 

chemical energy by green plants (Reddy, 2004). Grain yield is the most integrative 

trait of a particular genotype (Araus et al., 2001). The data given in Table 4.2.14 

indicated that micronutrients significantly affected the grain yield. The use of boron 

produced maximum grain yield (5.17 & 5.63 t ha-1) during the year 2009-10 and 

2010-11. It was statistically at par with the application of copper (5.07 & 5.57 t ha-1) 

and manganese (4.95 & 5.54 t ha-1). The minimum grain yield (4.80 & 5.47 t ha-1) 

was produced by the application of zinc during both the cropping years. It is further 

revealed that different application methods had significant effect on grain yield during 

the year 2009-10. The highest grain yield (5.04 t ha-1) was produced by the soil 

application (at sowing) while minimum yield (4.93 t ha-1) was recorded in the foliar 

application method. The data on grain yield in the second year trial showed non-

significant variations for the application methods. However, soil application gave the 

maximum grain yield (5.56 t ha-1) whereas it was the lowest (5.55 t ha-1) with the 

foliar application method. Micronutrients and their application methods significantly 

interacted with each other during both the experimental years. The maximum grain 

yield (5.58 & 5.88 t ha-1) was produced by the soil application of boron in two 

consecutive years. The application of iron as side dressing and foliar application of 

boron and manganese produced statistically at par grain yield during 2009-10 and 

2010-11. The minimum grain yield (4.57 & 5.34 t ha-1) was obtained by the foliar 

application of zinc during both the cropping seasons. Boron application resulted in the 

highest grain yield due to more number of tillers, grains as well as grains weight. The 

present results are supported by Chaudry et al. (2007) who reported that boron 

application along with basal dose of NPK significantly increased the wheat yield. 

Uddin et al. (2008) also obtained 50% more yield with the application of boron. 

Several other reports indicated that micronutrients application either through soil or 

foliar had positive correlation with wheat yield (Habib, 2009; Wroble, 2009). 
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Table 4.2.14. Grain yield (t ha-1) of wheat as affected by different micronutrients 
and their mode of application during    2009-10 and 2010-11.  

 

  2009-10 

Micronutrients 
Application methods 

Side dressing Foliar appl. Soil appl. Means 

Zinc (Zn) 4.81 d-g 4.57 g 5.01 c-f 4.80 c 

Copper (Cu) 4.77 efg 4.92 c-f 5.05 cde 5.07 ab 

Iron (Fe) 5.43 ab 4.78 d-g 4.98 c-f 4.91 c 

Manganese (Mn) 4.86 d-g 5.08 cd 4.90 c-f 4.95 bc 

Boron (B) 4.73 fg 5.20 bc 5.58 a 5.17 a 

Means 4.96 ab 4.93 b 5.04 a  

LSD0.05 Micronutrients = 0.15 
 Application methods = 0.08 
 Micronutrients × Application methods = 0.28 
NS = non-significant 
Any two means in their respective group sharing no common letter(s) are significant (P<0.05)
 

  2010-11 

Zinc (Zn) 5.47 c-f 5.34 f 5.61 b-e 5.47 b 

Copper (Cu) 5.41 def 5.59 b-e 5.64 bcd 5.57 a 

Iron (Fe) 5.70 ab 5.41def 5.59 b-e 5.54 ab 

Manganese (Mn) 5.47 c-f 5.65 bc 5.51 b-f 5.54 ab 

Boron (B) 5.39 ef 5.64 bc 5.88 a 5.63 a 

Means 5.55 NS 5.55 5.56  

LSD0.05 Micronutrients = 0.09 
  Micronutrients × Application methods = 0.23 
NS = non-significant 
Any two means in their respective group sharing no common letter(s) are significant (P<0.05)
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4.2.15 Biological yield (t ha-1)  

Biological yield is influenced by the height of plants as well as number of tillers per 

unit area. Data given in Table 4.2.15 revealed significant variations in biological yield 

by the application of micronutrients. The highest biomass production (16.96 & 17.63 t 

ha-1) was recorded with boron application during both the years. It was statistically at 

par with the application of copper (16.83 & 17.36 t ha-1) and manganese (16.52 & 

17.08 t ha-1) during the two years of experimentation. The minimum bio-yield (16.29 

& 16.62 t ha-1) was produced by the application of zinc. Though non-significant 

statistically, the maximum biological yield (16.74 & 17.22 t ha-1) was produced by the 

soil application (at sowing) while foliar application had the lowest biomass 

production (16.55 & 17.04 t ha-1) during both the years. As far as the interaction 

between micronutrients and application methods is concerned, soil application of 

boron produced the maximum biological yield (17.87 & 18.33 t ha-1) which was 

statistically at par with side dressing of iron (17.62 7 18.33 t ha-1) and foliar 

application of boron (17.02 & 18.12 t ha-1) and manganese (16.88 & 17.50 t ha-1) 

during 2009-10 and 2010-11. The minimum biological yield (15.88 & 16.04 t ha-1) 

was produced by the foliar application of zinc during both the experimental years. An 

increased biomass production with the application boron might be due to the higher 

number of tillers per unit area as well as the tallest plant in this treatment. These 

results are supported by Khan et al. (2009) who obtained increased biological yield 

with the application of micronutrients. Ali et al. (2009) also recorded higher biomass 

with the application of boron. 

4.2.16 Harvest index (%)  

Harvest index is the ratio of grain and biological yield, expressed in percentage. The 

data presented in Table 4.2.16 showed non-significant differences for different 

micronutrients and their application methods. However, the maximum harvest index 

(30.47%) was recorded in the plots where boron was applied during 2009-10 while it 

was maximum (32.95%) in zinc treated plots during 2010-11. The minimum harvest 

index (29.46%) was measured in zinc application while the use of boron produced the 

lowest harvest index (32.03%) during the year 2010-11. In case of application 

methods, the maximum harvest index (30.11%) was recorded in side dressing during 

2009-10 and 32.64% was recorded in soil application (at sowing) during the year 
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2010-11. As far as the interaction is concerned, the maximum harvest index (31.26%) 

was recorded in side dressing of boron in 2009-10 and foliar application of copper 

(33.38%) during 2010-11. The minimum harvest index (28.81%) was produced by the 

side dressing of zinc in 2009-10 and side dressing of iron (31.15%) during the 

succeeding year. 

4.2.17 Benefit cost ratio (BCR)  

Economic analysis (BCR) is performed to identify the relationship between benefits 

and cost of a project. Benefit cost ratio of wheat during two successive years is 

presented in Table 4.2.17-18. The economic analysis showed higher net income (Rs. 

88,099/- & 92,685/-) with the soil application (at sowing) of boron. It was followed 

by foliar application of boron with net income of Rs. 78,371/- & 86,421/- during both 

the cropping seasons. Zinc with the same application method produced minimum net 

income (Rs. 54,428/- & 70,776/-) during both the experimental years. Higher net 

return during the second year of experimentation might be due to increase in grain 

yield. Considering the ratio of total income to the total expenses, higher benefit cost 

ratio (2.61 & 2.52) was recorded in soil application of boron during both the years. 

The higher BCR in this treatment was due to the lower dose of micronutrient as well 

as higher grain yield. The minimum benefit cost ratio (1.87 & 2.03) was recorded 

with the foliar application of zinc during the years 2009-11. 
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Table 4.2.15. Biological yield (t ha-1) of wheat as affected by different 
micronutrients and their mode of application during    2009-10 and 
2010-11.  

 

  2009-10 

Micronutrients 
Application methods 

Side dressing Foliar appl. Soil appl. Means 

Zinc (Zn) 16.18 cd 15.88 d 16.80 bcd 16.29 c 

Copper (Cu) 16.08 cd 16.48 cd 16.83 bcd 16.83 ab 

Iron (Fe) 17.62 ab 16.17 cd 16.71 bcd 16.47 bc 

Manganese (Mn) 16.22 cd 16.88 a-d 16.45 cd 16.52 abc 

Boron (B) 15.98 d 17.02 abc 17.87 a 16.96 a 

Means 16.55 NS 16.55 16.74  

LSD0.05 Micronutrients = 0.48 
 Micronutrients × Application methods = 0.99 
NS = non-significant 
Any two means in their respective group sharing no common letter(s) are significant (P<0.05)
 

  2010-11 

Zinc (Zn) 16.54 bc 16.04 c 17.29 abc 16.62 c 

Copper (Cu) 16.56 bc 16.77 abc 17.50 abc 17.36 ab 

Iron (Fe) 16.45 bc 16.66 abc 17.08 abc 16.94 bc 

Manganese (Mn) 16.87 abc 17.50 abc 16.87 abc 17.08 abc 

Boron (B) 18.33 a 18.12 ab 18.33 a 17.63 a 

Means 17.12 NS 17.04  17.22  

LSD0.05 Micronutrients = 0.62 
  Micronutrients × Application methods = 1.80 
NS = non-significant 
Any two means in their respective group sharing no common letter(s) are significant (P<0.05)
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Table 4.2.16. Harvest index (%) of wheat as affected by different micronutrients 
and their mode of application during    2009-10 and 2010-11.  

  2009-10 

Micronutrients 
Application methods 

Side dressing Foliar appl. Soil appl. Means 

Zinc (Zn) 28.81 NS  29.73   29.85   29.46 NS  

Copper (Cu) 29.69   29.89   29.99   29.85   

Iron (Fe) 30.86   29.60   29.86   30.11   

Manganese (Mn) 29.97   30.12   29.79   29.96   

Boron (B) 31.26   30.54   29.63   30.47   

Means 30.11 NS  29.98   29.82    

NS = non-significant 
 

  2010-11 

Zinc (Zn) 33.29 NS 33.09 32.49 32.95 NS 

Copper (Cu) 32.69 33.38 32.41 32.82 

Iron (Fe) 31.15 32.52 32.76 32.14 

Manganese (Mn) 32.44 32.31 32.72 32.49 

Boron (B) 32.10 31.17 32.81 32.03 

Means 32.33 NS 32.49 32.64  

NS = non-significant 
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Table 4.2.17. Benefit cost ratio (BCR) of wheat as affected by different micronutrients and their mode of application during  
  2009-10. 
 

Treatments 
Yield    

(t ha-1) 
Cost (Rs.) Income (Rs.) Net 

Income 
BCR 

Fixed Variable Total Grains Straw Total 
T1 = Zn @ 10 kg ha-1 Side dressing 4.81 51204 11360 62564 108706 14430 123136 60572 1.97 
T2 = Zn @ 10 kg ha-1 Foliar application 4.57 51204 11360 62564 103282 13710 116992 54428 1.87 
T3 = Zn @ 10 kg ha-1 Soil application 5.01 51204 11360 62564 113226 15030 128256 65692 2.05 
T4 = Cu @ 8 kg ha-1 Side dressing 4.77 51204 8800 60004 107802 14310 122112 62108 2.04 
T5 = Cu @ 8 kg ha-1 Foliar application 4.92 51204 8800 60004 111192 14760 125952 65948 2.10 
T6 = Cu @ 8 kg ha-1 Soil application 5.05 51204 8800 60004 114130 15150 129280 69276 2.15 
T7 = Fe @ 12 kg ha-1 Side dressing 5.43 51204 10500 61704 122718 16290 139008 77304 2.25 
T8 = Fe @ 12 kg ha-1 Foliar application 4.78 51204 10500 61704 108028 14340 122368 60664 1.98 
T9 = Fe @ 12 kg ha-1 Soil application 4.98 51204 10500 61704 112548 14940 127488 65784 2.07 
T10 = Mn @ 12 kg ha-1 Side dressing 4.86 51204 9641 60845 109836 14580 124416 63571 2.04 
T11 = Mn @ 12 kg ha-1 Foliar application 5.08 51204 9641 60845 114808 15240 130048 69203 2.14 
T12 = Mn @ 12 kg ha-1 Soil application 4.90 51204 9641 60845 110740 14700 125440 64595 2.06 
T13 = B @ 2 kg ha-1 Side dressing 4.73 51204 3545 54749 106898 14190 121088 66339 2.21 
T14 = B @ 2 kg ha-1 Foliar application 5.20 51204 3545 54749 117520 15600 133120 78371 2.43 
T15 = B @ 2 kg ha-1 Soil application 5.58 51204 3545 54749 126108 16740 142848 88099 2.61 
Purchase rates: 
Wheat seed = Rs. 34/- per kg   Urea = Rs. 850/- per 50 kg bag   DAP = Rs. 2980/- per 50 kg bag  
SOP = Rs. 1290/- per 50 kg bag   Zinc sulphate =  Rs. 250/- per kg   Copper sulphate = Rs. 275/- per kg 
Iron sulphate = Rs. 175/- per kg   Manganese sulphate = Rs. 225/- per kg  Borax = Rs. 195/- per kg 
Buctril Super = Rs. 785/- per 600 mL bottle Puma Super = Rs. 480/- per 500 mL bottle 
Sale rates: 
Wheat grains = Rs. 22.60 per kg   Wheat straw = Rs. 300/- per 100 kg threshed seed 
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Table 4.2.18. Benefit cost ratio (BCR) of wheat as affected by different micronutrients and their mode of application during  
  2010-11. 
 

Treatments 
Yield    

(t ha-1) 
Cost (Rs.) Income (Rs.) Net 

Income 
BCR 

Fixed Variable Total Grains Straw Total 
T1 = Zn @ 10 kg ha-1 Side dressing 5.47 57238 11360 68598 123622 19145 142767 74169 2.08 
T2 = Zn @ 10 kg ha-1 Foliar application 5.34 57238 11360 68598 120684 18690 139374 70776 2.03 
T3 = Zn @ 10 kg ha-1 Soil application 5.61 57238 11360 68598 126786 19635 146421 77823 2.13 
T4 = Cu @ 8 kg ha-1 Side dressing 5.41 57238 8800 66038 122266 18935 141201 75163 2.14 
T5 = Cu @ 8 kg ha-1 Foliar application 5.59 57238 8800 66038 126334 19565 145899 79861 2.21 
T6 = Cu @ 8 kg ha-1 Soil application 5.64 57238 8800 66038 127464 19740 147204 81166 2.23 
T7 = Fe @ 12 kg ha-1 Side dressing 5.70 57238 10500 67738 128820 19950 148770 81032 2.20 
T8 = Fe @ 12 kg ha-1 Foliar application 5.41 57238 10500 67738 122266 18935 141201 73463 2.08 
T9 = Fe @ 12 kg ha-1 Soil application 5.59 57238 10500 67738 126334 19565 145899 78161 2.15 
T10 = Mn @ 12 kg ha-1 Side dressing 5.47 57238 9641 66879 123622 19145 142767 75888 2.13 
T11 = Mn @ 12 kg ha-1 Foliar application 5.65 57238 9641 66879 127690 19775 147465 80586 2.20 
T12 = Mn @ 12 kg ha-1 Soil application 5.51 57238 9641 66879 124526 19285 143811 76932 2.15 
T13 = B @ 2 kg ha-1 Side dressing 5.39 57238 3545 60783 121814 18865 140679 79896 2.31 
T14 = B @ 2 kg ha-1 Foliar application 5.64 57238 3545 60783 127464 19740 147204 86421 2.42 
T15 = B @ 2 kg ha-1 Soil application 5.88 57238 3545 60783 132888 20580 153468 92685 2.52 
Purchase rates: 
Wheat seed = Rs. 42/- per kg   Urea = Rs. 1050/- per 50 kg bag   DAP = Rs. 2800/- per 50 kg bag  
SOP = Rs. 2400/- per 50 kg bag   Zinc sulphate =  Rs. 250/- per kg   Copper sulphate = Rs. 275/- per kg 
Iron sulphate = Rs. 175/- per kg   Manganese sulphate = Rs. 225/- per kg  Borax = Rs. 195/- per kg 
Buctril Super = Rs. 750/- per 600 mL bottle Puma Super = Rs. 500/- per 500 mL bottle 
Sale rates: 
Wheat grains = Rs. 22/- per kg   Wheat straw = Rs. 350/- per 100 kg threshed seed 
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4.2.18 Grain protein contents (%)  

The results in Table 4.2.19 expressed almost similar trend for grain protein contents 

during the years 2009-10 and 2010-11. The highest grain protein (9.2 & 9.6%) was 

obtained by the application of boron while the use of iron and manganese showed 

similar protein contents (9.0 & 9.3%) during both the experimental years. The lowest 

grain protein (8.6 & 9.0%) was recorded in zinc application during the two cropping 

years. In case of different micronutrients application methods, the two years results 

showed maximum grain protein contents (9.1 & 9.4%) by soil application while foliar 

application of micronutrients produced minimum protein contents (8.7 & 9.2%) 

during both the experimental years. During the second year of experimentation, a 

slight increase in grain protein contents was observed which might be due to the better 

incorporation of micronutrients into the soil. These findings are supported by 

Malakouti and Mostashareazadeh (2008) who stated that boron application has a very 

effective role in fruit quality improvement.        
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Table 4.2.19. Grain protein contents (%) of wheat as affected by different 
micronutrients and their mode of application during 2009-10 and 
2010-11. 

 

  2009-10 

Micronutrients 
Application methods 

Side dressing Foliar appl. Soil appl. Means 

Zinc (Zn) 8.5  8.4  8.8  8.6  

Copper (Cu) 8.7  9.0  8.9  8.9  

Iron (Fe) 9.3  8.3  9.3  9.0  

Manganese (Mn) 9.2  8.9  8.9  9.0  

Boron (B) 9.2  9.1  9.4  9.2  

Means 9.0  8.7  9.1   

 

  2010-11 

Zinc (Zn) 9.0  8.8  9.2  9.0  

Copper (Cu) 9.1  9.4  9.3  9.3  

Iron (Fe) 9.5  8.9  9.5  9.3  

Manganese (Mn) 9.3  9.4  9.2  9.3  

Boron (B) 9.6  9.5  9.7  9.6  

Means 9.3  9.2  9.4  
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Experiment 3. Agronomy of balanced nutritional management for higher 
yield of wheat. 

Abstract 

The experiment was conducted to investigate the effect of NPK, organic fertilizers 

and micronutrients on wheat under the agro-ecology of Dera Ismail Khan, Pakistan, 

during the years 2009-10 and 2010-11. The experiment was laid out in a randomized 

complete block design using split-plot arrangements with four replications. Main plot 

consists of NPK and organic fertilizers while micronutrients viz. Zn, Cu and B (alone 

and in combinations) were assigned to sub-plots. The results showed that application 

of NPK (full RFD) affected plant growth and yield attributes significantly. It 

produced significantly higher crop growth rate (40.42 & 40.96 g m-2 day-1), relative 

growth rate (88.94 & 84.14 mg g-1 day-1), net assimilation rate (3.58 & 3.89 mg m-2 

day-1), number of tillers (268.56 & 228.06 m-2), number of grains (56.50 & 57.25 

spike-1) and grain yield (4.40 & 5.29 t ha-1) during both the experimental years. The 

study further depicted that use of NPK, organic fertilizers and micronutrients had no 

significant interaction in almost all the growth and yield parameters during both the 

cropping seasons; however, application of NPK (full RFD) and boron was the best 

productivity combination. This combination showed the best net return with higher 

benefit cost ratio (2.17 & 2.57) during both the years. 

Introduction 

Wheat is the staple food crop and a main source of plant based human nutrition. The 

yield of wheat crop in Pakistan is almost two and half times low than advanced wheat 

producing countries of the world like China, India, USA, Russia and France (Khan et 

al., 2000). The major reason behind this yield gap is non-availability as well as high 

priced inputs, especially fertilizers which are used in inadequate and improper 

environments with no supplementation of trace elements. Self-sufficiency in wheat 

can be achieved and sustained with judicious use of all available resources including 

balanced nutritional management. Application of different manures (FYM, compost, 

soil conditioner etc.) improves soil properties, plant growth and yield variables. 

Addition of organic fertilizers improves underground bio-activities with increased 

water/ nutrient holding capacity of the soil and decreases soil crust and water/nutrient 
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losses. The use of organic manures is desirable for sustained supply of micronutrients 

to rice-wheat cropping system.  Combined application of organic manures and 

inorganic fertilizers performs better than inorganic fertilizers alone to sustain the soil 

fertility as well as crop productivity (Khan et al., 2007). Haque et al. (2002) reported 

that integrated nutrient management (organic and inorganic fertilizers) has greater 

potential to stabilize yield. Duan et al. (2004) confirmed that combined use of organic 

manures and chemical fertilizers is useful management practice for increasing soil 

fertility and maintaining high crop yield and quality. Weil and Magdoff (2004) stated 

that organic manures are key component of the soil and crop yield whereas organic 

outputs are beneficial for overall health of agro-environment (Defra, 2002). Wheat 

crop is most commonly grown in organic farming systems (Burnett and Rutherglen, 

2008) and economic value of certified organic grains have been lashing many 

changing decisions related to the organic farming (Delate and Camberdella, 2004). 

Chemical fertilizers ingest a large amount of energy and money, however, an organic 

farming system with or without chemical fertilizers seems to be possible solution 

under these situations (Prabu et al., 2003). Integration of organic as well as synthetic 

fertilizers not only supply essential plant food nutrients but also has some positive 

relations leading to increased crop yield and reduced environmental threats (Hammad 

et al., 2011a). It is obvious that balanced nutrition supplied with trace elements plays 

an important role in wheat yield improvement (Rehm and Sims, 2006). Pakistani soils 

are deficient in organic matter, N, P as well as micronutrients. Calcareous nature of 

soils with high pH and low organic matter, salt stress, prolonged drought, high 

bicarbonates in irrigation water and imbalanced application of NPK fertilizers are the 

possible causes for micronutrients deficiency (Ahmadikhah et al., 2010). Lack of 

micronutrients influences both quantity and quality of plant products (Ahmadikhah et 

al., 2010). Siddiqui et al. (2009) expressed that the use of trace elements is also 

important due to their cumulative economic and environmental concerns. It was 

observed during the period of green revolution that high yielding varieties demanded 

high nutrient requirements and contributed to increased amount of micronutrients 

mining which lead to their deficiencies (Imtiaz et al., 2010) but unfortunately, 

fertilizer application in Pakistan is mostly in favour of only nitrogen and phosphorus 

while potassium application is limited to few high K requiring crops (Imtiaz et al., 

2006). Micronutrients contents of leaf, straw and grain of wheat increase with the 
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application of soil conditioner and mineral fertilizers (Stone and Savin, 2000). 

Moreover, use of organic manures is desirable for sustained supply of zinc, copper 

and boron to rice-wheat cropping system. 

The present study was aimed at maximizing the wheat productivity through different 

combinations of organic and inorganic fertilizers along with the addition of micro 

elements under the agro-climatic conditions of the area.   

Experimental procedure 

The experiment was laid out in a randomized complete block design with split-plot 

arrangements and four replications. The sub-plot size was 1.8 m × 5 m (9 m2) having 

6 rows, 5 m long and 30 cm apart. Sowing was done on 25th October for two 

consecutive years. Main plot consists of NPK and organic fertilizers while 

micronutrients (Zn, Cu, B), alone and in combinations, were assigned to the sub-plots. 

Detail of experimental treatments is presented in Appendix-4. Data on various growth 

and yield parameters were collected during both the cropping seasons and analyzed 

using analysis of variance technique (Steel et al., 1997) with subsequent comparison 

of the individual treatment means through Tukey’s HSD Test (Gomez and Gomez, 

1984). The analysis was performed by using “Statistix 8.1” computer software 

program. 

Results and Discussion 

4.3.1 Leaf area index (m-2) at 49 DAS 

Data presented in Table 4.3.1 showed that use of NPK and organic fertilizers 

significantly affected leaf area index at 49 DAS during 2009-10 and 2010-11. The 

maximum LAI (0.33 & 0.27 m-2) was recorded by the application NPK (full RFD) 

during both the cropping years while the use of FYM along with NPK (half RFD) had 

statistically at par LAI (0.26 & 0.24 m-2). The minimum LAI (0.20 & 0.19 m-2) was 

produced with the application of compost along with NPK (half RFD). The use of 

micronutrients in all possible combinations had significant effect on LAI during 2009-

10 while it was not significantly affected during the next cropping season. Maximum 

LAI (0.29 m-2) during 2009-10 and (0.25 m-2) during 2010-11 was obtained by the 

application of boron. This was statistically at par with Zn + B and Zn, respectively 
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during the two cropping years. Sole as well as combined supply of these two elements 

improved plant growth with better translocation of food towards the apical portion of 

leaves at earlier stage which showed higher leaf area index. Manal et al. (2010) 

reported that the use of boron helped plants in chlorophyll formation with increased 

photosynthetic activities. However, minimum LAI (0.22 & 0.19 m-2) was recorded in 

plots received no micronutrients during the two successive years. As far as the 

interaction of NPK, organic fertilizers and micronutrients application is concerned, 

the results showed non-significant differences among different treatments.  

4.3.2 Leaf area index (m-2) at 98 DAS 

Data given in Table 4.3.2 revealed that use of NPK, organic fertilizers and 

micronutrients significantly affected the leaf area index (98 DAS). There was a linear 

increase in leaf area index from one growth phase to another. Significantly maximum 

leaf area index (2.03 & 2.77 m-2) was recorded in NPK (full RFD) treatment during 

both the experimental years. It was followed with LAI of 1.70 & 2.03 m-2 recorded by 

the application of FYM along with NPK (half RFD) during the two cropping years. 

The plants supplied with NPK (full RFD) quickly utilized the food resources and 

showed higher leaf area, which in turn boosted the photosynthetic activity and 

increased dry matter accumulation. These findings are supported by Warraich et al. 

(2002) who reported that leaf area index was significantly increased with increasing 

NPK levels. Application of micronutrients, alone and in combinations, significantly 

affected leaf area index (98 DAS) during both the cropping seasons. Maximum LAI 

(1.82 & 2.39 m-2) was recorded in boron application while the use of zinc + boron 

(1.76 & 2.17 m-2) and zinc alone (1.70 & 2.17 m-2) produced statistically at par LAI 

during both the years. Tahir et al. (2009) also reported that boron application 

increases cell division, meristematic tissues and leaves expansion with more leaf area. 

The plots supplied with no micronutrients (control) produced minimum LAI (1.39 & 

1.60 m-2) during both the cropping years. The data further revealed that NPK, organic 

fertilizers and micronutrients non-significantly interacted with each other during 

2009-10 while the results were significant during the succeeding year. Maximum leaf 

area index (2.20 & 3.50 m-2) was recorded in NPK (full RFD) + boron treatment 

which were statistically at par with the combination of NPK (full RFD) + zinc by 

producing (2.09 & 3.37 m-2 LAI). The minimum leaf area index (1.03 & 1.18 m-2)
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Table 4.3.1. Leaf area index (m-2) at 49 DAS of wheat as affected by NPK, organic fertilizers and micronutrients during 2009-10 and 
2010-11. 

 

 2009-10 

NPK and Organic 
Fertilizers 

Micronutrients 

Zinc (Zn) Copper (Cu) Boron (B) Zn + Cu Zn + B Cu + B Zn+Cu+B Control Means 

NPK (full RFD) 0.35 NS 0.30 0.38 0.33 0.37 0.32 0.33 0.30 0.33 a 

NPK (half) + FYM 0.26 0.27 0.29 0.26 0.27 0.27 0.26 0.21 0.26 ab 

NPK (half) + Compost 0.22 0.16 0.22 0.21 0.23 0.19 0.22 0.16 0.20 b 

NPK (half) + Soil Cond. 0.24 0.21 0.26 0.21 0.25 0.25 0.23 0.20 0.23 b 

Means 0.27 ab 0.23 ab  0.29 a 0.25 ab 0.27 ab 0.26 ab 0.26 ab 0.22 b  

LSD0.05 NPK + Organic fertilizers = 0.07 Micronutrients = 0.06  

NS = non-significant Any two means in their respective group sharing no common letter(s) are significant (P<0.05) 

  

 2010-11 

NPK (full RFD) 0.28 NS 0.26 0.30 0.27 0.28 0.27 0.27 0.26 0.27 a 

NPK (half) + FYM 0.23 0.25 0.26 0.25 0.25 0.25 0.23 0.18 0.24 ab 

NPK (half) + Compost 0.19 0.16 0.21 0.19 0.21 0.17 0.19 0.16 0.19 b 

NPK (half) + Soil Cond. 0.22 0.19 0.25 0.19 0.23 0.22 0.22 0.18 0.21 b 

Means 0.23 ab 0.22 ab 0.25 a 0.22 ab 0.24 ab 0.23 ab 0.23 ab 0.19 b  

LSD0.05 NPK + Organic fertilizers = 0.05 Micronutrients = 0.05  

NS = non-significant Any two means in their respective group sharing no common letter(s) are significant (P<0.05) 
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Table 4.3.2. Leaf area index (m-2) at 98 DAS of wheat as affected by NPK, organic fertilizers and micronutrients during 2009-10 and 
2010-11. 

 

 2009-10 

NPK and Organic 
Fertilizers 

Micronutrients 

Zinc (Zn) Copper (Cu) Boron (B) Zn + Cu Zn + B Cu + B Zn+Cu+B Control Means 

NPK (full RFD) 2.07 NS 1.95 2.20 2.04 2.09 1.97 1.99 1.91 2.03 a 

NPK (half) + FYM 1.70 1.74 1.87 1.73 1.84 1.79 1.66 1.31 1.70 b 

NPK (half) + Compost 1.44 1.08 1.50 1.44 1.51 1.27 1.46 1.03 1.34 c 

NPK (half) + Soil Cond. 1.59 1.39 1.73 1.35 1.65 1.62 1.56 1.31 1.52 bc 

Means 1.70 ab 1.54 bc 1.82 a 1.64 ab 1.76 ab 1.66 ab 1.67 ab 1.39 c  

LSD0.05 NPK + Organic fertilizers = 0.23 Micronutrients = 0.23  

NS = non-significant Any two means in their respective group sharing no common letter(s) are significant (P<0.05) 

  

 2010-11 

NPK (full RFD) 3.37 ab 2.46 c-f 3.50 a 2.63 bcd 2.83 abc 2.46 c-f 2.49 cde 2.40 c-g 2.77 a 

NPK (half) + FYM 1.93 d-k 2.12 c-j 2.40 c-g 1.94 d-k 2.29 c-h 2.20 c-i 1.87 d-k 1.47 ijk 2.03 b 

NPK (half) + Compost 1.65 g-k 1.23 k 1.69 e-k 1.59 h-k 1.71 e-k 1.24 k 1.68 f-k 1.18 k 1.49 c 

NPK (half) + Soil Cond. 1.74 e-k 1.53 h-k 1.97 d-k 1.53 h-k 1.86 d-k 1.84 d-k 1.71 e-k 1.34 jk 1.69 bc 

Means 2.17 ab 1.83 cd 2.39 a 1.82 bc 2.17 ab 1.93 bc 1.94 bc 1.60 d  

LSD0.05 NPK + Organic fertilizers = 0.40 Micronutrients = 0.31 NPK + Organic × Micronutrients = 0.80 

NS = non-significant Any two means in their respective group sharing no common letter(s) are significant (P<0.05) 



 
121 

 

was recorded in compost along with NPK (half RFD) and no micronutrient during the 

two cropping years. 

4.3.3 Leaf area duration (m-2) at 49 DAS 

Leaf area index and leaf area duration are directly proportional to each other, higher 

the leaf area index, more will be the LAD and vice-versa. Data shown in Table 4.3.3 

revealed that different organic fertilizers, supplemented with NPK, had significant 

effect on leaf area duration at 49 DAS during 2009-10 and 2010-11. Maximum leaf 

area duration (2.36 & 1.93) was produced by NPK (full RFD) while the application of 

FYM along with NPK (half RFD) had statistically at par LAD (1.85 & 1.68 m-2) 

during both the cropping years. Minimum LAD (1.43 & 1.32 m-2) was recorded with 

the use of compost along with NPK (half RFD). The data further showed that 

application of different micronutrients, alone and in combinations, significantly 

affected LAD during the first cropping season. The use of boron produced maximum 

leaf area duration (2.04 & 1.78 m-2) while the application of zinc, combine with boron 

(1.96 & 1.70 m-2) and alone (1.93 & 1.64 m-2) recorded statistically similar LAD (49 

DAS). The plots received no micronutrients recorded the minimum leaf area duration 

(1.54 & 1.39 m-2) during both the cropping years. The two factors interacted non-

significantly with each other for the leaf area duration at 49 DAS. 

4.3.4 Leaf area duration (m-2) at 98 DAS 

Data shown in Table 4.3.4 revealed that application of NPK and organic fertilizers 

significantly affected LAD (98 DAS). The maximum leaf area duration (28.42 & 

38.80 m-2) was recorded by the application of NPK (full RFD). It was followed by the 

use of NPK (half RFD) along with FYM (23.92 & 28.45 m-2) and soil conditioner 

(21.41 & 23.71 m-2) during both the experimental years while LAD of 18.82 & 20.97 

m-2 was recorded in compost treatment along with NPK (half RFD). The use of 

different trace elements, alone and in combinations, showed significant variations for 

LAD. Boron application produced maximum leaf area duration (25.60 & 33.47 m-2) 

during both the years. It was statistically at par with zinc + boron (24.77 & 30.47 m-2) 

and zinc alone (23.90 & 30.44 LAD m-2) treatments. The lowest leaf area duration 

(19.53 & 22.43 m-2) was recorded in control. Chemical fertilizers are the major and 

instant source of plant nutrition when supplemented with minor elements. The present 
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results confirm that NPK greatly improves the plant leaves expansion and persistence 

while meristematic tissues of leaves boosts up growth process when supplemented 

with boron. These results are also supported by Nadim et al. (2011) who reported 

higher leaf area duration with the application of boron. Application of NPK, organic 

fertilizers and different micronutrients non-significantly interacted with each other 

during the year 2009-10 while it showed significant variations during 2010-11. The 

maximum leaf area duration (30.83 & 49.04 m-2) was recorded in NPK (full RFD) 

along with boron during 2009-10 and 2010-11. It was statistically similar to NPK (full 

RFD) along with zinc + boron (29.24 & 47.19 m-2) and zinc (28.97 & 39.68 m-2 

LAD). The minimum LAD (14.40 & 16.58 m-2) was recorded in compost along with 

NPK (half RFD) and no micronutrients treatment during both the experimental years.  

4.3.5 Crop growth rate (g m-2 day-1) 

Crop growth rate plays an important role in crop production and it is highly 

manipulated by the crop variety, temperature, radiations and supply of nutrients. The 

data given in Table 4.3.5 revealed that crop growth rate was significantly affected by 

the application of NPK alone and in combination with organic sources and 

micronutrients. Significantly maximum crop growth rate (40.42 & 40.96 g m-2 day-1) 

was produced with NPK (full RFD) followed by CGR of 33.72 & 31.64 g m-2 day-1 

recorded in FYM and NPK (half RFD) treatment during both the experimental years. 

Using compost along with NPK (half RFD) produced 28.74 & 23.79 g m-2 day-1 CGR. 

Among different trace elements and their combinations, the maximum crop growth 

rate (37.07 & 36.30 g m-2 day-1) was recorded in boron treatment during both the 

experimental years. It was statistically at par with zinc + boron (35.77 & 33.68 g m-2 

day-1) and zinc alone (35.19 & 32.50 g m-2 day-1) while combined application of 

zinc+copper+boron (33.92 & 30.76 g m-2 day-1) and copper + boron (33.82 & 30.50 g 

m-2 day-1) had lower CGR. Minimum crop growth rate (28.57 & 25.18 g m-2 day-1) 

was recorded in control treatment receiving no micronutrient during both the cropping 

seasons. Complete nutritional availability greatly improves plant growth. The results 

are supported by Tahir et al. (2009) who reported that application of boron along with 

NPK causes leaf expansion and increased photosynthetic activities which improves 

plant growth while Raddy (2004) stated that due to sufficient availability of nutrients 

at the time when 
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Table 4.3.3. Leaf area duration (m-2) at 49 DAS of wheat as affected by NPK, organic fertilizers and micronutrients during 2009-10 
and 2010-11. 

 

 2009-10 

NPK and Organic 
Fertilizers 

Micronutrients 

Zinc (Zn) Copper (Cu) Boron (B) Zn + Cu Zn + B Cu + B Zn+Cu+B Control Means 

NPK (full RFD) 2.47 NS 2.14 2.66 2.32 2.64 2.25 2.30 2.14 2.36 a 

NPK (half) + FYM 1.84 1.89 2.09 1.84 1.95 1.91 1.81 1.46 1.85 ab 

NPK (half) + Compost 1.55 1.19 1.56 1.50 1.61 1.35 1.55 1.14 1.43 b 

NPK (half) + Soil Cond. 1.72 1.48 1.86 1.48 1.79 1.78 1.65 1.42 1.65 b 

Means 1.93 ab 1.67 ab 2.04 a 1.78 ab 1.96 ab 1.82 ab 1.83 ab 1.54 b  

LSD0.05 NPK + Organic fertilizers = 0.53 Micronutrients = 0.44  

NS = non-significant Any two means in their respective group sharing no common letter(s) are significant (P<0.05) 

  

 2010-11 

NPK (full RFD) 1.94 NS 1.87 2.09 1.91 1.97 1.89 1.91 1.85 1.93 a 

NPK (half) + FYM 1.66 1.77 1.81 1.74 1.77 1.78 1.62 1.30 1.68 ab 

NPK (half) + Compost 1.37 1.15 1.46 1.37 1.50 1.20 1.39 1.15 1.32 b 

NPK (half) + Soil Cond. 1.56 1.37 1.75 1.35 1.60 1.59 1.54 1.29 1.50 b 

Means 1.64 NS 1.54  1.78  1.59  1.70  1.61  1.61  1.39   

LSD0.05 NPK + Organic fertilizers = 0.40   

NS = non-significant Any two means in their respective group sharing no common letter(s) are significant (P<0.05) 
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Table 4.3.4. Leaf area duration (m-2) at 98 DAS of wheat as affected by NPK, organic fertilizers and micronutrients during 2009-10 
and 2010-11. 

 

 2009-10 

NPK and Organic 
Fertilizers 

Micronutrients 

Zinc (Zn) Copper (Cu) Boron (B) Zn + Cu Zn + B Cu + B Zn+Cu+B Control Means 

NPK (full RFD) 28.97 NS 27.38 30.83 28.54 29.24 27.57 28.00 26.85 28.42 a 

NPK (half) + FYM 23.88 24.46 26.25 24.21 25.80 25.12 23.23 18.44 23.92 b 

NPK (half) + Compost 20.24 15.19 20.99 20.23 21.15 17.83 20.50 14.40 18.82 c 

NPK (half) + Soil Cond. 22.25 19.54 24.33 19.00 23.14 22.72 21.82 18.44 21.41 bc 

Means 23.90 ab 21.64 bc 25.60 a 22.99 ab 24.77 ab 23.31 ab 23.39 ab 19.53 c  

LSD0.05 NPK + Organic fertilizers = 3.30 Micronutrients = 3.28  

NS = non-significant Any two means in their respective group sharing no common letter(s) are significant (P<0.05) 

  

 2010-11 

NPK (full RFD) 47.19 ab 34.46 c-g 49.04 a 36.84 bcd 39.68 abc 34.54 c-f 34.96 cde 33.70 c-h 38.80 a 

NPK (half) + FYM 27.13 d-m 29.73 c-l 33.65 c-i 27.26 d-m 32.12 c-j 30.88 c-k 26.23 d-m 20.60 klm 28.45 b 

NPK (half) + Compost 23.09 h-m 17.26 m 23.60 f-m 22.33 j-m 24.01 e-m 17.34 m 23.54 f-m 16.58 m 20.97 c 

NPK (half) + Soil Cond. 24.35 e-m 21.52 j-m 27.60 d-m 21.47 j-m 26.06 d-m 25.80 d-m 24.03 e-m 18.84 lm 23.71 bc 

Means 30.44 ab 25.74 cd 33.47 a 26.97 bc 30.47 ab 27.14 bc 27.19 bc 22.43 d  

LSD0.05 NPK + Organic fertilizers = 5.71 Micronutrients = 4.44 NPK + Organic × Micronutrients = 11.18 

NS = non-significant Any two means in their respective group sharing no common letter(s) are significant (P<0.05) 
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Table 4.3.5. Crop growth rate (g m-2 day-1) of wheat as affected by NPK, organic fertilizers and micronutrients during 2009-10 and 
2010-11. 

 

 2009-10 

NPK and Organic 
Fertilizers 

Micronutrients 

Zinc (Zn) Copper (Cu) Boron (B) Zn + Cu Zn + B Cu + B Zn+Cu+B Control Means 

NPK (full RFD) 42.76 NS 36.09 47.30 40.77 44.07 37.38 39.27 35.73 40.42 a 

NPK (half) + FYM 34.06 34.36 35.42 34.12 35.32 35.21 33.70 27.59 33.72 b 

NPK (half) + Compost 30.89 24.65 31.38 30.75 31.57 26.15 31.15 23.43 28.74 c 

NPK (half) + Soil Cond. 31.74 29.71 34.19 29.63 33.45 33.09 31.57 27.55 31.36 bc 

Means 35.19 ab 31.20 bc 37.07 a 32.95 abc 35.77 ab 33.82 abc 33.92 abc 28.57 c  

LSD0.05 NPK + Organic fertilizers = 2.98 Micronutrients = 5.62  

NS = non-significant Any two means in their respective group sharing no common letter(s) are significant (P<0.05) 

  

 2010-11 

NPK (full RFD) 43.47 NS 36.60 52.13 38.62 45.89 37.63 38.45 34.94 40. 96 a 

NPK (half) + FYM 31.51 32.80 34.19 31.75 34.06 34.03 30.83 23.94 31.64 b 

NPK (half) + Compost 25.08 20.10 26.11 25.03 27.08 21.59 25.41 19.97 23.79 c 

NPK (half) + Soil Cond. 27.52 24.92 32.77 24.10 30.11 29.77 27.33 21.90 27.30 bc 

Means 32.50 ab 28.60  bc 36.30 a 29.87 bc 33.68 ab 30.76 abc 30.50 abc 25.18 c  

LSD0.05 NPK + Organic fertilizers = 4.88 Micronutrients = 6.37  

NS = non-significant Any two means in their respective group sharing no common letter(s) are significant (P<0.05) 
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plants were requiring nutritional supplement influenced the size and efficiency of leaf 

canopy and the crop converted solar energy into economic growth. As far as the 

interaction is concerned, two successive years experimentation showed non-

significant results.  

4.3.6 Relative growth rate (mg g-1 day-1)  

Relative growth rate is based on the initial plant weight in time interval. Data 

presented in Table 4.3.6 revealed that application of NPK and organic fertilizers had 

significant effect on relative growth rate. Among the treatments, use of NPK (full 

RFD) produced the maximum relative growth rate (88.94 & 84.14 mg g-1 day-1) while 

it was statistically at par (85.65 & 79.26 mg g-1 day-1) when NPK (half RFD) along 

with FYM was applied. The application of compost along with NPK (half RFD) had 

the lowest relative growth rate (81.64 & 73.93 mg g-1 day-1). High RGR with the 

application of full recommended doses of NPK might be due to sufficient readily 

available nutrients during plant growth stages. Warraich et al. (2002) also reported 

better plant growth with increased NPK application. On the other hand, application of 

micronutrients, alone and in combinations, had no significant effect on RGR. 

However, the highest relative growth rate (86.73 & 81.00 mg g-1 day-1) was recorded 

in boron treatment during both the experimental years. The minimum relative growth 

rate (82.28 & 75.01 mg g-1 day-1) was recorded in control. These results are supported 

by Shukla and Warsi (2000) who reported that application of boron had no significant 

effect on relative growth rate and dry matter accumulation in wheat. The data further 

revealed that interaction of NPK, organic fertilizers and micronutrients was non-

significant in all treatments.  

4.3.7 Net assimilation rate (mg m-2 day-1)  

Net assimilation rate corresponds to the efficiency of photosynthesis in overall sense 

and in connection with relative growth rate (Reddy, 2004). It is affected by different 

factors like temperature, CO2, water, leaf age, minerals, chlorophyll and genotype. 

The data given in Table 4.3.7 showed almost similar trend as that of relative growth 

rate for the two cropping seasons. The use of NPK and organic fertilizers significantly 

affected net assimilation rate. The maximum NAR (3.58 & 3.89 mg m-2 day-1) was 

obtained by the application of NPK (full RFD) and it was statistically at par with NPK 
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(half RFD) along with FYM (2.68 & 2.85 mg m-2 day-1) and soil conditioner (2.21 & 

2.54 mg m-2 day-1 NAR) during both the experimental years. The lowest net 

assimilation rate was, however, recorded in NPK (half RFD) along with compost 

which produced 1.89 & 2.14 mg m-2 day-1. Higher net assimilation rate with the 

application of NPK (full RFD) might be due to increased leaves expansion, more leaf 

area and crop growth rate. Shukla and Warsi (2000) obtained highest net assimilation 

rate at the high NPK level. The use of different micronutrients had non-significant 

effect on net assimilation rate. However, boron application showed the highest net 

assimilation rate (3.00 & 3.37 mg m-2 day-1). The lowest net assimilation rate (2.05 & 

2.18 mg m-2 day-1) was recorded in control plots where no micronutrient was applied 

during the year 2009-10 and 2010-11. The interaction of NPK, organic fertilizers and 

micronutrients was also non-significant statistically.  

4.3.8 Number of days to maturity  

Wheat plant is considered as physiologically mature when green color from the glume 

of spike is totally disappeared. The data on number of days to maturity (Table 4.3.8) 

revealed that significantly the maximum number of days to maturity (148.10 & 

149.56) was noted in NPK (full RFD) treatment while it was statistically at par with 

FYM along with NPK (half NPK) taking 146.90 & 148.44 days to maturity during 

both the experimental years. The crop took minimum number of days (146.13 & 

147.59) to maturity after using compost along with NPK (half RFD). It is obvious that 

full and instant supply of nutrients through chemical fertilizers improved plant growth 

while the reverse was true for other plant food materials. The data further revealed 

non-significant variations in number of days to maturity by the application of 

micronutrients, alone and in combinations, during both the cropping years. As far as 

the interaction between NPK, organic fertilizers and micronutrients is concerned, the 

results were non-significant statistically during the both cropping seasons. 

4.3.9 Plant height at maturity (cm)  

The NPK application, alone and in combination with organic fertilizers, significantly 

affected plant height during both the years. Use of NPK (full RFD) produced the 

tallest plants (103.47 & 103.84 cm) during the two cropping seasons (Table 4.3.9).  
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Table 4.3.6. Relative growth rate (mg g-1 day-1) of wheat as affected by NPK, organic fertilizers and micronutrients during 2009-10 
and 2010-11. 

 

 2009-10 

NPK and Organic 
Fertilizers 

Micronutrients 

Zinc (Zn) Copper (Cu) Boron (B) Zn + Cu Zn + B Cu + B Zn+Cu+B Control Means 

NPK (full RFD) 89.16 NS 88.46 90.02 88.98 90.00 88.53 88.55 87.79 88.94 a 

NPK (half) + FYM 85.23 86.55 87.79 85.25 87.50 86.59 84.71 81.59 85.65 ab 

NPK (half) + Compost 82.48 79.30 83.15 82.35 83.33 80.42 83.15 78.98 81.64 b 

NPK (half) + Soil Cond. 83.63 82.08 85.96 81.66 84.52 84.50 83.58 80.77 83.34 b 

Means 85.34 NS 84.10 86.73 84.56 86.12 85.01 85.00 82.28  

LSD0.05 NPK + Organic fertilizers = 4.63   

NS = non-significant Any two means in their respective group sharing no common letter(s) are significant (P<0.05) 

  

 2010-11 

NPK (full RFD) 86.04 NS 81.43 87.30 83.81 86.09 83.24 83.80 81.41 84.14 a 

NPK (half) + FYM 78.67 80.52 81.20 79.77 81.08 80.67 78.28 73.89 79.26 ab 

NPK (half) + Compost 74.35 73.10 75.01 74.29 75.51 73.64 74.60 70.92 73.93 b 

NPK (half) + Soil Cond. 77.81 74.21 80.48 74.12 78.23 78.19 77.67 73.84 76.82 b 

Means 79.23 NS 77.31 81.00 78.00 80.21 78.94 78.59 75.01  

LSD0.05 NPK + Organic fertilizers = 7.24    

NS = non-significant Any two means in their respective group sharing no common letter(s) are significant (P<0.05) 
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Table 4.3.7. Net assimilation rate (mg m-2 day-1) of wheat as affected by NPK, organic fertilizers and micronutrients during 2009-10 
and 2010-11. 

 

 2009-10 

NPK and Organic 
Fertilizers 

Micronutrients 

Zinc (Zn) Copper (Cu) Boron (B) Zn + Cu Zn + B Cu + B Zn+Cu+B Control Means 

NPK (full RFD) 3.72 NS 3.39 3.83 3.70 3.77 3.44 3.45 3.32 3.58 a 

NPK (half) + FYM 2.61 2.73 3.25 2.69 3.11 2.75 2.60 1.73 2.68 ab 

NPK (half) + Compost 2.04 1.54 2.22 1.86 2.29 1.64 2.05 1.48 1.89 b 

NPK (half) + Soil Cond. 2.35 1.80 2.71 1.76 2.54 2.52 2.34 1.66 2.21 ab 

Means 2.69 NS 2.36 3.00 2.50 2.92 2.58 2.61 2.05  

LSD0.05 NPK + Organic fertilizers = 1.42   

NS = non-significant Any two means in their respective group sharing no common letter(s) are significant (P<0.05) 

  

 2010-11 

NPK (full RFD) 4.19 NS 3.39 4.95 3.80 4.38 3.55 3.62 3.22 3.89 a 

NPK (half) + FYM 2.85 2.95 3.12 2.88 3.08 3.04 2.80 2.07 2.85 ab 

NPK (half) + Compost 2.44 1.60 2.51 2.44 2.58 1.78 2.47 1.35 2.14 b 

NPK (half) + Soil Cond. 2.70 2.41 2.90 2.16 2.78 2.72 2.59 2.06 2.54 b 

Means 3.09 NS 2.58 3.37 2.82 3.16 2.77 2.87 2.18  

LSD0.05 NPK + Organic fertilizers = 1.44   

NS = non-significant Any two means in their respective group sharing no common letter(s) are significant (P<0.05) 
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Table 4.3.8. Number of days to maturity of wheat as affected by NPK, organic fertilizers and micronutrients during 2009-10 and  
2010-11. 

 

 2009-10 

NPK and Organic 
Fertilizers 

Micronutrients 

Zinc (Zn) Copper (Cu) Boron (B) Zn + Cu Zn + B Cu + B Zn+Cu+B Control Means 

NPK (full RFD) 148.29 NS 147.54 148.54 148.29 148.54 147.79 148.29 147.54 148.10 a 

NPK (half) + FYM 147.04 147.29 147.29 147.04 147.29 147.29 146.79 145.79 146.97 ab 

NPK (half) + Compost 146.54 145.54 146.54 146.54 146.54 145.54 146.54 145.29 146.13 b 

NPK (half) + Soil Cond. 146.79 146.04 147.29 146.04 146.79 146.79 146.79 145.54 146.51 b 

Means 147.23 NS 146.60 147.41 146.98 147.23 146.85 147.10 146.04  

LSD0.05 NPK + Organic fertilizers = 1.51   

NS = non-significant Any two means in their respective group sharing no common letter(s) are significant (P<0.05) 

  

 2010-11 

NPK (full RFD) 149.75 NS 149.00 150.00 149.75 150.00 149.25 149.75 149.00 149.56 a 

NPK (half) + FYM 148.50 148.75 148.75 148.50 148.75 148.75 148.25 147.25 148.44 ab 

NPK (half) + Compost 148.00 147.00 148.00 148.00 148.00 147.00 148.00 146.75 147.59 b 

NPK (half) + Soil Cond. 148.25 147.50 148.75 147.50 148.25 148.25 148.25 147.00 147.97 b 

Means 148.69 NS 148.06 148.87 148.44 148.69 148.31 148.56 147.50  

LSD0.05 NPK + Organic fertilizers = 1.51   

NS = non-significant Any two means in their respective group sharing no common letter(s) are significant (P<0.05) 
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Table 4.3.9. Plant height (cm) at maturity of wheat as affected by NPK, organic fertilizers and micronutrients during 2009-10 and 
2010-11. 

 

 2009-10 

NPK and Organic 
Fertilizers 

Micronutrients 

Zinc (Zn) Copper (Cu) Boron (B) Zn + Cu Zn + B Cu + B Zn+Cu+B Control Means 

NPK (full RFD) 103.75 NS 102.75 104.50 103.75 104.50 102.75 103.25 102.50 103.47 a 

NPK (half) + FYM 102.00 102.25 102.50 102.00 102.25 102.25 102.00 100.50 101.97 ab 

NPK (half) + Compost 101.25 99.75 101.25 101.00 101.50 100.00 101.50 99.75 100.75 b 

NPK (half) + Soil Cond. 101.75 100.75 102.25 100.50 102.00 102.00 101.50 100.25 101.37 ab 

Means 102.37 NS 101.38 102.62 101.81 102.38 101.75 102.06 100.75  

LSD0.05 NPK + Organic fertilizers = 2.38   

NS = non-significant Any two means in their respective group sharing no common letter(s) are significant (P<0.05) 

  

 2010-11 

NPK (full RFD) 104.25 NS 103.50 104.25 104.00 104.25 103.50 103.75 103.25 103.84 a 

NPK (half) + FYM 102.00 102.50 103.00 102.25 103.00 102.85 102.00 100.00 102.19 ab 

NPK (half) + Compost 100.25 99.25 100.75 100.00 101.50 99.50 100.50 97.50 99.94 b 

NPK (half) + Soil Cond. 101.25 100.00 102.25 100.00 101.75 101.50 101.25 99.75 100.97 b 

Means 101.94 NS 101.38 102.62 101.56 102.56 101.81 101.88 100.13  

LSD0.05 NPK + Organic fertilizers = 2.62   

NS = non-significant Any two means in their respective group sharing no common letter(s) are significant (P<0.05) 
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It was statistically at par (101.97 & 102.19 cm) when plants were supplied FYM 

along with NPK (half RFD). The lowest plant height (100.75 & 99.94 cm) was 

recorded in compost and NPK (half RFD) treatment during two consecutive years. 

Higher plant height in NPK (full RFD) treatment might be due to the instant 

availability of plant food nutrients throughout crop growth period. These results are 

supported by Hussain et al. (2002) who recorded higher plant height with higher NPK 

levels while Hussain (2007) also obtained maximum plant height with the application 

of high nitrogen levels. Among different micronutrients, non-significant results were 

obtained during both the experimental years. Uddin et al. (2009) also reported non-

significant plant height with the application of micronutrients. Use of NPK, organic 

fertilizers and micronutrients also non-significantly interacted with each other during 

both the experimental years.  

4.3.10 Number of tillers (m-2)  

Tillering is the process which helps crop plants to compensate under low populations 

or less germination count. Appearance of tillers is closely coordinated with leaves 

present on main stem whereas number of tillers formed depends on the variety and 

growing conditions (Reddy, 2004). Number of tillers (Table 4.3.10) was that 

significantly affected by the application of NPK, organic fertilizers and micronutrients 

during two cropping seasons. Significantly higher number of tillers (268.56 & 228.06 

m-2) was produced by the application of NPK (full RFD). It was followed by the use 

of FYM along with NPK (half RFD) which took 238.72 & 178.28 tillers per unit area. 

The minimum number of tillers (210.31 & 155.09 m-2) was produced by the 

application of compost with NPK (half RFD) during 2009-10 and 2010-11. The 

tillering may be enhanced when the plants are supplied with full and instant food 

materials. Cheema et al. (2003) reported that higher NPK doses induced more tillering 

in wheat while Khan et al. (2007) obtained maximum tillers with the application of 

NPK (RFD) along with green manure and zinc. The data further revealed that 

micronutrients application, alone and in combinations, significantly affected wheat 

tillering during both the experimental years. Maximum number of tillers (246.69 & 

202.87 m-2) was obtained with boron application while it was statistically at par with 

zinc + boron (240.94 & 193.56 m-2) and zinc (237.38 & 186.12 m-2) during two 

consecutive years. The plots received no micronutrient produced lowest number of 
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tillers (217.94 & 161.31 m-2) per unit area. The present results coincided with Uddin 

et al. (2008) who reported significantly higher tillers production with boron addition. 

Similarly, Holloway and Alston (2010) obtained increased number of tillers with 

boron application. As far as the interaction between two factors is concerned, the data 

were non-significant statistically during both the experimental years.  

4.3.11 Spike length (cm)  

Generally crop yield is not much influenced with the length of spike; however, it is a 

varietal character. Data given in Table 4.3.11 showed significant variations in spike 

length when NPK and organic fertilizers were used. During the year 2009-10, 

significantly maximum spike length (10.96 cm) was recorded with the application of 

NPK (full RFD) which was very closely followed by FYM + NPK (half RFD) with 

10.53 cm length of spike. This might be due to better utilization, timely and 

completely application of plant food nutrients through chemical fertilizer. These 

results are supported by Sobh et al. (2000) who obtained increased spike length with 

higher nitrogen levels. Use of compost along with NPK (half RFD) produced shorter 

spikes (10.27 & 9.63 cm). There were non-significant variations by the application of 

micronutrients. Use of boron, however, produced the maximum spike length (10.71 & 

10.18 cm) while the minimum spike length (10.35 & 9.65 cm) was recorded when no 

micronutrient was applied to the crop during both the experimental years. The present 

results are coincided with Khan et al. (2010) who reported non-significant effect on 

spike length with micronutrients application. The two factors also interacted non-

significantly with each other.  

4.3.12 Number of grains (spike-1)  

Number of grain per spike is one of the important parameters comprising yield of a 

particular crop and it is greatly influenced by the agro-climatic conditions. Data 

presented in Table 4.3.12 showed that NPK, organic fertilizers and micronutrients 

significantly affected the grains spike-1 during the years 2009-10 and 2010-11. In case 

of NPK and organic fertilizers treatments, significantly maximum number of grains 

per spike (56.50 & 57.25) was produced by NPK (full RFD) during both the years. It 

was followed by the application of NPK (half RFD) along with FYM (52.34 & 53.40) 

and soil conditioner (50.50 grains spike-1). The minimum number of grains (48.09 & 



 
134 

 

47.65 spike-1) was recorded in compost application along with NPK (half RFD) 

during both the experimental years. Grain filling is very crucial stage in crops which 

directly affects the yield and at this point, any kind of stress greatly reduces the yield. 

Application of NPK (full RFD) completely provided the nutritional requirements to 

plants which produced maximum number of grains. The plants utilized rich sources of 

organic fertilizers with NPK (half RFD) efficiently but at later reproductive stage, 

somewhat shortage of nutrients was occurred which caused less grain filling in spikes. 

These results are in line with Hammad et al. (2011) who reported that recommended 

NPK produced the highest number of grains per spike. On the other hand, use of 

micronutrients, alone and in combinations, also had significant effect on grain filling. 

Among different micronutrients, the use of boron produced spikes with highest 

number of grains (53.56 & 55.25) which was statistically at par with the application of 

zinc + boron (53.06 & 53.87) and zinc alone (52.43 & 53.12 grains spike-1) during 

2009-10 and 2010-11. The lowest number of grains (48.75 & 48.12) in a spike was, 

however, produced in control treatment where no micronutrient was applied during 

both the cropping years. These results are in line with Uddin et al. (2008) who 

obtained higher number of grains spike-1 by the application of boron. Boron plays an 

important role in fruit setting and qualitative improvement which resulted in increased 

number of grains. The highest number of grains in boron treated plots might be due to 

more grain formation and fruit setting. As far as the interaction is concerned, NPK, 

organic fertilizers and micronutrients showed non-significant results.  

4.3.13 1000-grain weight (g)  

Thousand seed weight is a genetic character of a particular genotype which is seldom 

change or affected by the environmental factors. The data presented in Table 4.3.13 

indicated that NPK alone and combined with organic sources had significant effect on 

the grain weight. The use of NPK (full RFD) resulted in the maximum grain weight 

(47.23 & 47.36 g) while the application of NPK (half RFD) along with FYM (44.57 & 

44.71 g) produced statistically at par grain weight during both the experimental years. 

The lowest grain weight (42.29 & 42.31 g) was, however, produced by the application 

of compost along with NPK (half RFD) during both the cropping seasons. Significant 

effects on grain weight by higher NPK levels were also reported by Hussain et al. 

(2002). In case of micronutrients application, data analysis showed non-significant 



 
135 

 

Table 4.3.10. Number of tillers (m-2) of wheat as affected by NPK, organic fertilizers and micronutrients during 2009-10 and 2010-11. 
 

 2009-10 

NPK and Organic 
Fertilizers 

Micronutrients 

Zinc (Zn) Copper (Cu) Boron (B) Zn + Cu Zn + B Cu + B Zn+Cu+B Control Means 

NPK (full RFD) 272.25 NS 258.00 279.50 270.50 276.75 266.75 268.50 256.25 268.56 a 

NPK (half) + FYM 239.50 243.75 251.25 240.25 246.00 245.50 236.75 206.75 238.72 b 

NPK (half) + Compost 213.00 204.00 215.50 212.25 215.75 205.25 214.25 202.50 210.31 c 

NPK (half) + Soil Cond. 220.25 208.75 240.50 207.50 229.75 223.25 216.75 206.25 219.12 c 

Means 237.38 ab 228.62 ab 246.69 a 232.62 ab 240.94 a 235.19 ab 234.06 ab 217.94 b  

LSD0.05 NPK + Organic fertilizers = 18.35 Micronutrients = 20.00  

NS = non-significant Any two means in their respective group sharing no common letter(s) are significant (P<0.05) 

  

 2010-11 

NPK (full RFD) 223.00 NS 210.75 274.25 216.75 267.25 213.00 216.25 203.25 228.06 a 

NPK (half) + FYM 178.50 183.00 192.75 179.00 184.25 184.25 174.50 150.00 178.28 b 

NPK (half) + Compost 159.00 144.50 163.25 155.75 166.25 147.75 161.25 143.00 155.09 c 

NPK (half) + Soil Cond. 169.50 154.00 181.25 152.50 171.00 170.25 166.50 149.00 164.25 bc 

Means 186.12 abc 173.06 bc 202.87 a 176.00 abc 193.56 ab 178.81 abc 179.63 abc 161.31 c  

LSD0.05 NPK + Organic fertilizers = 20.83 Micronutrients = 27.19  

NS = non-significant Any two means in their respective group sharing no common letter(s) are significant (P<0.05) 
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Table 4.3.11. Spike length (cm) of wheat as affected by NPK, organic fertilizers and micronutrients during 2009-10 and 2010-11. 
 

 2009-10 

NPK and Organic 
Fertilizers 

Micronutrients 

Zinc (Zn) Copper (Cu) Boron (B) Zn + Cu Zn + B Cu + B Zn+Cu+B Control Means 

NPK (full RFD) 10.97 NS 10.82 11.30 10.95 11.07 10.87 10.90 10.81 10.96 a 

NPK (half) + FYM 10.52 10.57 10.62 10.55 10.62 10.57 10.50 10.30 10.53 b 

NPK (half) + Compost 10.32 10.17 10.40 10.32 10.40 10.22 10.35 10.02 10.27 c 

NPK (half) + Soil Cond. 10.42 10.32 10.55 10.30 10.50 10.47 10.40 10.25 10.40 bc 

Means 10.58 NS 10.47 10.71 10.53 10.62 10.53 10.53 10.35  

LSD0.05 NPK + Organic fertilizers = 0.24   

NS = non-significant Any two means in their respective group sharing no common letter(s) are significant (P<0.05) 

  

 2010-11 

NPK (full RFD) 10.47 NS 10.22 10.67 10.32 10.55 10.27 10.27 10.17 10.37 a 

NPK (half) + FYM 9.97 10.05 10.17 10.02 10.10 10.10 9.95 9.62 10.00 ab 

NPK (half) + Compost 9.72 9.37 9.82 9.70 9.85 9.55 9.80 9.25 9.63 b 

NPK (half) + Soil Cond. 9.90 9.67 10.05 9.65 9.92 9.92 9.87 9.57 9.82 b 

Means 10.03 NS 9.83 10.18 9.92 10.08 9.96 9.97 9.65  

LSD0.05 NPK + Organic fertilizers = 0.41   

NS = non-significant Any two means in their respective group sharing no common letter(s) are significant (P<0.05) 
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Table 4.3.12. Number of grains (spike-1) of wheat as affected by NPK, organic fertilizers and micronutrients during 2009-10 and     
2010-11. 

 

 2009-10 

NPK and Organic 
Fertilizers 

Micronutrients 

Zinc (Zn) Copper (Cu) Boron (B) Zn + Cu Zn + B Cu + B Zn+Cu+B Control Means 

NPK (full RFD) 57.00 NS 56.25 57.75 56.50 57.25 56.25 56.25 54.75 56.50 a 

NPK (half) + FYM 52.00 53.25 53.50 52.50 53.50 53.25 51.75 49.00 52.34 b 

NPK (half) + Compost 49.75 44.75 50.25 49.75 50.50 47.00 50.00 42.75 48.09 c 

NPK (half) + Soil Cond. 50.75 49.50 52.75 49.50 51.25 51.00 50.75 48.50 50.50 bc 

Means 52.43 ab 50.93 ab 53.56 a 52.06 ab 53.06 a 51.87 ab 52.18 ab 48.75 b  

LSD0.05 NPK + Organic fertilizers = 2.60 Micronutrients = 3.68  

NS = non-significant Any two means in their respective group sharing no common letter(s) are significant (P<0.05) 

  

 2010-11 

NPK (full RFD) 56.75 NS 55.75 60.50 56.50 60.25 56.25 56.25 55.75 57.25 a 

NPK (half) + FYM 52.75 54.75 55.75 54.25 55.50 55.00 52.00 47.25 53.40 b  

NPK (half) + Compost 48.00 45.25 50.25 47.75 51.25 46.75 49.75 42.25 47.65 c 

NPK (half) + Soil Cond. 51.50 47.75 54.50 47.75 52.00 52.00 51.25 47.25 50.50 bc 

Means 53.12 a 50.87 ab 55.25 a 51.56 ab 53.87 a 52.50 ab 52.31 ab 48.12 b  

LSD0.05 NPK + Organic fertilizers = 3.53 Micronutrients = 4.69  

NS = non-significant Any two means in their respective group sharing no common letter(s) are significant (P<0.05) 
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Table 4.3.13. 1000-grain weight (g) of wheat as affected by NPK, organic fertilizers and micronutrients during 2009-10 and 2010-11. 
 

 2009-10 

NPK and Organic 
Fertilizers 

Micronutrients 

Zinc (Zn) Copper (Cu) Boron (B) Zn + Cu Zn + B Cu + B Zn+Cu+B Control Means 

NPK (full RFD) 47.61 NS 46.31 48.68 47.44 48.04 46.59 47.21 45.97 47.23 a 

NPK (half) + FYM 44.30 44.69 45.95 44.48 45.41 45.37 44.22 42.14 44.57 ab 

NPK (half) + Compost 42.74 41.23 42.96 42.70 43.32 42.06 42.83 40.45 42.29 b 

NPK (half) + Soil Cond. 43.48 42.47 44.64 42.47 44.04 43.53 43.41 42.12 43.27 ab 

Means 44.64 NS 43.67 45.56 44.27 45.09 44.39 44.41 42.67  

LSD0.05 NPK + Organic fertilizers = 4.12   

NS = non-significant Any two means in their respective group sharing no common letter(s) are significant (P<0.05) 

  

 2010-11 

NPK (full RFD) 48.11 NS 46.32 49.22 47.27 48.63 46.48 46.60 46.22 47.36 a 

NPK (half) + FYM 44.70 45.22 45.75 44.71 45.67 45.61 44.32 41.73 44.71 ab 

NPK (half) + Compost 42.95 40.72 43.50 42.88 43.57 40.72 43.45 40.67 42.31 b 

NPK (half) + Soil Cond. 43.88 42.42 44.76 41.93 44.28 44.10 43.71 41.52 43.32 b 

Means 45.04 NS 43.67 45.81 44.19 45.40 44.23 44.52 42.53  

LSD0.05 NPK + Organic fertilizers = 3.67   

NS = non-significant Any two means in their respective group sharing no common letter(s) are significant (P<0.05) 
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variations among treatments. The two factors also interacted non-significantly with 

each other. 

4.3.14 Grain yield (t ha-1)  

Organic matter accumulation by green plants depends on photosynthesis and 

conversion of light energy into chemical energy which represents crop productivity 

(Reddy, 2004). Araus et al. (2001) stated that the most integrative attribute of a 

particular germplasm is grain yield. The data given in Table 4.3.14 showed significant 

variations in grain yield by the application of NPK, organic fertilizers and 

micronutrients during the years 2009-10 and 2010-11. Significantly the maximum 

grain yield (4.40 & 5.29 t ha-1) was obtained by the application of NPK (full RFD). It 

was followed by the addition of FYM (3.66 & 3.98) and soil conditioner (3.47 & 3.74 

t ha-1) along with NPK (half RFD) during both the experimental years. The use of 

compost along with NPK (half RFD) produced the lowest grain yield (3.30 & 3.53 t 

ha-1) during two cropping seasons. Data analysis further revealed that the use of boron 

gave maximum grain yield (3.90 & 4.38 t ha-1) during the year 2009-10 and 2010-11. 

It was statistically at par with grain yield recorded in zinc + boron (3.87 & 4.30 t ha-1) 

and zinc (3.81 & 4.23 t ha-1) treatments during both the years. The minimum grain 

yield (3.27 & 3.80 t ha-1) was produced in control treatment during both the cropping 

years. It is obvious that recommended application of NPK was an instant source of 

plant food which played an important role in enhancing crop productivity. The growth 

and development of crop plant was further improved when NPK were supplied in 

addition to micro elements. Basically boron application helps the plants in spikelet 

appearance and grain setting (Imtiaz et al., 2010). In the present study, almost all the 

yield contributing parameters showed better results with the application of NPK (full 

RFD) and boron which caused maximum grain yield in these treatments either alone 

or in combined form during both the cropping seasons. Hammad et al. (2011) 

reported the highest economic yield with the application of recommended NPK 

fertilizers whereas Hussain et al. (2002) recorded maximum grain yield in different 

wheat varieties by using higher NPK doses. The results are further supported by 

Chaudry et al. (2007) who obtained significant increase in grain yield with the 

application of boron along with basal dose of NPK while Uddin et al. (2008) also 

obtained 50% more yield with the application of boron. The two variable factors in 
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this study interacted non-significantly with each other during two years of 

experimentation.  

4.3.15 Biological yield (t ha-1)  

Biological yield is composed of plant height and number of tillers per unit area while 

the later highly influences the biomass production of a particular crop. The data on 

biological yield (Table 4.3.15) showed significant differences among NPK, organic 

fertilizers and micronutrient treatments during the two cropping seasons. Significantly 

maximum biomass production (14.50 & 14.66 t ha-1) was recorded with NPK (full 

RFD). It was followed by the application of FYM along with NPK (half RFD) by 

producing 12.21 & 11.40 t ha-1 biomass during the two consecutive years. The lowest 

biological yield (11.19 & 10.36 t ha-1) was obtained in compost application along with 

NPK (half RFD). Highest biomass production by the application of NPK (full RFD) 

might be due to better plant growth, taller plants and increased tillering which 

enhanced dry matter accumulation. These results are supported by Hammad et al. 

(2011) who reported maximum biological yield with the application of recommended 

NPK doses. In case of micronutrients application, significant results were obtained. 

Maximum biomass (12.91 & 12.29 t ha-1) was recorded with boron application during 

both the years. It was statistically at par with zinc + boron (12.86 & 12.08) and zinc 

alone (12.60 & 11.92 t ha-1). The minimum bio-yield (11.51 & 11.04 t ha-1) was 

produced when no micronutrient was applied during. Higher number of tillers as well 

as the tallest plants in boron treated plots increased biomass production in this 

treatment. Khan et al. (2009) observed increased biological yield with micronutrients 

application. As far as the interaction is concerned, NPK, organic fertilizers and 

micronutrients were non-significantly affected with each other during both the 

experimental years.  
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Table 4.3.14. Grain yield (t ha-1) of wheat as affected by NPK, organic fertilizers and micronutrients during 2009-10 and 2010-11. 
 

 2009-10 

NPK and Organic 
Fertilizers 

Micronutrients 

Zinc (Zn) Copper (Cu) Boron (B) Zn + Cu Zn + B Cu + B Zn+Cu+B Control Means 

NPK (full RFD) 4.52 NS 4.21 4.57 4.52 4.57 4.46 4.49 3.87 4.40 a 

NPK (half) + FYM 3.62 3.76 3.84 3.67 3.80 3.79 3.61 3.23 3.66 b 

NPK (half) + Compost 3.48 2.98 3.50 3.41 3.56 3.10 3.49 2.88 3.30 b 

NPK (half) + Soil Cond. 3.56 3.35 3.68 3.34 3.59 3.59 3.56 3.12 3.47 b 

Means 3.81 a 3.57 ab 3.90 a 3.73 a 3.87 a 3.73 a 3.79 a 3.27 b  

LSD0.05 NPK + Organic fertilizers = 0.44 Micronutrients = 0.39  

NS = non-significant Any two means in their respective group sharing no common letter(s) are significant (P<0.05) 

  

 2010-11 

NPK (full RFD) 5.47 NS 5.00 5.62 5.27 5.60 5.18 5.24 4.98 5.29 a 

NPK (half) + FYM 3.87 4.08 4.19 4.00 4.14 4.11 3.87 3.56 3.98 b  

NPK (half) + Compost 3.60 6.31 3.70 3.59 3.76 3.40 3.70 3.18 3.53 c 

NPK (half) + Soil Cond. 3.82 3.58 4.04 3.56 3.83 3.83 3.82 3.48 3.74 bc 

Means 4.23 ab 3.99 bc 4.38 a 4.10 ab 4.30 a 4.13 ab 4.15 ab 3.80 c  

LSD0.05 NPK + Organic fertilizers = 0.35 Micronutrients = 0.29  

NS = non-significant Any two means in their respective group sharing no common letter(s) are significant (P<0.05) 
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Table 4.3.15. Biological yield (t ha-1) of wheat as affected by NPK, organic fertilizers and micronutrients during 2009-10 and 2010-11. 
 

 2009-10 

NPK and Organic 
Fertilizers 

Micronutrients 

Zinc (Zn) Copper (Cu) Boron (B) Zn + Cu Zn + B Cu + B Zn+Cu+B Control Means 

NPK (full RFD) 15.00 13.96 15.21 15.00 15.00 13.95 14.37 13.54 14.50 a 

NPK (half) + FYM 12.08 12.50 12.70 12.08 12.71 12.50 12.08 11.04 12.21 b 

NPK (half) + Compost 11.45 10.62 11.66 11.25 11.66 10.62 11.66 10.62 11.19 c 

NPK (half) + Soil Cond. 11.87 11.24 12.08 11.04 12.08 11.87 11.87 10.83 11.61 bc 

Means 12.60 a 12.08 ab 12.91 a 12.34 ab 12.86 a 12.23 ab 12.50 ab 11.51 b  

LSD0.05 NPK + Organic fertilizers = 0.72 Micronutrients = 0.99  

NS = non-significant Any two means in their respective group sharing no common letter(s) are significant (P<0.05) 

  

 2010-11 

NPK (full RFD) 15.00 NS 14.37 15.20 14.79 15.00 14.37 14.58 13.96 14.66 a 

NPK (half) + FYM 11.46 11.45 11.87 11.45 11.66 11.66 11.41 10.20 11.40 b 

NPK (half) + Compost 10.62 10.00 10.62 10.41 10.62 10.21 10.62 9.79 10.36 b 

NPK (half) + Soil Cond. 10.62 10.41 11.45 10.41 11.04 10.82 10.62 10.20 10.70 b 

Means 11.92 a 11.56 ab 12.29 a  11.77 ab 12.08 a 11.77 ab 11.81 ab 11.04 b  

LSD0.05 NPK + Organic fertilizers = 1.09 Micronutrients = 0.87  

NS = non-significant Any two means in their respective group sharing no common letter(s) are significant (P<0.05) 
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4.3.16 Harvest index (%)  

To express the yield of a particular crop in absolute terms, harvest index is calculated 

which represents both, economic as well as biological yield in percent form. The data 

given in Table 4.3.16 showed that NPK, organic fertilizers and micronutrients 

application had non-significant effect on harvest index during the years 2009-10 and 

2010-11. However, the maximum harvest index (30.44 & 36.25%) was recorded in 

plots where NPK (full RFD) was applied while the use of compost along with NPK 

(half RFD) showed minimum harvest index (29.57 & 34.13%) during both the 

experimental years. In case of micronutrients, alone and in combinations, the 

maximum harvest index (30.49%) was recorded in copper + boron treatment during 

2009-10 and 35.73% was recorded in zinc + boron application during the next 

cropping season. As far as the interaction is concerned, the maximum harvest index 

(31.84%) was recorded in NPK (full RFD) combined with copper + boron in 2009-10 

and zinc alone (37.50%) during 2010-11. The minimum harvest index (27.11 & 

32.53%) was produced by the application of compost along with NPK (half RFD) and 

in control during both the experimental years.  

4.3.17 Benefit cost ratio (BCR)  

Production efficacy is estimated in due course on the basis of its economic returns and 

economic analysis is the basic reflection in shaping the treatments that gave highest 

net returns (Hammad et al., 2011). Benefit cost ratio of wheat is given in Table 

4.2.17-18. Application of NPK, either in full RFD or in half RFD combined with 

FYM, compost and soil conditioner, gave better economic returns. The highest net 

income (Rs. 63,023/- & 89,671/-) was obtained in NPK (full RFD) and boron 

treatment. It was followed by the application of NPK (full RFD) and zinc with net 

income of Rs. 53,928/- & 77,941/- during both the experimental years. Economic 

analysis of the two consecutive years showed minimum net income (Rs. 22,619/- & 

26,803/-) by the combined application of NPK (half RFD) + compost + zinc + copper 

+ boron. This might be due to increased input costs. In view of the ratio between 

income and expenses, maximum benefit cost ratio (2.17 & 2.57) was recorded in NPK 

(full RFD) application along with boron during both the years. Low input cost of 

additional trace element used in this treatment with maximum grain yield resulted in 
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higher benefit cost ratio. The minimum benefit cost ratio (1.34 & 1.38) was obtained 

by the application of NPK (half RFD) combined with compost, zinc, copper and 

boron during the years 2009-11. 

4.3.18 Grain protein contents (%) 

It is determined by the scientists that wheat grain protein contents are reliant on 

particular genotype and is influenced by various factors like nitrogen application, 

water access and temperature during the growth period, especially at grain filling 

stage (Altenbach et al., 2002; Dupont and Altenbach, 2003; Tea et al., 2004). Data 

presented in Table 4.3.19 showed that NPK application in full recommended doses 

produced maximum grain protein contents (9.1 & 9.0%) during both the experimental 

years. It was noted that application of organic manures in addition to half 

recommended doses of NPK gave encouraging results in grain protein contents; 

however, it was slightly lower than NPK (full RFD). The lowest grain protein 

contents (8.1 & 8.4%) were obtained by the application of FYM along with NPK (half 

RFD) during the two successive years. These results are in line with Hussain et al. 

(2002) who reported that higher levels of NPK increased grain protein contents of 

wheat while Bakht et al. (2009) also stated that grain N content increased with 

increased N application. In case of micronutrients application, boron treatment gave 

the highest grain protein contents (9.2%) during both the experimental years. Bilen et 

al. (2011) reported that boron application is involved in nitrogen assimilation in 

plants. The present study also expressed that sole application of micronutrients (Zn, 

Cu & B) produced better grain protein contents as compared to their combined 

application and in control as well. This might be due to the suppressive behavior of 

trace elements when applied in combined form into the soil. However, minimum grain 

protein contents (8.0 & 8.2%) were obtained in combined application of zinc + boron 

during both the experimental years.   
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Table 4.3.16. Harvest index (%) of wheat as affected by NPK, organic fertilizers and micronutrients during 2009-10 and 2010-11. 
 

 2009-10 

NPK and Organic 
Fertilizers 

Micronutrients 

Zinc (Zn) Copper (Cu) Boron (B) Zn + Cu Zn + B Cu + B Zn+Cu+B Control Means 

NPK (full RFD) 30.73 NS 30.18 30.14 30.25 30.42 31.84 31.41 28.59 30.44 NS 

NPK (half) + FYM 30.03 30.05 30.54 30.38 30.24 30.40 29.97 29.37 30.12 

NPK (half) + Compost 30.53 28.13 30.04 30.68 30.69 29.28 30.13 27.11 30.10 

NPK (half) + Soil Cond. 30.46 30.06 30.50 30.51 29.89 30.45 30.13 28.81 29.57 

Means 30.44 NS 29.60 30.30 30.45 30.31 30.49 30.41 28.47  

    

NS = non-significant  

  

 2010-11 

NPK (full RFD) 37.50 NS 34.91 36.93 35.87 36.75 36.23 36.11 35.71 36.25 NS 

NPK (half) + FYM 33.85 35.85 35.33 35.04 35.54 35.37 34.15 35.14 35.03 

NPK (half) + Compost 33.90 33.23 34.80 34.38 35.85 33.45 34.89 32.53 34.13 

NPK (half) + Soil Cond. 36.07 34.38 35.60 34.41 34.82 35.42 36.12 34.21 25.13 

Means 35.33 NS 34.59 35.66 34.92 35.73 35.12 35.32 34.40  

    

NS = non-significant  
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Table 4.3.17.  Benefit cost ratio (BCR) of wheat as affected by NPK, organic fertilizers and micronutrients during 2009-10. 

Fertilizers & Manures (dose in kg ha-1)  
Yield     

(t ha-1) 
Cost (Rs.) Income (Rs.) Net 

Income 
BCR 

Fixed Variable Total Grains Straw Total 
T1 = NPK (150-120-90) Zinc (Zn - 10 ) 4.52 26236 35548 61784 102152 13560 115712 53928 1.87 
T2 = NPK (150-120-90) Copper (Cu - 8) 4.21 26236 32988 59224 95146 12630 107776 48552 1.82 
T3 = NPK (150-120-90) Boron (B - 2) 4.57 26236 27733 53969 103282 13710 116992 63023 2.17 
T4 = NPK (150-120-90) Zn + Cu 4.52 26236 44348 70584 102152 13560 115712 45128 1.64 
T5 = NPK (150-120-90) Zn + B 4.57 26236 39093 65329 103282 13710 116992 51663 1.79 
T6 = NPK (150-120-90) Cu + B 4.46 26236 36533 62769 100796 13380 114176 51407 1.82
T7 = NPK (150-120-90) Zn + Cu + B 4.49 26236 47893 74129 101474 13470 114944 40815 1.55
T8 = NPK (150-120-90) Control  3.87 26236 24188 50424 87462 11610 99072 48648 1.96 
T9 = NPK (75-60-45) + FYM (10,000) Zinc (Zn - 10 ) 3.62 26236 28544 54780 81812 10860 92672 37892 1.69 
T10 = NPK (75-60-45) + FYM (10,000) Copper (Cu - 8) 3.76 26236 25984 52220 84976 11280 96256 44036 1.84 
T11 = NPK (75-60-45) + FYM (10,000) Boron (B - 2) 3.84 26236 20729 46965 86784 11520 98304 51339 2.09 
T12 = NPK (75-60-45) + FYM (10,000) Zn + Cu 3.67 26236 37344 63580 82942 11010 93952 30372 1.48 
T13 = NPK (75-60-45) + FYM (10,000) Zn + B 3.80 26236 32089 58325 85880 11400 97280 38955 1.67 
T14 = NPK (75-60-45) + FYM (10,000) Cu + B 3.79 26236 29529 55765 85654 11370 97024 41259 1.74 
T15 = NPK (75-60-45) + FYM (10,000) Zn + Cu + B 3.61 26236 40889 67125 81586 10830 92416 25291 1.38 
T16 = NPK (75-60-45) + FYM (10,000) Control  3.23 26236 17184 43420 72998 9690 82688 39268 1.90 
T17 = NPK (75-60-45) + compost (500) Zinc (Zn - 10 ) 3.48 26236 28144 54380 78648 10440 89088 34708 1.64 
T18 = NPK (75-60-45) + compost (500) Copper (Cu - 8) 2.98 26236 25584 51820 67348 8940 76288 24468 1.47 
T19 = NPK (75-60-45) + compost (500) Boron (B - 2) 3.50 26236 20329 46565 79100 10500 89600 43035 1.92 
T20 = NPK (75-60-45) + compost (500) Zn + Cu 3.41 26236 36944 63180 77066 10230 87296 24116 1.38 
T21 = NPK (75-60-45) + compost (500) Zn + B 3.56 26236 31689 57925 80456 10680 91136 33211 1.57 
T22 = NPK (75-60-45) + compost (500) Cu + B 3.10 26236 29129 55365 70060 9300 79360 23995 1.43 
T23 = NPK (75-60-45) + compost (500) Zn + Cu + B 3.49 26236 40489 66725 78874 10470 89344 22619 1.34 
T24 = NPK (75-60-45) + compost (500) Control  2.88 26236 16784 43020 65088 8640 73728 30708 1.71 
T25 = NPK (75-60-45) + soil cond. (11) Zinc (Zn - 10 ) 3.56 26236 25125 51361 80456 10680 91136 39775 1.77 
T26 = NPK (75-60-45) + soil cond. (11) Copper (Cu - 8) 3.35 26236 22565 48801 75710 10050 85760 36959 1.76 
T27 = NPK (75-60-45) + soil cond. (11) Boron (B - 2) 3.68 26236 17310 43546 83168 11040 94208 50662 2.16
T28 = NPK (75-60-45) + soil cond. (11) Zn + Cu 3.34 26236 33925 60161 75484 10020 85504 25343 1.42 
T29 = NPK (75-60-45) + soil cond. (11) Zn + B 3.59 26236 28670 54906 81134 10770 91904 36998 1.67 
T30 = NPK (75-60-45) + soil cond. (11) Cu + B 3.59 26236 26110 52346 81134 10770 91904 39558 1.76 
T31 = NPK (75-60-45) + soil cond. (11) Zn + Cu + B 3.56 26236 37470 63706 80456 10680 91136 27430 1.43 
T32 = NPK (75-60-45)+soil cond. (11) Control  3.12 26236 13765 40001 70512 9360 79872 39871 2.00 
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Purchase rates: 
 
Wheat seed = Rs. 34/- per kg   Urea = Rs. 850/- per 50 kg bag  
DAP = Rs. 2980/- per 50 kg bag   SOP = Rs. 1290/- per 50 kg bag  
FYM = Rs. 500/- per ton   Compost = Rs. 460/- per 50 kg bag 
Soil conditioner = Rs. 575/- per 4 kg pack Zinc sulphate =  Rs. 250/- per kg 
Copper sulphate = Rs. 275/- per kg  Borax = Rs. 195/- per kg 
Buctril Super = Rs. 785/- per 600 mL bottle Puma Super = Rs. 480/- per 500 mL bottle 
 
Sale rates: 
 
Wheat grains = Rs. 22.60 per kg    
Wheat straw = Rs. 300/- per 100 kg threshed seed 
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Table 4.3.18.  Benefit cost ratio (BCR) of wheat as affected by NPK, organic fertilizers and micronutrients during 2010-11. 

Fertilizers & Manures (kg ha-1)  
Yield     

(t ha-1) 
Cost (Rs.) Income (Rs.) Net 

Income 
BCR 

Fixed Variable Total Grains Straw Total 
T1 = NPK (150-120-90) Zinc (Zn - 10 ) 5.47 29278 35548 64826 123622 19145 142767 77941 2.20 
T2 = NPK (150-120-90) Copper (Cu - 8) 5.00 29278 32988 62266 113000 17500 130500 68234 2.10 
T3 = NPK (150-120-90) Boron (B - 2) 5.62 29278 27733 57011 127012 19670 146682 89671 2.57 
T4 = NPK (150-120-90) Zn + Cu 5.27 29278 44348 73626 119102 18445 137547 63921 1.87 
T5 = NPK (150-120-90) Zn + B 5.60 29278 39093 68371 126560 19600 146160 77789 2.14 
T6 = NPK (150-120-90) Cu + B 5.17 29278 36533 65811 116842 18095 134937 69126 2.05
T7 = NPK (150-120-90) Zn + Cu + B 5.24 29278 47893 77171 118424 18340 136764 59593 1.77
T8 = NPK (150-120-90) Control  4.98 29278 24188 53466 112548 17430 129978 76512 2.43 
T9 = NPK (75-60-45) + FYM (10,000) Zinc (Zn - 10 ) 3.87 29278 28544 57822 87462 13545 101007 43185 1.75 
T10 = NPK (75-60-45) + FYM (10,000) Copper (Cu - 8) 4.08 29278 25984 55262 92208 14280 106488 51226 1.93 
T11 = NPK (75-60-45) + FYM (10,000) Boron (B - 2) 4.19 29278 20729 50007 94694 14665 109359 59352 2.19 
T12 = NPK (75-60-45) + FYM (10,000) Zn + Cu 4.00 29278 37344 66622 90400 14000 104400 37778 1.57 
T13 = NPK (75-60-45) + FYM (10,000) Zn + B 4.14 29278 32089 61367 93564 14490 108054 46687 1.76 
T14 = NPK (75-60-45) + FYM (10,000) Cu + B 4.11 29278 29529 58807 92886 14385 107271 48464 1.82 
T15 = NPK (75-60-45) + FYM (10,000) Zn + Cu + B 3.87 29278 40889 70167 87462 13545 101007 30840 1.44 
T16 = NPK (75-60-45) + FYM (10,000) Control  3.56 29278 17184 46462 80456 12460 92916 46454 2.00 
T17 = NPK (75-60-45) + compost (500) Zinc (Zn - 10 ) 3.60 29278 28144 57422 81360 12600 93960 36538 1.64 
T18 = NPK (75-60-45) + compost (500) Copper (Cu - 8) 3.31 29278 25584 54862 74806 11585 86391 31529 1.57 
T19 = NPK (75-60-45) + compost (500) Boron (B - 2) 3.70 29278 20329 49607 83620 12950 96570 46963 1.95 
T20 = NPK (75-60-45) + compost (500) Zn + Cu 3.59 29278 36944 66222 81134 12565 93699 27477 1.41 
T21 = NPK (75-60-45) + compost (500) Zn + B 3.76 29278 31689 60967 84976 13160 98136 37169 1.61 
T22 = NPK (75-60-45) + compost (500) Cu + B 3.40 29278 29129 58407 76840 11900 88740 30333 1.52 
T23 = NPK (75-60-45) + compost (500) Zn + Cu + B 3.70 29278 40489 69767 83620 12950 96570 26803 1.38 
T24 = NPK (75-60-45) + compost (500) Control  3.18 29278 16784 46062 71868 11130 82998 36936 1.80 
T25 = NPK (75-60-45) + soil cond. (11) Zinc (Zn - 10 ) 3.82 29278 25125 54403 86332 13370 99702 45299 1.83 
T26 = NPK (75-60-45) + soil cond. (11) Copper (Cu - 8) 3.58 29278 22565 51843 80908 12530 93438 41595 1.80 
T27 = NPK (75-60-45) + soil cond. (11) Boron (B - 2) 4.04 29278 17310 46588 91304 14140 105444 58856 2.26
T28 = NPK (75-60-45) + soil cond. (11) Zn + Cu 3.56 29278 33925 63203 80456 12460 92916 29713 1.47 
T29 = NPK (75-60-45) + soil cond. (11) Zn + B 3.83 29278 28670 57948 86558 13405 99963 42015 1.73 
T30 = NPK (75-60-45) + soil cond. (11) Cu + B 3.83 29278 26110 55388 86558 13405 99963 44575 1.80 
T31 = NPK (75-60-45) + soil cond. (11) Zn + Cu + B 3.82 29278 37470 66748 86332 13370 99702 32954 1.49 
T32 = NPK (75-60-45) + soil cond. (11) Control  3.48 29278 13765 43043 78648 12180 90828 47785 2.11 
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Purchase rates: 
 
Wheat seed = Rs. 42/- per kg   Urea = Rs. 1050/- per 50 kg bag  
DAP = Rs. 2800/- per 50 kg bag   SOP = Rs. 2400/- per 50 kg bag  
FYM = Rs. 500/- per ton   Compost = Rs. 460/- per 50 kg bag 
Soil conditioner = Rs. 575/- per 4 kg pack Zinc sulphate =  Rs. 250/- per kg 
Copper sulphate = Rs. 275/- per kg  Borax = Rs. 195/- per kg 
Buctril Super = Rs. 750/- per 600 mL bottle Puma Super = Rs. 500/- per 500 mL bottle 
 
Sale rates: 
 
Wheat grains = Rs. 22 per kg    

Wheat straw = Rs. 350/- per 100 kg threshed seed 
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Table 4.3.19. Grain protein contents (%)of wheat as affected by NPK, organic fertilizers and micronutrients during 2009-10 and    
2010-11. 

 

 2009-10 

NPK and Organic 
Fertilizers 

Micronutrients 

Zinc (Zn) Copper (Cu) Boron (B) Zn + Cu Zn + B Cu + B Zn+Cu+B Control Means 

NPK (full RFD) 8.8 8.9 9.2 9.3 8.0 9.7 9.5 9.0 9.1 
NPK (half) + FYM 8.5 8.0 8.3 7.8 7.7 8.1 8.2 8.4 8.1 
NPK (half) + Compost 9.0 9.0 9.5 9.1 8.3 8.4 9.2 8.3 8.9
NPK (half) + Soil Cond. 9.5 9.7 9.8 8.0 8.1 8.5 8.0 8.2 8.7 
Means 9.0 8.9 9.2 8.6 8.0 8.7 8.7 8.5  
 

2010-11 
 

NPK (full RFD) 9.3 9.2 9.3 9.4 8.6 8.7 9.0 8.6 9.0 
NPK (half) + FYM 8.7 8.3 8.6 8.0 8.0 8.4 8.5 8.7 8.4 
NPK (half) + Compost 8.5 8.6 8.9 9.5 7.7 9.4 9.2 9.4 8.9 
NPK (half) + Soil Cond. 9.7 9.5 9.9 8.2 8.4 8.7 8.2 8.5 8.9 
Means 9.1 8.9 9.2 8.8 8.2 8.8 8.7 8.8  
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Chapter 5 

Summary 

The present research project was initiated at the Agricultural Research Institute, Dera Ismail 

Khan, Pakistan during the years 2009-10 and 2010-11. The project consisted of three research 

trials which were laid out in a randomized complete block design with four replications. A 

sub-plot size of 1.8 m × 5 m (9 m2) was maintained uniformly in all experiments while wheat 

variety “Gomal-8” was used @ 100 kg ha-1 throughout the study. First experiment was to 

investigate the response of wheat to different micronutrients. Three different doses of five 

micronutrients viz. zinc (5, 10 & 15 kg ha-1), copper (6, 8 & 10 kg ha-1), iron (8, 12 & 16 kg 

ha-1), manganese (8, 12 & 16 kg ha-1) and boron (1, 2 & 3 kg ha-1) along with combination of 

all three doses and a control (no micronutrient) were tested in this trial. Second experiment 

was to see the effect of different methods of micronutrients application in wheat. Two factors 

experiment was laid out in split-plot arrangements. Main plot consisted of micronutrients viz. 

zinc (10 kg ha-1), copper (8 kg ha-1), iron (12 kg ha-1), manganese (12 kg ha-1), boron (2 kg 

ha-1) while application methods (side dressing at 4 WAS, foliar spray at 4 WAS, soil 

application at sowing) were assigned to sub-plots. Third experiment was to study the 

agronomy of balanced nutritional management for higher yield in wheat. It was two factors 

trial which was laid out in split-plot arrangements. Main plot consisted of NPK (full RFD), 

NPK (half RFD) along with FYM, compost and soil conditioner whereas micronutrients viz. 

Zn, Cu, B (alone and in combinations along with control) were assigned to sub-plots.  

In experiment 1, the data showed maximum leaf area index (0.27 & 0.33 at 49 DAS) and 

(3.33 & 3.49 at 98 DAS), leaf area duration (1.90 & 2.31 at 49 DAS) and (36.71 & 48.89 at 

98 DAS), crop growth rate (23.31 & 33.39 g m-2 day-1), relative growth rate (80.75 & 89.59 

mg g-1 day-1), net assimilation rate (3.03 & 3.19 mg m-2 day-1), number of days to maturity 

(152.50 & 154.00), plant height at maturity (101.0 & 102.5 cm), number of tillers (299.00 & 

304.50 m-2), spike length (10.4 & 10.6 cm), number of grains (63.50 & 65.25 spike-1), 1000-

grain weight (44.64 & 44.33 g), grain yield (4.97 & 4.99 t ha-1), biological yield (14.90 & 

15.20 t ha-1), harvest index (33.46 & 33.02%), benefit cost ratio (2.32 & 2.14) and grain 

protein contents (9.9 & 9.8%) by the application of boron (2 kg ha-1) during both the 

experimental years. The control plots with no micronutrient application showed poor results 

in all quantitative and qualitative parameters. 
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In experiment 2, significant results were obtained in most of the parameters by the 

application of micronutrients. The use of boron produced maximum leaf area index (0.29 & 

0.35 at 49 DAS) and (2.70 & 3.25 at 98 DAS), leaf area duration (2.08 & 2.50 at 49 DAS) 

and (37.87 & 45.54 at 98 DAS), crop growth rate (29.38 & 30.14 g m-2 day-1), relative growth 

rate (72.11 & 73.19 mg g-1 day-1), net assimilation rate (2.73 & 2.78 mg m-2 day-1), number of 

days to maturity (155.08 & 155.58), plant height at maturity (106.25 & 106.83 cm), number 

of tillers (281.67 & 307.00 m-2), spike length (10.00 & 10.70 cm), number of grains (59.41 & 

61.08 spike-1), 1000-grain weight (43.04 & 42.83 g), grain yield (5.17 & 5.63 t ha-1), 

biological yield (16.96 & 17.63 t ha-1), grain protein contents (9.2 & 9.6%) during both the 

experimental years. On the other hand, different application methods had the maximum crop 

growth rate (28.76 & 27.75 g m-2 day-1), number of tillers (261.95 & 300.05 m-2) and grain 

yield (5.04 & 5.56 t ha-1) by the soil application (at sowing) method during the year 2009-10 

while all other parameters were non-significantly affected by the three application methods. 

The highest benefit cost ratio (2.45 & 2.32) was obtained in soil application of boron at 

sowing during the two experimental years. 

In experiment 3, significant differences were observed in most of the parameters studied by 

the application of NPK, organic fertilizers and micronutrients during 2009-10 and 2010-11. 

The use of NPK (full RFD) had the highest leaf area index (0.33 & 0.27 at 49 DAS) and (2.03 

& 2.77 at 98 DAS), leaf area duration (2.36 & 1.93 at 49 DAS) and (28.42 & 38.80 at 98 

DAS), crop growth rate (40.42 & 40.96 g m-2 day-1), relative growth rate (88.94 & 84.14 mg 

g-1 day-1), net assimilation rate (3.58 & 3.89 mg m-2 day-1), number of days to maturity 

(148.10 & 149.56), plant height at maturity (103.47 & 103.84 cm), number of tillers (268.56 

& 228.06 m-2), spike length (10.96 & 10.37 cm), number of grains (56.50 & 57.25 spike-1), 

1000-grain weight (47.23 & 47.36 g), grain yield (4.40 & 5.29 t ha-1), biological yield (14.50 

& 14.66 t ha-1), harvest index (30.44 & 36.25%) and grain protein contents (9.1 & 9.0%) 

during the two cropping seasons. Similar trend was also observed in case of micronutrients 

application. Almost all the parameters were significantly affected by the soil addition of 

boron. The economic analysis showed maximum benefit cost ratio (2.17 & 2.57) in NPK (full 

RFD) and boron treatment. 
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Chapter 6 

Conclusion 

The following conclusion has been drawn based on research findings: 

In first experiment, application of micronutrients enhanced grain yield substantially during 

both the years. The use of boron @ 2 kg ha-1 in addition to recommended doses of NPK 

excelled the grain yield of wheat as compare to other treatments. The same treatment also had 

the maximum grain protein contents and highest benefit cost ratio as well. 

In second experiment, boron application (2 kg ha-1) excelled all other treatments in almost all 

parameters including yield. Moreover, soil application at the time of sowing showed better 

results. The combination of these two treatments also had the highest net returns and benefit 

cost ratio. 

In third experiment, application of NPK (full RFD) had very positive impact on the growth 

and yield of wheat. Application of boron in addition to NPK (full RFD) remarkably increased 

the grain yield during both the experimental years. Highest net income as well as benefit cost 

ratio was also obtained in these treatments. 

In light of the aforementioned results, it is concluded that application of NPK (recommended 

levels) is the fundamental need for enhancing wheat production. The higher crop productivity 

can also be ensured by the addition of boron @ 2 kg ha-1 in soil at the time of sowing. This 

production package also resulted in the highest net returns with maximum benefit cost ratio 

during both the cropping seasons. 
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Chapter 8 

Appendices 

Appendix 1. Average monthly and seasonal meteorological data at Agricultural 
Research Institute, Dera Ismail Khan, during 2009-2010 and 2010-11. 

 

Month 
2009-10 

Temperature (Co) Relative Humidity (%) 
Rainfall (mm) 

Max. Min. 0800 hrs. 1400 hrs. 
October, 2009 33 16 82 57 13 
November, 2009 25 10 80 55 - 
December, 2009 22 5 81 63 - 
January, 2010 16 5 88 76 9.2 
February, 2010 22 8 76 58 1.1 
March, 2010 30 15 63 63 2.2 
April, 2010 37 19 74 45 - 
 

2010-11 

October, 2010 34 19 81 56 - 
November, 2010 27 09 75 50 - 
December, 2010 21 03 76 51 - 
January, 2011 17 03 81 57 2.5 
February, 2011 21 07 81 53 29 
March, 2011 28 11 78 54 5.5 
April, 2011 34 16 68 41 11.5 
Source: Arid Zone Research Institute, PARC, D.I.Khan. 

Appendix 2. Detail of experimental treatments of the response of wheat to different 
micronutrients. 

T1 = Zn1 @ 5 kg ha-1  T2 = Zn2 @ 10 kg ha-1 T3 = Zn3 @ 15 kg ha-1 

T4 = Cu1 @ 6 kg ha-1  T5 = Cu2 @ 8 kg ha-1  T6 = Cu3 @ 10 kg ha-1 
T7 = Fe1 @ 8 kg ha-1  T8 = Fe2 @ 12 kg ha-1  T9 = Fe3 @ 16 kg ha-1 
T10 = Mn1 @ 8 kg ha-1 T11 = Mn2 @ 12 kg ha-1 T12 = Mn3 @ 16 kg ha-1 
T13 = B1 @ 1 kg ha-1  T14 = B2 @ 2 kg ha-1  T15 = B3 @ 3 kg ha-1 
T16 = Zn1 + Cu1 + Fe1 + Mn1 + B1 @ 5 + 6 + 8 + 8 + 1 kg ha-1 
T17 = Zn2 + Cu2 + Fe2 + Mn2 + B2 @ 10 + 8 + 12 + 12 + 2 kg ha-1 

T18 = Zn3 + Cu3 + Fe3 + Mn3 + B3 @ 15 + 10 + 16 + 16 + 3 kg ha-1 
T19 = Control (no micronutrient) 

Appendix 3. Detail of experimental treatments of the effect of different micronutrients 
and their mode of application in wheat. 

Main factor (micronutrients): 
M1 = Zn @ 10 kg ha-1  M2 = Cu @ 8 kg ha-1  M3 = Fe @ 12 kg ha-1  

M4 = Mn @ 12 kg ha-1 M5 = B @ 2 kg ha-1 
Sub-factor (application methods): 
S1 = Side dressing (4 WAS)  S2 = Foliar Spray (4 WAS) 
S3 = Soil application (at sowing) 
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Appendix 4. Detail of experimental treatments of the agronomy of balanced 

nutritional management for higher yield of wheat. 
Main factor (NPK and organic fertilizers): 
M1 = NPK @ 150-120-90 kg ha-1   
M2 = NPK @ 75-60-45 kg ha-1 + FYM @ 10 t ha-1 
M3 = NPK @ 75-60-45 kg ha-1 + compost @ 500 kg ha-1  

M4 = NPK @ 75-60-45 kg ha-1 + soil conditioner @ 11 kg ha-1 
Sub-factor (application methods): 
S1 = Zn @ 10 kg ha-1    S2 = Cu @ 8 kg ha-1 
S3 = B @ 2 kg ha-1     S4 = Zn + Cu @ 10 + 8 kg ha-1 

S5 = Zn + B @ 10 + 2 kg ha-1   S6 = Cu + B @ 8 + 2 kg ha-1 

S7 = Zn + Cu + B @ 10 + 8 + 2 kg ha-1 S8 = control (no micronutrient) 

 
Appendix 5. Cost of production (Rs. ha-1) of the response of wheat to different 

micronutrients and effect of different micronutrients and their mode of 
application in wheat during 2009-10. 

Fixed cost: 
No. Operation / Inputs Quantity Unit Rate Total Amount 
1 Preparatory Tillage 

 
i Ploughing 3 hours Rs. 600/- per hour 1800/- 
ii Harrowing 2 hours Rs. 600/- per hour 1200/- 
iii Tillering 2 hours Rs. 600/- per hour 1200/- 

2 Fertilizers 

 

i Urea 4.48 bags Rs. 850/- per bag 3808/- 
ii DAP 5.22 bags Rs. 2980/- per bag 15556/- 
iii K2SO4 3.60 bags Rs. 1290/- per bag 4644/- 
iv Sowing (Drill Sowing) 1 hour Rs. 600/- per hour 600/- 
v Cost of Seed 100 kg Rs. 34/- per kg 3400/- 
vi Fertilizer Application Charges 2 man-day Rs. 180/- per day 360/- 

3 Irrigation 

 
i Watercourses Cleaning 2 men-days Rs. 180/- per day 360/- 
ii Water Rates  - Rs. 150/- per acre 375/- 
iii Labor Charges (4 irrigations) 4 men-days Rs. 180/- per day 720/- 

4 Weed Control 

 
i Buctril Super  750 ml ha-1 Rs. 785/- per 600 ml 981/- 
ii Puma Super 625 ml ha-1 Rs. 480/- per 500 ml 600/- 
iii Application Charges 2 men-days Rs. 180/- per day 360/- 

5 Harvesting (Combine) - Rs. 1880/- per acre 4700/- 
6 Land Rent  Rs. 4000/- per acre 10000/- 
7 Management Charges (6 months) 3 men-days Rs. 180/- per day 540/- 
8 TOTAL COST (Rs. ha-1) 51204/- 
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Variable cost:  Response of wheat to different micronutrients 
 
Treatments Rate (Rs. kg-1) Total Amount (Rs. ha-1) 
T1 - Zn1 @ 5 kg ha-1 250/- 5680 
T2 - Zn2 @ 10 kg ha-1 - do - 11360 
T3 - Zn3 @ 15 kg ha-1 - do - 17040 
T4 - Cu1 @ 6 kg ha-1 275/- 6600 
T5 - Cu2 @ 8 kg ha-1 - do - 8800 
T6 - Cu3 @ 10 kg ha-1 - do - 11000 
T7 - Fe1 @ 8 kg ha-1 175/- 7000 
T8 - Fe2 @ 12 kg ha-1 - do - 10500 
T9 - Fe3 @ 16 kg ha-1 - do - 14000 
T10 - Mn1 @ 8 kg ha-1 225/- 6428 
T11 - Mn2 @ 12 kg ha-1 - do - 9641 
T12 - Mn3 @ 16 kg ha-1 - do - 12854 
T13 - B1 @ 1 kg ha-1 195/- 1950 
T14 - B2 @ 2 kg ha-1 - do - 3545 
T15 - B3 @ 3 kg ha-1 - do - 5320 
T16 - Zn1+Cu1+Fe1+Mn1+B1 - 27658 
T17 - Zn2+Cu2+Fe2+Mn2+B2 - 43846 
T18 - Zn3+Cu3+Fe3+Mn3+B3 - 60216 
T19 - Control (no micronutrient) - - 
 
Variable cost: Effect of different micronutrients and their mode of application in wheat 
 
Treatments Rate (Rs. kg-1) Total Amount (Rs. ha-1) 

M1 =  
Zn @ 10 kg ha-1 

S1 = Side dressing 250/- 11360 
S2 = Foliar spray - do - 11360 
S3 = Soil application - do - 11360 

M2 =  
Cu @ 8 kg ha-1 

S1 = Side dressing 275/- 8800 
S2 = Foliar spray - do - 8800 
S3 = Soil application - do - 8800 

M3 =  
Fe @ 12 kg ha-1 

S1 = Side dressing 175/- 10500 
S2 = Foliar spray - do - 10500 
S3 = Soil application - do - 10500 

M4 =  
Mn @ 12 kg ha-1 

S1 = Side dressing 225/- 9641 
S2 = Foliar spray - do - 9641 
S3 = Soil application - do - 9641 

M5 =  
B @ 2 kg ha-1 

S1 = Side dressing 195/- 3545 
S2 = Foliar spray - do - 3545 
S3 = Soil application - do - 3545 

Source of micronutrients 
Zinc sulphate (ZnSO4), Copper sulphate (CuSO4), Iron sulphate (FeSO4),  
Manganese sulphate (MnSO4), Borax (Na2B4O7) 
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Appendix 6. Cost of production (Rs. ha-1) of the agronomy of balanced nutritional 
management for higher yield of wheat during 2009-10. 

Fixed cost: 

No. Operation / Inputs Quantity Unit Rate 
Total 

Amount 
1 Preparatory Tillage 

 
i Plowing 3 hours Rs. 600/- per hour 1800/- 
ii Harrowing 2 hours Rs. 600/- per hour 1200/- 
iii Tillering 2 hours Rs. 600/- per hour 1200/- 

2 Cost of Seed  100 kg Rs. 34/- per kg 3400/- 
3 Irrigation 

 
i Watercourses Cleaning 2 men-days Rs. 180/- per day 360/- 
ii Water Rates  - Rs. 150/- per acre 375/- 
iii Labor Charges (4 irrigations) 4 men-days Rs. 180/- per day 720/- 

4 Weed Control 

 
i Buctril Super  750 ml ha-1 Rs. 785/- per 600 ml 981/- 
ii Puma Super 750 ml ha-1 Rs. 480/- per 500 ml 600/- 
iii Application Charges 2 men-days Rs. 180/- per day 360/- 

5 Harvesting and Threshing - Rs. 1880/- per acre 4700/- 
6 Land Rent  Rs. 4000/- per acre 10000/- 
7 Management Charges (6 months) 3 men-days Rs. 180/- per day 540/- 
8 TOTAL COST (Rs. ha-1) 26236/- 

 
Variable cost: Agronomy of balanced nutritional management for higher yield of wheat 
 

Treatments 
Unit Rate (Rs.) Total Amount  

(Rs. ha-1) NPK + Organic Micronutrient 

M1 = NPK @  
150-120-90  
kg ha-1 

S1 = Zn @ 10 kg ha-1 

Urea @ 850/- 
DAP @ 2980/- 
SOP @ 1290/- 
per bag each 

250/- per kg 35548 
S2 = Cu @ 8 kg ha-1 275/- per kg 32988 
S3 = B @ 2 kg ha-1 195/- per kg 27733 
S4 = Zn + Cu  - 44348 
S5 = Zn + B  - 39093 
S6 = Cu + B  - 36533 
S7 = Zn + Cu + B - 47893 
S8 = Control - 24188 

M2 = NPK @  
75-60-45 kg ha-1  
FYM @ 10 t ha-1 

S1 = Zn @ 10 kg ha-1 
Urea @ 850/- 
DAP @ 2980/- 
SOP @ 1290/- 
per bag each 
 
FYM @ 500/-  
per ton 

250/- per kg 28544 
S2 = Cu @ 8 kg ha-1 275/- per kg 25984 
S3 = B @ 2 kg ha-1 195/- per kg 20729 
S4 = Zn + Cu  - 37344 
S5 = Zn + B  - 32089 
S6 = Cu + B  - 29529 
S7 = Zn + Cu + B - 40889 
S8 = Control - 17184 
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M2 = NPK @  
75-60-45 kg ha-1  
Compost @  
500 kg ha-1 

S1 = Zn @ 10 kg ha-1 
Urea @ 850/- 
DAP @ 2980/- 
SOP @ 1290/- 
per bag each 
 
Compost @ 460/- 
per 50 kg bag 

250/- per kg 28144 
S2 = Cu @ 8 kg ha-1 275/- per kg 25584
S3 = B @ 2 kg ha-1 195/- per kg 20329 
S4 = Zn + Cu  - 36944 
S5 = Zn + B  - 31689
S6 = Cu + B  - 29129 
S7 = Zn + Cu + B - 40489 
S8 = Control - 16784

M2 = NPK @  
75-60-45 kg ha-1  
Soil Cond. @  
11 kg ha-1 

S1 = Zn @ 10 kg ha-1 
Urea @ 850/- 
DAP @ 2980/- 
SOP @ 1290/- 
per bag each 
 
Soil Cond. @ 
575/- per 4 kg 
bag 

250/- per kg 25125 
S2 = Cu @ 8 kg ha-1 275/- per kg 22565 
S3 = B @ 2 kg ha-1 195/- per kg 17310
S4 = Zn + Cu  - 33925 
S5 = Zn + B  - 28670 
S6 = Cu + B  - 26110 
S7 = Zn + Cu + B - 37470 
S8 = Control - 13765 

 
Appendix 6. Cost of production (Rs. ha-1) of the response of wheat to different 

micronutrients and effect of different micronutrients and their mode of 
application in wheat during 2010-11. 

Fixed cost: 

No. Operation / Inputs Quantity Unit Rate 
Total 

Amount 
1 Preparatory Tillage 

 
i Plowing 3 hours Rs. 800/- per hour 2400/- 
ii Harrowing 2 hours Rs. 800/- per hour 1600/- 
iii Tillering 2 hours Rs. 700/- per hour 1400/- 

2 Fertilizers 

 

i Urea 4.48 bags Rs. 1050/- per bag 4704/- 
ii DAP 5.22 bags Rs. 2800/- per bag 14616/- 
iii K2SO4 3.60 bags Rs. 2400/- per bag 8640/- 
iv Sowing (Drill Sowing) 1 hour Rs. 700/- per hour 700/- 
v Cost of Seed 100 kg Rs. 42/- per kg 4200/- 
vi Fertilizer Application Charges 2 man-day Rs. 180/- per day 360/- 

3 Irrigation 

 
i Watercourses Cleaning 2 men-days Rs. 180/- per day 360/- 
ii Water Rates  - Rs. 150/- per acre 375/- 
iii Labor Charges (4 irrigations) 4 men-days Rs. 180/- per day 720/- 

4 Weed Control 

 
i Buctril Super  750 ml ha-1 Rs. 750/- per 600 ml 938/- 
ii Puma Super 625 ml ha-1 Rs. 500/- per 500 ml 625/- 
iii Application Charges 2 men-days Rs. 180/- per day 360/- 

5 Harvesting (Combine) - Rs. 1880/- per acre 4700/- 
6 Land Rent  Rs. 4000/- per acre 10000/- 
7 Management Charges (6 months) 3 men-days Rs. 180/- per day 540/- 
8 TOTAL COST (Rs. ha-1) 57238/- 
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Variable cost:  Response of wheat to different micronutrients 
 
Treatments Rate (Rs. kg-1) Total Amount (Rs. ha-1) 
T1 - Zn1 @ 5 kg ha-1 250/- 5680 
T2 - Zn2 @ 10 kg ha-1 - do - 11360 
T3 - Zn3 @ 15 kg ha-1 - do - 17040 
T4 - Cu1 @ 6 kg ha-1 275/- 6600 
T5 - Cu2 @ 8 kg ha-1 - do - 8800 
T6 - Cu3 @ 10 kg ha-1 - do - 11000 
T7 - Fe1 @ 8 kg ha-1 175/- 7000 
T8 - Fe2 @ 12 kg ha-1 - do - 10500 
T9 - Fe3 @ 16 kg ha-1 - do - 14000 
T10 - Mn1 @ 8 kg ha-1 225/- 6428 
T11 - Mn2 @ 12 kg ha-1 - do - 9641 
T12 - Mn3 @ 16 kg ha-1 - do - 12854 
T13 - B1 @ 1 kg ha-1 195/- 1950 
T14 - B2 @ 2 kg ha-1 - do - 3545 
T15 - B3 @ 3 kg ha-1 - do - 5320 
T16 - Zn1+Cu1+Fe1+Mn1+B1 - 27658 
T17 - Zn2+Cu2+Fe2+Mn2+B2 - 43846 
T18 - Zn3+Cu3+Fe3+Mn3+B3 - 60216 
T19 - Control (no micronutrient) - - 
 
Variable cost: Effect of different micronutrients and their mode of application in wheat 
Treatments Rate (Rs. kg-1) Total Amount (Rs. ha-1) 

M1 =  
Zn @ 10 kg ha-1 

S1 = Side dressing 250/- 11360 
S2 = Foliar spray - do - 11360 
S3 = Soil application - do - 11360 

M2 =  
Cu @ 8 kg ha-1 

S1 = Side dressing 275/- 8800 
S2 = Foliar spray - do - 8800 
S3 = Soil application - do - 8800 

M3 =  
Fe @ 12 kg ha-1 

S1 = Side dressing 175/- 10500 
S2 = Foliar spray - do - 10500 
S3 = Soil application - do - 10500 

M4 =  
Mn @ 12 kg ha-1 

S1 = Side dressing 225/- 9641 
S2 = Foliar spray - do - 9641 
S3 = Soil application - do - 9641 

M5 =  
B @ 2 kg ha-1 

S1 = Side dressing 195/- 3545 
S2 = Foliar spray - do - 3545 
S3 = Soil application - do - 3545 
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Appendix 7. Cost of production (Rs. ha-1) of the agronomy of balanced nutritional 
management for higher yield of wheat during 2010-11. 

 
Fixed cost: 
No. Operation / Inputs Quantity Unit Rate Amount 
1 Preparatory Tillage 

 
i Plowing 3 hours Rs. 800/- per hour 2400/- 
ii Harrowing 2 hours Rs. 800/- per hour 1600/- 
iii Tillering 2 hours Rs. 700/- per hour 1400/- 

2 Cost of Seed  100 kg Rs. 42/- per kg 4200/- 
3 Sowing (Drill Sowing) 1 hour Rs. 700/- per hour 700/- 
4 Fertilizer Application Charges 2 man-day Rs. 180/- per day 360/- 
5 Irrigation 

 
i Watercourses Cleaning 2 men-days Rs. 180/- per day 360/- 
ii Water Rates  - Rs. 150/- per acre 375/- 
iii Labor Charges (4 irrigations) 4 men-days Rs. 180/- per day 720/- 

6 Weed Control 

 
i Buctril Super  750 ml ha-1 Rs. 750/- per 600 ml 938/- 
ii Puma Super 750 ml ha-1 Rs. 500/- per 500 ml 625/- 
iii Application Charges 2 men-days Rs. 180/- per day 360/- 

7 Harvesting and Threshing - Rs. 1880/- per acre 4700/- 
8 Land Rent  Rs. 4000/- per acre 10000/- 
9 Management Charges (6 months) 3 men-days Rs. 180/- per day 540/- 
10 TOTAL COST (Rs. ha-1) 29278/- 

 
Variable cost: Agronomy of balanced nutritional management for higher yield of wheat 

Treatments 
Unit Rate (Rs.) Total Amount  

(Rs. ha-1) NPK + Organic Micronutrient 

M1 = NPK @  
150-120-90  
kg ha-1 

S1 = Zn @ 10 kg ha-1 

Urea @ 850/- 
DAP @ 2980/- 
SOP @ 1290/- 
per bag each 

250/- per kg 35548 
S2 = Cu @ 8 kg ha-1 275/- per kg 32988 
S3 = B @ 2 kg ha-1 195/- per kg 27733 
S4 = Zn + Cu  - 44348 
S5 = Zn + B  - 39093 
S6 = Cu + B  - 36533 
S7 = Zn + Cu + B - 47893 
S8 = Control - 24188 

M2 = NPK @  
75-60-45 kg ha-1  
FYM @ 10 t ha-1 

S1 = Zn @ 10 kg ha-1 
Urea @ 850/- 
DAP @ 2980/- 
SOP @ 1290/- 
per bag each 
 
FYM @ 500/-  
per ton 

250/- per kg 28544
S2 = Cu @ 8 kg ha-1 275/- per kg 25984 
S3 = B @ 2 kg ha-1 195/- per kg 20729 
S4 = Zn + Cu  - 37344
S5 = Zn + B  - 32089 
S6 = Cu + B  - 29529 
S7 = Zn + Cu + B - 40889
S8 = Control - 17184 
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M2 = NPK @  
75-60-45 kg ha-1  
Compost @  
500 kg ha-1 

S1 = Zn @ 10 kg ha-1 
Urea @ 850/- 
DAP @ 2980/- 
SOP @ 1290/- 
per bag each 
 
Compost @ 460/- 
per 50 kg bag 

250/- per kg 28144
S2 = Cu @ 8 kg ha-1 275/- per kg 25584 
S3 = B @ 2 kg ha-1 195/- per kg 20329 
S4 = Zn + Cu  - 36944
S5 = Zn + B  - 31689 
S6 = Cu + B  - 29129 
S7 = Zn + Cu + B - 40489 
S8 = Control - 16784 

M2 = NPK @  
75-60-45 kg ha-1  
Soil Cond. @  
11 kg ha-1 

S1 = Zn @ 10 kg ha-1 
Urea @ 850/- 
DAP @ 2980/- 
SOP @ 1290/- 
per bag each 
 
Soil Cond. @ 
575/- per 4 kg 
bag 

250/- per kg 25125 
S2 = Cu @ 8 kg ha-1 275/- per kg 22565 
S3 = B @ 2 kg ha-1 195/- per kg 17310 
S4 = Zn + Cu  - 33925 
S5 = Zn + B  - 28670 
S6 = Cu + B  - 26110 
S7 = Zn + Cu + B - 37470 
S8 = Control - 13765 
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Appendix 8(a). Mean squares of ANOVA of physiological parameters recorded on the response of wheat to different 
micronutrients during 2009-10 and 2010-11. 

 

Source of  
Variation 

d.f 

2009-10 

LAI m-2 
(49 DAS) 

LAI m-2 
(98 DAS) 

LAD m-2 
(49 DAS) 

LAD m-2 
(98 DAS) 

CGR  
(g m-2 day-1) 

RGR 
(mg g-1 day-1) 

NAR 
(mg m-2 day-1) 

Replications 3 0.00036 0.16998 0.02242 32.997 14.6913 29.0117 0.69782 
Micronutrients 18 0.00506 NS 0.59555 * 0.25097 NS 117.148 * 32.4222 * 55.6052 * 0.59701 * 
Error 54 0.00266 0.06785 0.12956 13.302 7.1732 14.1016 0.25484 
Total 75 - - - - - - - 
CV (%) - 29.50 10.09 29.42 10.09 14.55 5.11 23.87 

 2010-11 

Replications 3 0.00116 0.07746 0.05697 15.182 44.8982 172.420 0.72039 
Micronutrients 18 0.00440 NS 0.56655 * 0.21579 NS 111.043 * 68.6169 * 67.635 * 0.75168 * 
Error 54 0.00269 0.10056 0.13197 19.709 0.8854 13.854 0.03988 
Total 75 - - - - - - - 
CV (%) - 20.86 11.10 20.86 11.10 4.00 4.50 8.91 
 
NS = Non-significant 
* Significant at 5% probability (P<0.05) 
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Appendix 8(b). Mean squares of ANOVA of agronomic parameters recorded on the response of wheat to different micronutrients 
during 2009-10 and 2010-11. 

 

Source of  
Variation 

d.f 

2009-10 

No. of days  
to maturity 

Plant height 
(cm) 

No. of tillers 
(m-2) 

Spike length 
(cm) 

No. of grains 
(spike-1) 

1000-grain 
weight (g) 

Grain yield  
(t ha-1) 

Biological 
yield (t ha-1) 

Replications 3 3.10088 75.5395 456.89 2.47803 15.3816 9.04448 0.04202 0.04967 
Micronutrients 18 1.66228 NS 20.3114 NS 1310.93 * 0.57708 NS 45.4444 * 6.34656 * 0.62439 * 5.09979 * 
Error 54 1.28606 11.2432 99.05 0.62238 5.5575 0.78620 0.01704 0.23082 
Total 75 - - - - - - - - 
CV (%) - 0.75 3.46 3.89 8.01 4.19 2.09 3.09 3.76 

 2010-11 

Replications 3 18.4342 106.469 586.54 0.74211 2.0000 7.58724 0.13999 9.59811 
Micronutrients 18 1.6623 NS 11.474 NS 1668.04 * 0.35779 NS 68.4737 * 9.69390 * 0.54046 * 4.86840 * 
Error 54 1.2861 14.608 331.29 0.21961 7.5185 3.86006 0.05725 1.76846 
Total 75 - - - - - - - - 
CV (%) - 0.74 3.83 7.16 4.62 4.85 4.75 5.60 10.29 
 
NS = Non-significant 
* Significant at 5% probability (P<0.05) 
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Appendix 9(a). Mean squares of ANOVA of physiological parameters recorded on the effect of different micronutrients and their 
mode of application in wheat during 2009-10 and 2010-11. 

 

Source of  
Variation 

d.f 

2009-10 

LAI m-2 
(49 DAS) 

LAI m-2 
(98 DAS) 

LAD m-2 
(49 DAS) 

LAD m-2 
(98 DAS) 

CGR  
(g m-2 day-1) 

RGR 
(mg g-1 day-1) 

NAR 
(mg m-2 day-1) 

Replications 3 0.00040 0.01812 0.01695 3.583 3.342 10.2883 0.42592 
Micronutrients 4 0.00284 * 0.46322 * 0.13571 * 89.925 * 37.006 * 43.0106 NS 0.26022 * 
Error I 12 0.00073 0.08954 0.03854 17.444 0.622 18.2453 0.08855 
Application methods 2 0.00131 NS 0.01606 NS 0.07455 NS 3.235 NS 17.810 * 1.4285 NS 0.03655 NS 
Interaction 8 0.00855 * 1.52774 * 0.41734 * 299.192 * 179.527 * 49.2310 NS 0.58580 * 
Error II 30 0.00095 0.18151 0.04542 35.505 3.258 24.1435 0.09052 
Total 59 - - - - - - - 
CV (%) - 10.92 17.18 10.76 17.16 6.50 7.05 12.03 

 2010-11 

Replications 3 0.00563 0.51087 0.27683 100.013 15.910 215.524 0.13872 
Micronutrients 4 0.00976 * 0.68791 * 0.47121 * 134.445 * 49.584 * 48.829 NS  0.74957 * 
Error I 12 0.00233 0.17634 0.11294 34.502 6.285 104.040  0.05293 
Application methods 2 0.00021 NS 0.00131 NS 0.00662 NS 0.270 NS 2.934 NS 21.178 NS  0.16092 NS 
Interaction 8 0.03619 * 1.65546 * 1.75453 * 324.486 * 126.580 * 160.053 NS 1.56133 * 
Error II 30 0.00417 0.20025 0.19524 39.229 6.773 65.188 0.07446 
Total 59 - - - - - - - 
CV (%) - 20.52 14.95 20.12 14.94 9.48 11.28 11.44 
 
NS = Non-significant 
* Significant at 5% probability (P<0.05)  
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Appendix 9(b). Mean squares of ANOVA of agronomic parameters recorded on the effect of different micronutrients and their 
mode of application in wheat during 2009-10 and 2010-11. 

 

Source of  
Variation 

d.f 

2009-10 

No. of days  
to maturity 

Plant height 
(cm) 

No. of tillers 
(m-2) 

Spike length 
(cm) 

No. of grains 
(spike-1) 

1000-grain 
weight (g) 

Grain yield  
(t ha-1) 

Biological 
yield (t ha-1) 

Replications 3 1.92778 59.4389 21.82 0.92550 70.2833 6.70159 0.01599 0.01011 
Micronutrients 4 0.44167 NS 12.1417 NS 2888.39 * 0.33900 NS 54.2917 * 1.13149 NS 0.24875 * 0.91333 * 
Error I 12 1.16389 16.7306 45.23 0.50356 13.9917 6.12306 0.01327 0.14081 
Application methods 2 0.31667 NS 1.0500 NS 187.72 * 0.08017 NS 9.0167 NS 0.09153 NS 0.06521 * 0.22829 NS 
Interaction 8 1.62917 NS 35.9667 NS 6153.03 * 1.02350 NS 80.3292 * 2.68319 NS 0.35503 * 1.84449 * 
Error II 30 1.30000 17.5389 40.94 0.54728 22.2000 4.38730 0.01190 0.14608 
Total 59 - - - - - - - - 
CV (%) - 0.74 3.98 2.47 7.54 8.28 4.91 2.19 2.30 

 2010-11 

Replications 3 13.2611 91.3111 37.04 0.78683 18.0167 11.0575 0.00696 0.21894 
Micronutrients 4 0.4417 NS 1.8083 NS 807.86 * 0.06892 NS 40.9333 * 7.2348 NS  0.04065 * 1.80496 * 
Error I 12 1.1639 7.3528 106.23 0.15836 4.1000 6.1884  0.00511 0.23132 
Application methods 2 0.3167 NS 0.2167 NS 89.12 NS 0.01050 NS 3.4667 NS 1.8408 NS 0.00061 NS 0.17713 NS 
Interaction 8 1.6292 NS 9.2583 NS 2097.41 * 0.18342 NS 72.0708 * 25.7515 NS 0.12331 * 2.53193 * 
Error II 30 1.3000 11.8278 103.31 0.25906 12.8833 8.3337 0.00799 0.48239 
Total 59 - - - - - - - - 
CV (%) - 0.73 3.23 3.41 4.79 6.13 6.84 1.61 4.05 
 
NS = Non-significant 
* Significant at 5% probability (P<0.05) 
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Appendix 10(a). Mean squares of ANOVA of physiological parameters recorded on the agronomy of balanced nutritional 
management for higher yield of wheat during 2009-10 and 2010-11. 

 

Source of  
Variation 

d.f 

2009-10 

LAI m-2 
(49 DAS) 

LAI m-2 
(98 DAS) 

LAD m-2 
(49 DAS) 

LAD m-2 
(98 DAS) 

CGR  
(g m-2 day-1) 

RGR 
(mg g-1 day-1) 

NAR 
(mg m-2 day-1) 

Replications 3 0.02648 1.12567 1.28761 222.102 190.535 208.302 11.0679 
Micronutrients 3 0.10537 * 2.72941 * 5.09814 * 535.621 * 800.960 * 318.974 * 17.2306 * 
Error I 9 0.00936 0.09221 0.46222 17.952 14.575 35.266 3.3327 
Application methods 7 0.00858 * 0.28764 * 0.42215 * 56.363 * 116.309 * 28.954 NS 1.4601 NS 
Interaction 21 0.00088 NS 0.03585 NS 0.04218 NS 7.017 NS 14.636 NS 4.623 NS 0.1855 NS 
Error II 84 0.00335 0.04555 0.16172 8.950 26.168 35.168 1.3651 
Total 127 - - - - - - - 
CV (%) - 22.20 12.91 22.02 12.92 15.24 6.99 45.04 

 2010-11 

Replications 3 0.01098 5.9687 0.52105 1172.34 518.59 13.9410 21.0786 
Micronutrients 3 0.04264 * 10.0425 * 2.10375 * 1969.86 * 1762.76 * 598.79 * 17.8339 * 
Error I 9 0.00534 0.2721 0.26635 53.54 39.05 86.06 1.9868 
Application methods 7 0.00429 NS 0.9408 * 0.20543 NS 184.06 * 179.57 * 54.15 NS 2.1822 NS 
Interaction 21 0.00067 NS 0.1822 * 0.03553 NS 35.73 * 27.23 NS 6.80 NS 0.3054 NS 
Error II 84 0.00246 0.0837 0.11959 16.34 33.65 71.00 1.7236 
Total 127 - - - - - - - 
CV (%) - 21.53 14.47 21.43 14.44 18.75 10.73 45.92 
 
NS = Non-significant 
* Significant at 5% probability (P<0.05) 
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Appendix 10(b). Mean squares of ANOVA of agronomic parameters recorded on the agronomy of balanced nutritional 
management for higher yield of wheat during 2009-10 and 2010-11. 

 

Source of  
Variation 

d.f 

2009-10 

No. of days  
to maturity 

Plant height 
(cm) 

No. of tillers 
(m-2) 

Spike length 
(cm) 

No. of grains 
(spike-1) 

1000-grain 
weight (g) 

Grain yield  
(t ha-1) 

Biological 
yield (t ha-1) 

Replications 3 24.3321 41.5937 296.9 0.11677 26.365 20.620 0.08159 7.0956 
Micronutrients 3 23.3438 * 43.3438 * 21323.4 * 2.86281 * 403.177 * 146.863 * 7.53189 * 69.6681 * 
Error I 9 3.7812 9.3229 552.2 0.09510 11.149 27.886 0.32469 0.8686 
Application methods 7 3.0848 NS 6.0134 NS 1166.7 * 0.18656 NS 35.085 * 12.312 NS 0.65325 * 3.3248 * 
Interaction 21 0.4211 NS 0.9211 NS 181.1 NS 0.02275 NS 6.231 NS 1.058 NS 0.05554 NS 0.4714 NS 
Error II 84 2.3936 6.0990 331.4 0.09070 11.263 14.207 0.13172 0.8216 
Total 127 - - - - - - - - 
CV (%) - 1.05 2.42 7.77 2.86 6.47 8.50 9.77 7.32 

 2010-11 

Replications 3 178.302 60.5521 4082.3 12.3609 86.677 20.577 0.6954 3.006 
Micronutrients 3 23.344 * 90.3438 * 33848.1 * 3.1607 * 538.594 * 153.389 * 20.1302 * 123.814 * 
Error I 9 3.781 11.2813 711.8 0.2839 20.434 22.186 0.2040 1.980  
Application methods 7 3.085 NS 9.8170 NS 2613.6 * 0.4147 NS 72.763 * 17.130 NS 0.5311 * 2.215 * 
Interaction 21 0.421 NS 1.2247 NS 587.4 NS 0.0431 NS 11.909 NS 2.735 NS 0.0681 NS 0.193 NS 
Error II 84 2.394 7.3847 612.5 0.3167 18.233 12.893 0.0739 0.633 
Total 127 - - - - - - - - 
CV (%) - 1.04 2.67 13.64 5.65 8.18 8.08 6.56 6.75 
 
NS = Non-significant 
* Significant at 5% probability (P<0.05) 
 


