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ABSTRACT 

  Integrated plant nutrient management emphasizes the combined use of 

inorganic and organic/biological sources of plant nutrients to enhance efficiency of 

applied nutrients, reduce environmental hazards and improve crop productivity. A 

field experiment pertaining to wheat based cropping system in rainfed environment 

was conducted at the Research Farm of Soil Science & SWC of Pir Mehr Ali Shah 

Arid Agriculture University, Rawalpindi, Pakistan. It was laid out according to 

randomized complete block design in Split-Plot arrangement with three replications. 

The experiment was initiated in winter 2004-05 on wheat followed by maize in 

summer 2005, and was repeated during the year 2005-06 in the same field with same 

layout of treatments. Main plot treatments of cropping systems (CS) included: 

wheat–fallow (CS1) and wheat–maize (CS2), while treatments of integrated plant 

nutrient management allocated to subplots were: control (without NPK fertilizer, 

FYM or biofertilizer); half  dose of recommended N-P2O5-K2O (60-45-30 kg ha-1) ; 

full  dose of N-P2O5-K2O (120-90-60 kg ha-1); FYM @ 20 t ha -1 , FYM on N 

requirement basis + make-up dose of P and K fertilizer;  ½ NPK + ½ FYM (@ 10 t 

ha-1) ; ½ NPK + Biopower; ½ FYM + Biopower and ½ NPK + ½ FYM + Biopower. 

Soil analysis for physical and chemical characteristics and plant nutrients (N, P, K, 

Zn, Fe, Mn, and Cu) at sowing and harvest stage of each crop was performed. 

Observations on plant growth and yield parameters were recorded at crop maturity. 

Nutrient concentration in the grain and straw/stalk of the wheat and maize were 

determined to compute nutrient uptake after the harvest of each crop. Comparison of 

various treatment means of integrated nutrient management practices for wheat-

fallow (CS1) and wheat-maize (CS2) cropping systems indicated that there was  
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was significant increase in yield and various yield attributes of both wheat 

and maize in respective growing seasons. During Rabi seasons of 2004-05 and 2005-

06, application of ½ NPK + ½ FYM + Biopower (T9) produced highest grain yield of 

3684 kg ha-1 and 3781 kg ha-1 for wheat respectively. During Kharif seasons of 2005 

and 2006, application of ½ NPK + ½ FYM + Biopower (T9) produced highest grain 

yield of 3128 kg ha-1 and 3119 kg ha-1 for maize respectively. The analysis of leaf 

and grain samples showed significant increase in N, P and K concentration due to 

integrated nutrient management practices for both wheat and maize during both 

growing seasons over control. The results revealed that as N, P and K concentration 

in soil was higher; these were taken up and assimilated in proportion to their 

concentration. Maximum N uptake of 357 kg ha-1, P uptake of 51 kg ha-1 and K 

uptake of 215 kg ha-1 was recorded due to application of ½ NPK + ½ FYM + 

Biopower (T9) for wheat during both growing seasons. Micronutrients concentration 

recorded significant increase in soil, plant and grain of both wheat and maize. 

Economic analysis of wheat-maize and wheat-fallow cropping systems revealed that 

wheat-maize cropping system was more profitable with integrated use of mineral and 

organic and/or biofertilizer under rainfed conditions. The VCR estimated for IPNM 

in T9 showed that integrated use of organic and inorganic fertilizer sources had better 

net profit for wheat yield for the farmer under rainfed condition. Thus, IPNM may 

prove more viable and sustainable for wheat based cropping system in rainfed 

Pothowar environment of Punjab province, Pakistan. 
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Chapter 1 

INTRODUCTION 

Pakistan is a country of 156.77 million people, situated in arid and semiarid 

subtropical region extended over 24-37o N to 60-75o E. Agriculture is the biggest 

sector of the economy and accounts for 20.9 % percent of gross domestic product. 

Out of total geographical area of 79.61 million hectare, only 22.02 million hectares 

are being cultivated. About 80 % of the cultivated area is irrigated while the 

remaining is rain-fed (Government of Pakistan, 2008). The soils of the country are 

neutral to alkaline in pH, low in organic matter and fertility. Annual rainfall varies 

from 100 to 1250 mm with a high frequency in spring and late summer while very 

little is received in winter. The temperature varies from 27 oC to 45 oC in May/July 

and from 5 oC to 20 oC in December/ January. 

The site of experiment is located in Pothwar region of Pakistan, which 

extends from latitude 32º 10 to 34º 9 N and longitude 71º 10 to 73º 55 E with 1.82 

million hectares area. It is a part of the great Indo-Gangetic synclinorium, separated 

from it, and elevated, at the end of Tertiary period. The soils of the Pothwar Plateau 

are diverse; loess, alluvial, mixed material and colluvial in nature and have derived 

from sandstone and shale (Nizami et al., 2004). Most of the soils belong to the order 

Inceptisols, Entisols and Aridisols and with a small share of Alfisols (Soil Survey of 

Pakistan, 1967). Soils have variable parent material and chemical composition, prone 

to erosion because of the undulated landforms. The rainfall is erratic and varies 

greatly from 250 mm in southwest to the 1000 mm in the northeast part of the region.  

Pothwar is classified as sub-tropical, sub-humid climate.  
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More than seventy percent of annual precipitation falls in the summer months. It has 

an area of one million hectares and contributes significantly to agricultural and 

livestock production of Pakistan (Nizami et al., 2004). The people of Pothwar area 

have traditionally been associated with rainfed agriculture for their basic needs. The 

climate of rainfed region is suited to production of many kind of cereals, groundnut, 

pulses, legumes, grasses for range land and forests of different type. 

Major cropping systems in the region are wheat–fallow, wheat-maize and 

wheat–groundnut. The most practiced by farmers is wheat-fallow cropping system. 

Wheat being staple food in Pakistan, fulfills 95 % of cereal requirements of the 

country, is grown on about 8.58 million hectare with total production of 23.3 million 

tones having average yield 2716 kg ha-1. During 2006-07, the area under wheat in 

rainfed tract (Barani area) of Pakistan was 1.43 million hectares with a production of 

1.99 million tones and average yield of 1392 kg ha-1. The rainfed area contributed 

6.34 % of total wheat production from 12.9 percent of the total area. Still the average 

wheat yield in rainfed area is 1754 kg ha-1 against the average wheat yields of 2902 

kg ha-1of irrigated area in Punjab province of Pakistan. Similarly, the total Pakistan 

area under maize was 1.02 million hectares and production was 3.09 million tones 

with average yield of 3037 kg ha-1. In Punjab province of Pakistan, maize was grown 

on 0.493 million hectares with a production of 2.12 million tones and average yield 

of 4298 kg ha-1 (Government of Pakistan, 2006-07). The Pothwar area produces 

more than 80 % of rain fed maize. Still, in rainfed area of Pakistan, the average grain 

yield of maize is 54 % lower than in irrigated areas. Therefore, both wheat and maize 

have a big gap between the yield obtained and potential yield. This situation 
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necessitates boosting per hectare yield of wheat and maize through practicing 

sustainable crop production techniques. 

Chemical fertilizers are popular among the farmers and occupy a key position 

in plant nutrition policies and strategies for enhanced crop production in Pakistan 

(Twyford et al., 1995). Although, they will play a principal role in crop productivity 

in future as well, yet renewed concern has been generated in natural and 

biofertilizers. This is because mineral fertilizers are costly due to exclusion of 

subsidy, low fertilizer use efficiency and availability at the right time and issues 

linked to sustainability of crop yields and negligence at farmers’ level, which may 

also influence the quality of the environment (NFDC, 2008). Nutrients removed from 

the soil with the harvested crops if not replaced in proper amounts from both natural 

and mineral sources, crop yields cannot be sustained and soil fertility will deteriorate. 

So judicious use of chemical fertilizers combined with organic and biofertilizers to 

enhance soil productivity and to protect the environment is need of time. 

Implications of long-term and continuous use of inorganic fertilizers with their ever-

increasing cost and environmental concerns compel farmers to devise a strategy for 

recycling of organic manures (Srivastavia et al., 1998). In the World Trade 

Organization scenario, the significance of organic farming is well documented. Use 

of organic sources can help to maintain a better N: P ratio in soil and increase crop 

yields (Bakhtiar et al., 2002; Khanum et al., 2001). Incorporation of organic sources 

at higher rates is useful but may not be affordable by small and low income farmers. 

Through integrating plant nutrients from all sources viz inorganic, organic and 

biological, it is possible to sustain soil fertility for enhanced crop production. 
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Integrated plant nutrient management (IPNM) could be appropriate to any farming 

system and socio-economic conditions (Lamps, 2000). 

            Integrated plant nutrition management (IPNM) maintain and/or add to the soil 

fertility through optimizing all possible inorganic and organic sources of plant 

nutrition for sustaining agriculture production that is economically viable, 

environmentally secure and socially acceptable. It considers diverse nutrient sources, 

their transformations and dynamics in soil, interactions, and the availability in the 

rooting zone and time (the growing season), in relation to the nutrient demand by the 

plants. In addition, it integrates the objectives of production with ecology and 

environment, that is, optimum crop nutrition, optimum functioning of the biosphere 

(soil health), and minimum nutrient losses or other adverse effects on the 

environment. Integrated plant nutrient management may be considered an integral 

part of any sustainable agricultural system (Ahmad et al., 2003) 

In this scenario, there is need to explore integrated plant nutrient management 

for cropping systems as a whole to formulate recommendations for different agro-

ecological situations taking into account available organic/biological resources, and 

finally, transfer of this technology to  benefit the farmers.  

Considering these facts, a comprehensive field study was designed with 

following objectives: 

1 To compare the effects of various integrated plant nutrient management 

practices on wheat based cropping system under rainfed condition. 

2 To study the effect of integrated plant nutrient management (IPNM) on 

nutrient removal by wheat and maize under rainfed conditions. 
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3 To evaluate the role of IPNM under different cropping systems on 

sustaining soil productivity and crop yields. 

4 To enhance the fertilizer use efficiency through integrated plant nutrient 

management under rainfed condition. 
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                                                                                                Chapter 2 

REVIEW OF LITERATURE 

Traditional research on fertilizer use in Pakistan was mainly confined to 

individual crops and fertilizer recommendations formulated on the basis of their 

responses. In fact that a crop is one component of the cropping system and it has to 

be grown in some crop sequence. Fertilizer needs of a crop will vary depending upon 

the characteristics of the preceding crop in rotation. Fertilizers applied to one crop 

also benefit to succeeding crops due to their residual effects. For efficient fertilizer 

management it is obligatory to evaluate precisely the role of preceding crops and also 

the residual effect of applied nutrients in sustaining the productivity of soils. So, here 

is a need for system approach of nutrient supply to the system as a whole for 

increasing the fertilizer use efficiency and economizing their use. This can be 

attained by accounting the residual effect of the applied fertilizers and preceding 

crops. Therefore, a technology package has to be developed depending upon the 

cropping system, soil type, ecological situation and socio economic conditions of the 

farmer.  

2.1.   Role of chemical fertilizers (NPK) in crop production 

The mineral fertilizers mostly used are nitrogen, phosphorus and potassium. 

They play important role in boosting crop production. However, in spite of their 

increased input over the years, per hectare yield of crops remained low in Pakistan 

compared to other countries (NFDC, 2008). In a recent survey it was pointed out that 

farmers used 43 % less nitrogen, 74 % less P2O5 and 99 % less K2O than their 

recommended doses on five major crops; wheat , cotton , rice , sugarcane ad maize,  

that consume more than 80 % of the fertilizer used in Pakistan (Hussain et al., 2000). 
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 A gap of 35 -50 % between potential and farmer’s yield can be filled if 

proper balance between N and P is maintained (Ahmed et al., 1998). Farmer’s failure 

in applying fertilizer in recommended amounts and in balanced proportions has been 

attributed to some socio-economic constraints such as inadequate supply, non-

availability at proper time, greater market distances and lack of credit facilities and 

high prices.  

2.2  FARMYARD MANURE  

Farmyard manure is applied to the soil mainly as a source of plant nutrients. 

Animal manure supplies all the macronutrients as well as micronutrients necessary 

for plant growth, hence it acts as a diverse fertilizer. Its fertilizing effect on crops can 

be compared to that of mineral fertilizers. Application of manure in a certain year 

influences crops grown in that growing season but also to crops in later years 

because its decomposition is not completed in one season. Therefore, application of 

farmyard manure is synergistic to mineral fertilizers for various nutrients. This 

illustrates that nutrients from farmyard manure can be substituted for mineral 

fertilizers and this also improves soil environment. 

Decomposition of farmyard manure by microorganisms results in release of 

carbon dioxide, water and mineral plant nutrients such as N, P, K and micronutrients. 

After one year of application the remaining organic matter becomes part of soil 

organic matter, which decomposes gradually releasing plant nutrients. A small 

portion is transformed to humus, which is resistant to microbial breakdown. It retains 

plant nutrients through adsorption, and also binds soil material. It improves soil 

structure, making the soil less susceptible to compaction or erosion. It also raises the 

cation exchange capacity and water holding capacity of the soil. Improvement in 
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organic matter induced by NPK applications increases soil bulk density and total 

porosity (Haynes and Naidu, 1998). They concluded that the long term positive 

effect of continual applications of fertilizers on soil organic matter and physical 

conditions needs to be considered when contemplating sustainability. 

Besides improving physical, chemical and biological properties of soil, 

organic matter application also affects the levels of micronutrients that are gaining 

considerable importance recently (Katyal, 2000). Biennial manure or compost 

application although result in crop yield similar to that for annual application but also 

increases available P in the soil. A field study revealed that N availability was 40 % 

for manure and 15 % for compost in the first year and was 18 % for manure and 8 % 

for compost in the second year after application. Weed biomass was more influenced 

by nutrient availability than any weed seed introduced by manure or compost 

application. When application rate is based on correct N or P availability, manure and 

compost can produce corn grain yields that are equal to or greater than that for 

fertilizer application. Annual P-based manure or compost application is the most 

effective method of using these resources when soil P build up is a concern. 

Improvement in fertility and quality of soil requires the input of organic materials 

(Stamatiadis et a/., 1999; Soumare et al., 2003). 

In spite of increased fertilizer input, the crop production in Pakistan has either 

levelled off or declining because of reduction in organic carbon content of soil. Soils 

are being continuously degraded and ruined with intense economic costs. About 70 

% of our soils are deficient in organic carbon (less than 1 %) and micronutrient 

deficiencies are being widely experienced throughout the country. Jadoon et al. 

(2004) studied that the yield of maize was more when NPK was applied in combination 
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with FYM than without FYM. In case of half dose of NPK the yield was increased by 20 

% when mixed with FYM, while 18 % when FYM was mixed with full dose (120 - 90 - 

60) of NPK. 

Effect of various organic manures; humic acid (HA), farmyard manure (FYM) 

and press mud (PM) with or without chemical fertilizers on the yield and yield 

components of maize were compared by Sarir et al. (2005). Half dose of FYM along 

with full dose of NPK produced 50 %, 38 % and 49 % higher grain yield, total dry 

matter and total cob weight, respectively as compared to control. It was followed by 

half dose of humic acid applied with full dose of NPK. Full dose of FYM, HA and 

PM showed non-significant increase in grain yield, total dry matter 1000 grain 

weight, total cob weight and stover yield over control when applied alone. Both 

organic and chemical fertilizers either applied alone or in combination slightly 

increased soil organic mater and decreased the soil pH values. 

2.3  BIOFERTILIZERS IN IPNM 

The challenge to agriculture in Pakistan at the commencement of 21st century is 

to produce food and fiber for the growing population of 3 percent per annum. The 

use of mineral fertilizers is quickest and surest way of boosting up the crop 

production. However, the cost and other constraints deter the farmers to use mineral 

fertilizers in recommended balanced quantities. So the farmers need to fully exploit 

the potential alternative sources of plant nutrients. So, more attention should be 

focused on the efficient utilization of chemical fertilizers and the use of such low 

cost nutrient sources like organic manure and biological inoculums/biofertilizers with 

prime objective of reducing the cost of production along with sustaining soil health 

and productivity.  
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Microbial inoculants are being used as an alternative to reduce the cost of 

fertilizers. Crop response to biofertilizer largely depends upon crop and microbe 

species/strains, climatic conditions and method of application ( Jilani et al., 2007). 

  Singh et al. (2000) studied the response of guinea grass to biofertilizers 

inoculation and nitrogen. Inoculation with VAM gave the highest green forage, dry 

matter and crude protein. Effect of three green gram cultivars viz. NM-51, NM-54 

and NM-92 to microbial inoculation was studied by Ali et al. (2000). Growth and 

yield components were highest in cv. NM-92 with inoculation.    

National Institute for Biotechnology and Genetic Engineering, Faisalabad, 

Pakistan has developed a microbial inoculum Biopower. Use of Biopower gave 50 to 

70 % savings in nitrogen fertilizer and 20 % increase in rice (Hafeez et al. 2001). 

The bacterial inoculum of Biopower not only provides nitrogen, phosphorus and 

growth hormones, but also makes the plant healthy and less susceptible to pathogens. 

Using the optimal dosages of biofertilizer save approximately half of recommended 

dose of chemical fertilizer. 

Biopower inoculation was evaluated for growth and yield of wheat and maize 

by Hafeez and Hameed, (2001) under field conditions. Biopower with half and full 

rate of N fertilizer increased grain yield of both wheat and maize over half and full 

rate of N fertilizer  

     Monem et al. (2001) found that Azospirillium brasilense or commercial 

biofertilizers Cerealin with half rate of N (144 kg ha-1) significantly increased maize 

yield. Cerealin with half rate of N gave higher economic returns as compared to full 

rate of N, which saves half of the N fertilizer. Naser et al. (2001) reported that  

Rhizobial inoculation alone and combined with fertilizer, produced significantly 
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higher nodule number, pod number, pod weight, nut yield and yield of groundnut as 

compared to uninoculated ones. Combined treatments of Rhizobium and fertilizers 

gave the highest nut and Stover yield. 

Application of biofertilizers and growth regulators with the chemical fertilizer 

as an integrated nutrient management system increase wheat growth and yield ( Das 

et al., 2001). 

 Khalil and Sultan (2001) investigated the mode of survival of Biophos 

(Phosphobacterial inoculum) and their effectiveness to enhance P availability. The 

results of the study suggested that microbial population was highest in soils 

supplemented with the farm yard manure. A comparison of the control with Biophos 

and rock phosphate (RP) with Biophos treatments indicated that wheat grain yield 

increased 21% and 35% respectively, due to enhanced availability of phosphorus. 

 The IPNM through careful use of mineral, organic and bio fertilizer not only 

improves crop yields but will lead to sustainable higher crop yields if this approach is 

adopted as a long term strategy (Idris et al. 2002). Response to chemical fertilizers 

and organic manures on availability of phosphorus and yield of maize was studied by 

Kwabiah et al. (2003). Phosphorus availability index values showed greater 

phosphorus mineralization with organic amendments than with inorganic ones. The 

additional phosphorus is contributed through organic matter or native soil 

phosphorus residues. 

About 3.1 times higher mycorrhizal colonization of corn in grassland than in 

cultivated soils was found by Alvarez-Solis, et al. (2004). They also reported a 

decrease in microbial respiration due to decrease in the soil organic reserves,  

decrease of basic cations, and increase in soil acidity. 
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                Maize responded to inoculation with Azospirillum brasilense with 

indigenous Azospirillum as well as the mixture of two, in terms of increase in plant 

residual biomass, number of cobs and grain yield ha-1 (Khokhar, 2004). Highest grain 

yield (6395. kg ha-1) and root colonization was obtained when mixed (1:1) inoculum 

was applied.  

A significant increase in the yield attributes and yield was observed 

with dual inoculation of PSB + VAM as compared to their sole inoculation 

(Pramanik et al., 2004). Combined application of four biofertilizers viz. mycorrhizal 

fungus (Glomus mosseae or Glomus intraradices), N-fixeing bacteria (Azotobacter 

chroococcum), P solubilizer (Bacillus megaterium) and K solubilizer (Bacillus 

mucilaginous) significantly increased the growth and biomass of Zea mays (Wu et 

al., 2005). The biofertilizers enhanced the nutritional assimilation in plant (total N, P 

and K) as well as the total N and organic matter content in the soil. 

2.4 CROPPING SYSTEM 

The rainfed Pothwar area in Pakistan contributed 7.82 % of total wheat 

production from 13.61 % of the total area under wheat. Wheat is grown on about two 

million hectares in Pothwar (rainfed) region(Government of Pakistan, 2007-08). 

Fertilizer use in the rainfed areas is very low; 20 kg N and 4 kg P2O5 ha-1.  The yield 

of wheat can be increased at least two times with proper management factors (Rashid 

et al., 1998). Cropping systems are the major components of crop management. 

Selection of cropping patterns depends on bio-physical and socio-economic 

environments and farmer’s decision making process. Cropping patterns under rainfed 

environment are more diverse. Rainfall is the most important agro-climatic variable 

that determines the cropping system and overall agriculture productivity in the 
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rainfed areas of Pothwar, Pakistan. There is substantial yearly and seasonal 

variability, and the rainfall pattern is erratic in nature. About 70 % rains are received 

in summer season as high intensity rains. The existing cropping patterns are not in 

harmony with the rainfall pattern. Summer fallow is practiced by 80 % of the farmers 

in the rainfed area of Pothwar region, mainly to stabilize wheat (Razzaq et al., 2002). 

Two types of fallow are prevalent in rainfed ( Barani ) areas i) one year fallow 

system and ii) seasonal fallow which comply larger fallow  in response to low soil 

fertility, erratic rainfall, lack of soil moisture and no legumes in cropping system. 

Wheat is the most important crop and commonly grown in two year rotations 

under rainfed conditions like wheat-millet-fallow, wheat-fallow-wheat and wheat- 

pulses-fallow. The cropping intensity and yield in barani areas vary from year to year 

depending upon rainfall and available soil water contents. Annual rainfall in the 

Pothwar plateau, Punjab Province, ranges from 375 mm (south west) to over 1500 

mm (north east). About 70 % is received in the summer season and remaining 30 % 

in winter. Rainfall is extremely variable within the year particularly in the winter 

season . Therefore, various cropping pattern have been developed utilizing fallow 

periods in order to conserve moisture. Poor fertility of soils is one of the serious 

limiting factors for crop production in  rainfed areas that is intensified by insufficient 

moisture supply, erosion, inadequate organic matter availability and limited choice of 

bionutrients. Wheat forms major position in existing cropping system. Wheat yield is 

very low, which could be increased with proper management of production factors. 

2.5  INTEGRATED PLANT NUTRIENT MANAGEMENT  

Most of the agricultural soils in Pakistan are poor in nitrogen in particular and 

phosphorus in general. Hence, the requirement of chemical fertilizers is increasing in 
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Pakistan. Due to high cost of chemical fertilizers and  their inadequate use, crop 

yields are low as compared to other countries. Most of the chemical fertilizers supply 

one or two of the essential plant nutrients for the plant growth. Organic amendments 

improve the soil physical conditions and chemical functions like sorption capacity, 

mobilization of nutrients by mineralization, short term immobilization into soil 

organisms, long term fixation into stable humic substances and supply of organic 

substances. Keeping in view the usefulness and specific benefits of mineral fertilizers 

and organic matter for crop and soil, the idea of integrated use of plant nutrient from 

various sources is being promoted in various farming systems. This system maintains 

soil fertility and plant nutrient supply from various sources through an integrated 

approach. Integrated use of organic, and/or bio fertilizer with small quantity of 

chemical fertilizers results into higher crop yield than chemical fertilizers alone 

(Lamps, 2000).  

Combined use of organic and mineral fertilizers increases each other’s 

efficiency. Interaction of chemical, organic and biological sources and their effective 

management not only in sustain crop productivity and soil health but they also 

optimize the use of chemical fertilizers for different crops in different cropping 

systems. In Pakistan, fertilizers played an important role in boosting crop production. 

However, in spite of increased input over the years, per hectare yield of crops 

remained low compared to other countries. Farmers use 43 % less nitrogen, 74 % 

less P2O5 and 99 % less K2O. About 35-50 % gap between potential and farmer’s 

yield could be filled, if proper balance between N and P is maintained (Ahmed, 

1998). Farmer’s failure to apply fertilizer in recommended amounts and in balanced 

proportions has been attributed to some socio-economic constraints such as 
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inadequate supply, non availability at proper time, greater market distances, lack of 

credit facilities and high prices (NFDC, 2008).  

The IPNM sustains crop productivity in a manner suitable to the cropping 

systems relevant to their ecological, social and economic situations. It considers 

nutrients from various sources, e.g. organic wastes, residual nutrients, nutrients 

transformations, nutrients interactions, and nutrients availability in space and time.  

Bandyophadhyay and Bandyophadhyay(1981) compared farmyard with NPK 

fertilizer for crop production over three years. In the first year, NPK gave highest 

yield that was statistically similar to yield from FYM (40 Mg ha-1). In the second 

year, yield with NPK fertilizers was statistically at par to that with  20 Mg FYM ha-1. 

In third year, 20 Mg FYM ha-1 performed better than NPK fertilizers. 

Ceausu et al. (1986) showed that P uptake by wheat and maize from 

monocalcium phosphate significantly increased with the addition of organic 

manures.Chettri and Rai (1988) concluded that FYM + P produced rice yield 18 % 

over FYM supplemented with N + P,  and similar to that with N + P or N + P + K 

only did not differ significantly from yield with FYM + P treatment plots. The effect 

of different combination of N, P and K in the presence and absence of farmyard 

manure on maize-wheat rotation was studied by Mahajan et al. (1997). Application 

of 45 kg N ha-1+ 10 t FYM ha-1 for maize followed by 25-30 kg N ha-1 in the absence  

or presence of FYM for wheat was as good as 90 and 50-60 kg N ha-1 , respectively.  

An experiment was conducted to evaluate the role of FYM economy in a 

maize-wheat sequence by Suri et al. (1997). The highest significant wheat grain 

yields were recorded in 100 % NPK, which was statistically at par with 100 % NP+ 
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FYM. It was also suggested that K application could be omitted in maize as well as 

following wheat if FYM is applied to maize. 

Chaudhry et al. (1998) reported that plant height , shoot weight and NPK 

content of maize gave significantly higher values when NP and FYM were integrated 

as compared to alone application of the two sources of nutrients. Farmyard manure 

(FYM), crop remains (CR) and chemical fertilizers improved the grain and straw 

yield of wheat (Ahmed et al., 1998). The FYM + fertilizer treatments 180-135-90 N 

P K kg ha-1` produced maximum grain and straw yield of wheat than crop residues 

along with same doses of mineral fertilizer treatment. 

Tipathi and Acharya (1998) reported that application of 34.54 FYM t ha-1 

equivalent to 120 kg N ha-1 produced maximum grain yield of maize of  2.85 t ha-1 

while 120:60:40 kg N: P2O5: K2O ha-1 gave maize yield of 0.24 t ha-1 , and in 

combination with FYM produced 1.18 t ha-1. Mushtaq et al. (1998) reported that 

maize root-shoot growth and nutrient uptake was significantly increased due to 

integrated use of natural and chemical fertilizers. The highest yield and nutrient 

uptake was observed, when these were used in combination. Rashid et al. (1998) 

conducted six field experiments to evaluate the yield response of common wheat to a 

mixture of associative Diazotrophs (Azotobacter chrococcum + Azospirillium 

lipoferum) inocula with and without the addition of four rates of N from 0 – 35 %.as 

0, 40, 80, 129 kg ha-1. The effect of inocula in increasing wheat grain yield was 

observed with low to high N application. 

Sewa et al. (1998) reported that use of recommended rate of NPK + 5 t ha-1 

FYM in winter followed by recommended rate of NPK in Kharif gave maximum 

yield of maize and wheat. There was a significant increase in yield of wheat over 
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time while there was nonsignificant decrease in maize yield. The stability index in 

both crops was greater than unity, which showed that nutrient availability had a 

major part in enhancing yield of the crops. Efficient use of chemical fertilizers 

requires an optimum level of organic matter in the soil. It is achievable by integrated 

use of nutrients through chemical fertilizers, organic materials or biosolids including 

composts and crop residues and use of bionutrients.  

 A study in field was performed to determine the fertilizer requirements of 

crops in a fixed wheat-maize rotation and the effect on soil characteristics and yield 

of the crops by Rameshwar et al. (2001). In the first experiment, a combination of 

FYM to both maize and wheat with 50 % of recommended NPK to maize and 100 % 

of recommended NPK to wheat produced the highest maize yield. In a second 

experiment, the highest average maize yield was obtained with a combination of 

FYM to both maize and wheat along with 200 % recommended NPK maize and 100 

percent of recommended NPK to wheat crop. Many workers have shown 

improvement in yield of crops due to addition of 5 to 50 tons of FYM ha-1 along with 

recommended NPK (Ahmed, 2000: Khanzada and Malik, 1998). 

Achievements of higher yield targets commensurate with increasing 

population trend would require increased input through external sources and their 

proper management. Moreover, balanced use of chemical fertilizers when practiced 

continuously over the years may not be able to sustain high productivity due to 

deterioration in soil physical properties (Zia et al., 2000). Results of some studies 

indicate that use of organic sources like farmyard manure produced equivalent or 

increased plant biomass and grain yield of wheat and maize as the application of 

mineral fertilizers alone.(Alam and Shah, 2003: Bakhtiar et al., 2002 and Khanum et 
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al., 2001). A field experiment on maize (Zea mays ) conducted by Adhikari et al. 

(2001) indicated that a maximum of 18.1 t ha-1 of maize biomass could be produced, 

when the crop was fertilized with 20 t ha-1 of compost applied along with 100:75:40 

kg N, P2O5 and K2O ha-1, which was 3 times as produced by non-treated crops.  

Organic sources in addition to providing nutrients, improve the physical 

condition of the soil. A experiment was conducted to evaluate the main effect of 

natural fertilizer on properties of soil and to select the best organic fertilizer for 

maize cv. San Lorenzo by Lopez et al. (2001). Soil chemical properties e.g. N, P, 

organic matter contents were changed. The treatment with chemical fertilizers 

produced highest grain yield (6.65 t ha-1) and compost/manure treatment showed 

significantly similar results (5.66 t ha-1). Combined use of  organic and chemical  

fertilizers soil showed that 25 to 50 % organic + 50 to 75 % chemical fertilizer 

reduced the bulk density, and improved soil moisture, fertility, maize growth and 

grain quality (Rong et al., 2001).  

Pathakk et al. (2002) evaluated the efficacy of organic sources i.e., farmyard 

manure, rice straw with organic and inorganic combinations in the maize-wheat 

cropping system. Growth parameters, yield attributes, yield and economics of maize 

were optimum in the substitution of 25 % of recommended dose of fertilizers (RDF) 

through FYM, while these parameters were optimum in wheat with 50 % substitution 

of RDF through FYM in maize + 100 % RDF in wheat. Equivalent yield of wheat for 

the whole system was highest with 50 % substitution of RDF through FYM in maize 

+100 % RDF in wheat followed by 25 % RDF substitution through FYM in maize + 

75 % RDF in wheat over all other treatments. 
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A long term field study was carried out by Selvi et al. (2002) for growing 

finger millet-maize-cowpea (fodder) in sequence involving varying doses of N, NP, 

NPK with FYM (finger millet) and Zn (maize).The results showed that there was a 

sharp decrease in DTPA-Zn and an increase in Fe, Cu and Mn content of the surface 

soil after 25 years. After the analysis, results showed that 100 % NPK+FYM 

increased DTPA-Fe, Cu and Mn contents. 

Heluf (2002) reported that natural and mineral fertilizers when integrated, 

improved crop yields and land productivity under Ethiopian conditions. An 

increment of 0.47 t ha-1 was in maize grain yield during the first year due to use of 

farmyard manure compared to no manure application. Moreover, increasing 

farmyard manure rates from 0 to 20 t ha-1 increased wheat grain yield  from 1.97 to 

3.31 t ha-1, while increasing fertilizer rates of N from 0 to 92 kg N ha-1and P from 0 

and 40 kg P ha-1 increased the same wheat yield from 1.77 to 3.68 t ha-1 and from 

2.38 to 2.88 t ha-1, respectively. 

Rubapathi et al. (2002) determined integrated nutrient management effect on 

the nutrient uptake of sorghum and intercrops in sorghum based intercropping system 

under rainfed conditions, India. Three nutrient sources (12.5 t ha-1 farmyard manure 

with biofertilizers, recommended level of 40:20:20 kg N: P: K ha-1 as chemical 

fertilizer for sorghum alone and 875 kg enriched farmyard manure (FYM)/ha+40 kg 

N ha-1 as urea+ biofertilizers. The application of combined sources of organic and 

inorganic nutrients(875 kg FYM with 40 kg N+ biofertilizers) recorded higher 

nitrogen, phosphorus and potassium uptake by sorghum than with sole organic and 

inorganic source of nutrients. 
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Combined application of inorganic and organic fertilizers sustains soil 

fertility and improves the crop productivity (Satyanarayana et al., 2002). They 

conducted a study to evaluate the influence of application of FYM in combination 

with thee levels of mineral fertilizers on yield of rice. Application of FYM at 10 t ha-

1 increased grain yield of rice by 25 %, and also improved the straw yield, count of 

tillers and grains per panicle and weight of 1000 grains. The highest grain yield was 

obtained by the use of FYM at 10 t ha-1 and chemical fertilizer at 120-60-45 kg NPK 

ha-1. The grain yield was increased by improved nutrients uptake, and count of tillers, 

grains per panicle and weight of grain in these treatments. A Pooran et al. (2002) 

studied the effects of chemical, organic, and bio fertilizers on the productivity of 

Rcinus communis in a rainfed field experiment. Use of half of the recommended 

fertilizer rate (RFR) plus seed treatment with Azospirillum, and ¼ N through FYM + 

P solubilizing bacteria gave the highest yield followed by ½ RFR + ¼ N through 

FYM. 

An IPNM field experiment was conducted to evaluate the effect of organic 

manures, i.e., Farmyard manure(FYM) @ 25 t ha-1, FYM + Pressmud (PM) @ 12.5 t 

ha-1, applied with different levels of N and P with or without biofertilizers 

(Azospirillium + phosphate solubilizing bacteria), on growth and yield of  Aubergine 

by Anburani and Manivannan (2002). The FYM + PM at 12.5 t/ha each along with 

100 % NPK + biofertilizers recoded the highest values for plant height, number of 

primary branches and number of leaves. However, FYM @ 25 t ha-1 along with 100 

% NPK + biofertilizers recorded the highest values for stem girth, number of 

secondary branches and leaf area. It also gave the highest fruit set percentage, 

number of fruits, fruit yield. A field experiment to know the effect of organic and 
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inorganic fertilizers on the yield attributes and yield of maize under irrigated 

condition was conducted by Jayaprakash et al. (2003). Maximum yield of grains was 

received from the use of 2 t ha-1 rate of vermin-compost. The increase in grain yield 

was due to higher number of seed rows per cob, number of seeds per row, cob length 

and test weight. 

A field experiment was conducted by Jayathilake et al. (2003)  to determine 

the effect of integrated effect organic manures, biofertilizers and chemical fertilizers 

on onion growth and yield. Organic manures (FYM and vermicompost) and 

biofertilizers were treated either alone or in combination with chemical fertilizers. 

Plant height and number of leaves per plant were highest at 100 days after 

transplanting upon treatment with biofertilizers + 50 % recommended N through 

organic manures + 50 % N and 100 % P and K through chemical fertilizers. 

Combined application of organic and mineral fertilizers improves crop yield, and 

contents of organic carbon and nutrients in the soil (Rautaray et al. 2003) 

The IPNM may result in sustainable soil productivity with high crop yield 

and larger economic benefits than application of either one alone. Ghosh et al. 

(2004) evaluated the usefulness of FYM, poultry manure (PM), phosphocompost 

(PC) along with 0 %, 75 % and 100 % dose of recommended NPK fertilizer in a field 

experiment. Combined application of organic and chemical sources gave significantly 

higher yield of soybean than with organics alone. The decreasing order of the effect 

of treatment combinations was as: ¾ NPK + 5 t FYM ha-1 > ¾ NPK + 1.5 t PM ha-1 > 

¾ NPK + 5 t PC ha-1 > full NPK. Sorghum responded better to PM, and soybean gave 

higher residual effect on succeeding wheat by saving ¼ of NPK fertilizer. Similarly, 

application of FYM + NPK also improved the crop yield and helped sustain soil 
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health through improved soil physical characteristics viz. moisture and organic 

carbon content (Jadoon et al., 2004).                                                                                                                                               

Xin et al. (2005) found that chicken manure + N fertilizer significantly 

enhanced biomass and yield of maize, followed by high N fertilizer treatment. 

Chicken manure + N fertilizer and wheat straw + N fertilizer improved fertility and 

structure of topsoil.  

Khaliq et al. (2006) studied the integration of organic and chemical nutrient 

sources with effective microorganisms (EM) for growing cotton. Integrated use of 

organic matter (OM) and EM caused a 44 % increase of yield and yield attributing 

components over control. Combined application of OM + EM with ½ NPK fertilizer 

yielded similar to that obtained from full NPK fertilizer, so 85 kg N ha-1 can be 

substituted from this combination. Economic analysis revealed that half of the N 

fertilizer can be saved through synergistic use of organic and chemical sources of 

plant nutrients. 

Montemurro et al. (2006) carried out a 3-year study on two maize-barley 

rotations. As a partial substitution of chemical N, the use of organic fertilizer 

produced the same yield as from the highest mineral fertilizer treatment in both 

barley and maize. It also gave the highest content of organic carbon and the least N 

deficit in soil at the end of the study.  
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Chapter 3 

MATERIALS AND METHODS 

 

 This was a multi dimensional study pertaining to wheat based 

cropping system. A comprehensive field experiment was conducted at the research 

farm of department of Soil Science & Soil and Water Conservation, Pir Mehr Ali 

Shah Arid Agriculture University, Rawalpindi, Pakistan.  

3.1 Experimental site and its climate. 

The experimental site is located in the subtropical subhumid Potohar plateau, 

Pakistan at an altitude of 513 m. The  Potohar area is extended over latitude 32º 10 to 

34º 9 N and longitude 71º 10 to 73º 55 E with 1.82 million hectares area . The 

climate is characterized by hot summers and cold winters with some occasional frost 

in January. The mean maximum temperature of hottest month (June)is 40oC while 

the mean minimum temperature in January is 3oC.The mean annual rainfall is about 

1000 mm , 70 percent of which is received during summer months (July, August, 

September),  monsoon season and the remaining 30 percent in winter months of  

December, January, February. 

3.2   Layout of experiment 

The field experiment was arranged according to randomized complete block 

design in split-plot with three replications. The size of main plot was 64 m x 36 m 

(2304 m2) having two treatments of cropping systems (CS) viz. CS1: wheat – fallow 

and CS2: wheat – maize). The sub-plot size was 6 m x 4 m (24 m2). The main plot 

was ploughed and leveled to make it uniform. Composite soil samples were collected  

 



 

 

26

 

 
       Plate 1: Map of Pothwar plateau, Pakistan marking site of experiment       
                 extending over latitude 32º 10 to 34º 9 N and longitude 71º 10 to 73º 55 E 
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Table 3.1   Physical and chemical properties of composite soil sample 

before start of experiment  

Characteristics   

Depth 0-15 cm 15-30 cm 

Clay                     % 16 17 

Silt                       % 39 40 

Sand                    % 45 43 

Soil Texture Sandy Loam Sandy Loam 

Soil pH 7.80 7.91 

ECe                   (dSm-1) 0.25 0.21 

Bulk density    (Mgm-3) 1.40 1.53 

Soil moisture (g 100g-1) 

at planting 

8.82 9.20 

Total N             (µg g-1) 152 154 

Organic C      (g100g-1) 0.32 0.33 

Available P     (µg g-1) 3.45 3.55 

Extractable K (µg g-1) 80 85 

Zn                    (µg g-1) 0.34 0.33 

Fe                    (µg g-1) 2.15 2.32 

Mn                  (µg g-1) 1.33 1.33 

Cu                   (µg g-1) 0.31 0.32 

Soil series Rawalpindi soil series 

Soil Order Inceptisol 

Parent Material Loess 
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from the main plot of 0-15 and 15-30 cm depth before sowing . Soil samples were 

prepared for determination of their physical and chemical characteristics such as soil 

texture, ECe, pH, total organic carbon, total nitrogen, available P, extractable K, and 

micronutrients (Fe, Cu, Zn, and Mn). Composite soil sample analyzed before the 

start of the experiment showed that it had sandy loam texture with soil reaction of 7.8 

and ECe of 0.25 dSm-1. It had low soil organic carbon of 0.32 g 100 g-1. The total 

soil nitrogen, available P and extractable K were estimated as 152, 3.45 and 80 µg g-1 

respectively showing low fertility status of soil (Table 3.1). The meteorological data 

of the experimental field during 2004-06 is presented in Table 3.2 .1 and 3.2 2. 

  The experiment was conducted in winter 2004-05 (Rabi season) with 

Triticum aestivum cv. Chakwal 97 as test crop followed by Zea mays cv. Agaiti 2002 

in one main plot in summer 2005 (Kharif season), while the second main plot 

remained fallow. All treatments of subplots were applied at the same rate to wheat 

and maize. National Institute for Biotechnology and Genetic Engineering, 

Faisalabad, Pakistan has developed a microbial inoculum Biopower. The biofertilizer 

Biopower was used for seed inoculation containing four N-fixing bacteria viz.  

Azotobacter, Azospirillium, Azoarcus and Zoogloea. The bacterial inoculum of 

Biopower not only provides nitrogen, phosphorus and growth hormones, but also 

makes the plant healthy and less susceptible to pathogens. Using the optimal dosages 

of biofertilizer save approximately half of recommended dose of chemical fertilizer. 

 Fallow plots were kept weed free by repeated cultivation immediately followed by 

planking.  

 Recommended agronomic and plant protection practices were 

performed for each treatment. Periodic observations on plant growth were done and  
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Table 3.2  Analysis of farmyard manure before application 

to treatment plots 

 
 
 
 

 N % 0.72 

P2O5 % 0.24 

K2O % 0.50 

Zn (µg g-1) 56.35 

Fe (µg g-1) 388.00 

Mn (µg g-1) 162.30 

Cu (µg g-1) 17.68 

Moisture % 46 
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yield parameters were recorded at maturity. Meteorological data necessary for 

interpreting crop yield was recorded. Grain and leaf samples of wheat and maize 

were collected from each treatment at maturity and taken to laboratory for analysis. 

The experiment was repeated during winter 2005–06 (Rabi season) with wheat and 

in summer 2006(Kharif season) with maize crops with identical subplot treatments. 

3.3   TREATMENTS 

      The detailed description of treatments is as follows: 

          Main-plots cropping systems (CS): 

                  CS1 Wheat – Fallow 

                  CS2 Wheat – Maize 

          Sub-plots Plant Integrated Nutrient Management (IPNM) Practices: 

       T1  Control (No Nitrogen, P2O5 and K2O fertilizer,  

                                    Farmyard manure (FYM) or biofertilizer)  

T2  Half rate of recommended mineral fertilizers 

                               (60-45-30 kg ha-1 of Nitrogen,  P2O5 and K2O respectively). 

T3  Full rate of recommended mineral fertilizers  

                               (120-90-60 kg ha-1 of Nitrogen,  P2O5 and K2O respectively). 

T4  Full rate of farm yard manure (FYM) @ 20 t ha-1(Farmer’s       

                        practice) 

T5  FYM equivalent to 120 kg N + make up dose of P and K from  

                        mineral fertilizers. 

T6 Half rate of Nitrogen, P2O5 and K2O (½ NPK) + Half rate of 

FYM @ 10 t ha-1    (½ FYM) 

T7  ½ NPK + Biopower biofertilizer (seed inoculation) 
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T8  ½ FYM + Biopower 

            T9             Half rate of Nitrogen, P2O5 and K2O (½ NPK) + Half rate of     

                                     FYM @ 10 t ha-1    (½ FYM) + Biopower 

3.4   EXPERIMENTAL DETAILS OF WHEAT CULTIVATION 

 The field was well prepared by giving four cultivations with a tractor 

mounted cultivator to approximate depth of 20 cm. One planking was given after 

two cultivations. First wheat crop was sown on November 11, 2004 with a hand 

drill when the field was at proper moisture level. The seed rate was 100 kg ha-1, 

while distance between rows was approximately 25 cm and distance between 

plants of 5 cm was maintained. Nitrogen was obtained from urea and 

diammonium phosphate (DAP); phosphorus (P2O5) was provided from DAP and 

potassium was applied as potassium sulfate. All nutrients were mixed well in soil 

at the time of sowing. Decomposed farmyard manure was also mixed in soil well 

according to treatments. Biofertilizer Biopower was applied by seed inoculation 

at the time of sowing. A slurry was prepared by mixing Biopower biofertilizer 

with distilled water. Seeds of wheat were mixed thoroughly with slurry. 

Inoculation was carried just before sowing. Treated seeds were dried under 

shade. The crop was kept free of weeds by manual hoeing and hand weeding to 

avoid competition between weeds and wheat crop.  It was harvested on May10, 

2005. The second wheat crop was sown on November 10, 2005 and harvested on 

May 25, 2006. 

3.5   BIOMETRIC PARAMETERS OF WHEAT 

 Various biometric parameters of wheat for two copping seasons (Rabi 

2004-05 and 2005-06) were recorded at maturity. 
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3.5.1 Plant Height (cm)  

Wheat crop height was measured at maturity from the base of the plant to 

the tip of the ear. Five plants per subplot were selected randomly. 

3.5.2   Number of Productive Tillers (m-2) 

The tillers were counted in a quadrate of 1 m 2 

3.5.3    Spike Length (cm) 

   The length of spike from five randomly selected panicles after harvest 

was recorded. 

      3.5.4   Number of Grains per Spike 

  The numbers of grains per spike were counted from five randomly 

selected spikes. 

      3.5.5   Thousand Grain Weight (g) 

     The samples taken for total biomass were threshed manually for grain 

yield and 1000-grain weight was recorded. 

      3.5.6   Biological Yield 

      The crop was harvested from three quadrates of 1 m 2 randomly selected 

in each subplot. Total biomass was determined and converted to kg ha-1 

      3.5.7    Straw Yield 

      The samples taken for total biomass were threshed manually for straw 

yield and converted to kg ha-1 

       3.5.8   Grain Yield 

      The samples taken for total biomass were threshed manually for grain 

yield  and converted to kg ha-1 
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3.5.9  Harvest Index (%) 

   Harvest index will be calculated as 

Harvest Index (%)   =  
 Grain Yield      × 100 

                                                    Total Biomass 

3.6   EXPERIMENTAL DETAILS OF MAIZE CULTIVATION 

The main plot was ploughed well by giving four cultivations with a tractor 

mounted cultivator to approximate depth of 15 cm. One planking was given after two 

cultivations. First maize crop was sown on July 18, 2005 with dribbler when the field 

was at proper moisture level. Recommended seed rate of 28 kg ha-1 was used. 

Nitrogen was applied as urea and diammonium phosphate (DAP); phosphorus (P2O5) 

was provided from DAP ad potassium was applied as potassium sulfate. All 

fertilizers were mixed well in soil at the time of sowing. Decomposed farmyard 

manure was also mixed in soil well according to treatments. Biofertilizer Biopower 

was applied by seed inoculation at the time of sowing. Maize seeds were sown in 

lines with dribbler keeping row to row distance of 50 cm and plant to plant distance 

of 25 cm. The crop was kept free of weeds by manual hoeing and hand weeding to 

avoid competition between weeds and maize. Maize was harvested on October 10, 

2005. Second maize was sown on July 20, 2006 and harvested on October 25, 2006. 

3.7   BIOMETRIC PARAMETERS OF MAIZE 

 Various biometric parameters of maize for two copping seasons 

(Kharif 2005 and 2006) were recorded at maturity: 

       3.7.1   Plant Height (cm) 

  The height of five randomly selected maize plants was recorded in each 

subplot. 

       3.7.2   Number of Cobs per Plant 
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 Number of cobs of five randomly selected plants of each subplot was 

counted and average was worked out. 

       3.7.3   Cob Length (cm)  

    Cob length of five randomly selected cobs was measured. 

3.7.4 Number of Grains per Cob 

    Five randomly selected maize cobs were threshed manually from each  

    subplot and their number of grains per cob were counted. 

       3.7.5   Hunderd Grain Weight (g) 

   The samples taken for total biomass were threshed manually for grain 

yield and 100 grain weight was determined. 

       3.7.6   Biological Yield 

The crop was harvested from three quadrates of 1 m 2 randomly selected 

in each subplot. It was weighed for biological yield was determined and 

converted to kg ha-1 

       3.7.8    Stalk Yield 

The samples taken for biological yield were threshed manually for straw 

yield and converted to kg ha-1 

      3.7.9   Grain Yield 

The samples taken for biological yield were threshed manually for grain 

yield and converted to kg ha-1 

       3.7.10  Harvest Index (%) (as in wheat crop) 

3.8  SOIL AND PLANT ANALYSES 

 The methods adopted for soil and plant analyses were as under: 

3.8.1  Soil Analyses 
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3.8.1.1 Soil sampling 

  Composite soil samples were collected from a depth of 0-15 and 15-

30 cm before sowing and after harvest of wheat and maize crops from each subplot 

of integrated plant nutrient management treatment. 

 3.8.1.2  Preparation of soil samples in laboratory 

 Soil samples were air-dried, ground with mortar and pestle, sieved through 2 

mm stainless steel sieve and stored in plastic containers. These were analyzed for 

various determinations by employing the methods mentioned in the following text: 

3.8.1.3  Mechanical analysis 

Mechanical analysis was performed according to the method described by 

Gee and Bauder (1986). Soil sample weighing 50 g was taken in 400 mL beaker. To 

it 50 mL of 2 % sodium hexa meta phosphate was added and volume was made to 

200 mL. After 24 hours, suspension was transferred to Bouyoucos cup and stirred for 

10 minutes. The suspension was transferred into 1000 mL graduated cylinder; 

volume was made up to the mark. First reading was recorded with hydrometer (g L-1) 

model ASTM 152 H. (Bouyoucos, 1962) after four minutes of stirring using brass 

plunger. This reading of the hydrometer was for silt + clay in the suspension. 

Suspension was mixed again with the plunger for one minute, and then suspension 

was allowed to remain undisturbed. Then second hydrometer reading was recorded 

after 2 hours which corresponded to amount of clay. The hydrometer readings were 

corrected by adding or subtracting a factor value of 0.36 for every 1 oC temperature 

higher or lower, respectively against room temperature. Textural class was 

determined by using the International Society of Soil Science Triangle (Gee and 

Bauder, 1986). 
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3.8.1.4 Soil saturated paste 

About 400 g soil was soaked in distilled water and allowed to stand 

overnight. Then saturated paste was prepared which have properties that it glistened, 

did not accumulate water in depression, when tipped and fell freely from spatula 

(Richards, 1954). 

3.8.1.5 Soil saturation extract 

Clear extract from the saturated soil paste was obtained with the help of 

vacuum pump. Sodium hexa meta phosphate solution (0.1 %) was added @ one drop 

per 25 mL extract to prevent precipitation of salts during storage. 

3.8.1.6 Electrical conductivity (ECe)  

Soil extract obtained from saturated soil paste was placed in a beaker. 

Temperature of the extract was recorded and electrical conductivity was recorded by 

using HANNA HI-8033 conductivity meter after standardizing with 0.01 N KCl 

solution (Page et al., 1982).  

Cell constant (K) was calculated by the formula: 

                                1.4118 dS m-1 
              K   = ------------------------------------ 
                            EC of 0.01 N KCl (dS m-1) 

3.8.1.7 Soil reaction (pH) 

Two buffer solutions of pH 4.0 and 9.0 were prepared, dissolving buffer 

tablets in 100 mL distilled water. The pH meter was standardized with buffer 

solutions. After standardization, the soil paste was taken in beaker, electrode of pH 

meter was inserted into paste and pH reading was recorded with pH meter (Page et 

al., 1982)  
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3.8.1.8 Cation exchange capacity 

Five grams of soil was saturated with 33 mL 1.0 N CH3COONa (pH 8.2) in 

100 mL test tube three times, then washed thrice with ethanol and finally the soil 

samples were extracted three times with 1.0 N CH3COONH4 having pH 7.0. The 

extract was collected in a volumetric flask of 100 mL; finally, the volume was made 

to 100 mL. Sodium in the extract was determined with the help of Jenway PFP-7 

flame photometer keeping Na-filter in place (Page et al., 1982). 

The CEC was calculated by the formula as under:  

                

                Na+ (m mol L-1)                      100 
          CEC (C mole kg-1) =      --------------------  x         ------------------  x 100 

             1000     Wt. of soil (g) 
3.8.1.9 Total organic carbon  

Two grams soil was taken in a 500 mL Erlenmeyer flask. Ten mL of 1.0 N 

potassium dichromate was added into flask and the flask was swirled to mix the soil 

contents. Then 20 mL of conc. sulphuric acid was added in the soil suspension. Flask 

was swirled for one minute and then remained undisturbed for 30 minutes. Then 200 

mL of water, 10 mL of phosphoric acid and one mL of diphenylamine indicator was 

added in the flask. The contents were titrated against 0.5 N ferrous sulphate solution 

until color changed from blue to red (Nelson and Sommers, 1996).  

The organic carbon was calculated by the formula: 

                   (mL for Blank – mL for sample) 
 
Organic carbon (%) =  ----------------------------------------   x N  FeSO4.7H2O x 0.69 
                     (Wt. of soil sample) 
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3.8.1.10 Total nitrogen 

Ten g of soil was taken in a macrokjeldahl flask and 20 ml of concentrated 

sulfuric acid (H2SO4) was added to it. Then 10 g of digestion mixture 

(K2SO4:CuSO4: Se, 100:10:1 w/w ratio) was added and heated continuously for 30 

minutes on digestion plate. After digestion, the flasks were allowed to cool. The 

contents were transferred to 250 ml flask. 10 ml of solution was taken and placed it 

in distillation apparatus. Distilled water was used to make up volume to 50 ml. The 

distillation was carried out in the presence of 20 ml of 40 % NaOH and distillate was 

collected in 5 ml boric acid. The distillate was titrated against 0.1N H2SO4. The color 

changed from green to pink. (Bremmer and Mulvaney, 1982 ) 

3.8.1.11  Available phosphorus 

Five grams of soil was taken into 250 mL of Erlenmeyer flask along with 100 

mL of 0.5 M of NaHCO3 solution. Flasks were shaken for about 30 minutes on 

reciprocating shaker and filtrate was taken. Ten mL of filtrate was added into 50 mL 

volumetric flask along with one mL of 5.0 N H2SO4. Total volume was made up to 

40 mL by addition of distilled water. Later 8 mL of Ascorbic acid was added in order 

to develop the color. Transmittance was recorded after 10 minutes by using Spectro-

photometer at 410 nm wavelength, (Watanabe and Olsen, 1965 cited by Page et al., 

1982). 

3.8.1.12  Extractable potassium  

Five grams of soil was taken into 50 mL centrifuge tube, 33 mL of 1.0 N 

ammonium acetate solution was added to it, and then it was shaken for 5 minutes. 

The solution was centrifuged until the supernatant liquid was clear and then extract 

was collected into volumetric flask of 100 mL. Then ammonium acetate was used to 
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dilute the solution to 100 milliliter and concentration of K was read from flame 

photometer (Rhoades, 1982). 

3.8.1.13. Micronutrients estimation. 

The digested extract by ammonium bicarbonate-DTPA (Soltanpour and 

Workman, 1979) was analyzed for micronutrients (Zn, Cu, Fe, and Mn) by using 

atomic absorption spectrophotometer at suitable wavelengths of 880 nm and 420 nm.  

3.8.2    Plant Analyses 

3.8.2.1 Plant sampling 

  Leaf and grain samples of each crops were taken at harvest from 1m2 from all 

treatments. The samples were dried in oven at 70oC for 48 hours and Wiley grinding 

mill was used to  grind plant samples and samples were stored in plastic containers. 

3.8.2.2 Wet digestion of the plant material 

One gram of the plant material was taken in the conical flask. Five milliliters 

of the concentrated nitric acid and three milliliters of perchloric acid was added to it 

.The material was swirled and placed on hot plate and heated till the solution was 

colorless .The solution was removed from the hot plate and transferred to a 50 mL 

volumetric flask. The volume was made with distilled water.  (Van Schouwenberg 

and Walinge, 1973 cited by Page et al, 1982) 

3.8.2.3  Nitrogen 

One gram of dried plant samples was taken in micro Kjeldahl’s flask and 30 

mL concentrated H2SO4 was added to it. Then 10 gram of digestion mixture 

(K2SO4:CuSO4: Se, 100:10:1 w/w ratio) was added. Flask was heated until the digest 

was clear. After cooling, added water and the contents were transferred to 250 mL 

flask, volume was made up to the mark with distilled water. Twenty mL of plant 
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digest was transferred into distillation chamber through the funnel of the micro 

Kjeldahl’s distillation apparatus, water was added to the distillation chamber to make 

volume 50 mL; then 5 mL of boric acid solution will be taken into a 50 mL 

Erlenmayer flask, the flask was placed under the condenser of the distillation 

apparatus. Then 20 percent NaOH was added slowly into the distillation chamber and 

the water was added until the distillate reached up to 35 mL mark on the receiver 

flask. Ammonium in the distillate was determined by titrating against 0.01 N H2SO4 

until the color changes from green to pink (Bremmer and Mulvaney, 1982; Buresh et 

al., 1982 cited by Page et al., 1982).  

3.8.2.4 Phosphorus  

For phosphorus determination one mL of the extract of wet digestion method 

was taken into a 10 mL tube. Two mL of 1.0 N HNO3 was added and diluted to 8 mL 

with distilled water. To tube containing extract, one mL of molybdate vanadate 

solution was added to 10 mL with distilled water. Tube was shaken and allowed to 

stand for 20 minutes .The absorbance was measured on spectrophotometer at 430 nm 

wavelength and was compared with the absorbance of the standard phosphorus 

curve. (Chapman and Pratt, 1961 cited by Page et al., 1982) 

3.8.2.5 Potassium  

           One mL of the extract was  taken in a test tube and 5 mL distilled water was 

added to it followed by 4 mL lithium chloride solution .Test tube was shaken and  

potassium was determined using flame analyzer (Chapman and Pratt,1961 cited by 

Page et al., 1982). 

  3.8.2.6 Micronutrients  

The digested extract by ammonium bicarbonate-DTPA (Soltanpour and 
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Workman, 1979) was analyzed for micronutrient (Zn, Cu, Fe, and Mn) by using 

atomic absorption spectrophotometer at suitable wavelengths of 880 nm and 420 nm.  

( Issac and Johnson , 1975 ). 

3.9  METEOROLOGICAL DATA  

              Data necessary for interpreting crop yield as minimum and maximum 

temperatures, relative humidity, average rainfall and day length was obtained from 

Regional Agro-Meteorological Center, Rawalpindi and presented in the Table 3.2.1 

and 3.2.2. 

3.10 N, P AND K UPTAKE BY WHEAT AND MAIZE 

The uptake of N, P and K by wheat and maize was calculated by summation 

of uptake by straw / stalk and seeds and multiplying it with biological yield with 

respective N, P and K concentration and dividing by 100 as under: 

Nutrient uptake = (Nutrient content in plants as %) (Bio. yield as kg ha-1) /100 

3.11 ECONOMIC ANALYSIS  

Procedures for economic analysis were adopted from CIMMYT (1988). 

Expenditures incurred on various fertilizing materials and incomes from the 

respective treatments were considered on the basis of bazaar rates at the time of 

experiment. Further, the net return was  obtained  by  finding  the  difference  

between  total income  and  total  expenditure  of  each  treatment.   

Finally, the value to cost ratio (VCR) was calculated (Tables 4.10.1 and 4.10.2).for 

each treatment through this formula:       

         Value cost ratio   = Expenditure on plant nutrients / Total income 
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Table 3.4  Minimum, Maximum and average temperature (0C)  recorded during  the 

experiment  

Months  2004   2005   2006  

Min. Max. Avg. Min. Max. Avg. Min. Max. Avg. 

JAN 2.6 17.7 10.2 2.0 16.0 9.0 3.8 18.3 11.1 

FEB 5.1 19.1 12.1 5.0 16.2 10.6 9.7 25.0 17.4 

MARCH 9.9 23.9 16.9 9.8 23.7 19.9 11.4 26.2 18.8 

APRIL 15.0 30.1 22.6 13.2 29.9 21.3 15.3 32.7 24.0 

MAY  19.7 35.3 27.5 17.4 33.2 24.7 13.6 33.2 23.4 

JUNE 23.7 38.7 31.2 22.7 36.2 32.1 18.7 39.6 29.2 

JULY 24.3 35.0 29.7 23.4 35.2 26.9 17.2 34.1 25.7 

AUG 23.5 33.4 28.5 21.6 33.6 28.0 20.9 34.2 27.6 

SEP 20.6 33.5 27.7 12.6 27.8 28.1 19.0 34.0 26.5 

OCT 13.9 30.9 20.2 6.9 25.6 22.0 8.4 31.5 20.0 

NOV 7.5 25.4 16.2 6.9 25.6 16.3 7.0 25.5 16.3 

DEC 3.4 19.7 12.1 4.2 2.1 11.5 1.1 21.8 11.5 

 
 

Table 3.3   Rainfall at the experimental field            

Months Annual rainfall (mm) 

2004 2005 2006 

JAN 91.2 39.3 63.2 

FEB 37 191.8 25.4 

MARCH 0 79.4 45.5 

APRIL 92.2 16.4 20.3 

MAY 12 30.5 62.2 

JUNE 124.3 14 91.2 

JULY 312.2 161.9 193 

AUG 267.4 343.1 214.1 

SEP 258.1 30.5 58.6 

OCT 92.3 16.4 20.3 

NOV 17.3 19.8 6.3 

DEC 45 35.6 0 

Total 1349 978.7 800.1 
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                      Figure-3 1: Monthly rainfall during the study (2004-2006) 
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                   Figure-3.2: Mean monthly temperature ( 0C ) during the study (2004-2006) 
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3.12 STATISTICAL ANALYSIS   

Data on growth, yield and nutrient uptake of both the crops and nutrient 

concentration in soil was subjected to analysis of variance according to the  

procedures described by Sokal and Rohlf (1997). Data showing significant difference 

at P ≤ 0.05 was put to comparison of treatments means by Duncan’s multiple range test. 

All the data was processed using MSTAT software for statistical analysis.  

 3.13   COMPUTATION OF CORRELATION COEFFICIENT  

     Nutrient concentration of wheat and maize was correlated at maturity to     

wheat–maize and wheat – fallow cropping systems under rainfed conditions. 
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Chapter 4 

RESULTS AND DISCUSSION 

 

This was a multi dimensional study pertaining to wheat based cropping system. A 

comprehensive field experiment was conducted at the research farm of 

department of Soil Science & Soil and Water Conservation, PMAS Arid 

Agriculture University, Rawalpindi, Pakistan.  

4.1. Biometric Parameters of Wheat 

             The biometrics parameters of wheat are discussed as under: 

4.1.1 Effect of integrated plant nutrient management on plant height (cm) of  

            wheat  

 The height of a plant is an expression of inherited biological and 

environmental factors. Data pertaining to plant height (cm) of wheat is presented in 

Table 4.1.1. Comparison of various treatment means of integrated nutrient 

management practices for wheat-fallow (CS1) and wheat-maize (CS2) cropping 

systems indicated that there is significant increase in plant height as compared to 

control. 

During 2004-05, the application of ½ NPK + ½ FYM + Biopower (T9) 

produced maximum average plant height of 108.9 cm followed by 106.4 cm due to 

treatment of ½ NPK + ½ FYM(T6). The recommended NPK (T3) produced 104.6 cm 

of plant height, which was statistically at par to treatment (T6) and (T8). The 

application of FYM @ 20 t ha-1 (T4) and ½ FYM + Biopower (T8) showed a plant 

height of 100.7 cm and 102 cm respectively, which were statistically at par to each 

other.  The FYM with P make up dose (T5) produced a plant height of 103.5 cm that  
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Table 4.1.1  Effect of integrated plant nutrient management on plant height 

(cm) of wheat  

 
Treatments 

 
Years 

2004-05 2005-06 
CS1 CS2 Mean CS1 CS2 Mean 

T1    Control   96.7   g 92.9   h 94.8 G 84.5 82.1 83.3 F 
T2   NPK  (60-45-30) kg ha-1    98.5   fg 96.8   g 97.7 F 96.2 95.8 96.0 E 
T3   NPK(120-90-60) kg ha-1    103.3 cde 105.9 bc 104.6 BC 111.6 108.6 110.1 AB 
T4   Full FYM @  20 t ha -1    100.2 ef   101.2 def 100.7 E 105.0 102.3 103.6 CD 
T5   FYM (N eq+P make up) 103.6 cd 103.5 cd 103.5 CD 107.3 104.4 106.1 CD 
T6   ½  NPK + ½  FYM 106.4 cd 106.5 bc 106.4 B 109.6 105.0 107.3 BC 
T7   ½  NPK + Biopower   101.3 def 102.7 de 102.0 DE 101.5 103.7  102.6 D 
T8   ½ FYM + Biopower     103.3 cde 103.8 cd 103.6 CD 105.7 104.7 105.2 CD 
 T9   ½ NPK + ½ FYM + BP          107 b 110.9 a 108.9 A 112.6 111.1 111.8 A 

Mean 102.2 Y 102.7 X  103.8 ns 101.9 ns  
Analysis of Variances       

 P-Value LSD S.E P-Value LSD S.E 
     Treatments < 0.001 1.995 0.6941 < 0.001 3.467 1.206 

Cropping System (CS) ns       0.0253   

     T  x CS 0.02 2.821 0.9817      ns   

       

CV   (+ %) 1.66   2.87   
 

 

 
• Data are average of three replications. 

 
• Treatment means bearing same letter (s) are not significantly different (P < 

0.05; DMR Test) to each other. 
 
CS: Cropping System 

Biofertilizer Biopower (BP) (seed inoculation at sowing) 
NPK  @  (120-90-60) kg ha-1 
Farm yard Manure,(FYM) @  20 t ha -1 

FYM *  (N equivalent + P make up dose) 
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was statistically similar to T8 and T7. The application of ½ NPK caused a plant height 

of 97.7 cm that was significantly higher than control, where minimum plant height 

(94.8 cm) was recorded with no mineral and organic and /or biofertilizer . 

The results during 2005-06 show that application of ½ NPK + ½ FYM + 

Biopower (T9) caused highest plant height of 111.8 cm followed by 110.1 cm in T3,  

which were at par to each other statistically. The plant height caused by T3 and T6 

were also statistically at par. The application of ½ NPK + ½ FYM (T6), ½ FYM + 

Biopower (T8) and ½ NPK+ Biopower(T7), produced plant height of  107.3 cm, 

105.2 cm and 102.6 cm respectively, which were statistically  at par among each 

other. FYM with P make up dose and farmer’s practice of application of FYM @ 20 

t ha-1 produced plant height of 106.1 cm and 103.6 cm respectively, which were 

statistically at par to each other as well as to T6 and T8. Half dose of NPK showed a 

significant increase in plant height (96 cm) over control, where minimum plant 

height of 83.3 cm was recorded. 

The results in 2004-05 of two cropping systems indicated a significant 

difference between CS1 and CS2 for the average of all the 9 treatments while effect of 

treatments was nonsignificant in 2005-06. However, plant height recorded in 2005-

06 was slightly higher than that produced in 2004-05 depicting significant difference 

between two cropping systems for first year and second year of wheat. 

A significant interaction between integrated nutrient management practices 

and cropping system (Table 4.1.1) was observed for plant height of wheat in 2004-

05, while nonsignificant interaction was recorded in 2005-06. The highest plant 

height was recorded when ½ NPK + ½ FYM + Biopower were applied in CS1 and 

CS2. However, the plant height values recorded in 2004-05 were lower than those in  
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2005-06 with minor difference between two cropping systems for the first year, 

while higher plant height was recorded in CS1 than CS2 in second year of wheat crop. 

It was due to the reason that in 2004-05 fields were kept fallow in CS1 after the 

harvest of wheat, while in CS2 maize was grown which might have depleted the soil 

of nutrients and moisture. 

The results showed that integrated use of natural and chemical fertilizers and/ 

or biofertilizers showed improved performance regarding plant height of wheat.  

Mineral fertilizers treatment (T3) induced increase in plant height as readily available 

form of nutrients was supplied to plants. Both farmyard manure treatment T4 and T5 

produced nonsignifcant increase in plant height during both growing seasons. Both 

Biopower (T4 and T5) treatments were nonsignificant to T4 and T5.   

Maximum plant height in T9 (½ NPK + ½ FYM + Biopower) was possibly 

because of improved availability of plant nutrients due to Biopower. Rashid et al. 

(1998) and Ahmed et al. (1998) also reported that IPNM produced higher plant 

height for wheat crop in rainfed areas. Chatha et al. (2002) also reported that 

combined use of mineral and organic fertilizers produce more plant height. 

 Variation in plant height by IPNM treatments may also be due to difference 

in amount of rainfall and its distribution and/or temperature variation during the 

growing season in first year and second year (Table 3.2.1 and 3.2.2). 

 Many earl ier researchers had reported combined use of organic and 

chemical fertilizers to soil increase efficiency of fertilizers and increase crop yields 

significantly (Nawaz et. al., 2000; Jadoon et al., 2004 and  Bhatti et al., 2006). 
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4.1.2 Number of Productive Tillers m-2    

Data pertaining to the number of productive tillers m-2 of wheat is given in 

Table 4.1.2. Comparison of various treatment means of integrated nutrient 

management practices for wheat-fallow (CS1) and wheat-maize (CS2) cropping 

systems indicated that productive tillers m-2 produced were significantly different 

from each other as compared to control.  

During 2004-05, application of ½ NPK + ½ FYM + Biopower (T9), ½ NPK + 

½ FYM (T6) and recommended NPK (T3) produced 277, 272 and 270 productive 

tillers m-2 respectively, which were statistically at par among each other. FYM with P 

make up dose (T5) produced 227 tillers m-2 depicting a significant increase over 

farmer’s practice of application of FYM @ 20 t ha-1 (T4) producing 222 tillers m-2.  

Application of Biopower with ½ FYM (T8) produced 226 tillers m-2 that 

showed a nonsignificant increase over 219 tillers m-2 when Biopower was applied 

with ½ NPK (T7). The treatments T4, T5, T7 and T8 were also statistically at par 

among each other. Application of half dose of recommended NPK (T2) fertilizer 

showed significant increase in number of tillers m-2 (193) over control (T1), where 

minimum number (149) of tillers m-2 were recorded. 

The results in 2004-05 of two cropping systems separately, it was evident that 

there was similar trend of treatments in both cropping systems as discussed above for 

their means. A significant difference was recorded between CS1 and CS2 for the 

average of all the 9 treatments during 2004-05. There was no effect of cropping 

systems on tillers m-2 of wheat during both the years, however, lower values were 

observed in 2004-05.  

The results during 2005-06 showed that the application of ½ NPK + ½ FYM  
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Table 4.1.2  Effect of integrated plant nutrient management on number of                         

                       productive tillers m-2   of wheat  

 
Treatments 

 
Years 

2004-05 2005-06 
CS1 CS2 Mean CS1 CS2 Mean 

T1    Control 150 g 147 g 149 D 145 141 143 E 
T2   NPK  (60-45-30) kg ha-1 205 e 181 f 193 C 195 181 188 D 
T3   NPK(120-90-60) kg ha-1 270 a 270 a 270 A 285 271 278 A 
T4   Full FYM @  20 t ha -1     226 bcd     218 cde 222 B 237 222    229 BC 
T5   FYM (N eq+P make up)   229 bc     225 bcd 227 B 245 226 236 B 
T6   ½  NPK + ½  FYM 273 a 272 a 272 A 282 277 279 A 
T7   ½  NPK  + Biopower  206 a   232 bc 219 B 224 230 227 C 
T8   ½ FYM + Biopower     213 de 239 b 226 B 233 232    233 BC 
T9   ½ NPK + ½ FYM + BP           278 a 277 a 277 A 286 283 285 A 

Mean 228 Y 229 X  237 Y 229 X  
Analysis of Variances       

 P-Value LSD S.E Pvalue LSD S.E 
     Treatments < 0.001 9.67 3.36 < 0.001 7.24 2.52 

Cropping System (CS) < 0.001   0.0001   

     T x CS 0.0002 13.68 4.76 0.0212   

       
CV   (+ %) 3.6   2.65   

 

 

 

• Data are average of three replications. 

 

• Treatment means bearing same letter (s) are not significantly different (P <  
0.05; DMR Test) to each other. 

 
 
CS: Cropping System 

Biofertilizer Biopower (seed inoculation at sowing) 
NPK @ (120-90-60) kg ha-1 
Farm yard Manure, (FYM) @ 20 t ha -1 

FYM *  (N equivalent + P make up dose) 
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+ Biopower (T9), ½ NPK + ½ FYM (T6) and recommended NPK fertilizers (T3) 

produced 285 , 279 and 278 productive tillers m-2 , which were statistically at par to 

one each other. The FYM with P make up dose produced 236 tillers m-2 depicting a 

significant increase over farmer’s practice of application of FYM @ 20 t ha-1 that 

produced 229 tillers m-2.Application of half dose of recommended NPK fertilizer 

showed significant increase in number of tillers m-2 (188) over control, where 

minimum number of (143) tillers m-2 were recorded. 

A significant interaction between integrated plant nutrient management 

practices and cropping system (Table 4.2.2) was observed in both years. Highest 

value of productive tillers m-2 was observed when ½ NPK + ½ FYM + Biopower was 

applied. However, productive tillers m-2 produced in 2004-05 was lower than that 

produced in 2005-06 with significant difference between two cropping systems for 

the first year and second year of wheat. During 2004-05, higher number of 

productive tillers m-2 were recorded in CS2 than CS1; while in 2005-06, CS1 got the 

lead over CS2 regarding average of number of productive tillers m-2 produced. The 

reason might be that after he harvest of wheat crop in 2004-05 field was kept fallow 

in CS1, while in CS2 maize was grown which might have depleted the soil of 

nutrients and moisture. Ryan et al. (1997) concluded that the crop sequence had a 

strong and consistent effect on total biomass, yield of wheat. The superiority of 

mineral sources was because of the reason that nutrients became readily available to 

the plants, where as organic sources required the process of mineralization to release 

the nutrients, thus availability is delayed. Mineral and organic and/ or biofertilizers 

showed significant effect on productive tillers over control as organic fertilizers 

release nutrients after decomposition. Chatha et al. (2002), Sial et al. (2003) and Ali 
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et al. (2003) also recorded maximum number of productive tillers, where organic and 

mineral sources were integrated. Idrees et al. (2002) also reported improvement in 

number of productive tillers in the treatments with integrated use of organic and 

mineral fertilizers. 

  Highest number of productive tillers m-2 were produced in T9, where 

Biopower was applied with ½ FYM and ½ NPK depicting usefulness of IPNM. It 

also showed the effect of biofertilizer on the vegetative growth and thus producing 

higher number productive tillers m-2 of wheat. Jadoon et al. (2004), Bhatti et al. 

(2006), Wu et al. (2005), Khaliq et al. (2006) and Ahmad, (2008) also documented 

the higher yield attributes due to integrated use of organic and mineral fertilizers. 

4.1.3 Spike Length  

Data pertaining to the spike length (cm) of wheat crop is given in Table 4.1.3.  

Comparison of various treatment means of integrated plant nutrient management 

practices for wheat-fallow and wheat-maize cropping systems (CS1 and CS2) 

indicated that spike length increased significantly as compared to control.  

During the first year (2004-05), the application of ½ NPK + ½ FYM + 

Biopower (T9) produced highest spike length of 14.66 cm, while ½ NPK + ½ FYM 

(T6) and NPK fertilizers (T3) produced a spike lengths of 14.53 cm and 14.45 cm 

respectively, which were statistically at par to one another. The application of   FYM 

with P make up dose (T5), FYM @ 20 t ha-1 (T4) and ½ FYM + Biopower(T8)  

produced spike lengths of 12.95, 12.6 and 12.45 cm respectively,  which were 

statistically at par to one another. Application of half dose of mineral fertilizers 

caused a spike length of 11.41 cm which was at par to T7 (½ NPK+ Biopower) 
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Table 4.1.3  Effect of integrated plant nutrient management on spike length 

(cm) of wheat  

 
Treatments 

 
Years 

2004-05 2005-06 
CS1 CS2 Mean CS1 CS2 Mean 

T1    Control   9.46  ns   9.63  ns 9.55 E   9.33 ns   9.26 ns   9.30 E  
T2   NPK  (60-45-30) kg ha-1 11.30 11.50 11.41 D 11.30 11.53 11.41 D 
T3   NPK(120-90-60) kg ha-1 14.43 14.46 14.45 A 14.36 13.36 13.86 A 
T4   Full FYM @  20 t ha -1 12.56 12.63 12.60 B 12.53 12.33 12.43 BC 
T5   FYM (N eq+P make up) 13.16 12.73 12.95 B 13.13 12.73 12.93 B 
T6   ½  NPK + ½  FYM 14.76 14.30 14.53 A 14.66 13.83 14.25 A 
T7   ½  NPK  + Biopower  11.70 11.76 11.73 CD 11.63 12.36 12.00 C 
T8   ½ FYM + Biopower   12.36 12.53 12.45 BC 12.50 12.40 12.45 BC 
 T9   ½ NPK + ½ FYM + BP   14.73 14.6 14.66 A 14.53 14.22 14.37 A 

Mean 12.72  12.68   12.66  12.44   
Analysis of Variances       

 P-Value LSD S.E P-Value LSD S.E 
     Treatments < 0.001 0.813 0.282 < 0.001 0.580 0.202 

Cropping System (CS) ns        0.113   

     T x CS ns       0.141   

       

CV   (+ %) 5.45   3.94   
 

 

 

• Data are average of three replications. 

 

• Treatment means bearing same letter (s) are not significantly different (P <  
0.05; DMR Test) to each other. 

 
 
 

CS: Cropping System 

Biofertilizer Biopower(BP) (seed inoculation at sowing) 
NPK @ (120-90-60) kg ha-1 
Farm yard Manure, (FYM) @ 20 t ha -1 

FYM *  (N equivalent + P make up) 
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11.41 cm which was at par to T7 (½ NPK+ Biopower) that caused 11.73 cm spike 

length.  The spike length recorded in control treatment was 9.55 cm that was 

significantly lowest to all treatments. The results in 2004-05 of two cropping systems 

separately showed that there was similar trend of treatments in both cropping 

systems as discussed above for their means. There was significant difference 

between CS1 and CS2 for the average of all nine treatments. 

The results during 2005-06 showed that application of ½ NPK + ½ FYM + 

Biopower (T9) produced highest spike length of 14.37 cm while ½ NPK + ½ FYM 

(T6) and recommended NPK (T3) treatments produced spike lengths of 14.25 cm and 

13.86 cm respectively, which were statistically at par to one another. The application 

of   FYM (T5), ½ FYM + Biopower and  FYM @ 20 t ha-1 produced spike lengths of 

12.93 cm , 12.45 cm and 12.43 cm respectively, which are statistically nonsignificant 

to each other . The application of half mineral fertilizers caused a spike length of 

11.41 cm that was significantly higher than control.  

There was nonsignificant effect of cropping system on the spike length of 

wheat during both growing seasons. However, average spike length produced in 

2005-06 was slightly lower than that produced in 2004-05 depicting significant 

difference between two cropping systems for first year and second year of wheat. 

A nonsignificant interaction between integrated nutrient management 

practices and cropping system (Table 4.1.3) regarding spike length was observed in 

2004-05 and 2005-06. The results showed that integrated use of organic and mineral 

fertilizers and/ or biofertilizer showed better performance effecting spike length of 

wheat. Rashid et al. (1998) and Ahmed et al. (1998) found that IPNM produced 
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higher yield attributes for wheat crop in rainfed areas. Chatha et al. (2002) reported 

that combined use of mineral and organic fertilizers produced higher spike length.  

During 2004-05, CS1 produced better average spike length to CS2; while in 

2005-06, CS1 got the lead over CS2 average. This statistical difference in spike length 

may be due to more than one factor. The reason may be that after the harvest of 

wheat crop fields was kept fallow in CS1, while in CS2 maize was grown which 

might have depleted the soil of nutrients and moisture. Mineral and organic and/ or 

biofertilizers showed significant effect on spike length over control as organic 

fertilizers release nutrients after decomposition. 

4.1.4   Grains Spike -1  

Data pertaining to number of grains spike-1 of wheat is given in Table 4.1.4. 

Comparison of various treatment means of integrated nutrient management practices 

for wheat -fallow (CS1) and wheat-maize (CS2) cropping system indicated that grains 

spike-1 increased significantly over control treatment. 

During 2004-05, application of ½ NPK + ½ FYM (T6) produced maximum 

number of grains spike-1 (68.3), while ½ NPK + ½ FYM + Biopower (T9) and 

mineral NPK fertilizers (T3) produced 67.3 and 64.8 grains spike-1 respectively, 

which were alike statistically to one another. The application of ½ NPK 

+Biopower(T7), ½ FYM + Biopower (T8) and FYM with P make up(T5)  produced 

grains spike -1 of 60.5, 58.3 and 58.3 respectively, which were statistically at par 

among each other. The application of  FYM  @ 20 t ha-1 produced 56.3 grains spike-1 

which were statistically similar to 53 grains spike-1 recorded in T2 (½ NPK) 

treatment  that were both statistically nonsignificant.   
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Table 4.1.4  Effect of integrated plant nutrient management on number of 

grains spike-1 of wheat  

 
Treatments 

 
Years 

2004-05 2005-06 
CS1 CS2 Mean CS1 CS2 Mean 

T1    Control 43.3 ns 43.0 ns 43.1 E 40.0 ns 38.0 ns 39.0 D 
T2   NPK  (60-45-30) kg ha-1 52.3 53.6 53.0 D 56.0 56.3 56.1 C 
T3   NPK(120-90-60) kg ha-1 64.3 65.3 64.8 A 65.6 64.6 65.1 A 
T4   Full FYM @  20 t ha -1 56.0 56.6    56.3 CD 59.3 57.6    58.5 BC 
T5   FYM (N eq+P make up) 60.6 57.0    58.3 BC 59.6 60.0 59.8 B 
T6   ½  NPK + ½  FYM 68.6 68.0 68.3 A 66.3 64.3 65.3 A 
T7   ½  NPK  + Biopower  57.0 60.6    58.3 BC 61.3 60.0 60.6 B 
T8   ½ FYM + Biopower   60.0 61.0 60.5 B 61.3 60.3 60.8 B 
 T9   ½ NPK + ½ FYM + BP   67.0 67.6 67.3 A 68.6 64.3 66.5 A 

Mean 58.8  59.2   59.8  58.4   
Analysis of Variances       

 P-Value LSD S.E P-Value LSD S.E 
     Treatments < 0.001 3.713 1.292 < 0.001 2.925 1.018 

Cropping System (CS) ns   0.05   

     T x CS ns   ns   

       

CV   (+ %) 5.36   4.22   

 
 
 

• Data are average of three replications. 

 

• Treatment means bearing same letter (s) are not significantly different (P <  
0.05; DMR Test) to each other. 

 
 
CS: Cropping System 

Biofertilizer Biopower (seed inoculation at sowing) 
NPK @ (120-90-60) kg ha-1 
Farm yard Manure, (FYM) @ 20 t ha -1 

FYM *  (N equivalent + P make up dose) 
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The results in 2004-05 of two cropping systems separately showed that there 

was similar trend of treatments in both cropping systems as discussed above for their 

means. There was nonsignificant difference between CS1 and CS2 for the average of 

all the nine treatments. The results during 2005-06 showed that the application of ½ 

NPK + ½ FYM + Biopower (T9) produced maximum number of grains spike-1 

(66.5), while ½ NPK + ½ FYM and NPK produced 65.3 and 65.1 grains spike-1  

which were statistically at par to each other. The FYM with  P make up dose  and 

FYM @ 20 t ha-1 produced 59.8 and 58.5 grains spike-1  which were statically similar 

to application to ½ FYM + Biopower (60.8) and ½ NPK+ Biopower(60.6) 

respectively. Application of ½ NPK produced 56.16 grains spike-1 showing 

significant increase over control, where lowest grains spike-1. (39.0) were recorded. 

There was no effect of cropping system on grains spike-1 of wheat crop during both 

the years, however, the lower values were observed in 2004-05 than 2005-06.  

A nonsignificant interaction between integrated nutrient management 

practices and cropping system (Table 4.1.4) was observed in both years. The highest 

grains spike-1 was observed, when ½ NPK + ½ FYM + Biopower were applied. 

However, the grains spike-1 produced in 2004-05 were lower than that produced in 

2005-06 depicting significant difference between two cropping systems for the first 

year and second year wheat. 

The results recorded showed that integration organic and mineral fertilizers 

and/ or biofertilizers showed better performance regarding grains spike-1 of wheat. 

IPNM had advantage over the sole application of mineral and organic and/ or 

biofertilizers. The highest grains spike-1 and subsequent grain yield in T9 (½ NPK + 

½ FYM + Biopower) may be due to better availability of plant nutrients. Hafeez and 
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Hameed (2001) also observed that Biopower with half recommended dose of mineral 

fertilizers increased number of grains per spike. . 

During 2004-05, CS2 produced more grains per spike than CS1; while in 

2005-06, CS1 got the lead over CS2 average number of grains per spike. The reason 

might be that after the harvest of wheat, field was kept fallow in CS1; while in CS2 

maize was grown, which might have exhausted the soil of nutrients and moisture. 

Ryan et al. (1997) concluded that the crop sequence had a strong and consistent 

effect on total biomass and grain yield of wheat. Mineral and organic and/ or 

biofertilizers showed significant effect on grains spike-1 over control, as organic 

fertilizers release nutrients after decomposition. The superiority of IPNM might be 

due to the reason that the organic sources required the process of mineralization to 

release the nutrients. Idrees et al. (2002) also reported improvement in number of 

grains per spike in the treatments, where mineral fertilizers were used in integration 

with organic sources. Many previous researchers as  Subedi and Weber, (2001), Das 

et al. (2001), Satyanarayana et al. (2002)., Rautaray el al. (2003), Wu et al. (2005), 

Bhatti et al . (2006), Khaliq et al. (2006) ,  Ahmad (2008) also reported 

integrated use of organic and inorganic fertilizers produced higher yield components.  

 4.1.5 Thousand Grain Weight  

Among various parameters contributing to final yield of wheat, thousand grain 

weight is of greater importance. Data pertaining to 1000 grain weight (g) of wheat is 

presented in Table 4.1.5. Comparison of various treatment means of integrated 

nutrient management practices for wheat-fallow (CS1) and wheat-maize (CS2) 

cropping systems indicated 1000 grain weight is significantly different as compared 

to control.  
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Table 4.1.5  Effect of integrated plant nutrient management on 1000 grain 

weight (g) of wheat  

 
Treatments 

 
Years 

2004-05 2005-06 
CS1 CS2 Mean CS1 CS2 Mean 

T1    Control 40.23 ns 40.26 ns 40.25 G 39.93 ns 38.50 ns 39.21 D 
T2   NPK  (60-45-30) kg ha-1 41.73 41.46 41.60 DEF 41.16 41.43 41.30 C 
T3   NPK(120-90-60) kg ha-1 42.73 43.60 43.16 AB 44.26 43.16 43.71 AB 
T4   Full FYM @  20 t ha -1 41.86 42.40 42.13 CDE 42.40 42.80 42.60 BC 
T5   FYM (N eq+P make up) 42.00 42.80 42.41 BCD 42.96 41.63 42.30  BC 
T6   ½  NPK + ½  FYM 42.83 42.83 42.83 BC 43.46 43.60 43.53 AB 
T7   ½  NPK  + Biopower  41.43 40.86 41.15 F 42.80 40.93 41.86 C 
T8   ½ FYM + Biopower   41.16 41.56 41.36EF 42.26 41.03 41.65 C 
 T9   ½ NPK + ½ FYM + BP   43.46 44.16 43.81 A 44.86 43.60 44.23 A 

Mean 41.94  42.22   42.68  41.85   
Analysis of Variances       

 P-Value LSD S.E P-Value LSD S.E 
     Treatments < 0.001 0.818 0.284 < 0.001 1.33 0.463 

Cropping System (CS) 0.147   0.05   

     T x CS ns   ns   

       
CV   (+ %) 1.66   2.69   

 

 

 

• Data are average of three replications. 

 

• Treatment means bearing same letter (s) are not significantly different (P <  
0.05; DMR Test) to each other. 

. 
 
 
CS: Cropping System 

Biofertilizer Biopower (BP) (seed inoculation at sowing) 
NPK  @  (120-90-60) kg ha-1 
Farmyard Manure,(FYM) @  20 t ha -1 

FYM *  (N equivalent + P make up dose) 

 

 

 

 



 

 

60

During 2004-05, application of ½ NPK + ½ FYM + Biopower (T9) produced 

maximum 1000 grain weight of 43.81g followed by 43.16g  by  treatment of  NPK  

fertilizers (T3), which were statistically at par to one another. The application of ½ 

NPK + ½ FYM (T6), and application FYM with P makeup dose (T5) produced 1000 

grains weight of 42.83 g and  42.42 g respectively that was statistically at par to  each 

other as well as to T3. FYM as per farmer’s practice produced 42.13g, which were 

statistically at par to 1000 grain weight recorded due to the treatments of T5 and T2. 

The 1000 grain weights of 41.15g and 41.36g recorded in treatments 

½NPK+Biopower and ½ FYM+Biopower were statistically similar to that recorded 

due to application of half recommended NPK fertilizers (41.60 g). The 1000 grain 

weight results in 2004-05 of two cropping systems indicated that there was 

nonsignificant difference between CS1 and CS2 for 1000 grain weight averages of all 

nine treatments during 2004-05. 

The results during 2005-06 show that maximum 1000 grain weight 44.23g 

was recorded in T9  followed by 43.71g in T3 and  43.53g in treatment T6, which were  

statistically nonsignificant among each other. The FYM as per farmer’s practice (T4), 

FYM with P makeup dose (T5), ½NPK +Biopower (T7), ½ FYM +Biopower (T8) and 

half dose of mineral fertilizers (T2) produced 1000 grain weight of 42.6, 42.3, 41.86, 

41.65 and 41.30 g respectively, which were statistically a par among each other.  

The results of two cropping systems show that there was similar trend of 

treatments in both cropping systems as discussed above for their means. There was 

significant difference between CS1 and CS2 for the average of all the nine treatments. 

However, 1000 grain weight produced in CS1 during 2004-05 was lower than CS2, 

while during 2005-06, 1000 grain weight in CS1 was slightly higher than that 
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recorded in CS2 depicting significant difference between two cropping systems for 

the first year and second year of wheat. 

A significant interaction between integrated nutrient management practices 

and cropping system (Table 4.1.5) was observed in both years. Maximum 1000 grain 

weight was observed, when organic and mineral fertilizers were integrated. However, 

1000 grain weight values in 2004-05 were lower than 1000 grain weight produced in 

2005-06 with minor difference between two cropping systems for first year, while 

higher 1000 grain weight was recorded in CS1 than CS2 in second year of wheat. 

  The results recorded showed that use of organic and mineral fertilizers and/ 

or biofertilizers in integrated mode performed better regarding values of 1000 grain 

weight of wheat than mineral fertilizers.  Mineral fertilizers treatments induced 

increase in 1000 grain weight as readily available form of nutrients was supplied to 

plants. Integrated plant nutrient management practices although statistically 

nonsignificant among one another but still had advantage over sole application of 

mineral and organic and/ or biofertilizers. Rashid et al., (1998) and Ahmed et al., 

(1998) also reported that IPNM produced higher thousand grain weight for wheat 

crop in rainfed areas. Highest 1000 grain weight in T9 (½ NPK + ½ FYM + 

Biopower) may be due to better availability of plant nutrients. During 2004-05, CS2 

was superior to CS1; while in 2005-06, CS1 got the lead over CS2 average1000 grain 

weight. It may be due to reason that after harvest of wheat, field was kept fallow in 

CS1, while in CS2 maize was grown which might had depleted soil of nutrients and 

moisture. Many researchers as Wu et al. (2005), Bhatti et al . (2006), Khaliq et 

al. (2006) and Ahmad (2008) also documented that combined use of  

organic and mineral fert i l izers produced better grain yield. 
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4.1.6 Biological Yield  

 Comparison of various treatment means of integrated plant nutrient 

management practices for wheat-fallow and wheat-maize cropping systems in Table 

4.1.6 indicated that biological yield significantly increased over control treatment. 

During first year (2004-05), application of ½ NPK + ½ FYM + Biopower 

(T9) produced highest biological yield of 9698 kg ha-1 followed by 8899 kg ha-1 by 

treatment of ½ NPK + ½ FYM, and difference between these treatments was 

significant. Mineral fertilizers NPK (T3) produced 8622 kg ha-1, which was 

significantly lower to both T9 and T6 treatments. The application of FYM with P 

make up dose produced biological yield of 7518 kg ha -1, which was significantly 

higher than the T4 that gave of 7140 kg ha-1. The ½ FYM + Biopower (T8) gave 

biological yield of 7206 kg ha-1, which was statistically at par to T4. Biopower with 

½ NPK produced a biological yield of 6969 kg ha-1 that was significantly lower than 

T8. Half dose of mineral fertilizer produced 6175 kg ha-1, which was significantly 

higher than control. Lowest biological yield was recorded in control (4273 kg ha-1), 

where no mineral and organic /biofertilizer was applied. By studying the results of 

two cropping systems separately, it was evident that there was similar trend of IPNM  

treatments in both cropping systems as discussed above for their means. There was 

significant difference between CS1 and CS2 for the average of all the nine treatments. 

There was no effect of cropping system on biological yield of wheat crop during both 

the years; however, the lower values were recoded in 2005-06. 

The results during 2005-06 showed that highest biological yield of 9381 kg 

ha-1 was produced in T9, which was statistically at par to biological yield produced 
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Table 4.1.6 Effect of integrated plant nutrient management on Biological 

yield (kg ha -1) of wheat  

 
Treatments 

 
Years 

2004-05 2005-06 
CS1 CS2 Mean CS1 CS2 Mean 

T1    Control 4290 i 4255 i 4273 H    4200 ns  4106 ns 4153 D 
T2   NPK  (60-45-30) kg ha-1 6149 h 6200 h 6175 G 6066 6160 6113 C 
T3   NPK(120-90-60) kg ha-1 8565 c 8679 c 8622 C 8580 8926 8753 A 
T4   Full FYM @  20 t ha -1 7199 e 7140 e 7170 E 6351 6264 6308 BC 
T5   FYM (N eq+P make up) 7505 d 7531 d 7518 D 6637 6812 6725 BC 
T6   ½  NPK + ½  FYM 8789 b 9010 b 8899 B 9290 9380 9335 A 
T7   ½  NPK  + Biopower  6819 g 7119 g 6969 F 6575 6575 6575 BC 
T8   ½ FYM + Biopower   7176 f 7236 g 7206 E 7040 6776 6908 B 
 T9   ½ NPK + ½ FYM + BP   9641 a 9755 a 9698 A  9226 9535 9381 A 

Mean 7348 Y 7436 X  7094  7151   
Analysis of Variances       

 P-Value LSD S.E P-Value LSD S.E 
 Treatments   < 0.001 109.0 37.92 < 0.001 588.8 186.9 

Cropping System (CS) 0.0014   ns   

     T x CS 0.0418   ns   

       

CV   (+ %)      1.26   6.43   
 

 

 
 
    

• Data are average of three replications. 

 

• Treatment means bearing same letter (s) are not significantly different (P <  
0.05; DMR Test) to each other. 

 
 
CS: Cropping System 

Biofertilizer Biopower (BP) (seed inoculation at sowing) 
NPK @ (120-90-60) kg ha-1 
Farm yard Manure, (FYM) @ 20 t ha-1 

FYM *  (N equivalent + P make up dose) 
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9335 kg ha-1 in T6 and 8753 kg ha-1 biological yield produced due to NPK fertilizers 

(T3). Application of FYM (T4 and  T5) produced biological yield of 6725 kg ha-1and 

6308 kg ha-1 respectively, which were statistically at par to each other. The treatment 

receiving ½ FYM + Biopower gave biological yield of 6908 kg ha-1, where as ½ 

NPK + Biopower produced  6575 kg ha-1 biological yield that were nonsignificant to 

each other. Half NPK fertilizer produced 6113 kg ha -1 biological yield that was 

significantly higher than control. The lowest biological yield was recorded in control 

treatment (4153 kg ha -1).  

A significant interaction between integrated nutrient management practices 

and cropping system (Table 4.1.6) was observed in 2004-05, while interaction was 

nonsignificant in 2005-06. Higher biological yield was produced in CS2 than CS1 in 

2004-05, where as higher biological yield was recorded in CS2 than CS1 during 

2005-06. However, biological yield produced in 2005-06 was lower than that 

produced in 2004-05 with significant difference between two cropping systems for 

the first year and second year of wheat. It may be due to the low rainfall received 

during second crop year (Table 3.2.1 and 3.2.2). 

This is evident from results of the experiment that integrated use of organic 

and mineral fertilizers and/ or biofertilizers showed better performance regarding 

biological yield of wheat. Integrated plant nutrient management had advantage over 

the sole application of mineral and organic and/ or biofertilizers. Ahmed et al. (1998) 

reported that IPNM produced higher biological yield for wheat in rainfed areas. 

Highest biological yield produced in T9 (½ NPK + ½ FYM + Biopower) may be due 

to better availability of plant nutrients. Khaliq et al. (2006) also reported higher 

growth and yield of cotton by integrated use of organic and inorganic nutrient sources 
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with effective microorganisms. 

During 2004-05, CS2 was significantly superior to CS1; while in 2005-06, 

higher average biological yield was recorded in CS2 than CS1. Mineral and organic 

and/ or biofertilizer showed significant effect on biological yield over control as 

organic fertilizers release nutrients after decomposition thus sustaining residual soil 

productivity. Many workers have shown improvement in yield of wheat by addition 

of 5–50 tons of  FYM ha-1 along with recommended NPK. Wu et al. (2005), Bhatti 

et al . (2006) also documented use of organic and mineral fertilizers produce better 

biological yield.  

4.1.7  Grain Yield  

Grain yield in wheat Triticum aestivum L. is the result of a number of 

complex morphological and physiological processes affecting each other and 

occurring in different growing stages of a vegetative period. Data pertaining to the 

grain yield (kg ha-1) of wheat crop is given in Table 4.1.7. Comparison of various 

treatment means of integrated nutrient management practices for wheat-fallow (CS1) 

and wheat-maize (CS2) cropping systems indicated that there was significant increase 

in grain yield (kg ha-1) over control. During 2004-05, application of  ½ NPK + ½ 

FYM + Biopower (T9) produced highest grain yield 3684 kg ha-1 followed by  grain 

yield of 3492 kg ha-1 by treatment ½ NPK + ½ FYM(T6),  while the recommended 

NPK produced 3292 kg ha-1 grain yield which were significant among each other. 

FYM with P make up dose produced 2956 kg ha-1 grain yield that showed significant 

increase over farmer’s practice of application of FYM @ 20 t ha-1 that produced   

grain yield of 2818 kg ha-1. The treatment receiving ½ FYM + Biopower gave grain 

yield of 2832 kg ha -1 which was statistically was at par to T4, where as ½ NPK + 
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Biopower produced 2705 kg ha-1 grain yield that was significantly lower to T8. Half 

NPK (T2) produced a grain yield of 2399 kg ha -1 that was significantly higher than 

control. The lowest grain yield was recorded in control treatment (1646 kg ha-1), 

where no mineral and organic and/or biofertilizer was applied. The difference 

between highest and lowest grain yield produced was 1938 kg ha-1. The results in 

2004-05 of two cropping systems separately, it was evident that there was similar 

trend of treatments in both cropping systems as discussed above for their means. 

There was significant difference between CS1 and CS2 for the average of all the nine 

treatments. 

The results during 2005-06 showed that application of ½ NPK + ½ FYM + 

Biopower (T9) caused highest grain yield of 3781 kg ha-1, which was statistically 

significant to all nine treatments.  The application of ½ NPK + ½ FYM produced 

significantly lower grain yield of 3611 kg ha-1 than T9, while T3 produced 

significantly lower grain yield of 3424 kg ha-1 than T6. The FYM with P make up 

dose produced 3159 kg ha-1 grain yield that showed significant increase over 

application of FYM @ 20 t ha-1 that produced 2974 kg ha-1of grain yield. The 

treatment receiving ½ FYM + Biopower gave grain yield of 2812 kg ha-1, where as ½ 

NPK + Biopower produced 2660 kg ha-1 grain yield that were significant among each 

other. Half NPK produced a grain yield of 2324 kg ha-1 that was significantly higher 

than control (T1) with lowest grain yield (1523 kg ha-1). The difference between 

highest and lowest grain yield produced was 2258 kg ha -1. The grain yield produced 

in 2005-06 was higher than that produced in grain yield that were significant among  

each other. Half NPK produced a grain yield of 2324 kg ha-1 that was significantly 

higher than control (T1) with lowest grain yield (1523 kg ha-1).  
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Table 4.1.7  Effect of integrated plant nutrient management on grain yield  

                        (kg ha -1) of wheat  

 
Treatments 

 
Years 

2004-05 2005-06 
CS1 CS2 Mean CS1 CS2 Mean 

T1    Control 1654 ns 1636 ns 1646 H 1580 ns 1466 ns 1523 I 
T2   NPK  (60-45-30) kg ha-1 2388 2408 2399 G 2333 2314 2324 H 
T3   NPK(120-90-60) kg ha-1 3266 3317 3292 C 3429 3418 3424 C 
T4   Full FYM @  20 t ha -1 2830 2804 2818 E 2930 3017 2974 E 
T5   FYM (N eq+P make up) 2974 2936 2956 D 3173 3145 3159 D 
T6   ½  NPK + ½  FYM 3450 3533 3492 B 3625 3597 3611 B 
T7   ½  NPK  + Biopower  2638 2771 2705 F 2695 2624 2660 G 
T8   ½ FYM + Biopower   2826 2837 2832 E 2858 2765 2812 F 
 T9   ½ NPK + ½ FYM + BP   3675 3692 3684 A 3793 3768 3781 A 

Mean 2856    2881   2935  2901   
Analysis of Variances       

 P-Value LSD S.E P-Value LSD S.E 
     Treatments  < 0.001  55 19 < 0.001  66 23 

Cropping System (CS)   0.0519     0.0357    

     T x CS   0.068 ns    0.165 ns   

          

CV   (+ %) 1.64   1.93   
 

 

 

    
• Data are average of three replications. 

 

• Treatment means bearing same letter (s) are not significantly different (P <  
0.05; DMR Test) to each other. 

. 
 
 
CS: Cropping System 

Biofertilizer Biopower (BP) (seed inoculation at sowing) 
NPK @ (120-90-60) kg ha-1 
Farm yard Manure, (FYM) @ 20 t ha -1 

FYM *  (N equivalent + P make up) 
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Fig 4.1 
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The difference between highest and lowest grain yield produced was 2258 kg ha -1. 

The grain yield produced in 2005-06 was higher than that produced in 2004-05 

depicting nonsignificant difference between two cropping systems for the first year 

and second year wheat. There was no effect of cropping system on grain yield of 

wheat during both years; however, lower values of grain yield were recorded in 

2004-05.  

A nonsignificant interaction between integrated nutrient management 

practices and cropping system (Table 4.1.7) was observed in both years. Highest 

grain yield was observed when ½ NPK + ½ FYM + Biopower were applied in CS1 

and CS2. However, during 2005-06, CS1 produced higher grain yield than CS2. It 

may be due to the reason that after the harvest of wheat in 2004-05 the field was kept 

fallow in CS1, while in CS2 maize was grown which might have depleted the soil of 

nutrients and moisture. Ryan et al. (1997) concluded that the crop sequence had a 

strong and consistent effect on total biomass and grain yield of wheat. 

The results showed that integrated use of organic and mineral fertilizers and/ 

or biofertilizers showed better performance regarding grain yield of wheat. Integrated 

plant nutrient management had advantage over the sole application of mineral and 

organic and/ or biofertilizers. Both FYM treatments (T4 and T5) showed significant 

increase in grain yield. Results of previous studies indicate that use of organic 

sources as FYM produced equivalent or increased plant biomass and grain yields of 

wheat as the application of inorganic fertilizers alone (Alam and Shah, 2003; 

Bakhtiar et al, 2002 and Khanum et al, 2001). Rashid et al.(1998) , Ahmed et al.  

(1998) , Rameshwar et al. (2001), Chatha et al. (2002) also reported that combined 
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Plate 3.2 
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use of mineral and organic fertilizers produce higher grain yield for wheat crop in 

rainfed areas. Biofertilzer Biopower treatments (T7 and T8) showed significant 

increase in grain yield over T3 depicting Biopower response. Highest grain yield in 

IPNM treatment T9 may be due to better availability of plant nutrients, while mineral 

fertilizers release nutrients readily to soil. Lamps (2000) reported that integrated use 

of organic, chemical and /or biofertilizers along with low amount of chemical 

fertilizers results into higher crop yield than chemical fertilizers alone. Mineral and 

organic and/ or biofertilizers showed significant effect on grain yield over control as 

organic fertilizers release nutrients after decomposition. Increase in grain yield due to 

IPNM can be attributed to improvement of organic matter content (Swarup, 2001) 

and consequently improvement of physical properties  particularly water holding 

capacity of soil (Haiti et al., 2006).  Khaliq et al. (2006)  also reported higher growth 

and yield of cotton by integrated use of organic and inorganic nutrient sources with 

effective microorganisms Jadoon et al. (2004), Wu et al. (2005),  Bhatti et al . 

(2006), Ahmad (2008) also documented that combined use of organic and 

mineral fertilizers produce better grain yield.   

4.1.8 Straw Yield  

Comparison of various treatment means of integrated nutrient management 

practices for wheat-fallow (CS1) and wheat-maize cropping systems (CS2) indicated 

that straw yield increased significantly over control. Data pertaining to straw yield of 

wheat is given in Table 4.1.8.  

  During first year (2004-05), application of ½ NPK + ½ FYM + Biopower(T9) 

produced highest straw yield (5996 kg ha-1) followed by straw yield of 5409 kg ha-1 

by treatment ½ NPK + ½ FYM(T6) with a significant difference to it. The application 
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of mineral fertilizers NPK (T3) produced 5343 kg ha-1 straw yield, which was 

significantly lower to T6. Application of   FYM with P make up (T5) produced straw 

yield of 4546 kg ha-1 that was significantly higher than the straw yield of 4358 kg ha-

1 due to farmer’s application of FYM @ 20 t ha-1. Application of biofertilizer 

Biopower with ½ FYM gave straw yield of 4374 kg ha-1, which was statistically 

similar to T4, whereas Biopower produced a straw yield of 4257 kg ha-1 with ½ NPK. 

Half dose of mineral fertilizers produced 3781 kg ha-1 straw yield that was 

significantly higher than control (2619 kg ha-1). 

The results in 2004-05 of two cropping systems indicated that there was similar trend 

of straw yield produced due to IPNM treatments in both cropping systems as 

discussed above for their means. There was significant difference between CS1 and 

CS2 for the average of all treatments. 

The results during 2005-06 showed that application of ½ NPK + ½ FYM + Biopower 

(T9) produced highest straw yield of 6154 kg ha-1, which was statistically significant 

to all other treatments. The treatment T6 and T3 produced a straw yield of 5631 kg ha 

-1 and 5580 kg ha -1 respectively, which were statistically at par to each other.  The 

application of   FYM (T5 ) produced straw yield of 4807 kg ha-1 that was significantly 

higher than FYM @ 20 t ha-1 (T4) that produced 4606 kg ha-1. The application of 

biofertilizer Biopower with ½ FYM gave straw yield of 4374 kg ha-1, which was 

significantly higher than straw yield of 4257 kg ha-1 produced with ½ NPK. Half 

dose of mineral fertilizers produced 3701 kg ha-1 straw yield that was significantly 

higher than control (2441 kg ha-1). A significant effect of cropping system on the 

straw yield of wheat was recorded during both years. However, straw yield produced 

in 2005-06 was higher than that produced in 2004-05 depicting significant difference  
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Table 4.1.8  Effect of integrated plant nutrient management on straw yield  

                        (kg ha-1) of wheat  

 
Treatments 

 
Years 

2004-05 2005-06 
CS1 CS2 Mean CS1 CS2 Mean 

T1    Control 2620 h 2618 h 2619 H 2565 d 2317 d 2441 H 
T2   NPK  (60-45-30) kg ha-1 3765 g 3797 g 3781 G 3755 i 3647 g 3701 G 
T3   NPK(120-90-60) kg ha-1 5308 c 5379 c 5343 C 5596 bc 5563 e 5580 B 
T4   Full FYM @  20 t ha -1 4376 e 4340 e 4358E 4541 d 4670 b 4606 D 
T5   FYM (N eq +P make up) 4539 d 4554 d 4546 D 4830 f 4784 e  4807 C 
T6   ½  NPK + ½  FYM 5342 c 5476 b 5409 B 5678 a 5585 i 5631 B  
T7   ½  NPK  + Biopower  4165 f 4349 e 4257 F 4213 d  4077 i 4145 F 
T8   ½ FYM + Biopower   4338 e 4409 e 4374 E 4435 h 4330 g 4382 E 
T9   ½ NPK + ½ FYM + BP   5961 a 6031 a 5996 A 6223 g 6086 c 6154 A 

Mean 4490 Y 4550 X  4648 X 4562 Y   
Analysis of Variances       

 P-Value LSD S.E P-Value LSD S.E 
       Treatments < 0.001  63.74 22.18 < 0.001 58.68 20.42 

Cropping System (CS) < 0.001   < 0.001   

       T x CS 0.0396    0.0001   

       

CV   (+ %) 1.20   1.09   
 

 

    
• Data are average of three replications. 

 

• Treatment means bearing same letter (s) are not significantly different (P <  
0.05; DMR Test) to each other. 

 
 
CS: Cropping System 

Biofertilizer Biopower (BP) (seed inoculation at sowing) 
NPK @ (120-90-60) kg ha-1 
Farm yard Manure, (FYM) @ 20 t ha -1 

FYM *  (N equivalent + P make up dose) 
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between two cropping systems for the first year and second year of wheat.  

A significant interaction between integrated nutrient management practices 

and cropping system (Table 4.1.8) was observed in both years. Highest straw yield 

was observed when ½ NPK + ½ FYM + Biopower were applied in CS1 and CS2 

during both years. The results recorded showed that integrated application of organic 

and mineral fertilizers and/ or biofertilizers showed better performance regarding 

straw yield of wheat. Rashid et al. (1998), Ahmed et al. (1998) and Chatha et al. 

(2002) reported that combined use of mineral and organic fertilizers produced higher 

straw yield for wheat crop in rainfed areas. The highest straw yield in T9 (½ NPK + 

½ FYM + Biopower) may be due to better availability of plant nutrients. 

During 2004-05, CS2 was superior to CS1; while in 2005-06 CS1 got the lead 

over CS2 average regarding straw yield produced. It was due to the reason that during 

the second year fields were kept fallow in CS1, while in CS2 maize was grown, which 

might have depleted soil of nutrients and moisture. Mineral and organic and/ or 

biofertilizers showed significant effect on straw yield over control as organic 

fertilizers release nutrients after decomposition. The results are in line to those found 

by Rautaray et al. (2003).  Integration  of organic and chemical fertilizers is 

advantageous in improving yield of crop, soil pH, organic carbon and N, P and K. 

Jadoon et al. (2003), Wu et al.(2005),  Bhatti et  al . (2006), Khaliq et al. (2006) 

also documented that combined use of organic and mineral fertilizers produced better 

straw yield.  

4.2       BIOMETRIC PARAMETERS OF MAIZE  

4.2.1 Plant Height of Maize  

           Plant height is important parameter of yield in maize as usually taller plants 
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bear more cobs and give more yields. Effect of different integrated plant nutrient 

management practices on average plant height of maize is presented in Table 4.2.1. 

Comparison of various treatment means of integrated nutrient management practices 

in wheat-maize cropping systems (CS2) indicated that plant height is significantly 

different from each other.  

  During 2005, application of ½ NPK + ½ FYM + Biopower (T9) produced 

maximum plant height of 211.0 cm followed by 208.3 cm by  treatment of ½ NPK + 

½ FYM (T6) and 104.6 cm   due to application of NPK(T3) , which were statistically 

at par to each other. The FYM with P make up dose produced a plant height of 189.1 

cm, while FYM @ 20 t ha-1 produced plant height of 183.4 cm which were 

statistically nonsignificant to each other. Both Biopower treatments with ½ NPK(T7) 

and ½ FYM (T8) caused plant height of 185.9 cm and 187.9 cm respectively, which 

were statistically similar to each other as well as to FYM treatments (T4 and T5). Half 

NPK fertilizers caused 182.1 cm plant height, which was statistically similar to both 

FYM and Biopower treatments. Lowest plant height was recorded in control (172.26 

cm), where no mineral and organic /biofertilizer was applied. 

During 2006, application of ½ NPK + ½ FYM + Biopower (T9) produced maximum 

plant height of 216.0 cm followed by 207.1 cm by  treatment T6 and 206.5 cm  due to 

T3, which were statistically at par to each other. The FYM in T5 produced a plant 

height of 203.8 cm while FYM @ 20 t ha-1 produced plant height of 201.9 cm, which  

were statistically at par to each other. Both Biopower treatments with ½ NPK (T7) 

and ½ FYM (T8) caused plant height of 197.4 cm and 198.83 cm respectively, which 

were statistically similar to each other as well as to FYM treatments (T4 and T5). Half 

dose of mineral fertilizers caused 193.5 cm plant height which was statistically 
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Table 4.2.1 Effect of integrated plant nutrient management on plant height 

(cm) of maize  

 
Treatments 

 
Years 

2005 2006 
CS2 CS2 

T1    Control  
172.2 C 170.6 D 

T2   NPK  (60-45-30) kg ha-1 
182.1 B 193.5 C 

T3   NPK  (120-90-60) kg ha-1 
206.7 A 206.5 AB 

T4   Full FYM @  20 t ha -1 
183.4 B 201.9 BC 

T5   FYM (N Eq + P make up) 
189.1 B 203.8 BC 

T6   ½  NPK + ½  FYM 
208.3 A 207.1 AB 

T7   ½  NPK + Biopower  
185.9 B 197.4 BC 

T8   ½  FYM + Biopower   
187.9 B 198.8 BC 

T9   ½ NPK+½ 
FYM+Biopower            
 211.0 A 216.0 A 
       

Analysis of Variances       

 P-Value LSD S.E P-Value LSD S.E 

Treatments < 0.001 9.14 3.05 < 0.001 9.85 3.28 

       

CV   (+ %) 2.75   2.85   

 

    
• Data are average of three replications. 

 

• Treatment means bearing same letter (s) are not significantly different (P <  
0.05; DMR Test) to each other. 

. 
 
 
CS: Cropping System; CS1 remained fallow, while maize was grown in CS2

 

Biofertilizer Biopower (BP) (seed inoculation at sowing) 
NPK @  (120-90-60) kg ha-1 
Farmyard Manure (FYM) @ 20 t ha -1  

FYM *  (N equivalent + P make up dose) 
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similar to both FYM (T4 and T5) and Biopower (T7 and T8) treatments.  

The plant height recorded in 2006 was better than plant height in 2005 due to 

IPNM. The treatment of ½ NPK + ½ FYM + Biopower (T9) produced maximum 

plant height in both years. During 2005, order of increase in plant height followed 

trend as control > ½ NPK > FYM @ 20 t ha-1 > ½ NPK + Biopower > ½ FYM+ 

Biopower > FYM with P make up dose >    NPK > ½ NPK + ½ FYM > ½ NPK + ½ 

FYM + Biopower; while during 2006, order of increase in plant height followed 

almost same trend as  control > ½ NPK >  FYM @ 20 t ha-1 > ½ NPK  + Biopower > 

FYM  with P make up dose > ½ FYM+ Biopower > ½ NPK + ½ FYM > NPK > ½ 

NPK + ½ FYM + Biopower .The results recorded showed that integrated use of 

organic and mineral fertilizers and/ or biofertilizers showed better performance 

regarding plant height of maize.  Mineral fertilizers treatments induced increase in 

plant height as readily available form of nutrients was supplied to plants. 

Integrated plant nutrient management although statistically nonsignificant among one 

another but still had advantage over the sole application of mineral and organic and/ 

or biofertilizers. Rashid et al. (1998), Ahmed et al. (1998) and Chatha et al. (2002) 

reported that combined use of mineral and organic fertilizers produced higher plant 

height in rainfed areas. Variation in plant height may also be due to difference in 

rainfall amount and distribution and /or temperature variation during the growing 

season in first year and second year. Mineral and organic and/ or biofertilizers 

showed significant effect on plant height over control as organic fertilizers release 

nutrients after decomposition. Khaliq et al. (2006), Bhatti et al . (2006), and 

Ahmad (2008) also recorded better yield attributes of crops by integrated use of 

organic and mineral fertilizers. 
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4.2.2  Number of Cobs m-2  

The production capacity of maize plant is ultimately determined by number 

of cobs produced per plant, which is a major yield component. Effect of different 

integrated plant nutrient management practices on number of cobs of maize is 

presented in Table 4.2.2. 

During 2005, results indicated that number of cobs m-2 increased significantly 

as compared to control. The application of ½ NPK + ½ FYM + Biopower(T9) 

produced maximum  number of cobs m-2 of 5.93 followed by 5.76  number of cobs 

m-2  due to mineral NPK (T3) and 5.6 number of cobs m-2 by  treatment  ½ NPK + ½ 

FYM (T6), which were statistically at par to each other. Biopower treatment with ½ 

FYM produced 4.76 number of cobs m-2, which were significantly lower than T9, T3 

and T6. Biopower treatment with ½ NPK (T7) produced 4.26 number of cobs m-2. 

Application of FYM  with P make up dose(T5) produced 4.43 number of cobs m-2, 

while farmer’s application of FYM @ 20 t ha-1 (T4) produced 4.2 cobs m-2, which 

were statistically at par to each other. Application of ½ NPK fertilizers caused 4.03 

cobs m-2, which was statistically similar to FYM (T4, T5) and Biopower treatments 

(T7 and T8).  

Comparison of various treatment means of integrated nutrient management 

practices for wheat-maize (CS2) cropping system in 2006 indicated that number of  

cobs m-2 increased significantly as compared to control. Application of ½ NPK + ½ 

FYM + Biopower(T9) produced maximum  number of cobs m-2  of 5.43 followed by 

5.0 number of cobs m-2  due to mineral NPK fertilizers, which were statistically at 

par to each other.  The treatments T6, T5, T7, T8 and T4 produced 4.2, 4.1, 4.1, 4.03 

and 3.93 number of cobs m-2 respectively, which were statistically at par among each 
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Table 4.2.2  Effect of integrated plant nutrient management on number of 

cobs (m-2) of maize  

 
Treatments 

 
Years 

2005 2006 

CS2 CS2 
T1    Control  

3.26 D 2.50 D 
T2   NPK  (60-45-30) kg ha-1 

4.03 C 3.36 C 
T3   NPK  (120-90-60) kg ha-1 

5.76 A 5.00 A 
T4   Full FYM @  20 t ha -1 

4.20 C 3.93 BC 
T5   FYM (N Eq + P make up) 

4.43 BC 4.10 BC 
T6   ½  NPK + ½  FYM 

5.60 A 4.20 BC 
T7   ½  NPK + Biopower  

4.26 C 4.03 BC 
T8   ½  FYM + Biopower   

4.76 B 4.10 BC 
T9   ½ NPK+½ 
FYM+Biopower            
 5.93 A 5.43 A 
       

Analysis of Variances       

 P-Value LSD S.E P-Value LSD S.E 

Treatments < 0.001 0.431 x < 0.001 0.685 0.228 

       

CV   (+ %) 5.29   9.72   

 
    

• Data are average of three replications. 

 

• Treatment means bearing same letter (s) are not significantly different (P <  
0.05; DMR Test) to each other. 

 
CS: Cropping System; CS1 remained fallow, while maize was grown in CS2

 

Biofertilizer Biopower (BP) (seed inoculation at sowing) 
NPK  @  (120-90-60) kg ha-1 
Farm yard Manure (FYM) @ 20 t ha -1  

FYM *  (N equivalent + P make up dose) 
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other. Half mineral NPK fertilizers caused 3.36 number of cobs m-2 , which were 

significantly higher than control.  

The results recorded showed that integrated use of organic and mineral 

fertilizers and/ or biofertilizers showed better performance regarding number of cobs 

of maize.  Integrated plant nutrient management although statistically nonsignificant 

among one another but still had advantage over the sole application of mineral and 

organic and/ or biofertilizers. Zahir et al. (1997) and Chatha et al. (2002) also 

reported that combined use of mineral and organic fertilizers produced higher 

number of cobs. Mineral and organic and/ or biofertilizers showed significant effect 

on number of cobs in second year over control as organic fertilizers release nutrients 

after decomposition. Jadoon et al. (2004), Bhatti et al . (2006), Khaliq et al. 

(2006) and Ahmad (2008) also recorded better yield attributes of crops by 

integrated use of organic and mineral fertilizers.                               

4.2.3   Cob Length  

 Cob length plays an important role in determining seed yield. Effect of 

different integrated plant nutrient management practices on cob length (cm) of maize 

is presented in Table 4.2.3.  

Comparison of various treatment means of integrated nutrient management 

practices for wheat-maize (CS2) cropping systems in 2005 indicated that cob length 

in maize increased significantly as compared to control. Application of ½ NPK + ½ 

FYM + Biopower (T9) produced maximum cob length of 16.2 cm followed by 

significantly lower cob length of 15.4 cm by  treatment of ½ NPK + ½ FYM (T6) and 

15.3 cm  due to  ½ FYM+ Biopower (T8), which were statistically at par to each 

other. Application of ½ NPK + Biopower (T7) produced a cob length of 14.0 cm 
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which was statistically similar to T8. The FYM with P make up dose (T5), mineral 

NPK fertilizers (T3) and FYM @ 20 t ha-1 (T4) produced cob length of 13.2, 13.2 and 

12.5 cm respectively, which were statistically at par among each other. The 

application of ½ NPK fertilizers caused 11.3 cm cob length, which was statistically 

similar to both FYM treatments (T4 and T5). The lowest cob length 9.3 cm was 

recorded in control, where no mineral and organic /biofertilizer was applied. 

During 2006, ½ NPK + ½ FYM + Biopower(T9) produced maximum cob 

length of  16.1 cm , followed by 16.0 cm by ½ NPK + ½ FYM(T6), which were 

statistically at par to each other. The treatments T8, T7, T3, T5 and T4 produced cob 

length of 14.5 cm, 14.2 cm, 13.7 cm, 13.5 cm and 12.9 cm respectively, which were 

statistically at par among each other. Half mineral NPK fertilizers caused 12.6 cm 

cob length, which was statistically similar to FYM treatments (T4 and T5).  

  The results recorded showed that integrated use of organic and mineral 

fertilizers and/or biofertilizers showed better performance regarding cob length of 

maize. Integrated plant nutrient management although statistically nonsignificant 

among one another but still had advantage over the sole application of mineral and 

organic and/ or biofertilizers. Chatha et al. (2002) also reported that combined use of 

mineral and organic fertilizers produce higher cob length of maize. During 2005, 

order of increase in cob length followed the trend as  control > ½ NPK > ½ NPK  + 

Biopower > ½ FYM+ Biopower >FYM @ 20 t ha-1 > FYM  with P make up dose >½ 

NPK + ½ FYM >½ NPK + ½ FYM + Biopower. During 2006, order of increase in 

plant height followed almost same trend as  control > ½ NPK > FYM @ 20 t ha-1 > 

FYM  with P make up dose > NPK >½ NPK + ½ FYM >½ NPK + ½ FYM + 

Biopower . Jadoon et al. (2004), Bhatti et al. (2006), Khaliq et al. (2006) and Ahmad 
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Table 4.2.3  Effect of integrated plant nutrient management on cob length 

(cm) of maize  

 
Treatments 

 
Years 

2005 2006 
CS2 CS2 

T1    Control  
9.3 E 9.8 D 

T2   NPK  (60-45-30) kg ha-1 
11.3 D 12.6 C 

T3   NPK  (120-90-60) kg ha-1 
13.2 C    13.7 BC 

T4   Full FYM @  20 t ha -1 
  12.5 CD 12.9 C 

T5   FYM (N Eq + P make up) 
13.2 C    13.5 BC 

T6   ½  NPK + ½  FYM 
  15.4 AB 16.0 A 

T7   ½  NPK + Biopower  
  14.0 BC 14.2 B 

T8   ½  FYM + Biopower   
 15.3 AB 14.5 B 

T9   ½ NPK+½ FYM+ Biopower           
 16.2 A 16.1 A 
       

Analysis of Variances       

 P-Value LSD S.E P-Value LSD S.E 

Treatments < 0.001 1.620 0.5404 < 0.001 1.223 0.407 

       

CV   (+ %) 6.99   5.14   

 
 

• Data are average of three replications. 

 

• Treatment means bearing same letter (s) are not significantly different (P <  
0.05; DMR Test) to each other. 

. 
 
 
CS: Cropping System; CS1 remained fallow, while maize crop was grown in CS2

 

Biofertilizer Biopower (BP) (seed inoculation at sowing) 
NPK  @  (120-90-60) kg ha-1 
Farm yard Manure (FYM) @ 20 t ha -1  

FYM *  (N equivalent + P make up dose) 
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 (2008) also recorded better yield attributes of crops by integrated use of organic and 

mineral fertilizers. 

4.2.4   Number of Grains per Cob  

Comparison of various treatment means of integrated nutrient management 

practices for wheat-maize (CS2) cropping systems in 2005 in Table 4.2.4 indicated 

that number of grains cob-1 increased significantly over control.  

The application ½ NPK + ½ FYM(T6) produced maximum (308) number of 

grains cob-1, followed by 298 by  treatment of ½ NPK + ½ FYM + Biopower(T9), 

which  were nonsignificant to each other. Farmer’s practice of application of FYM @ 

20 t ha-1 produced 196 number of grains cob-1, while FYM with P make up dose and 

mineral NPK produced identical number of grains cob-1 of 216 that were at par to 

each other. Both biofertilizer Biopower treatments with ½ FYM and ½ NPK caused 

nonsignificant values of number of grains cob-1of 196 and 198 respectively. The 

application of ½ NPK fertilizers produced 160 number of grains cob-1 which was 

statistically similar to T4, T5 and T7. 

 Comparison of various treatment means of integrated nutrient management 

practices for CS2 in 2006 indicated that there was a significant increase in number of 

grains cob-1 over control. Application of ½ NPK + ½ FYM (T6) produced maximum  

number of grains cob-1of 364, followed by 350  number of grains cob-1  by  treatment 

of ½ NPK + ½ FYM + Biopower(T9) and 266 number of grains cob-1 due to 

application of NPK  fertilizers(T3), showing significant increase among each other. 

The FYM with P make up dose (T5),  FYM @ 20 t ha-1(T4), ½ FYM+ Biopower (T8) 

and ½ NPK+ Biopower(T7)  produced  identical  number of grains cob-1 of 216 each,  

that were statistically at par among each other. Half NPK fertilizers produced 192 
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Table 4.2.4  Effect of integrated plant nutrient management on number of 

grain cob-1 of maize  

 
Treatments 

 
Years 

2005 2006 
CS2 CS2 

T1    Control  
140 F 140 F 

T2   NPK  (60-45-30) kg ha-1 
160 E 192 E 

T3   NPK  (120-90-60) kg ha-1 
216 B 266 C 

T4   Full FYM @  20 t ha -1 
196 C 216 D 

T5   FYM (N Eq + P make up) 
216 B 216 D 

T6   ½  NPK + ½  FYM 
308 A 364 A 

T7   ½  NPK + Biopower  
196 D 216 D 

T8   ½  FYM + Biopower   
198 D 216 D 

T9   ½ NPK+½ FYM+Biopower           
 298 A 350 B 
       

Analysis of Variances       

 P-Value LSD S.E P-Value LSD S.E 

Treatments < 0.001 10.99 3.665 < 0.001 12.41 4.138 

       

CV   (+ %) 3.22   2.96   

 

 

    
• Data are average of three replications. 

 

• Treatment means bearing same letter (s) are not significantly different (P <  
0.05; DMR Test) to each other. 

 
 
CS: Cropping System; CS1 remained fallow, while maize crop was grown in CS2

 

Biofertilizer Biopower (seed inoculation at sowing) 
NPK  @  (120-90-60) kg ha-1 
Farm yard Manure (FYM) @ 20 t ha -1  

FYM *  (N equivalent + P make up dose) 
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number of grains cob-1 being statistically at par to T4, T5, T6, T7 and T8. Identical 

number of grains cob -1 were recorded in control treatment (140) in both years, where 

no mineral and organic /biofertilizer was applied. Higher number of grains cob -1 

were recorded in 2006 than 2005 indicting better residual nutrient availability and 

assimilation  during second growing season due to IPNM. During both years the 

order of increase in number of grains cob-1 followed almost same trend as  control > 

½ NPK > ½ NPK  + Biopower > ½ FYM+ Biopower  >  FYM @ 20 t ha-1 > FYM  

with P make up dose > ½ NPK + ½ FYM > NPK > ½ NPK+ ½ FYM+ Biopower. 

The results recorded showed that integrated use of organic and mineral 

fertilizers and/ or biofertilizers showed better performance regarding number of 

grains cob-1 of maize. Integrated plant nutrient management practices although 

statistically nonsignificant among each other but had advantage over the sole 

application of mineral and organic and/ or biofertilizers. Jadoon et al. (2004), Khaliq 

et al. (2006) also recorded better yield attributes of crops by integrated use of 

organic and mineral fertilizers. 

4.2.5  Hundred Grain Weight  

Hundred grain weight is important parameter of yield of maize, usually more 

100 grain weight give more yield. Effect of different integrated plant nutrient 

management practices on 100 grain weight maize crop is presented in Table 4.2.5. 

Comparison of various treatment means of integrated nutrient management 

practices for wheat-maize (CS2) cropping systems in 2005 indicated that 100 grain 

weight increased significantly as compared to control. Application of ½ NPK + ½ 

FYM + Biopower (T9) produced maximum 100 grain weight of 24.13 g followed by 

23.47 g by  treatment of NPK(T3) and  23.32 g due to application of ½ NPK + ½ 
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FYM(T6),  which were statistically at par among each other. The FYM with P make 

up dose (T5) and FYM @ 20 t ha-1 (T4) produced 100 grain weight of 23.02 g and 

22.8 g respectively, which were statistically alike to each other. Application of 

Biopower with ½ FYM (T8) and with ½ NPK (T7) produced 100 grain weight of 

22.80 g and 22.69 g respectively, which was statistically similar to FYM treatments 

(T4 and T5). Half NPK fertilizers (T2) caused 22.53 g, which was statistically similar 

to Biopower treatments (T7 and T8). The lowest 100 grain weight of 21.55 g was 

recorded in control (T1), where no mineral and organic /biofertilizer was applied. 

Comparison of various treatment means of integrated nutrient management 

practices for CS2 in 2006 indicated that 100 grain weight increased significantly over 

control. Application of ½ NPK + ½ FYM + Biopower(T9) produced maximum 100 

grain weight of 26.00 g , followed by 25.00 g by treatment of mineral NPK and  

24.78 g due to application of ½ NPK + ½ FYM respectively, which were statistically 

at par among each other. FYM with P make up dose and FYM @ 20 t ha-1 produced 

100 grain weight of 24.67 g and 24.52 g respectively, which were statistically at par 

to each other. The Biopower treatment with ½ FYM and ½ NPK produced 100 grain 

weight of 24.01 g and 23.90 g respectively, which was statistically similar to FYM 

treatments (T4 and T5). The application of ½ NPK fertilizers caused 23.44 g, which 

was statistically similar to Biopower treatments (T7 and T8). Higher 100 grain weight 

was recorded in 2006 than 2005 indicting better residual nutrient availability and 

assimilation during second growing season due to IPNM. During both years the order 

of increase in 100 grain weight followed almost same trend as  control > ½ NPK > ½ 

NPK+ Biopower  > ½ FYM+ Biopower > FYM @ 20 t ha-1 > FYM  with P make up 

dose > ½ NPK + ½ FYM > NPK > ½ NPK + ½ FYM + Biopower. 
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Table 4.2.5    Effect of integrated plant nutrient management on hundred grain 

weight (g) of maize  

 
Treatments 

 
Years 

2005 2006 
CS2 CS2 

T1    Control  
21.55 D  20.55 D 

T2   NPK  (60-45-30) kg ha-1 
   22.53 BC 23.44 C 

T3   NPK  (120-90-60) kg ha-1 
   23.47 AB     25.00 AB 

T4   Full FYM @  20 t ha -1 
                          22.80 B   24.52 BC 

T5   FYM (N Eq + P make up) 
   23.02 AB      24.67 ABC 

T6   ½  NPK + ½  FYM 
   23.32 AB       24.77 ABC 

T7   ½  NPK + Biopower  
   22.69 BC    23.90 BC 

T8   ½  FYM + Biopower   
22.82 B     24.01 BC 

T9   ½ NPK+½ FYM+ Biopower           
 24.13 A   26.03 A 
       

Analysis of Variances       

 P value LSD S.E P-Value LSD S.E 

Treatments .0169 1.148 0.38 0.00 1.251 0.4171 

       

CV   (+ %) 2.89   3.0   

 

   
  

•                   Data are average of three replications. 

 

• Treatment means bearing same letter (s) are not significantly different (P <  
0.05; DMR Test) to each other. 

 
CS: Cropping System; CS1 remained fallow, while maize crop was grown in CS2

 

Biofertilizer Biopower (seed inoculation at sowing) 
NPK @  (120-90-60) kg ha-1 
Farmyard Manure (FYM) @ 20 t ha -1  

FYM *  (N equivalent + P make up dose) 
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 The results showed that integrated use of organic and mineral fertilizers and/ 

or biofertilizers showed better 100 grain weight of maize.  Integrated plant nutrient 

management although statistically nonsignificant among one another but still had 

advantage over the sole application of mineral and organic and/ or biofertilizers. 

Chatha et al. (2002) also reported that combined use of mineral and organic 

fertilizers produce higher 100 grain weight under rainfed condition. These results are 

also supported by findings of Novella et  al. (2000), Rout et al. (2001) and Zahir et 

al. (2004), who concluded that biofertilizers has significant effect on grain yield of 

maize. 

4.2.6   Biological Yield  

Biological yield represents total amount of above ground biomass 

accumulated by the plant. The data pertaining to the biological yield (kg ha-1) of 

maize is given in Table 4.2.6. Comparison of various treatment means of integrated 

nutrient management practices wheat-maize cropping systems (CS2) indicated that 

biological yield is significantly different. 

During first year (2005), ½ NPK + ½ FYM + Biopower (T9) produced 

highest   biological yield of 8579 kg ha -1. It was followed 8292 kg ha -1 by treatment 

of ½ NPK + ½ FYM (T6) with a significant difference between the two. Mineral 

fertilizers NPK produced 7933 kg ha-1, which was significantly higher than all 

treatments except T6 and T9. FYM with P make up dose (T5) and FYM @ 20 t ha-1 

(T4) gave biological yield of 7409 kg ha-1 and 7147 kg ha-1 respectively, which were 

statistically significant to each other. Both Biopower treatments with ½ NPK (T7) 

and ½ FYM (T8) produced biological yield 6214 kg ha-1 and 6543 kg ha-1 

respectively, which were significantly different. Half mineral NPK fertilizers 
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produced a biological yield of 5563 kg ha-1 , which was significantly higher than 

control (3562 kg ha-1) with lowest biological yield, where no mineral and organic 

/biofertilizer was applied.  

During second year (2006), ½ NPK + ½ FYM + Biopower (T9) produced 

highest biological yield of 8475 kg ha -1. It was followed by 8060 kg ha-1 due to T6 

treatment with a significant difference. Mineral NPK fertilizers (T3) produced 7884 

kg ha-1,  which is significantly lower to T9 and T6. FYM with P make up dose and 

FYM @ 20 t ha-1 gave biological yield of 7252 and 6981 kg ha -1 respectively, which 

were statistically significant to each other. Both Biopower treatments with ½ NPK 

and ½ FYM produced biological yield of 6051 and 6508 kg ha -1.respectively, which 

were significantly different to each other. Half dose of mineral fertilizers produced a 

biological yield of 4191 kg ha-1 that was significantly higher than lowest biological 

yield of 3290 kg ha-1 recorded in control.  

A significant increase in biological yield was observed due to integrated 

nutrient management practices in both years. Highest biological yield was observed 

when ½ NPK + ½ FYM + Biopower was applied. The difference between highest 

and lowest biological yield was recorded as 5017 kg ha -1 and 5185  kg ha-1 in 2005 

and 2006 respectively indicating substantial increase in biological yield due to 

integrated use of mineral and organic /biofertilizer nutrient sources. It might be due 

to the reason that biofertilizers affect the vegetative parts of plants above soil surface 

which was ultimate source of increase in biological yield in plants. Biofertilizer 

Biopower in combination with organic and mineral fertilizers increase the microbial 

activity that in turn enhanced the rate of decomposition of organic matter and 

nutrient got available to plants for growth. The results are similar to Wu et al.(2005)    
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Table 4.2.6    Effect of integrated plant nutrient management on biological yield                      

(kg ha-1) of maize  

 
Treatments 

 
Years 

2005 2006 
CS2 CS2 

T1    Control  
3562 I 3290 H 

T2   NPK  (60-45-30) kg ha-1 
5563 H 4191 G 

T3   NPK  (120-90-60) kg ha-1 
7933 C 7884 B 

T4   Full FYM @  20 t ha -1 
7147 E 6981 D 

T5   FYM (N Eq + P make up) 
7409 D 7252 C 

T6   ½  NPK + ½  FYM 
8292 B 8060 B 

T7   ½  NPK + Biopower  
6214 G 6051 F 

T8   ½  FYM + Biopower   
6543 F 6508 E 

T9   ½ NPK+½ FYM+Biopower           
 8579 A 8475 A 
       

Analysis of Variances       

 P-Value LSD S.E P-Value LSD S.E 

Treatments < 0.001 51.19 17.08 < 0.001 236.2 78.79 

       

CV   (+ %) 0.43   2.09   

 

    
• Data are average of three replications. 

 

• Treatment means bearing same letter (s) are not significantly different (P <  
0.05; DMR Test) to each other. 

 
CS: Cropping System; CS1 remained fallow, while maize crop was grown in CS2

 

Biofertilizer Biopower (seed inoculation at sowing) 
NPK  @  (120-90-60) kg ha-1 
Farm yard Manure (FYM) @ 20 t ha -1  

FYM *  (N equivalent + P make up dose) 
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who evaluated the effects biofertilizers on soil properties and the growth of Zea mays 

and reported not only increased the nutritional assimilation of plant (total N, P and 

K), but also improved soil properties, such as organic matter content and total N in 

soil. However, biological yield produced in 2006 was lower than that produced in 

2005. It might be due to the reason that there was lower rainfall during the maize 

growing season in 2006 (Table 3.2.1 and 3.2.2). 

During both years the order of increase in biological yield followed almost 

same trend as control > ½ NPK > ½ NPK + Biopower > ½ FYM+ Biopower > FYM 

@ 20 t ha-1 >   FYM with P make up dose > NPK > ½ NPK + ½ FYM > ½ NPK + ½ 

FYM + Biopower. Jadoon et al. (2004), Bhatti et al , (2006), Khaliq et al. (2006) 

and Ahmad (2008) also recorded better yield attributes of crops by integrated 

use of organic and mineral fertilizers. 

4.2.7    Grain Yield  

Comparison of various treatment means of integrated nutrient management 

practices in wheat maize cropping systems (CS2) indicated that grain yield was 

significantly different from each other. Data pertaining to the grain yield of maize 

crop is given in Table 4.2.7. 

During first year (2005), application of ½ NPK + ½ FYM + Biopower (T9) 

produced highest grain yield of 3128 kg ha-1. It was followed by treatment ½ NPK + 

½ FYM (T6) that produced 3045 kg ha-1 with a significant difference to preceding 

treatment. Mineral NPK fertilizers produced grain yield of 2878 kg ha-1, which was 

significantly lower to both T9 and T6. The FYM  with P make up dose(T5) and FYM 

@ 20 t ha-1 (T4) gave grain yield of 2672 kg ha -1 and 2584 kg ha-1 respectively, 

which were statistically significant to each other. Biofertlizer Biopower treatments 
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with ½ NPK (T7) and ½ FYM (T8) produced grain yield of 2251 kg ha-1 and 2375 kg 

ha-1 respectively, which were significantly different to each other. The half dose of 

mineral fertilizers produced a significant increase in grain yield of 1920 kg ha -1 over 

control. Lowest grain yield was recorded in control (1310 kg ha-1), where no mineral 

and organic /biofertilizer was applied. 

During second year (2006), ½ NPK+½ FYM+Biopower (T9) produced maximum 

grain yield of 3119 kg ha-1. It was followed by significantly lower grain yield of 

2878 kg ha-1 by treatment T6. Recommended dose of mineral fertilizers NPK 

produced grain yield of 2840 kg ha -1, which was significantly lower than T6. 

Application of FYM with P make up dose and FYM @ 20 t ha-1 produced grain yield 

of 2570 kg ha-1 and 2446 kg ha-1 respectively, which were statistically significant to 

each other. Biopower treatments with ½ FYM recorded a significant increase in grain 

yield (2372 kg ha-1) over Biopower treatment with ½ NPK that produced grain yield 

2172  kg ha-1. Half dose of mineral fertilizers produced a grain yield of 1476 kg ha-1 

that was significantly higher than lowest grain yield of 1155 kg ha-1 recorded in 

control. 

A significant increase in grain yield due to integrated nutrient management 

practices was observed in both years. Maximum grain yield was observed, when ½ 

NPK+½ FYM+ Biopower were applied. Biofertilizer Biopower in combination with 

organic and mineral fertilizers increased the microbial activity that might in turn 

enhance the rate of decomposition of organic matter and nutrients were available to 

plants for growth. Results of previous studies indicated that use of organic sources as 

FYM produced equivalent or increased plant biomass and grain yields of maize as 

application of inorganic fertilizers alone (Alam and Shah, 2003; Bakhtiar et al., 2002 
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Table 4.2.7 Effect of integrated plant nutrient management on grain yield (kg 

ha-1) of maize  

 
Treatments 

 
Years 

2005 2006 
CS2 CS2 

T1    Control  
1310 I 1155 G 

T2   NPK  (60-45-30) kg ha-1 
1920 H 1476 F 

T3   NPK  (120-90-60) kg ha-1 
2878 C 2840 B 

T4   Full FYM @  20 t ha -1 
2584 E 2446 D 

T5   FYM (N Eq + P make up) 
2672 D 2570 C 

T6   ½  NPK + ½  FYM 
3045 B 2878 B 

T7   ½  NPK + Biopower  
2251 G 2172 E 

T8   ½  FYM + Biopower   
2375 F 2372 D 

T9   ½ NPK+½ FYM+ Biopower           
 3128 A 3119 A 
       

Analysis of Variances       

 P-Value LSD S.E P-Value LSD S.E 

Treatments < 0.001 22.62 7.545 < 0.001 113.5 37.87 

       

CV   (+ %) 0.53   2.81   

 

   
  

• Data are average of three replications. 

 

• Treatment means bearing same letter (s) are not significantly different (P <  
0.05; DMR Test) to each other. 

 
 
CS: Cropping System; CS1 remained fallow, while maize crop was grown in CS2

 

Biofertilizer Biopower (seed inoculation at sowing) 
NPK  @  (120-90-60) kg ha-1 
Farm yard Manure (FYM) @ 20 t ha -1  

FYM *  (N equivalent + P make up dose) 
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and Khanum et al., 2001). 

The difference between highest and lowest biological yield was recorded as 

1818 kg ha-1 and 1964  kg ha-1 in 2005 and in 2006 respectively, indicating 

substantial increase in biological yield due to integrated use of mineral and organic 

/biofertilizer nutrient sources. However, grain yield produced in 2006 was lower than 

that produced in 2005. Variation in grain yield may also be due to difference in 

rainfall amount and distribution  and /or temperature variation during the growing 

season in first year and second year (Table 3.2.1 and 3.2.2 ). Low moisture 

availability affects fertilizer use efficiency and yield components in rainfed areas.    

During both years order of increase in grain yield followed almost same trend as 

control  > ½ NPK > ½ NPK + Biopower > ½ FYM+ Biopower > FYM @ 20 t ha-1 > 

FYM with P make up dose > NPK > ½ NPK + ½ FYM > ½ NPK + ½ FYM + 

Biopower.  

The difference between the highest and the lowest grain yield was recorded 

as 1818 kg ha-1 in 2005 and 1964  kg ha-1 in 2006 respectively indicating substantial 

increase in grain yield due to integrated use of mineral and organic /biofertilizer 

nutrient sources. Jadoon et al. (2004), Bhatti et al ,  (2006), Khaliq et al. (2006) 

and Ahmad (2008) also recorded better yield of crops by integrated use of 

organic and mineral fertilizers. 

4.2.8   Stalk Yield  

Stalk yield is the function of many growth parameters like plant height and 

leaves plant-1. Comparison of various treatment means of integrated nutrient 

management practices showed that stalk yield of maize is significantly different in 

wheat-maize cropping system (CS2) as indicated in Table 4.2.8 
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During the first year (2005), comparison of various treatment means of 

integrated nutrient management practices in wheat-maize cropping systems (CS2) 

indicated that stalk yield is significantly different from each other. The application of 

½ NPK + ½ FYM + Biopower produced highest stalk yield of 5451 kg ha-1. It was 

followed by Stalk yield of 5247 kg ha-1 in treatment ½ NPK + ½ FYM with a 

significant difference. The mineral NPK fertilizers produced 5054 kg ha-1 of stalk 

yield, which is significantly lower than T9 and T6. The FYM  with P make up dose 

and FYM @20 t ha-1 gave stalk yield of 4737kg ha-1 and 4563 kg ha-1, respectively 

which were statistically significant to each other. Both Biopower treatments with ½ 

NPK and ½ FYM produced stalk yield 3962 kg ha-1 and 4168 kg ha-1, respectively 

which were significantly different to each other. Half dose of mineral fertilizers 

produced a stalk yield of 3642 kg ha-1 that was significantly higher than minimum 

stalk yield recorded in control (2252 kg ha-1), where no mineral and organic 

/biofertilizer was applied.  

During second year (2006), ½ NPK + ½ FYM + Biopower produced 

maximum   stalk yield of 5356 kg ha-1. It was followed by 5182 kg ha-1 by treatment 

of ½ NPK + ½ FYM with a significant difference to T9. Mineral fertilizers NPK 

produced 5044 kg ha -1 , which was significantly lower  than T6 . The treatment T5 

and T4 gave stalk yield of 4681 kg ha-1 and 4534 kg ha-1 which were statistically 

significant to each other. Biopower treatments of T7 and T8 produced stalk yield 

3878 kg ha-1and 4135 kg ha-1 respectively, which were significantly different to each 

other. Half dose of mineral fertilizers produced a stalk yield of 2715 kg ha-1 that was 
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Table 4.2.8   Effect of integrated plant nutrient management on stalk yield  

                      (kg ha-1) of maize  

 
Treatments 

 
Years 

2005 2006 
CS2 CS2 

T1    Control  
2252 I 2135 I 

T2   NPK  (60-45-30) kg ha-1 
3642 H 2715 H 

T3   NPK  (120-90-60) kg ha-1 
5054 C 5044 C 

T4   Full FYM @  20 t ha -1 
4563 E 4534 E 

T5   FYM (N Eq + P make up) 
4737 D 4681 D 

T6   ½  NPK + ½  FYM 
5247 B 5182 B 

T7   ½  NPK + Biopower  
3962 G 3878 G 

T8   ½  FYM + Biopower   
4168 F 4135 F 

T9   ½ NPK+½ FYM+Biopower           
 5451 A 5356 A 
       

Analysis of Variances       

 P-Value LSD S.E P-Value LSD S.E 

Treatments < 0.001 31.4 10.47 < 0.001 129.3 43.14 

       

CV   (+ %) 0.42   1.79   
 

    
• Data are average of three replications. 

 

• Treatment means bearing same letter (s) are not significantly different (P <  
0.05; DMR Test) to each other. 

 
 
 
CS: Cropping System; CS1 remained fallow, while maize crop was grown in CS2

 

Biofertilizer Biopower (seed inoculation at sowing) 
NPK  @  (120-90-60) kg ha-1 
Farm yard Manure (FYM) @ 20 t ha -1  

FYM *  (N equivalent + P make up dose) 
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significantly higher than control (T1), with lowest stalk yield of 2135 kg ha-1. 

A significant increase in stalk yield due to integrated nutrient management 

practices was observed in both years. Maximum stalk yield was observed when ½ 

NPK + ½ FYM + Biopower were applied. Biopower in combination with organic 

and mineral fertilizers increase microbial activity that in turn enhanced rate of 

decomposition of organic matter and nutrient were available to plants for growth. 

The results are in line with the findings of Devi et al. (2002) and Wu et al. (2005). 

However, stalk yield produced in 2006 was lower than that produced in 2005. This 

might be due to the reason that lower rainfall was received during maize growing 

season in 2006 (Table 3.2.1 and 3.2.2). Jadoon et al. (2004), Bhatti et al, (2005), 

Khaliq et al. (2006) and also recorded better yield of crops by integrated use of 

organic and mineral fertilizers. 

4.3 EFFECT OF IPNM ON MACRO NUTRIENTS IN SOIL AFTER  

HARVEST OF WHEAT  

A fertile productive soil is the fundamental resource for the farmer and entire 

ecosystem.  

4.3.1    Total Nitrogen in Soil  

Nitrogen plays an important role in the vegetative growth of the crop. 

Comparison of various treatment means of integrated nutrient management practices 

for wheat-fallow (CS1) and wheat-maize (CS2) cropping systems in Table 4.3.1 

showed a significant increase in soil nitrogen as compared to control. 

  During 2004-05, maximum soil N of 367.7 µg g-1 was recorded in T3 (NPK) 

followed by 326.7 µg g-1 in of T6 (½ NPK + ½ FYM) and 306.7 µg g-1of in T9 (½ 

NPK + ½ FYM + Biopower), which were significant to each other. FYM with P 
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make up dose showed N of 261.0 µg g-1. The FYM with Biopower and farmers 

practice of FYM application (T4) showed soil N of 241.7 and 230.0 µg g-1 , which 

were statistically at par to each other. The biofertilizer Biopower with ½ NPK 

showed N of 213.3 µg g-1 that was at par to treatment T4, but significantly higher N 

of 168.3 µg g-1 to half mineral NPK. Minimum soil N content of 155.0 µg g-1 was 

recorded in control, where no mineral and organic and/or biofertilizer was applied. 

During 2005-06, maximum soil N of 365.0 µg g-1 was recorded in T9 (½ NPK 

+ ½ FYM + Biopower, followed by 363.3 µg g-1 in T3 (NPK), however, these were 

statistically significant to each other. A soil N of 323 µg g-1 was recorded in T6 (½ 

NPK + ½ FYM) that was significantly lower than T9 and T3. The treatment with P 

make up dose and FYM @ 20 tons ha-1 showed soil N of 253.3 and 220.0 µg g-1 

respectively, that were significant to each other. The biofertilizer Biopower with ½ 

FYM showed soil N of 200 µg g-1, where as with ½ NPK it showed soil N of 183.3 

µg g-1 which were statistically at par to each other. Half mineral fertilizer (T2) 

depicted a soil N of 168.3µg g-1, however it was statistically nonsignificant to T8 (½ 

NPK + Biopower).  

A significant interaction between integrated nutrient management practices 

and cropping system regarding total N in soil was observed in both years (Table 

4.3.1). After harvest of wheat of Rabi 2004-05, maximum total N in soil was 

recorded in T3 (NPK). whereas maximum soil N was recorded in T9 (½ NPK + ½ 

FYM + Biopower) after Rabi 2005-06 The maximum availability of nitrogen in 

treatments with IPNM in 2005-06 was due to consistent release of N from organic 

sources during the growing season. The higher soil N in mineral NPK fertilizer 

treatment during both Rabi seasons showed that not all N was taken up by the wheat 
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Table 4.3.1  Effect of integrated plant nutrient management total nitrogen (µg 

g-1) in soil after harvest of wheat  

 
Treatments 

 
Years 

2004-05 2005-06 
CS1 CS2 Mean CS1 CS2 Mean 

T1    Control  153.3 f 156.6 f 155.0 G 113.3 h 150.0 g 131.6 G 
T2   NPK  (60-45-30) kg ha-1  163.3 f  163.3 f  168.3 G   170.0 fg  166.6 fg 168.3 F 
T3   NPK(120-90-60) kg ha-1  336.3 b 398.6  a 367.7 A 383.3 a 343.3 b 363.3 A 
T4   Full FYM @  20 t ha -1  220.0 de 240.0 d   230.0 EF   193.3 ef   246.6 cd 220.0 D 
T5   FYM (N eq+P make up)  243.3 d 280.0  c 261.0 D 260.0 c  246.6 cd 253.3 C 
T6   ½  NPK + ½  FYM  330.0 b 323.3  b 326.7 B 323.3 b 323.3 b 323.3 B 
T7   ½  NPK + Biopower   206.6 e 220.0 de 213.3 F    213.3 de 153.3 g 183.3 EF 
T8   ½  FYM + Biopower    240.0 d 243.3  d 241.7 E 250.0 c 150.0 g 200   DE 
 T9   ½ NPK + ½ FYM + BP     280  c 333.3 b 306.7 C 390.0 a 340.0 b 365.0 A 

Mean  241.4 Y 263.1 X  255.1 X 235 Y  
Analysis of Variances       

 P-Value LSD S.E P-Value LSD S.E 
     Treatments ns 17.84 6.003 ns 23.81 8.012 

Cropping System (CS) ns   0.0017    

     T x CS 0.0235                   0.001   

       

CV   (+ %) 5.83   8.0   
 

 

 

•          Data are average of three replications. 

 

• Treatment means bearing same letter (s) are not significantly different (P <  
0.05; DMR Test) to each other. 

 
 
CS: Cropping System 

Biofertilizer Biopower (BP) (seed inoculation at sowing) 
NPK @ (120-90-60) kg ha-1 
Farmyard Manure, (FYM) @ 20 t ha -1 

FYM *  (N equivalent + P make up dose) 
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crop. This may be due to the immobilization of mineral N fertilizer so that major 

portion might remain unavailable to the wheat plants. During 2004-05, a higher soil 

N was recorded in CS2 than CS1 while in 2005-06, in CS1 more soil N was recorded 

than CS2 after harvest of wheat crop. It may be due to the utilization of N during the 

growing season in wheat-maize cropping system (CS2), while in wheat-fallow 

cropping system nitrogen remained conserved in soil. The results are in line to those 

of Nayak et al. (1995), they observed a marked improvement in residual soil fertility 

as estimated by available N, P and K contents with IPNM after crop harvest. The 

results are similar to Jackson et al. (2004), who reported that integrated use of 

organic and mineral fertilizers increased soil nitrogen content. Rautaray et al. (2003) 

also reported that integrated use of organic and chemical fertilizers is beneficial in 

improving N, P and K in sandy loam soil. Wu et al. (2005) evaluated the effects 

biofertilizers on soil properties and the growth of Zea mays and reported improved 

soil properties, such as organic matter content and total N in soil. Mahajan, (1996), 

Subedi and Weber, (2001), Lamps, (2000), Satyanarayana et al. (2002), Khaliq et al. 

(2006) also recorded improvement in soil N with IPNM after crop harvest. 

4.3.2    Available P in Soil  

The comparison of various treatment means of integrated nutrient 

management practices for wheat-fallow (CS1) and wheat-maize (CS2) cropping 

systems caused a significant increase in soil available P over control treatment. 

Various IPNM treatments affected the available phosphorus in the soil as is obvious 

from the data presented in Table 4.3.2. 

  During 2004-05, maximum available P in soil of 8.6 µg g-1 was 

recorded in T9 (½ NPK + ½ FYM + Biopower) followed by  P of 8.31 µg g-1 in T3 , 
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where recommended NPK fertilizer was applied , however, both were statistically at 

par to each other. The  ½ FYM+ ½ NPK(T6 ), ½ NPK  + Biopower (T7 ), FYM @ 20 

t ha-1  (T4 ) showed available P of   7.27, 6.62 and 6.51 µg g-1 respectively, however 

these were statistically  at par to each other. The FYM with P make up dose (T5) 

showed available P of 7.35µg g-1. The treatment ½ FYM+ Biopower (T8) showed 

available P of 7.01 µg g-1 that was nonsignificant to T2. An available P of 4.67 µg g-1 

was recorded in T2 (½ NPK) that was significantly higher than control treatment (T1), 

with minimum available P of (3.5µg g-1), where no mineral and organic and/or 

biofertilizer was applied.  

During 2005-06, maximum available P in soil of 8.33 µg g-1 was recorded in 

T9 (½ NPK + ½ FYM + Biopower). It was followed by significantly lower available 

P of 7.88 and 7.85 µg g-1 in T3 (NPK) and T6 (½ NPK + ½ FYM) respectively, which 

were non significant to each other. An available P of 7.20 µg g-1 was recorded in T8 

that was statistically similar to 7.05 µg g-1 of P recorded in T5. The ½ NPK + 

Biopower (T8) showed available P of 6.7 µg  g-1 . An available P of 6.61 µg g-1 was 

recorded in T4 (FYM @ 20 t ha-1) that was significantly different to T5. An available 

P of 4.18 µg g-1 was recorded in T2 (½ NPK), that was significantly higher to 

minimum available P of 3.13 µg g-1 recorded in control. 

 A nonsignificant effect of cropping system was recorded in 2004-05, while a 

significant effect was observed in 2005-06. However, available P recorded in 2005-

06 was lower than that recorded in 2004-05 depicting significant difference between 

two cropping systems for the first year and second year wheat crop. During 2004-05, 

a higher available P in soil was recorded in CS2 than CS1; while in 2005-06, CS1 had 

more available P in soil than CS2. It may be due to the reason that CS2 received twice 
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Table 4.3.2 Effect of integrated plant nutrient management on available P  

                   (µg g-1) in  soil after harvest of wheat  

 
Treatments 

 
Years 

2004-05 2005-06 
CS1 CS2 Mean CS1 CS2 Mean 

T1    Control      3.50 ns      3.50 ns 3.50 E 3.23 g 3.03 g  3.13 F 
T2   NPK  (60-45-30) kg ha-1 4.50 4.76 4.67 D 4.53 e 3.83 f 4.18 E 
T3   NPK(120-90-60) kg ha-1 8.13 8.50 8.31 A 8.43 a 7.33 bc 7.88 A 
T4   Full FYM @  20 t ha -1 6.50 6.53 6.51 C 6.63 d 6.60 d 6.61 B 
T5   FYM (N eq+P make up) 7.41 7.28 7.35 B 7.40 bc 6.70 d 7.05 A 
T6   ½  NPK + ½  FYM 7.01 7.53 7.27 C 8.20 a 7.50 b 7.85 A 
T7   ½  NPK + Biopower  6.65 6.60 6.62 C 6.80 cd 6.53 d 6.70 D 
T8   ½  FYM + Biopower   6.88 7.15 7.01 D 7.06 bcd 7.40 bc 7.20 C 
T9   ½ NPK + ½ FYM + BP   8.63 8.56 8.60 A 8.40 a 8.26 a 8.33 A 

Mean    6.59    6.71   6.75 X  6.35 Y  
Analysis of Variances       

 P-Value LSD S.E P-Value LSD S.E 
     Treatments < 0.001 0.317 0.110 < 0.001 0.361 .0057 

Cropping System (CS) 0.100   < 0.001   

     T x CS 0.440   0.0106   

       

CV   (+ %) 4.05   4.70   
 

 

 

    
• Data are average of three replications. 

 

• Treatment means bearing same letter (s) are not significantly different (P <  
0.05; DMR Test) to each other. 

 
 
CS: Cropping System 

Biofertilizer Biopower (BP) (seed inoculation at sowing) 
NPK @ (120-90-60) kg ha-1 
Farmyard Manure, (FYM) @ 20 t ha -1 

FYM *  (N equivalent + P make up) 
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mineral and integrated fertilizer treatments. It may also be due to the utilization of P 

during the growing season in wheat-maize cropping system, while in wheat-fallow 

cropping system phosphorus content remained conserved.  

A significant interaction between integrated nutrient management practices and 

cropping system (Table 4.3.2) was observed in 2005-06. Maximum available P was 

recorded in T9 (½ NPK + ½ FYM + Biopower) in both years. Maximum availability 

of P in treatments with IPNM was due to consistent release of P from organic sources 

during the growing season. High available P in mineral NPK fertilizer treatments 

indicated readily available P but not all P was taken up by the wheat. This may be 

due to the immobilization of mineral P fertilizer so that major portion might be 

unavailable to the wheat. Rautaray et al. (2003) also documented that integrated use 

of organic and chemical fertilizers was beneficial in improving crop yield, soil pH, 

organic carbon and available N, P and K in sandy loam soil.   

The results are in line to those of Nayak et al. (1995), they observed a marked 

improvement in residual soil fertility as estimated by available N, P and K with 

IPNM after crop harvest. The low availability of P makes it a growth limiting 

element in natural ecosystem. The recommended rate of P fertilizers in Pakistan was 

80 kg ha-1 for wheat but crops gave good results when 120 kg ha-1 was applied to 

wheat under rainfed conditions. This might be because of the reason that recovery of 

P fertilizer in calcareous soils of Pothowar plateau was less than 20 %, so with 

increased rates of P fertilizers more P was available in soil solution for plants and 

crops depicted more yields with high fertilizer rates. Another reason of good crop 

response to higher rates of P fertilization is that P fertilization at 120 kg ha-1 will 
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allow wheat plant to have approx 54 kg ha-1 available (48-60 kg) for growth which is 

with in optimum range used in the most countries of the world where P is applied at 

45-75 kg ha-1. Phosphorus fertilization at 90 kg ha-1 will allow plants to have only 39 

kg P ha-1 available for growth which is well below the P requirements of wheat crop. 

This is one of the reasons of low yield of wheat other than water availability. 

4.3.3    Extractable K in Soil  

Data pertaining to extractable K in soil after harvest of wheat is given in 

Table 4.3.3. Comparison of various treatment means of integrated nutrient 

management practices for wheat-fallow (CS1) and wheat-maize (CS2) cropping 

systems caused a significant increase in soil extractable potassium as compared to 

control. 

  During 2004-05, maximum extractable K of 170.8 µg g-1 was recorded in soil 

with recommended NPK fertilizers (T3 )  followed by 166.7 µg g-1 by the treatment 

of   ½ NPK + ½ FYM + Biopower(T9 ), which were statistically at par. Potassium of 

151.0 µg g-1 in soil was recorded with treatment ½ NPK + ½ FYM(T6),  which was 

significantly lower to these two treatments but significantly higher to all other 

treatments. The treatment of FYM  (T5), FYM @ 20 t ha-1(T4), ½ FYM+ Biopower 

(T8) and  ½ NPK  + Biopower (T7) showed available K in soil of 135.5 0, 133.3, 

132.0 and 129.3 µg g-1 respectively that were statistically at par among each other. 

An extractable K of 107.5 µg g-1in soil was recorded with half dose of mineral 

NPK(T2),  that was significantly higher than minimum extractable K recorded in 

control (76.0  µg g-1), where no mineral and organic and/or biofertilizer  was applied. 

During 2005-06, maximum extractable K in soil of 182.5 µg g-1 was recorded with 

recommended dose of NPK followed by 177.5 µg g-1 in treatment ½ NPK + ½ FYM 
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+ Biopower that were statistically par to each other. An extractable K in soil of 150.0 

µg g-1 was recorded in treatment of (T6) that was significantly lower to both these 

treatments. The ½ FYM + Biopower,  FYM with P make up dose,  FYM @ 20 t ha-

1and  ½ NPK  + Biopower  showed an extractable K in soil of  132.0 ,132.3 127.8 

and 127.0 µg g-1  respectively that were statistically at par among each other. An 

extractable K of 110.8 µg g-1 in soil was recorded with half dose of mineral NPK 

fertilizers that was significantly higher than minimum extractable K (71.0 µg g-1) 

recorded in control. 

The cropping systems caused a nonsignificant affect on soil extractable 

potassium during both growing seasons. However, extractable K recorded in 2005-06 

was higher than that recorded in 2004-05. A nonsignificant interaction between 

integrated nutrient management practices and cropping system (Table 4.3.3) was 

recorded in both Rabi growing seasons (2004-05 and 2005-06). Maximum soil 

extractable potassium was recorded in T3 in both Rabi years. The availability of soil 

extractable potassium in treatments with IPNM (T6 and T9 ) was due to consistent 

release of K from organic sources during the growing season. The increase in K 

concentration in soil where FYM was applied with or without Biopower (T7 and T8) 

may be attributed to higher solubilization of added potassium. Sharma and Parmer 

(1997) also reported an increase in N, P and K by IPNM. The results are in line to 

those of Nayak et al. (1995), they observed a marked improvement in residual soil 

fertility as estimated by available N, P and K contents with IPNM after crop harvest. 

During 2005, order of increase in soil extractable potassium followed trend as  

control > ½ NPK > ½ NPK  + Biopower  >  ½ FYM+ Biopower > FYM @ 20 t ha-1  

 



 

 

107

Table 4.3.3  Effect of integrated plant nutrient management on extractable K 

(µg g-1) in soil after harvest of wheat  

 
Treatments 

 
Years 

2004-05 2005-06 
CS1 CS2 Mean CS1 CS2 Mean 

T1    Control   79.3 ns   72.6 ns 76.0 E  75.3 ns  66.6 ns 71.0 E 
T2   NPK  (60-45-30) kg ha-1 105.0 110.0 107.5 D 110.0 111.7 110.8 D 
T3   NPK(120-90-60) kg ha-1 165.0 176.0 170.8 A 181.0 183.3 182.5 A 
T4   Full FYM @  20 t ha -1 130.0 136.7 133.3 C 124.0 131.7 127.8 C 
T5   FYM (N eq+P make up) 133.3 137.7 135.5 C 129.7 135.0 132.3 C 
T6   ½  NPK + ½  FYM 147.0 155.0 151.0 B 150.0 150.0 150.0 B 
T7   ½  NPK + Biopower  125.7 133.0 129.3 C 124.0 130.0 127.0 C 
T8   ½  FYM + Biopower   129.0 135.0 132.0 C 128.3 136.0 132.0 C 
 T9   ½ NPK + ½ FYM + BP   160.0 173.3 166.7 A 171.7 183.3 177.5 A 

Mean 130.5  136.6   132.7  136.5   
Analysis of Variances       

 P-Value LSD S.E P-Value LSD S.E 
     Treatments < 0.001 7.103 2.472 < 0.001 8.49 2.957 

Cropping System (CS) 0.0007   0.0663   
     T x CS 0.2719   0.444   
       

CV   (+ %) 4.53   5.38   
 

 

 

    
• Data are average of three replications. 

 

• Treatment means bearing same letter (s) are not significantly different (P <  
0.05; DMR Test) to each other. 

 
 
CS: Cropping System 

Biofertilizer Biopower (seed inoculation at sowing) 
NPK @ (120-90-60) kg ha-1 
Farmyard Manure, (FYM) @ 20 t ha -1 

FYM *  (N equivalent + P make up dose) 
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> FYM  with P make up dose> ½ NPK + ½ FYM > ½ NPK + ½ FYM + Biopower > 

NPK where as during 2006 order of increase in soil extractable potassium followed 

trend as  control > ½ NPK>½ NPK  + Biopower > FYM @ 20 t ha-1 > ½ NPK + ½ 

FYM  with P make up dose > ½ FYM+ Biopower > ½ NPK + ½ FYM + Biopower > 

NPK .  

Potassium is the major nutrient required in large quantity for most of the plants, 

consequently its availability varies greatly in soils.  Deficiencies of K cause severe 

reduction in both yield and quality of crop while excess may result in depression in 

yield because of nutrient imbalance as accompanying N and P are not sufficient 

(Wilkeason et al, 2000).  Potassium in soil depend on parent material and degree of 

weathering. The main natural source of K is mica and feldspars. The soils of Pakistan 

are rich in mica which occurs dominantly in all three fractions, i.e. sand, silt and 

clay, hence most of soils are sufficient in available K. The results are in line to those 

reported by earlier researchers as Subedi and Weber, (2001). Lamps, (2000). 

Satyanarayana et al. (2002), Rautaray et al. (2003).  Bhatti et al . (2005), Khaliq 

et al. (2006) also recorded improvement in available N, P and K in soil with 

IPNM after crop harvest. 

4.3.4    Total Organic Carbon in Soil  

Data pertaining to total organic carbon (g 100 g-1) in soil after harvest of 

wheat is given in Table 4.3.4. Comparison of various treatment means of integrated 

nutrient management practices for wheat-fallow (CS1) and wheat-maize (CS2) 

cropping systems caused a significant increase in soil organic carbon as compared to 

control.  

During 2004-05, maximum organic carbon of 0.65 g 100 g-1 was recorded in    
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treatment of  ½ NPK + ½ FYM + Biopower(T9) followed by 0.64 g 100 g-1  by 

application of  ½ NPK + ½ FYM(T6), which were statistically at par to each other. 

Organic carbon recorded in treatment with NPK fertilizers (T3) was 0.60 g 100 g-1 

that was significantly lower to both T9 and T6. The FYM with P make up dose(T5) 

showed an organic carbon of 0.56 g 100 g-1 and farmer’s practice of FYM 

application(T4) showed organic carbon  of 0.53 g 100 g-1 that were  at par to each 

other. Biofertilizer Biopower with FYM (T8) and with ½ NPK (T7) showed organic 

carbon of 0.48 and 0.42 g 100 g-1, which were statistically significant to each other. 

Half NPK showed an organic carbon of 0.33 g 100 g-1 that was at par to minimum 

organic carbon of 0.31 g 100 g-1 recorded in control,  where no mineral and organic 

and/or biofertilizer  was applied. During 2005-06, maximum organic carbon of 0.75 

g 100 g-1 was recorded in (T9)½ NPK+ ½ FYM+ Biopower followed by organic 

carbon of 0.73 g 100 g-1 in treatment with NPK fertilizer (T3), however these were 

statistically at par to each other. An organic carbon of 0.72g 100 g-1 was recorded in 

FYM treatment (T5) that was at par with (T6) with identical value. FYM @ 20 tons 

ha-1 (T4) showed  an organic carbon of 0.64 g 100 g-1. The biofertilizer Biopower 

treatment (T8) showed organic carbon of 0.49 g 100 g-1 where as in T7 Biopower 

showed an organic carbon of 0.43 g 100 g-1, which was statistically significant to 

each other. Half mineral fertilizer (T2) depicted an organic carbon of 0.33 g 100 g-1 

showing a significant increase over minimum organic carbon of 0.22 g 100 g-1 

recorded in control treatment. During both Rabi growing seasons in 2004-05 and 

2005-06, a higher organic carbon was recorded in CS2 than CS1  after harvest of  

wheat depicting a non significant effect of cropping systems on organic carbon  
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Table 4.3.4 Effect of integrated plant nutrient management on total organic 

carbon (g 100 g -1) in soil after harvest of wheat  

 
Treatments 

 
Years 

2004-05 2005-06 
CS1 CS2 Mean CS1 CS2 Mean 

T1    Control 0.30  0.32  0.31 F 0.21  0.23  0.22 F 
T2   NPK  (60-45-30) kg ha-1 0.32 0.34 0.33 F 0.34 0.33 0.33 E 
T3   NPK(120-90-60) kg ha-1 0.60 0.61 0.60 B 0.72 0.75 0.73 A 
T4   Full FYM @  20 t ha -1 0.55 0.52 0.53 C 0.60 0.68 0.64 B 
T5   FYM (N eq+P make up) 0.55 0.58 0.56 C 0.70 0.75 0.72 A 
T6   ½  NPK + ½  FYM 0.65 0.64 0.64 A 0.63 0.76 0.72 A 
T7   ½  NPK + Biopower  0.41 0.44 0.42 E 0.42 0.45 0.43 D 
T8   ½  FYM + Biopower   0.48 0.48 0.48 D 0.50 0.48 0.49 C 
 T9   ½ NPK + ½ FYM + BP   0.650 0.66 0.65 A 0.71 0.80 0.75 A 

Mean 0.50   0.51   0.54   0.58   
Analysis of Variances       

 P-Value LSD S.E P-Value LSD S.E 
     Treatments < 0.001 .0371 .0129 < 0.001 0.052 0.0182 

Cropping System (CS) 0.28   0.0009   
     T x CS Ns   0.183   
       

CV   (+ %) 6.87   7.06   
 

 

 

    
• Data are average of three replications. 

 

• Treatment means bearing same letter (s) are not significantly different (P <  
0.05; DMR Test) to each other. 

 
 
CS: Cropping System 

Biofertilizer Biopower (seed inoculation at sowing) 
NPK @ (120-90-60) kg ha-1 
Farm yard Manure, (FYM) @ 20 t ha -1 

FYM *  (N equivalent + P make up dose) 
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content of soil.A nonsignificant interaction between integrated nutrient management 

practices and cropping system (Table 4.3.4) was observed in both years. Maximum 

organic carbon was recorded with treatment T9 in both CS1 and CS2 in 2004-05 

respectively; where as in 2005-06, maximum organic carbon was recorded in NPK 

treatment in CS1; while in CS2, maximum organic carbon was recorded in T9. The 

higher organic carbon content in treatment T9 with IPNM in 2005-06 might be due to 

consistent release of humic acid from organic sources during the growing season, 

thus building residual soil fertility. The high organic carbon in mineral NPK fertilizer 

treatments show that not all N was taken up by the wheat. This may be due to the 

immobilization of mineral N fertilizer so that major portion might be unavailable to 

the wheat. Biofertilizer Biopower in combination with organic and mineral fertilizers 

increase the microbial activity that in turn enhanced the rate of decomposition of 

organic matter and nutrient got available to plants for growth. Results are in 

agreement to the findings of Devi et al. (2002) and Wu et al. (2005). 

During 2005, order of increase in soil organic carbon followed trend as control 

> ½ NPK > ½ NPK + Biopower > ½ FYM+ Biopower > FYM with P make up dose 

> FYM @ 20 t ha-1 > NPK > ½ NPK + ½ FYM > ½ NPK + ½ FYM + Biopower; 

where as during 2006, order of increase in soil organic carbon followed trend as 

control > ½ NPK > ½ NPK + Biopower > ½ FYM + Biopower > FYM @ 20 t ha-1 > 

FYM with P make up dose > NPK > ½ NPK + ½ FYM > ½ NPK + ½ FYM + 

Biopower . The results are in line to those of Nayak et al. (1995), who observed a 

marked improvement in residual soil fertility as estimated by available N, P and K 

contents with IPNM after crop harvest. Masto et al. (2006) reported that applying 

FYM plus NPK fertilizers significantly increased soil organic carbon. 
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4.4 EFFECT OF IPNM ON MACRO NUTRIENTS IN SOIL AFTER  

HARVEST OF MAIZE  

 

4.4.1    Total Nitrogen in Soil  

Comparison of various treatment means of integrated plant nutrient 

management practices (IPNM) in wheat-maize cropping system (CS2) in Table 4.4.1. 

indicated that soil N increased significantly over control. 

During 2005, maximum soil nitrogen of 440 µg g-1 was recorded in T3 (NPK), 

followed by soil N of 326. µg g-1 content in T9, which were statistically at par to each  

other. Soil N of 323.3 µg g-1 was recorded in T6 that was significantly lower to T3 and 

T9..The treatments  T5 (FYM P make up dose), T8  ½ FYM+ Biopower, T4 (FYM @ 

20 t ha-1 ) and T7  (½ NPK  + Biopower ) showed a soil N of 250.0, 226.6, 223.3 and 

216.6 µg g-1 respectively, which were statistically at par among each other. Half 

mineral NPK treatment showed soil N content of 173.3 µg g-1 that was significant to 

minimum soil N of 133.3 µg g-1 in control  where no mineral and organic 

/biofertilizer  was applied.  

During 2006, maximum soil N of 410 µg g-1 was recorded in T9 that was 

higher than soil N of 390 µg g-1 in T3 , both were at par to each other. A soil N of 340 

µg g-1 was recorded in T6 that was significantly lower to T3 and T9. FYM treatments 

of T5 and T4 depicted a soil N of 296 and 270 µg g-1 respectively that were 

statistically at par to each other.  Both Biopower treatments T8 and T7 showed soil N 

of 210 and 1760.6 µg g-1 respectively that were statistically nonsignificant to each 

other. The treatment ½ NPK had a soil N of 160.0 µg g-1 that showed a significant 

increase over control (T1), where minimum soil N of 76.67 µg g-1 was recoded.  
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Table 4.4.1 Effect of integrated plant nutrient management on total N (µg g-1) in  

                    soil after harvest of maize  

 
Treatments 

 
Years 

2005 2006 
CS2 CS2 

T1    Control  
133.3 F 76.6 F 

T2   NPK  (60-45-30) kg ha-1 
173.3 E 160.0 E 

T3   NPK  (120-90-60) kg ha-1 
440.0 A 390.0 A 

T4   Full FYM @  20 t ha -1 
223.3 C 270.0 C 

T5   FYM (N Eq + P make up) 
250.0 C 296.0 C 

T6   ½  NPK + ½  FYM 
323.3 B 340.0 B 

T7   ½  NPK + Biopower  
216.6 DE 176.6 DE 

T8   ½  FYM + Biopower   
226.6 D 210.0 D 

T9   ½ NPK+½ FYM+Biopower           
 326.6 A 410.0 A 

Analysis of Variances       

 P-Value LSD S.E P-Value LSD S.E 

Treatments < 0.001 41.79 13.94 < 0.001 35.80 11.94 

       

CV   (+ %) 9.39   7.99   

 

    
• Data are average of three replications. 

 

• Treatment means bearing same letter (s) are not significantly different (P <  
0.05; DMR Test) to each other. 

 
CS: Cropping System; CS1 remained fallow, while maize crop was grown in CS2

 

Biofertilizer Biopower (seed inoculation at sowing) 
NPK @ (120-90-60) kg ha-1 
Farmyard Manure (FYM) @ 20 t ha -1  

FYM *  (N equivalent + P make up dose) 
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A significant increase in soil nitrogen due to integrated plant nutrient 

management practices was observed in both years. Maximum soil N was estimated in 

T3 during 2005, whereas in T9 when ½ NPK + ½ FYM + Biopower was applied in 

2006. The results are similar to Jackson et al. (2003), who reported that integrated 

use of organic and mineral fertilizers increased nitrogen in soil. The integrated use of 

organic and chemical fertilizers is beneficial in improving N, P and K in sandy loam 

soil (Rautaray et al., 2003). Biofertilizer Biopower in combination with organic and 

mineral fertilizers increase the microbial activity that in turn enhanced the rate of 

decomposition of organic matter and nutrient were available to plants for growth.. 

Wu et al. (2005) evaluated the effects biofertilizers on soil properties and the growth 

of Zea mays and reported improvement in soil properties, such as organic matter 

content and total N in soil. The results are in line with the findings of  Devi et al. 

(2002). During 2005, order of increase in soil N content followed trend as  control > 

½ NPK > ½ NPK  + Biopower > FYM @ 20 t ha-1> ½ FYM+ Biopower > FYM  

with P make up dose > ½ NPK + ½ FYM  > ½ NPK + ½ FYM + Biopower > NPK, 

whereas during 2006 order of increase in soil N content followed trend as  control > 

½ NPK > ½ NPK  + Biopower  > ½ FYM+ Biopower > FYM @ 20 t ha-1> FYM  

with P make up dose > ½ NPK + ½ FYM > NPK > ½ NPK + ½ FYM + Biopower . 

Nayak et al. (1995), observed a marked improvement in residual soil fertility as 

estimated by available N, P and K concentration with IPNM after crop harvest. 

4.4.2    Available P in soil  

Data pertaining to the available P in soil after harvest of maize is given in 

4.4.2. Comparison of various treatment means of integrated nutrient management 
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practices in wheat-maize cropping system indicated that available P increased 

significantly over control. 

During 2005, maximum available P of 8.70 µg g-1 was recorded in T9 (½ 

NPK + ½ FYM + Biopower) followed by 8.38, 8.33 and 8.31 µg g-1 in T6 (½ NPK + 

½ FYM), T3 (NPK) and T5 (FYM with P make up dose) respectively, which were 

statistically at par among each other. The T4 (FYM @ 20 t ha-1) showed an available 

P of 7.78 µg g-1 that was significantly lower to T5 and all treatments narrated above. 

Biofertilizer Biopower treatments with ½ FYM (T8) and ½ NPK (T7) showed 

available P of  7.20 and 6.83 µg g-1 respectively that were statistically at par to each 

other. The treatment ½ NPK had available P of  5.13 µg g-1  that showed a significant 

increase over minimum available P of 3.43 µg g-1 recorded in control treatment (T1), 

where no mineral and organic and/or biofertilizer was applied..  

During 2006,  a maximum available P of  8.86 µg g-1 was recorded in T9 (½ 

NPK + ½ FYM + Biopower ) followed by 8.50, 7.90 , 7.86, 7.46, 7.46 and 7.40 µg g-

1 in T3 (NPK), T5 (FYM  with P make up dose), T6(½ NPK + ½ FYM), T4 (FYM @ 

20 t ha-1), T7(½ NPK  + Biopower). Minimum available P of 2.93 µg g-1 was 

recorded in control (T1), where no mineral and organic and/or biofertilizer was 

applied 

A significant increase in soil available P due to integrated plant nutrient management 

practices was recorded in both maize crops of 2005 and 2006. Maximum available P 

was recorded in T9 during both years. The results are similar to Jackson et al. (2003), 

they reported that integrated use of organic and mineral fertilizers increased soil 

available P concentration in soil. Biopower in combination with organic and mineral 

fertilizers showed an increase in soil available P that might be due to increased  
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Table 4.4.2   Effect of integrated plant nutrient management on available P in 

soil (µg  g -1) after harvest of maize  

 
 

Treatments 
 

Years 
2005 2006 
CS2 CS2 

T1    Control  
3.43 E 2.93 C 

T2   NPK  (60-45-30) kg ha-1 
5.13 D 4.40 B 

T3   NPK  (120-90-60) kg ha-1 
8.33 A 8.50 A 

T4   Full FYM @  20 t ha -1 
7.78 B 7.46 A 

T5   FYM (N Eq + P make up) 
8.31 A 7.90 A 

T6   ½  NPK + ½  FYM 
8.38 A 7.86 A 

T7   ½  NPK + Biopower  
6.83 C 7.46 A 

T8   ½  FYM + Biopower   
7.20 C 7.40 A 

T9   ½ NPK+½ FYM+Biopower           
 8.70 A 8.86 A 
       

Analysis of Variances       

 P-Value LSD S.E P-Value LSD S.E 

Treatments 0.0001 0.455 0.158 .0001 1.287 0.448 

       

CV   (+ %) 5.45   15.71   
 

    
• Data are average of three replications. 

 

• Treatment means bearing same letter (s) are not significantly different (P <  
0.05; DMR Test) to each other. 

 
CS: Cropping System; CS1 remained fallow, while maize crop was grown in CS2

 

Biofertilizer Biopower (seed inoculation at sowing) 
NPK @ (120-90-60) kg ha-1 
Farmyard Manure (FYM) @ 20 t ha -1  

FYM *  (N equivalent + P make up dose) 
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order of increase in available P followed trend as  control > ½ NPK > ½ FYM+ 

Biopower > ½ NPK  + Biopower > FYM @ 20 t ha-1 >  ½ NPK + ½ FYM  with P 

make up dose > NPK > ½ NPK + ½ FYM + Biopower . These results corroborate the 

findings of Qasim et al. (2001), who reported increased levels of phosphorus 

increased the number of cobs plant-1, grain yield and P concentration in maize leaves 

over control treatment. Nayak et al. (1995) also observed a marked improvement in 

residual soil fertility as estimated by available N,  P and K contents with IPNM after 

crop harvest. Mahajan, (1996), Subedi and Weber, (2001), Satyanarayana et al. 

(2002), Jadoon et al. (2004) and Ahmad (2008) also recorded increase in soil 

available P with integrated use of organic and mineral fertilizers. 

4.4.3  Extractable K  in Soil  

Data pertaining to extractable K in soil after harvest of maize crop is given in 

Table 4.4.3. Comparison of various treatment means of integrated nutrient 

management practices in wheat-maize cropping systems (CS2) indicated that soil 

extractable K increased significantly as compared to control.  

During 2005, maximum extractable K of 164.3 µg g-1 was recorded in 

treatment with recommended NPK fertilizers (T3) followed by 152.6 µg g-1 with ½ 

NPK + ½ FYM + Biopower(T9),  which were statistically at par to each other. The ½ 

NPK + ½ FYM(T6) and ½ FYM+ Biopower(T8) showed an extractable K of 132 and 

121.6 µg g-1 respectively, which were statistically at par to each other. The FYM 

application of FYM @ 20 t ha-1(T4), FYM with P make up dose (T5) and ½ NPK + 

Biopower (T8) showed a soil extractable K of 117, 115 and 114 µg g-1 respectively, 

that were statistically at par to each other. The ½ NPK treatment showed extractable  
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of 98.6 µg g-1 that was significantly higher 68.6 µg g-1 recorded in control, where no 

mineral and organic and /or biofertilizer was applied.  

During 2006, maximum extractable K of 162 µg g-1 was recorded in treatment with 

recommended NPK fertilizers (T3) that was higher than extractable K of 156 µg g-1 

with treatment of ½ NPK + ½ FYM + Biopower (T9), although both were statistically 

at par to each other. The treatment ½ FYM+ Biopower (T8) and ½ NPK + ½ FYM 

(T6 ) showed an  identical extractable K of 123 µg g-1,which were at par to each 

other. The application of FYM with P make up dose, FYM @ 20 t ha-1 , ½ NPK  + 

Biopower  and ½ NPK showed a extractable K of  106, 105, 103 and 94 µg g-1  

respectively that were statistically at par among each other. Minimum extractable K 

(61µg g-1) was recorded in control. 

A significant increase in extractable K in soil due to integrated plant nutrient 

management practices was observed in both years. Maximum extractable K was 

recorded in T3 treatment during both years. However, slightly higher soil extractable 

K values were recorded in 2006. Biofertilizer Biopower in combination with organic 

and mineral fertilizers increased the microbial activity that in turn enhanced the rate 

of decomposition of organic matter and nutrients were available to plants for growth. 

The results are in line with the findings of Devi et al. (2002) and Wu et al. (2005). 

During 2005 the order of increase in soil extractable K followed trend as  control >  

½ NPK> ½ NPK + Biopower >  FYM  with P make up dose > FYM @ 20 t ha-1 > ½ 

FYM+ Biopower > ½ NPK + ½ FYM > ½ NPK + ½ FYM + Biopower > NPK, 

where as during 2006 order of increase in  soil extractable K followed trend as  

control > ½ NPK > ½ NPK  + Biopower > FYM @ 20 t ha-1 > FYM  with P make up 
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Table  4.4.3  Effect of integrated plant nutrient management on extractable K 

(µg g-1)  in soil after harvest   of maize  

 
Treatments 

 
Years 

2005 2006 
CS2 CS2 

T1    Control  
68 E 61 D 

T2   NPK  (60-45-30) kg ha-1 
98 D 94 C 

T3   NPK  (120-90-60) kg ha-1 
164 A 162 A 

T4   Full FYM @  20 t ha -1 
117 C 105 C 

T5   FYM (N Eq + P make up) 
115 C 106 C 

T6   ½  NPK + ½  FYM 
132 B 123 B 

T7   ½  NPK + Biopower  
114 C 103 C 

T8   ½  FYM + Biopower   
121 BC 123 B 

T9   ½ NPK+½ FYM +Biopower           
 152 A 156 A 
       

Analysis of Variances       

 P-Value LSD S.E P-Value LSD S.E 

Treatments < 0.001 12.52 4.35 < 0.001 15.84 5.51 

       

CV   (+ %) 8.84   11.73   
 

 

    
• Data are average of three replications. 

 

• Treatment means bearing same letter (s) are not significantly different (P <  
0.05; DMR Test) to each other. 

 
CS: Cropping System; CS1 remained fallow, while maize crop was grown in CS2

 

Biofertilizer Biopower (seed inoculation at sowing) 
NPK @ (120-90-60) kg ha-1 
Farmyard Manure (FYM) @ 20 t ha -1  

FYM *  (N equivalent + P make up dose) 
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dose > ½ NPK + ½ FYM >  ½ FYM+ Biopower > ½ NPK + ½ FYM + Biopower > 

NPK. The results are in line to those of Nayakn et al. (1995), they observed a marked 

improvement in residual soil fertility as estimated by available N, P and K 

concentration with IPNM after crop harvest. Zia et al .  (2000), Lamps (2000), 

(Satyanarayana et al. 2004). Jadoon et al. (2004),  Bhatti et al . (2006) and Khaliq 

et al. (2006) also recorded increase in soil extractable K concentration with 

integrated use of organic and mineral fertilizers. 

4.4.4 Total Organic Carbon in Soil 

Data pertaining to organic carbon (g 100 g-1) after harvest of maize is given in 

Table 4.4.4. Comparison of various treatment means of integrated nutrient 

management practices in wheat-maize cropping systems (CS2) indicated that organic 

carbon increased significantly over control. 

During 2005, maximum 0.75 g 100 g-1 total organic carbon (TOC) was 

recorded in treatment with recommended NPK fertilizer (T3). It was followed by 

0.66 g 100 g-1 organic carbon in treatment of ½NPK+½ FYM+ Biopower(T9) and 

0.65 g 100 g-1 of organic carbon in ½ NPK + ½ FYM(T6), which were statistically at 

par. FYM treatment with P make up dose (T5) and as per farmer’s practice (T4) 

showed an organic carbon of 0.60 and 0.58 g 100 g-1 respectively that were 

statistically nonsignificant to each other. Both biofertilizer Biopower treatments with 

½ FYM (T8) and ½ NPK (T7) showed organic carbon of 0.46 g 100 g-1 and 0.40 g 

100 g-1 respectively that were statistically significant to each other. Half NPK 

treatment showed organic carbon of 0.37 g 100 g-1 that was non significant to 

minimum organic carbon of 0.23 g 100 g-1 recorded in control, where no mineral and 

organic /biofertilizer was applied.  
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Table 4.4.4 Effect of integrated plant nutrient management on total organic 

carbon (g 100 g-1 ) in soil after harvest of maize  

 
Treatments 

 
Years 

2005 2006 
CS2 CS2 

T1    Control  
0.23 F 0.16 G 

T2   NPK  (60-45-30) kg ha-1 
0.37 E 0.33 F 

T3   NPK  (120-90-60) kg ha-1 
0.75 A    0.76 CD 

T4   Full FYM @  20 t ha -1 
0.58 C 0.73 D 

T5   FYM (N Eq + P make up) 
0.60 C   0.80 BC 

T6   ½  NPK + ½  FYM 
0.65 B   0.83 AB 

T7   ½  NPK + Biopower  
0.40 E   0.36 EF 

T8   ½  FYM + Biopower   
0.46 D 0.41 E 

T9   ½ NPK+½ FYM+ Biopower           
 0.66 B 0.85 A 
       

Analysis of Variances       

 P-Value LSD S.E P-Value LSD S.E 

Treatments < 0.001 0.0524 0.0182 < 0.001 0.0524 0.0182 

       

CV   (+ %) 8.50   7.20   

 

    
• Data are average of three replications. 

 

• Treatment means bearing same letter (s) are not significantly different (P <  
0.05; DMR Test) to each other. 

 
CS: Cropping System; CS1 remained fallow, while maize crop was grown in CS2

 

Biofertilizer Biopower (seed inoculation at sowing) 
NPK @ (120-90-60) kg ha-1 
Farmyard Manure (FYM) @ 20 t ha -1  

FYM *  (N equivalent + P make up dose) 
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During 2006, maximum organic carbon of 0.85 g 100 g-1 was recorded in 

½NPK+½ FYM+ Biopower(T9) that was higher than organic carbon of 0.83 g 100 g-

1 in T6,  although both were statistically nonsignificant to each other. FYM 

treatments with P make up dose(T5) showed an organic carbon of 0.80 g 100 g -1  that 

was at par to treatment T6 but significantly higher than organic carbon recorded (0.76 

g 100 g -1) with recommended NPK fertilizers(T3). FYM @ 20 t ha-1 (T4) showed an 

organic carbon of 0.73 g 100 g-1. Both biofertilizer Biopower treatments T8 and T7 

showed TOC of 0.41 and 0.36 g 100 g-1 respectively, which were statistically at par 

to each other. Half NPK treatment showed organic carbon of 0.33 g 100 g-1 that was 

nonsignificant to ½ NPK + Biopower. Minimum organic carbon of 0.16 g 100 g-1 

recorded in control.  

A significant increase in organic carbon due to integrated plant nutrient 

management practices was observed in both years. Maximum organic carbon was 

recorded in (T3) during 2005, whereas during 2006 maximum organic carbon was 

recorded in T9. The results are similar to Jackson et al., (2003) who reported that 

integrated use of organic and mineral fertilizers increased soil organic carbon. 

Biopower in combination with organic and mineral fertilizers (T7 and T8) increase 

the microbial activity that in turn enhanced the rate of decomposition of organic 

matter and nutrient were available to plants for growth. The results are in line with 

the findings of Devi et al. (2002) and Wu et al. (2005) and Masto et al . (2006) 

also reported that applying FYM plus NPK fertilizers significantly increased soil 

organic carbon. During 2005, order of increase in organic carbon followed trend as  

control > ½ NPK > ½ NPK  + Biopower > ½ FYM+ Biopower > FYM @ 20 t ha-1 > 

FYM  with P make up dose > ½ NPK + ½ FYM > ½ NPK + ½ FYM + Biopower. > 
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NPK whereas during 2006 order of increase in organic carbon followed trend as  

control > ½ NPK > ½ NPK  + Biopower > ½ FYM+ Biopower >  FYM @ 20 t ha-1> 

NPK > FYM  with P make up dose > ½ NPK + ½ FYM > ½ NPK + ½ FYM + 

Biopower . 

 

4.5 EFFECT OF INTEGRATED PLANT NUTRIENT MANAGEMENT ON 

MACRO NUTRIENT (NPK) CONCENTRATION IN WHEAT  

 

4.5.1    Nitrogen in Wheat Grains 

Nitrogen plays an important role in the vegetative growth of crop. 

Comparison of various treatment means of integrated nutrient management practices 

for wheat-fallow (CS1) and wheat-maize (CS2) cropping systems caused a significant 

increase in nitrogen concentration in wheat grains as compared to control treatment. 

Data pertaining to nitrogen concentration in wheat grains is given in Table 4.5.1. 

During 2004-05, maximum N concentration in wheat grains 3.08 % was 

recorded by application of ½ NPK + ½ FYM + Biopower in T9 followed by N 

concentration in wheat grains of 3.0 % with NPK in T3, which were statistically at 

par to each other. A significantly lower N concentration in wheat grains of 2.83 %   in 

T6 (½ NPK + ½ FYM) was recorded. Nitrogen concentration of 2.50 % was recorded 

in treatment with FYM with P make up dose that was nonsignificant to N 

concentration of 2.46 % in wheat grains by FYM @ 20 t ha-1. Biopower with ½ FYM 

(T8) showed   N concentration in wheat grains of 2.41 % while with ½ NPK (T7) 

showed N concentration of 2.39 % that were statistically at par to each other. Half 

mineral NPK showed N concentration of 1.77 % that was significantly higher than 
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Table 4.5.1   Effect of integrated plant nutrient management on total N (%) in   

                     wheat grains 

 
Treatments 

 
 

Years 
2004-05 2005-06 

CS1 CS2 Mean CS1 CS2 Mean 
T1    Control 1.50 j 1.43 j 1.48 E 1.37 j 1.29 k 1.33 F 
T2   NPK  (60-45-30) kg ha-1 1.78 i 1.76 i 1.77 D 1.73 i 1.75 i 1.74 E 
T3   NPK(120-90-60) kg ha-1 3.14 a 2.87 c 3.00 A 3.46 a 3.15 b 3.30 A 
T4   Full FYM @  20 t ha -1   2.37 gh    2.55 def 2.46 C     2.69 cde   2.54 gh   2.61 CD 
T5   FYM (N eq+P make up)  2.42 fg   2.59 de 2.50 C   2.71 cd    2.60 fgh 2.65 C 
T6   ½  NPK + ½  FYM   2.96 bc 2.70 d 2.83 B 3.14 b 2.75 c 2.95 B 
T7   ½  NPK + Biopower  2.25 h 2.53 ef 2.39 C  2.62 ef 2.53 h 2.57 D 
T8   ½  FYM + Biopower   2.24 h  2.58 de 2.41 C    2.66 def   2.61 efg 2.64 C 
 T9   ½ NPK + ½ FYM + BP   3.13 a 3.03 ab 3.08 A 3.47 a 3.18 b 3.32 A 

Mean 2.42 Y 2.45 X  2.65 X 2.49 Y  
Analysis of Variances       
 P-Value LSD S.E P-Value LSD S.E 
     Treatments < 0.001 0.1049 0.3651 < 0.001 0.05247 0.01826 
     Cropping System (CS) 0.250   < 0.001   
     T x CS < 0.001   < 0.001   
       

CV   (+ %) 3.65   1.54   
 

 

 

    
• Data are average of three replications. 

 

• Treatment means bearing same letter (s) are not significantly different (P <  
0.05; DMR Test) to each other. 

 
 
 
CS: Cropping System 

Biofertilizer Biopower (seed inoculation at sowing) 
NPK @ (120-90-60) kg ha-1 
Farmyard Manure, (FYM) @ 20 t ha -1 

FYM *  (N equivalent + P make up dose) 
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control. 

During 2005-06, maximum N concentration in wheat grains of 3.32 % was 

recorded in T9 (½ NPK + ½ FYM + Biopower) followed by N concentration of 3.30 

% with NPK in T3, which were statistically at par to each other. A significantly lower 

N concentration in wheat grains of 2.95 % in T6 was recorded. The treatments T5, T8 

and T4 showed N concentration in wheat grains of  2.65, 2.64 and 2.61 %  

respectively that were at par among each other.  Nitrogen concentration of 2.57 % in 

T7 (½ NPK + Biopower) was recorded that was at par to T4. Half mineral NPK 

showed N concentration in wheat grains of 1.74 % that was significantly higher than 

control with minimum N concentration of 1.33 %. 

A significant interaction between IPNM and cropping system (Table 4.5.4) 

was observed in 2004-05 and 2005-06. Maximum N concentration in wheat grains 

was recorded in T5 in both years although it was at par to IPNM treatment in T9. The 

availability of N in treatments with IPNM in both years was due to consistent release 

of N from organic sources during the growing season. Higher N concentration in 

wheat grains in mineral NPK fertilizer treatment showed that mineral nutrient 

sources were readily available to wheat. 

During 2004-05, a higher N concentration was recorded in CS2 than CS1; 

while in 2005-06, in CS1 more N concentration was recorded than CS2 in wheat 

grains. It is due to the reason that CS2 received IPNM treatments for maize also after 

the harvest of wheat crop. It may be due to higher uptake of N concentration in wheat 

grains during the growing season in wheat- maize cropping system (CS2), while in 

wheat-fallow cropping system N remained unavailable in soil. 
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The results recorded showed that integrated use of organic and mineral 

fertilizers and/or biofertilizer showed better N concentration in wheat grains 

Integrated plant nutrient management had advantage over the sole application of 

mineral and organic and/ or biofertilizers. These results are in line with Rashid et al. 

(1998) and Ahmed et al. (1998), who also reported that IPNM produced higher grain 

yield for wheat in rainfed areas. Chatha et al. (2002) also reported that combined use 

of mineral and organic fertilizers increased N uptake in wheat grains. The results are 

in line to those reported by earlier researchers as Zia et al . (2000), Satyanarayana 

et al. (2002), Rautaray et al. (2003), Wu et al. (2005),  Khaliq et al. (2006) and 

Ahmad (2008). 

4.5.2    Phosphorus  in Wheat Grains 

Comparison of various treatment means of integrated nutrient management practices 

for wheat-fallow (CS1) and wheat-maize (CS2) cropping systems caused a significant 

increase in P concentration in wheat grains as compared to control as is obvious from 

the data presented in Table 4.5.2. 

During 2004-05, maximum P concentration of 0.367 % in wheat grains was 

recorded by treatment FYM was applied with P make up dose (T5 ), however, it was 

at par with P concentration of 0.353, 0.345, 0.342 and 0.340  % due to recommended 

NPK(T3), T9 (½ NPK + ½ FYM + Biopower, T6 (½ NPK + ½ FYM) and T4(FYM @ 

20 t ha-1).  Phosphorus concentration in wheat grains of 0.283, 0.268 and 0.252 % 

was recorded in T8, T7, T2, that were statistically at par among each other. Minimum  
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Table 4.5.2   Effect of integrated plant nutrient management on  total P (%) in   

                        wheat grains 

 
Treatments 

 
Years 

2004-05 2005-06 
CS1 CS2 Mean CS1 CS2 Mean 

T1    Control 0.243 ef 0.230 f 0.237 C 0.237 c 0.233 c 0.235 C 
T2   NPK  (60-45-30) kg ha-1 0.27 def 0.233 f   0.252 BC 0.263 c 0.247 c 0.255 C 
T3   NPK(120-90-60) kg ha-1 0.353 abc 0.353 abc 0.353 A 0.377 ab 0.373 ab  0.375 AB 
T4   Full FYM @  20 t ha -1 0.337 abc 0.343 abc 0.340 A 0.360 ab 0.340 ab 0.350 B 
T5   FYM (N eq+P make up) 0.37 a 0.363 ab 0.367 A 0.370 ab 0.353 ab 0.362 AB 
T6   ½  NPK + ½  FYM 0.343 abc 0.340 abc 0.342 A 0.330 b 0.340 ab 0.335 B 
T7   ½  NPK + Biopower  0.293 cde 0.243 ef   0.268 BC 0.230 c 0.248 c 0.239 C 
T8   ½  FYM + Biopower   0.303 bcd 0.263 def 0.283 B 0.257 c 0.263 c 0.260 C 
 T9   ½ NPK + ½ FYM + BP   0.33 abc 0.360 ab 0.345 A 0.400 a 0.383 ab 0.392 A 

Mean 0.316 X 0.303 Y  0.314 X 0.309 Y  
Analysis of Variances       
 P-Value LSD S.E P-Value LSD S.E 
     Treatments < 0.001 0.037 0.01291 < 0.001 0.0371 0.01291 

Cropping System (CS) 0.025   < 0.001   
     T x CS 0.031   < 0.001   

       
CV   (+ %) 6.41   6.51   

 

 

 

    
            Data are average of three replications. 

• Means followed by the same letter (s) are not significantly different (P < 
0.05; DMR Test) to each other. 

 
 
 
CS: Cropping System 

Biofertilizer Biopower (seed inoculation at sowing) 
NPK @ (120-90-60) kg ha-1 
Farm yard Manure, (FYM) @ 20 t ha -1 

FYM *  (N equivalent + P make up dose) 
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P concentration of 0.237 % was recorded in control, where no mineral and organic 

and/or biofertilizer was applied. 

During 2005-06, maximum P concentration in wheat grains of 0.392 % was 

recorded in T9 (½ NPK + ½ FYM + Biopower) that was non significant to P 

concentration of (0.375 %) in T3, where recommended NPK fertilizer was applied 

and P of 0.362 % in T5 (FYM was applied with P make up dose), however, T3 and T5 

were also non significant to each other. P concentration recorded in T4 (FYM @ 20 t 

ha-1) and T6 (½ NPK + ½ FYM) was 0.350 and 0.335 % that were at par to T8 (½ 

FYM + Biopower), T2 (½ NPK) and T7 (½ NPK + Biopower ) that showed P 

concentration in wheat grains of  0.260, 0.255 and 0.239  % respectively.  

Comparison of wheat-fallow (CS1) and wheat-maize (CS2) cropping systems 

caused a significant increase in phosphorus concentration in wheat grains during 

2004-05 and 2005-06. However, P concentration recorded in 2005-06 was higher 

than that recorded in 2004-05 depicting significant difference between two cropping 

systems for the first year and second year regarding P uptake by wheat. During 2004-

05, a higher P concentration in wheat grains was recorded in CS1 than CS2; while in 

2005-06, CS1 had more P concentration in wheat grains than CS2 . 

 A significant interaction between integrated nutrient management practices 

and cropping system (Table 4.5.2) was observed in 2004-05 and 2005-06. Maximum 

P   concentration in wheat grains was recorded in T5 in 2004-05, while in 2005-06 

maximum P   concentration was recorded in T9 in wheat grains. Maximum uptake of 

P in wheat grains in treatments with IPNM during the second year was due to 

consistent release of P from organic sources during the growing season. Nayak et al. 

(1995) observed a marked improvement in residual soil fertility as estimated by 
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available N, P and K with IPNM after crop harvest. Changes in soil P status as a 

result of IPNM and cropping system showed that increase in concentration of P in 

wheat grains was more in wheat-maize cropping system (CS2) than wheat-fallow 

cropping system (CS1) because CS2 received IPNM treatments to both wheat and 

maize in Rabi and Kharif seasons of both years. During 2004-05, order of increase in 

P concentration followed trend as  control > ½ NPK > ½ NPK  + Biopower > ½ 

FYM+ Biopower > FYM @ 20 t ha-1 > ½ NPK + ½ FYM > ½ NPK + ½ FYM + 

Biopower > NPK > FYM  with P make up dose, where as during 2005-06 it followed 

trend as control > ½ NPK  + Biopower > ½ NPK > ½ FYM+ Biopower > ½ NPK + 

½ FYM > FYM @ 20 t ha-1 > FYM  with P make up dose > NPK > ½ NPK + ½ 

FYM + Biopower . Chatha et al. (2002) also reported that combined use of mineral 

and organic fertilizers increased P uptake in wheat crop. The results are in line to 

those reported by earlier researchers as Zia et al. (2000), Satyanarayana et al. 

(2002), Rautaray et al. (2003), Wu et al. (2005), Khaliq et al. (2006) and Ahmad 

(2008). 

4.5.3    Potassium in Wheat Grains 

 Data pertaining to K concentration in wheat grains is given in Table 4.5.3. 

Comparison of various treatment means of integrated nutrient management practices 

for wheat-fallow (CS1) and wheat-maize (CS2) cropping systems caused a significant 

increase in potassium concentration as compared to control treatment. 

During 2004-05, maximum K concentration of 0.705 % was recorded with 

recommended NPK fertilizers followed by nonsignificant value of K concentration 

of 0.688 % with ½ NPK + ½ FYM + Biopower (T9). Potassium concentration of 

0.660 %   was recorded with application of ½ NPK + ½ FYM (T6), that was 
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statistically at par to T9.  Biofertilizer Biopower with ½ FYM (T8) and with ½ NPK 

(T7) showed potassium concentration in wheat grains of 0.635 and 0.632 % 

respectively, that were statistically at par to each other. FYM  with P make up dose 

showed K concentration in wheat grains of 0.615 %  while farmer’s practice of 

incorporating FYM @ 20 t ha-1 showed K concentration of 0.613 % , which were 

statistically at par to each other. A potassium concentration in wheat grains of 0.435 

% of was recorded with ½ NPK fertilizers (T2) that was significantly higher than 

minimum K concentration (0.321 %) recorded in control 

During 2005-06, maximum K concentration of 0.708 % was recorded in 

wheat grains with recommended NPK fertilizers (T3), followed by a nonsignificant 

value of K concentration of 0.703 % in T9 with ½ NPK + ½ FYM + Biopower. 

Potassium concentration of 0.662 % was recorded with application of ½ NPK + ½ 

FYM that was statistically at par to T9. Potassium concentration of 0.630 % in wheat 

grains was recorded in treatment with FYM with P make up dose, which was at par 

to T6. Biofertilizer Biopower treatments T8 and T7 showed K concentration in wheat 

grains of 0.627 and 0.625 % respectively that were statistically at par to each other. 

Potassium concentration of 0.617 % recorded by FYM @ 20 t ha-1 was statistically 

similar T8 and T7.  Potassium concentration in wheat grains of 0.435 % was recorded 

with half mineral NPK fertilizers that was significantly higher than minimum K 

concentration (0.320 %) recorded in control. 

Comparison of wheat-fallow (CS1) and wheat-maize (CS2) cropping systems 

caused a significant increase in potassium concentration in wheat grains during both 

years. However, K concentration recorded in 2005-06 was higher than that recorded 

 



 

 

131

 

Table 4.5.3  Effect of integrated plant nutrient management on total K (%) in 

wheat  grains 

 
Treatments 

 
Years 

2004-05 2005-06 
CS1 CS2 Mean CS1 CS2 Mean 

T1    Control 0.333 h 0.310 h 0.322 F 0.320 e 0.320 e 0.320 E 
T2   NPK  (60-45-30) kg ha-1 0.467 f 0.403 g 0.435 E 0.450 d 0.420 d 0.435 D 
T3   NPK(120-90-60) kg ha-1 0.717 a 0.693 ab 0.705 A 0.720 a 0.697 ab 0.708 A 
T4   Full FYM @  20 t ha -1 0.617 de 0.610 e 0.613 D 0.617 c 0.617 c 0.617 C 
T5   FYM (N eq+P make up) 0.620 de 0.610 e 0.615 D 0.633 c 0.627 c 0.630 BC 
T6   ½  NPK + ½  FYM 0.677 abcd 0.643 bcde   0.660 BC 0.667 abc 0.657 bc 0.662 B 
T7   ½  NPK + Biopower  0.630 cde 0.633cde   0.632 CD 0.620 c 0.630 c 0.625 BC 
T8   ½  FYM + Biopower   0.643 bcde 0.627 cde   0.635 CD 0.620 c 0.633 c 0.627 BC 
 T9   ½ NPK + ½ FYM + BP   0.693 ab 0.683 abc 0.688 AB 0.693 ab 0.713 ab 0.703 A 

Mean 0.600 X 0.579 Y  0.593 X 0.590 Y  
Analysis of Variances       
 P-Value LSD S.E P-Value LSD S.E 
       Treatments < 0.001 0.0371 0.0129 < 0.001 0.0371 0.0129 

   Cropping System (CS) < 0.001   < 0.001   
      T x CS    0.001   < 0.001   

       
CV   (+ %) 1.92   2.15   

 

 

 

    
• Data are average of three replications. 

 

• Treatment means bearing same letter (s) are not significantly different (P <  
0.05; DMR Test) to each other. 

 
CS: Cropping System 

Biofertilizer Biopower (seed inoculation at sowing) 
NPK @ (120-90-60) kg ha-1 
Farm yard Manure, (FYM) @ 20 t ha -1 

FYM *  (N equivalent + P make up dose) 
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in 2004-05 depicting significant difference between two cropping systems for the 

first and second year of wheat.  

A significant interaction between integrated nutrient management practices 

and cropping system (Table 4.5.3) was observed during 2004-05 and 2005-06. 

Maximum potassium concentration was recorded in T3 in both years. The treatments 

T9 and T6 showed K concentration that was statistically similar to T3. Maximum 

potassium concentration in wheat grains in treatments with IPNM might be due to 

high K present in organic sources. The increase in K concentration in wheat grains 

where FYM was applied with (T7 and T8) or without Biopower (T4 and T5) may be 

attributed to higher solubilization of added potassium. Sharma and Parmer (1997) 

also reported an increase in N, P and K concentration of plant by IPNM. During 

2004-05, order of increase in K concentration followed trend as control > ½ NPK > 

FYM @ 20 t ha-1 > FYM with P make up dose > ½ NPK + Biopower > ½ FYM+ 

Biopower > ½ NPK + ½ FYM > ½ NPK + ½ FYM + Biopower > NPK.; where as 

during 20005-06,  order of increase in concentration followed trend as control > ½ 

NPK > FYM @ 20 t ha-1 > ½ NPK  + Biopower  >  ½ FYM+ Biopower  FYM  with 

P make up dose > ½ NPK + ½ FYM > ½ NPK + ½ FYM + Biopower > NPK. The 

results are in line to those reported by earlier researchers as Zia et al .  (2000), 

Satyanarayana et al. (2002), Rautaray et al. (2003), Wu et al. (2005), Khaliq et al. 

(2006) and Ahmad (2008).  

4.5.4    Nitrogen  in Wheat Straw 

Nitrogen plays an important role in the vegetative growth of the crop. 

Comparison of various treatment means of integrated nutrient management practices 
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for wheat-fallow (CS1) and wheat-maize (CS2) cropping systems caused a significant 

increase in nitrogen concentration over control.  

During 2004-05, maximum N concentration of 0.653 % was recorded by the 

application of FYM with P make up dose (T5) followed by N concentration of 0.627 

%  with NPK (T3) and  N concentration of 0.620 %  with FYM @ 20 t ha-1 ( T4). 

Application of ½ NPK + ½ FYM + Biopower (T9) showed N concentration of 0.595 

% followed by N concentration of 0.528 %   in T6 (½ NPK + ½ FYM), which were 

significant among each other. Biofertilizer Biopower with ½ FYM showed N 

concentration of 0.487 %  while with ½ NPK showed N concentration of 0.475 % 

that were statistically at par to each other.  Half mineral NPK showed N 

concentration of 0.400 % that was significantly higher than control. 

During 2005-06, maximum N concentration of 0.644 % was recorded in T5 

followed by N concentration of 0.632 % in T4. A nitrogen concentration of 0.621 % 

was recorded with recommended NPK fertilizers (T3) that was statistically at par to 

0.594 % nitrogen concentration recorded in T9 and 0.577 % in T6. The biofertilizer 

Biopower with ½ FYM showed N concentration of 0.506 % while with ½ NPK 

showed N concentration of 0.478 % that were statistically at par. Half NPK showed 

N concentration of 0.395 % that was significantly higher than control treatment. 

  A significant interaction between integrated nutrient management 

practices and cropping system (Table 4.5.4) was observed in both years. Maximum 

nitrogen concentration was recorded in T5 in both growing seasons of wheat. 

Maximum availability of nitrogen in treatments with IPNM in both growing seasons 

was due to consistent release of N from organic sources. The higher N concentration 

in mineral NPK fertilizer treatment showed readily available form of nitrogen  
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Table 4.5.4    Effect of integrated plant nutrient management on N (%) in wheat 

straw. 

 
Treatments 

 
Years 

2004-05 2005-06 
CS1 CS2 Mean CS1 CS2 Mean 

T1    Control 0.350 g 0.280 h 0.315 G 0.307 fg 0.260 g 0.283 E 
T2   NPK  (60-45-30) kg ha-1  0.450 ef 0.350 g 0.400 F 0.437 e 0.354 f 0.395 D 
T3   NPK(120-90-60) kg ha-1 0.650 a   0.603 ab 0.627 B 0.633 a 0.609 ab 0.621 AB 
T4   Full FYM @  20 t ha -1   0.610 ab 0.630 a 0.620 B 0.641 a 0.623 a 0.632 AB 
T5   FYM (N eq+P make up) 0.660 a 0.647 a 0.653 A 0.645 a 0.643 a 0.644 A 
T6   ½  NPK + ½  FYM   0.563 bc   0.493 de 0.528 D 0.533 cd 0.621 a 0.577 B 
T7   ½  NPK + Biopower    0.537 cd 0.413 f 0.475 E 0.520 cd 0.437e 0.478 C 
T8   ½  FYM + Biopower     0.540 cd 0.433 f 0.487 E 0.531 cd 0.481 de 0.506 C 
 T9   ½ NPK + ½ FYM + BP   0.630 a 0.560 bc 0.595 C 0.628a 0.560 bc 0.594 AB 

Mean 0.554 X 0.490 Y  0.542 Y 0.510 X  
Analysis of Variances       

 P-Value LSD S.E P-Value LSD S.E 
     Treatments < 0.001 0.016 0.0057 < 0.001 0.0524 0.0182 

Cropping System (CS) < 0.001   0.0001   

     T x CS 0.0001 0.01826 0.0524 < 0.001   

       

CV   (+ %) 4.52   4.78   
 

    
• Data are average of three replications. 

 

• Treatment means bearing same letter (s) are not significantly different (P <  
0.05; DMR Test) to each other. 

 
 
CS: Cropping System 

Biofertilizer Biopower (seed inoculation at sowing) 
NPK @ (120-90-60) kg ha-1 
Farmyard Manure, (FYM) @ 20 t ha -1 

FYM *  (N equivalent + P make up dose) 
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although not all N was taken up by the wheat plants. This may be due to the 

immobilization of mineral N so that major portion might be unavailable to the wheat 

plants. During 2004-05, a higher N concentration was recorded in CS1 than CS2 

while in 2005-06, higher nitrogen concentration was recorded in CS1 than CS2 in 

wheat straw. It may be due to higher uptake of nitrogen concentration during the 

growing season in wheat-maize cropping system (CS2), while in wheat-fallow 

cropping system nitrogen remained intact in soil. 

Results recorded showed that integrated use of organic, mineral fertilizers 

and/or biofertilizer showed better performance regarding nitrogen concentration in 

wheat straw. Integrated plant nutrient management had advantage over the sole 

application of mineral, organic and/or biofertilizer. These results are in line with 

Rashid et al. (1998) and Ahmed et al. (1998), who also reported that IPNM produced 

higher N concentration in wheat straw in rainfed areas. Highest N concentration in T5 

may be due to better and consistent availability of plant nutrients, while mineral 

fertilizers release nutrients readily to soil. Mineral, organic and/or biofertilizer 

treatments showed significant effect on N concentration in wheat straw as organic 

fertilizers release nutrients after decomposition. Addition of FYM with inorganic 

fertilizers to soil has been reported to increase efficiency of applied fertilizers and 

increase crop yields significantly by many previous researchers as Ahmad (1999), 

Nawaz et al. (2000) and Jadoon et al. (2004). Conservation of moisture by FYM 

application has been reported by many workers (Bhatti et al. 2006) resulting in better 

N uptake by wheat plants. The results are in line to those reported by earlier 

researchers as Zia et al . (2000), Lamps, (2000), Wu et al.  (2005), Khaliq et al. 

(2006) and Ahmad (2008). 
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4.5.5    Phosphorus in Wheat Straw  

Various treatments influenced the phosphorus concentration in the wheat crop 

as is obvious from the data presented in Table 4.5.5.  Comparison of various 

treatment means of integrated nutrient management practices in wheat-fallow (CS1) 

and wheat-maize (CS2) cropping system recorded a significant increase in P 

concentration in wheat straw over control. 

During 2004-05, maximum P concentration in wheat straw was recorded 

0.217 % by treatment of recommended NPK that was followed by P concentration of 

0.200 in T5 where FYM was applied with P make up dose. Phosphorus concentration 

in wheat straw of 0.176 % was recorded by application of ½ NPK + ½ FYM + 

Biopower (T9) and P concentration in wheat straw of 0.170 % in T4 (FYM @ 20 t ha-

1), respectively that were statistically at par to each other. Phosphorus concentration 

in wheat straw of 0.163, 0.162 and 0.158 % was recorded in T6, T7, T2 and T8 that 

were statistically nonsignificant among each other.  

  During 2005-06, maximum P concentration in wheat straw  of 0.227 % was 

recorded in T3, where recommended NPK fertilizer was applied, however, it was 

statistically at par to P concentration in wheat straw of  0.220, 0.196, 0.196, 0.188, 

0.182 and  0.174  % recorded in T5, T9, T4, T6 , T7 T2 and T8 respectively. Minimum 

P concentration of 0.163 % was recorded in control  

A significant effect of cropping system was recorded in both years. However, P 

concentration recorded in 2005-06 was higher than that recorded in 2004-05 

depicting significant difference between two cropping systems for first year and 

second year P uptake by wheat plants. During 2004-05, a higher P concentration in 

wheat straw was recorded in CS2 than CS1, while in 2005-06, CS2 had more available  
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Table 4.5.5  Effect of integrated plant nutrient management on total phosphorus                                

                     concentration (%) in wheat straw 

 
Treatments 

 
Years 

2004-05 2005-06 

CS1 CS2 Mean CS1 CS2 Mean 
T1    Control  0.121 c 0.120c 0.120 E 0.164 bc 0.162 c 0.163 B 
T2   NPK  (60-45-30) kg ha-1  0.147 bc    0.170 bc 0.158 CD   0.183 abc 0.182 abc 0.182 AB 
T3   NPK(120-90-60) kg ha-1  0.213 a 0.220 a 0.217 A   0.217 abc 0.237 a 0.227 A 
T4   Full FYM @  20 t ha -1 0.167 abc     0.173 abc 0.170 C   0.189 abc 0.203 abc 0.196 AB 
T5   FYM (N eq+P make up) 0.190 ab   0.210 ab 0.200 B   0.214 abc 0.226 ab 0.220 AB 
T6   ½  NPK + ½  FYM 0.163 abc     0.163 abc 0.163 CD   0.188 abc 0.189 abc 0.188 AB 
T7   ½  NPK + Biopower  0.163 abc     0.160 abc 0.162 CD   0.182 abc 0.189 abc 0.185 AB 
T8   ½  FYM + Biopower   0.160 abc    0.140 bc 0.150 D   0.175 abc 0.173 bc 0.174 AB 
 T9   ½ NPK + ½ FYM + BP   0.173 abc     0.180 abc 0.177 C   0.191 abc 0.201abc 0.196 AB 

Mean 0.166 Y 0.171 X  0.189 Y 0.196 X  
Analysis of Variances       

 P-Value LSD S.E P-Value LSD S.E 
     Treatments < 0.001 0.0524 0.0182 < 0.001 0.0524 0.0182 

Cropping System (CS) 0.05   < 0.001   

     T x CS 0.003   0.0002   

       

CV   (+ %) 4.89   2.26   
  

 

    
• Data are average of three replications. 

 

• Treatment means bearing same letter (s) are not significantly different (P <  
0.05; DMR Test) to each other. 

 
 
CS: Cropping System 

Biofertilizer Biopower (seed inoculation at sowing) 
NPK @ (120-90-60) Kg ha-1 
Farmyard Manure, (FYM) @ 20 t ha -1 

FYM *  (N equivalent + P make up) 
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P concentration than CS1. It may be due to the utilization of P during the growing 

season in wheat-maize cropping system, while in wheat-fallow cropping system 

phosphorus remained unavailable. Further CS2 received IPNM treatments for both 

wheat and maize in the same plots during 2004-06. 

  A significant interaction between integrated nutrient management practices 

and cropping system (Table 4.5.5) was observed in both years. Maximum P 

concentration in wheat straw was recorded in T3 in both years. This may be due to 

the immobilization of mineral P so that major portion might be unavailable to the 

wheat crop. Maximum uptake of P in wheat straw in treatments with IPNM was due 

to consistent release of P from organic sources during the growing season 

  The low availability of P makes it a growth limiting element in natural 

ecosystem. Plant growth is commensurate with P uptake, provided optimal supply of 

other nutrients in root medium also prevails. The P uptake by plant is affected by its 

concentration in soil solution. The efficiency of utilization of P fertilizer by crops in 

Pakistan is usually low and recovery is reported as 15-25% (Nisar, 1985). During 

2004-05 the order of increase in P concentration in wheat straw followed trend as  

control > ½ FYM+ Biopower > ½ NPK = ½ NPK  + Biopower .= ½ NPK + ½ FYM 

= FYM @ 20 t ha-1 > ½ NPK + ½ FYM + Biopower > FYM  with P make up dose > 

NPK where as during 2006 order of increase in available P followed trend as  control  

> ½ FYM+ Biopower = ½NPK > ½ NPK  + Biopower = ½ NPK + ½ FYM = FYM 

@ 20 t ha-1 = ½ NPK + ½ FYM + Biopower =  FYM  with P make up dose > NPK . 

4.5.6   Potassium in Wheat Straw  

             Data pertaining to potassium concentration in wheat straw (%) is given in 

Table 4.5.6. The comparison of various treatment means of integrated nutrient 
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management practices for wheat-fallow (CS1) and wheat-maize (CS2) cropping 

systems caused a significant increase in potassium concentration in wheat straw as 

compared to control. 

  During 2004-05, maximum K concentration of 1.70 % was recorded in 

treatment with FYM  with P make up dose that  was followed by   K concentration in 

wheat straw of 1.62 %  by incorporating FYM @ 20 t ha-1 that were significant to 

each other. Potassium concentration of 1.55 % was recorded with of recommended 

NPK fertilizers. The treatment of   ½ NPK + ½ FYM + Biopower showed a K 

concentration of 1.52 % which were statistically at par to K concentration of 1.520 %   

recorded with application of ½ NPK + ½ FYM.  Biopower with ½ FYM and with ½ 

NPK showed K concentration in wheat straw of 1.49 and 1.48 % respectively that 

were statistically at par to each other. Potassium concentration in wheat straw 1.37 % 

of was recorded with ½ NPK that was significantly higher than minimum K 

concentration of 1.21 % recorded in control, where no mineral and organic and/or 

biofertilizer was applied. 

During 2005-06, maximum potassium concentration of 1.71 %  in wheat 

straw was recorded in treatment with FYM with P make up dose followed by  K 

concentration of 1.68 %  by incorporating FYM @ 20 t ha-1 that were nonsignificant 

to each other. Potassium concentration of 1.65 % was recorded with of full dose of 

recommended NPK fertilizers that was nonsignificant to T4. Potassium concentration 

of 1.54, 1.53, 1.49 % was recorded in wheat straw by treatments ½ NPK + ½ FYM, 

½ NPK + ½ FYM + Biopower, ½ FYM + Biopower  and ½ NPK + FYM 

respectively that were statistically at par among each other. A potassium 

concentration in wheat straw 1.368 % of was recorded with half dose of mineral  
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Table 4.5.6  Effect of integrated plant nutrient management on total K (%) in   

                        wheat straw. 

 
Treatments 

 
Years 

2004-05 2005-06 
CS1 CS2 Mean CS1 CS2 Mean 

T1    Control 1.310 f 1.117 g 1.213 G  1.290 h  1.037i 1.163 E 
T2   NPK  (60-45-30) kg ha-1 1.433 e 1.313 f 1.373 F  1.403 ef  1.333 gh 1.368 D 
T3   NPK(120-90-60) kg ha-1 1.670 abc 1.437 e 1.553 C  1.620 d  1.687 abc 1.653 B 
T4   Full FYM @  20 t ha -1 1.670 abc 1.570 d 1.620 B  1.683 abc  1.693 ab   1.688 AB 
T5   FYM (N eq+P make up) 1.693 ab 1.707 a 1.700 A  1.707 a  1.717 a 1.712 A 
T6   ½  NPK + ½  FYM 1.627 cd 1.413 e 1.520 D  1.680 abc  1.413 e 1.547 C 
T7   ½  NPK + Biopower  1.620 cd 1.353 f 1.487 E  1.630 cd  1.350 fg 1.490 C 
T8   ½  FYM + Biopower   1.623 cd 1.630 f 1.492 E  1.630 cd  1.353 fg 1.492 C 
 T9   ½ NPK + ½ FYM + BP   1.637 bc 1.420 e 1.528 D 1.637bcd  1.427 e 1.532 C 

Mean 1.587 X 1.410 Y  1.587 X 1.446 Y  
Analysis of Variances       

 P-Value LSD S.E P-Value LSD S.E 
     Treatments < 0.001 0.005774 0.01659 < 0.001 0.05247 0.01826 

Cropping System (CS) < 0.001   < 0.001   

     T x CS < 0.001   < 0.001   

       

CV   (+ %) 0.91   1.02   
 

   
 
  

•             Data are average of three replications. 

 

• Treatment means bearing same letter (s) are not significantly different (P <  
0.05; DMR Test) to each other. 

 
 
CS: Cropping System 

Biofertilizer Biopower (seed inoculation at sowing) 
NPK @ (120-90-60) kg ha-1 
Farmyard Manure, (FYM) @ 20 t ha -1 

FYM *  (N equivalent + P make up dose) 
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NPK that was significantly higher than minimum K concentration (1.163 %) 

recorded in control. Comparison of wheat-fallow (CS1) and wheat-maize (CS2) 

cropping systems caused a significant increase in potassium concentration in wheat 

straw during both years. However, the K concentration recorded in 2005-06 was 

higher than that recorded in 2004-05  

depicting significant difference between two cropping systems for the first year and 

second year of wheat. 

A significant interaction between integrated nutrient management practices 

and cropping system (Table 4.5.6) was observed in both years. Maximum K 

concentration was recorded in T5 in both years. This may be due to high K 

concentration present in FY|M. Maximum potassium concentration in treatments 

with IPNM was due to consistent release of K from organic sources during growing 

season. The increase in K concentration where FYM was applied with or without 

Biopower may be attributed to higher solubilization of added potassium. Parmer and 

Sharma (2001) also reported an increase in N, P and K concentration of plant by 

IPNM. 

During 2004-05 the order of increase in potassium concentration  followed 

trend as  control > ½ NPK > ½ NPK  + Biopower > ½ FYM+ Biopower > ½ NPK + 

½ FYM > ½ NPK + ½ FYM + Biopower > NPK > FYM @ 20 t ha-1 > FYM  with P 

make up dose; where as during 20005-06 order of increase in potassium 

concentration followed trend as  control > ½ NPK > ½ NPK  + Biopower > ½ FYM+ 

Biopower >½ NPK + ½ FYM + Biopower>½ NPK + ½ FYM> NPK > FYM @ 20 t 

ha-1 > FYM  with P make up dose. Chaudhry et al. (2001), reported that plant height , 

shoot weight and NPK content of maize gave significantly higher values when NP 
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and FYM were integrated as compared to alone application of the two sources of 

nutrients. The results are in line to those reported by earlier researchers as Zia et al . 

(2000), Satyanarayana et al. (2002), Rautaray et al. (2003), Wu et al. (2005), 

Khaliq et al. (2006) and Ahmad (2008). 

 

4.6 EFFECT OF   INTEGRATED PLANT NUTRIENT MANAGEMEN T 

MACRO NUTRIENT (NPK) CONCENTRATION IN MAIZE   

 

4.6.1    Nitrogen in Maize Grains 

    Data pertaining to Nitrogen concentration (%) in maize grains is given in 

Table 4.6.1. Comparison of various treatment means of integrated nutrient 

management practices in wheat-maize cropping system indicated that N 

concentration in maize grains increased significantly over control treatment. 

During 2005, maximum N concentration of 1.13 % was recorded with of full 

dose of recommended NPK fertilizers (T3) followed by nonsignificant value of N 

concentration of 1.11 % with ½ NPK + ½ FYM + Biopower (T9). Nitrogen 

concentration of 1.08 % was recorded with application of ½ NPK + ½ FYM (T6) that 

was statistically at par to T9.  FYM with P make up dose showed N concentration in 

maize grains of 1.04 % that was statistically at par to T8, T4 and T7, where N 

concentration of 1.03, 1.02 and 1.01 % was recorded respectively. Nitrogen 

concentration in maize grains of 0.897 % was recorded with  half mineral NPK that 

was significantly higher than minimum N concentration (0.803 %) recorded in 

control,  where no mineral and organic and/or biofertilizer  was applied. 
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Table 4.6.1   Effect of integrated plant nutrient management on total N (%) in 

maize grains 

 
 

Treatments 
 

Years 
2005 2006 
CS2 CS2 

T1    Control  
0.803 E 0.610 F 

T2   NPK  (60-45-30) kg ha-1 
0.897 D 0.917 E 

T3   NPK  (120-90-60) kg ha-1 
1.133 A 1.247 A 

T4   Full FYM @  20 t ha -1 
1.023 C 1.080 CD 

T5   FYM (N Eq + P make up) 
1.047 BC 1.083 CD 

T6   ½  NPK + ½  FYM 
1.083 AB 1.127 BC 

T7   ½  NPK + Biopower  
1.017 C 1.063 D 

T8   ½  FYM + Biopower   
1.030 BC 1.077 CD 

T9   ½ NPK+½ FYM+Biopower           
 1.110 A 1.143 B 
       

Analysis of Variances       

 P-Value LSD S.E P-Value LSD S.E 

Treatments < 0.001 0.0547 0.0182 < 0.001 0.0547 0.0182 

       

CV   (+ %) 1.58   1.7   

 

    
•                   Data are average of three replications. 

 

• Treatment means bearing same letter (s) are not significantly different (P <  
0.05; DMR Test) to each other. 

 
CS: Cropping System; CS1 remained fallow, while maize crop was grown in CS2

 

Biofertilizer Biopower (seed inoculation at sowing) 
NPK  @  (120-90-60) kg ha-1 
Farmyard Manure (FYM) @ 20 t ha -1  

FYM *  (N equivalent + P make up dose) 
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Biopower with ½ FYM and with ½ NPK showed nitrogen concentration in maize 

grains of 1.077 and 1.063 % respectively that were statistically at par to each other. 

Nitrogen concentration in maize grains 0.917 % of was recorded with half mineral 

NPK that was significantly higher than minimum N concentration of 0.610 % 

recorded in control.  Wu et al. (2005) evaluated the effect biofertilizers on soil 

properties and the growth of Zea mays and reported increased nutritional assimilation 

of total N, P and K in plants.  

4.6.2  Phosphorus in Maize Grains 

  Data pertaining total phosphorus concentration in maize grains (%) is given 

in Table 4.6.2. Comparison of various treatment means of integrated nutrient 

management practices for wheat-maize (CS2) cropping systems caused a significant 

increase in phosphorus concentration in maize grains as compared to control. 

  During 2005, maximum   P concentration  of  0.290 % was recorded in T9 (½ 

NPK + ½ FYM + Biopower) followed by nonsignificant values of   P concentration  

of 0.260, 0.250 and 0.250 % due to ½ FYM+ Biopower (T8), recommended NPK 

fertilizers (T3)  and ½ NPK  + Biopower (T7).  Phosphorus concentration of 0.190 % 

in T6 (½ NPK + ½ FYM) that were statistically at par to T4 (FYM @ 20 t ha-1), T5 

(FYM with P make up dose) and T2 (½ NPK).  

During 2006, maximum   P concentration  of  0.310 % was recorded in T5  

where FYM  with P make up dose was applied followed by nonsignificant values of   

P concentration of 0.307, 0.290, 0.280, 0.263, and 0.260  % in T9(½ NPK + ½ FYM 

+ Biopower),  T4 (FYM @ 20 t ha-1) , T6(½ NPK + ½ FYM) , T8(½ FYM+ Biopower) 

and  T7(½ NPK + Biopower) respectively, that were statistically at par among each 

other. A nonsignificant value of P concentration of 0.130 % was recorded with half  
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Table  4.6.2  Effect of integrated plant nutrient management on total P (%) in 

maize grains 

 
Treatments 

 
Years 

2005 2006 
CS2 CS2 

T1    Control  
0.117 C 0.123 B 

T2   NPK  (60-45-30) kg ha-1 
0.127 C 0.130 B 

T3   NPK  (120-90-60) kg ha-1 
0.250 A 0.260 A 

T4   Full FYM @  20 t ha -1 
 0.150 BC 0.290 A 

T5   FYM (N Eq + P make up) 
 0.150 BC 0.310 A 

T6   ½  NPK + ½  FYM 
0.190 B 0.280 A 

T7   ½  NPK + Biopower  
0.250 A 0.260 A 

T8   ½  FYM + Biopower   
0.260 A 0.263 A 

T9   ½ NPK+½ FYM+Biopower           
 0.290 A 0.307 A 
       

Analysis of Variances       

 P-Value LSD S.E P-Value LSD S.E 

Treatments < 0.001 0.0547 0.0182 < 0.001 0.0547 0.0182 

       

CV   (+ %) 5.3   4.31   

 

    
• Data are average of three replications. 

 

• Treatment means bearing same letter (s) are not significantly different (P <  
0.05; DMR Test) to each other. 

 
CS: Cropping System; CS1 remained fallow, while maize crop was grown in CS2

 

Biofertilizer Biopower (seed inoculation at sowing) 
NPK  @  (120-90-60) kg ha-1 
Farmyard Manure (FYM) @ 20 t ha -1  

FYM *  (N equivalent + P make up dose) 
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mineral fertilizers as compared to control. 

A significant increase in due the P concentration to integrated plant nutrient 

management practices was observed in both years.  However, P concentration 

recorded in 2005 was higher than that recorded in 2006 depicting significant 

difference between two cropping systems for first year and second year P 

concentration in maize grains. Maximum P in maize grains in treatments with IPNM 

might be due to consistent release of P from organic sources during the growing 

season. The low availability of P makes it a growth limiting element in natural 

ecosystem. Plant growth is commensurate with P uptake, provided optimal supply of 

other nutrients in root medium also prevails. During 2005 the order of increase in P 

concentration in maize plant followed trend as  control  > ½ NPK > FYM  with P 

make up dose > FYM @ 20 t ha-1 > ½ NPK + ½ FYM  > ½ NPK  + Biopower > 

NPK ½ >  FYM+ Biopower > ½ NPK + ½ FYM + Biopower where as during 2006,  

order followed trend as  control  > ½NPK > ½ NPK + Biopower  > NPK > ½ FYM+ 

Biopower NPK + ½ FYM > FYM @ 20 t ha-1 > ½ NPK + ½ FYM + Biopower > 

FYM  with P make up dose  Wu et al. (2005) evaluated the effects biofertilizers on 

soil properties and the growth of Zea mays and reported increased nutritional 

assimilation of total N, P and K in  plants. 

4.6.3 Potassium in Maize Grains 

Data pertaining to K concentration in maize grains (%) is given in Table 

4.6.3.  

During 2005, maximum K concentration of 0.627 % was recorded with 

recommended NPK (T3) followed by a significant value of K concentration of 0.570 

% with ½ NPK + ½ FYM + Biopower (T9). Potassium concentration of 0.436 % was 
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recorded with ½ NPK + ½ FYM (T6) while Biopower with ½ FYM and with ½ NPK 

showed K concentration of 0.387 % and 0.383 % respectively that were statistically 

at par among each other. Potassium concentration of 0.353 % in maize grains was 

recorded in treatment with FYM with P make up dose, which were at par to K 

concentration of 0.330 % by FYM @ 20 t ha-1 that were both also statistically similar 

to T8 and T7. Potassium concentration of 0.283 % was recorded with half mineral 

NPK that was significantly higher than minimum K concentration (0.263 %) 

recorded in control. 

During 2006, maximum K concentration of 0.703 % was recorded with 

recommended NPK fertilizers (T3) followed by a significant value of K concentration 

of 0.613 % with ½ NPK + ½ FYM + Biopower (T9). Potassium concentration of 

0.470 % was recorded with application of ½ NPK + ½ FYM (T6). Biopower with ½ 

FYM, FYM with P make up dose (T5), Biopower with ½ NPK and farmer’s practice 

of incorporating FYM @ 20 t ha-1 showed a K concentration of 0.383, 0.367, 0.367 

and 0.353 %  that were statistically at par among each other. Potassium concentration 

in maize grains of 0.297 % was recorded with half mineral NPK that was 

significantly higher than minimum K concentration of 0.283% recorded in control. 

The comparison of IPNM in wheat-maize (CS2) cropping system caused a significant 

increase in potassium concentration in maize grains during both years .However, K 

concentration recorded in 2006 was higher than that recorded in 2005 depicting 

significant difference between two cropping systems for the first year and second 

year in maize grains. Maximum K concentration was recorded in FYM treatments 

(T4 and T5) in both years. This may be due to high K present in the FYM. The higher 
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Table 4.6.3 Effect of integrated plant nutrient management on total K (%) in 

maize grains 

 
 

Treatments 
 

Years 
2005 2006 
CS2 CS2 

T1    Control  
0.263 F 0.283 E 

T2   NPK  (60-45-30) kg ha-1 
   0.283 EF 0.297 E 

T3   NPK  (120-90-60) kg ha-1 
0.627 A 0.703 A 

T4   Full FYM @  20 t ha -1 
   0.330 DE 0.353 D 

T5   FYM (N Eq + P make up) 
0.353 D 0.367 D 

T6   ½  NPK + ½  FYM 
0.437 C 0.470 C 

T7   ½  NPK + Biopower  
   0.383 CD 0.367 D 

T8   ½  FYM + Biopower   
   0.387 CD 0.383 D 

T9   ½ NPK+½ FYM+Biopower           
 0.570 B 0.613 B 
       

Analysis of Variances       

 P-Value LSD S.E P-Value LSD S.E 

Treatments < 0.001 0.547 0.0182 < 0.001 0.0547 0.0182 

       

CV   (+ %) 4.17   2.53   

 

    
• Data are average of three replications. 

 

• Treatment means bearing same letter (s) are not significantly different (P <  
0.05; DMR Test) to each other. 

 
CS: Cropping System; CS1 remained fallow, while maize crop was grown in CS2

 

Biofertilizer Biopower (seed inoculation at sowing) 
NPK @ (120-90-60) kg ha-1 
Farmyard Manure (FYM) @ 20 t ha -1  

FYM *  (N equivalent + P make up dose) 
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K concentration in treatments with IPNM (T6 and T9) was due to consistent release of 

K from organic sources during the growing season. The increase in K concentration 

in maize plant with Biopower treatment (T7 and T8) with mineral or organic 

fertilizers may be attributed to higher solubilization of added potassium. Sharma and 

Parmer (1997) also reported an increase in N, P and K concentration of grains by 

IPNM. Wu et al.(2005) evaluated the effects biofertilizer on soil properties and the 

growth of Zea mays and reported increased nutritional assimilation of plant total N, P 

and K. 

4.6.4    Nitrogen in Maize Leaves 

 Data pertaining to the nitrogen concentration (%) in maize leaves is given in 

4.6.4. Comparison of various treatment means of integrated nutrient management 

practices in wheat-maize cropping systems (CS2) indicated that N concentration in 

maize leaves increased significantly over control treatment. 

During 2005, maximum N concentration of 0.643 % was recorded in 

treatment with FYM  with P make up dose that  was at par to potassium 

concentration in maize leaves of 0.623 % by FYM @ 20 t ha-1  as well as to 0.621 %  

recorded in T6 (½ NPK + ½ FYM). Nitrogen concentration of 0.609 %  was recorded 

with of full dose of recommended NPK fertilizers that was  at par to nitrogen 

concentration of 0.643% recorded in treatment T9 (½ NPK + ½ FYM + Biopower). 

Biopower with ½ FYM treatment showed N concentration of 0.481 %, which was 

statistically at par to N concentration of 0.427 % recorded with its application with ½ 

NPK. Half dose of mineral NPK showed N concentration of 0.353 % was recorded in 

maize leaves that was significantly higher than minimum N concentration  of 0.260 

% in maize leaves recorded in control. 
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Table  4.6.4   Effect of integrated plant nutrient management on total  N (%) in 

maize leaves 

 
Treatments 

 
Years 

2005 2006 
CS2 CS2 

T1    Control  
0.260 E 0.197 E 

T2   NPK  (60-45-30) kg ha-1 
0.353 D 0.223 E 

T3   NPK  (120-90-60) kg ha-1 
0.609 AB 0.627 B 

T4   Full FYM @  20 t ha -1 
0.623 A    0.640 AB 

T5   FYM (N Eq + P make up) 
0.643 A    0.682 AB 

T6   ½  NPK + ½  FYM 
0.621 A 0.690 A 

T7   ½  NPK + Biopower  
0.427 C 0.403 D 

T8   ½  FYM + Biopower   
0.481 C 0.480 C 

T9   ½ NPK+½ FYM+ Biopower           
 0.560 B 0.697 A 
       

Analysis of Variances       

 P-Value LSD S.E P-Value LSD S.E 

Treatments < 0.001 0.0547 0.01826 < 0.001 0.0547 0.01826 

       

CV   (+ %) 5.47   5.45   

 

    
• Data are average of three replications. 

 

• Treatment means bearing same letter (s) are not significantly different (P <  
0.05; DMR Test) to each other. 

 
CS: Cropping System; CS1 remained fallow, while maize was grown in CS2

 

Biofertilizer Biopower (seed inoculation at sowing) 
NPK @ (120-90-60) kg ha-1 
Farmyard Manure (FYM) @ 20 t ha -1  

FYM *  (N equivalent + P make up dose) 
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During 2006, maximum N concentration of 0.697 % was recorded inT9 (½ 

NPK + ½ FYM + Biopower) in maize leaves that was higher than N concentration in 

maize leaves of 0.690 % estimated in T6 (½ NPK+ ½ FYM), although these were 

statistically at par to each other. Both FYM treatments with P make up dose (T5) and 

as per farmer’s practice (T4) showed N concentration in maize leaves of 0.682 and 

0.640 % respectively, which were statistically at par to each other. Biofertilizer 

Biopower treatment with ½ FYM showed N concentration of 0.480 % in maize 

leaves that was significantly higher than N concentration of 0.403 % recorded in 

Biopower treatments with ½ NPK. The treatment ½ NPK had N concentration in 

maize leaves of 0.223 % that was nonsignificant to control treatment (T1). 

A significant increase in N concentration in maize leaves due to integrated plant 

nutrient management practices was observed in 2005 and 2006. Maximum N 

concentration in maize leaves was observed in T5 during 2005, whereas maximum N 

concentration in maize leaves was recorded in T9 during 2006. Minimum N 

concentration in maize leaves was observed in control in both years. The results are 

similar to Jackson et al. (2003) who reported that integrated use of organic and 

mineral fertilizers increased nitrogen concentration in maize plant. Biofertilizer 

Biopower in combination with organic (T8)and (T7)  mineral fertilizers  increased the 

microbial activity that in turn enhanced the rate of decomposition of organic matter 

and nutrient were available to plants for growth. The results are in line with the 

findings of Devi et al. (2002) and Wu et al. (2005). During 2005 the order of 

increase in N concentration in maize leaves followed trend as control > ½ NPK > ½ 

NPK + Biopower > ½ FYM+ Biopower > ½ NPK + ½ FYM + Biopower > NPK. > 

½ NPK + ½ FYM > F YM @ 20 t ha-1  > FYM  with P make up dose where as 
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during 2006 order  followed trend as  control > ½ NPK > ½ NPK  + Biopower  > ½ 

FYM+ Biopower > NPK > FYM @ 20 t ha-1 > FYM  with P make up dose > ½ NPK 

+ ½ FYM > ½ NPK + ½ FYM + Biopower . The results are in line to those of Nayak 

et al. (1995), they observed a marked improvement in residual soil fertility as 

estimated by available N, P and K with IPNM after crop harvest. 

4.6.5    Phosphorus in Maize Leaves 

Data pertaining to the phosphorus concentration (%) in maize leaves is given 

in 4.6.5. Comparison of various treatment means of integrated nutrient management 

practices for wheat-maize (CS2) cropping system caused a significant increase in 

phosphorus concentration in maize leaves as compared to control. 

  During 2005, maximum   phosphorus concentration  of  0.286 % was 

recorded in (T3) with NPK fertilizers followed by nonsignificant values of  

phosphorus concentration of 0.272 and 0.251 % due to the application of  ½ NPK + 

½ FYM + Biopower  (T9) and FYM with P make up dose (T5)  respectively. Both T9 

and T5 were also nonsignificant to each other. Phosphorus concentration of 0.225, 

0.191 and 0.168 % was recorded in T4 (FYM @ 20 t ha-1), T6 (½ NPK + ½ FYM) and 

T7 (½ NPK + Biopower) that were statistically at par among each other. Phosphorus 

concentration 0.163 and 0.130 % was recorded in   T2 (½ NPK) and T8 (½ FYM+ 

Biopower) respectively, that were statistically at par among each other as well as to 

T7. Minimum P concentration of (0.119 %) was recorded in control,   where no 

mineral and organic and/or biofertilizer was applied. 

During 2006, maximum phosphorus concentration of 0.251 % was recorded in T3 
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Table 4.6.5  Effect of integrated plant nutrient management on total P (%) in 

maize leaves 

 
Treatments 

 
Years 

2005 2006 
CS2 CS2 

T1    Control  
0.119 E 0.133 E 

T2   NPK  (60-45-30) kg ha-1 
   0.163 DE    0.175 DE 

T3   NPK  (120-90-60) kg ha-1 
0.286 A 0.251 A 

T4   Full FYM @  20 t ha -1 
   0.225 BC    0.223 BC 

T5   FYM (N Eq + P make up) 
   0.251 AB    0.237 BC 

T6   ½  NPK + ½  FYM 
   0.191 CD    0.182 DE 

T7   ½  NPK + Biopower  
      0.168 CDE    0.175 DE 

T8   ½  FYM + Biopower   
0.13  E 0.151 E 

T9   ½ NPK+½ FYM+Biopower           
 0.272 AB 0.232BCD 
       

Analysis of Variances       

 P-Value LSD S.E P-Value LSD S.E 

Treatments < 0.001 0.0182 0.0547 < 0.001 0.0182 0.0547 

       

CV   (+ %) 3.99   3.31   
 

    
• Data are average of three replications. 

 

• Treatment means bearing same letter (s) are not significantly different (P <  
0.05; DMR Test) to each other. 

 
CS: Cropping System; CS1 remained fallow, while maize was grown in CS2

 

Biofertilizer Biopower (seed inoculation at sowing) 
NPK  @  (120-90-60) kg ha-1 
Farm yard Manure (FYM) @ 20 t ha -1  

FYM *  (N equivalent + P make up dose) 
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followed by nonsignificant values of   phosphorus concentration of 0.237, 0.232 and 

0.223 % due to T5, T9 and T4 respectively that were statistically at par among each 

other. Phosphorus concentration of 0.182, 0.175, 0.175 and 0.151 % were recorded in 

T6, T2, T7 and T8 respectively that were statistically at par.  

 A significant increase in P concentration in maize leaves due to integrated plant 

nutrient management practices was observed in both years. Maximum P 

concentration in maize leaves was observed in T3 during 2005, whereas during 2006, 

maximum   P concentration in maize leaves was recorded when ½ NPK + ½ FYM + 

Biopower. However, P content recorded in 2005 was higher than that recorded in 

2006 depicting significant difference between two cropping systems for the first year 

and second year regarding P uptake by maize. Maximum uptake of P in maize leaves 

in treatments with IPNM (T6 and T9) might be due to consistent release of P from 

organic sources during the growing season. The low availability of P makes it a 

growth limiting element in natural ecosystem.  

During 2005 the order of increase in P concentration in maize plant followed 

trend as  control > ½ FYM+ Biopower > ½ NPK > ½ NPK + Biopower > ½ NPK + 

½ FYM > FYM @ 20 t ha-1 > FYM  with P make up dose > ½ NPK + ½ FYM + 

Biopower > NPK, where as during 2006 order trend as  control  > ½ FYM+ 

Biopower > ½ NPK  + Biopower > ½NPK > ½ NPK + ½ FYM > FYM @ 20 t ha-1 > 

½ NPK + ½ FYM + Biopower > FYM  with P make up dose > NPK . The results are 

in line to those reported by earlier researchers as Zia et al . (2000), Satyanarayana 

et al. (2002), Rautaray et al. (2003), Wu et al. (2005), Khaliq et al. (2006) and 

Ahmad (2008).  
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4.6.5    Potassium  in Maize Leaves 

  Data pertaining to K concentration in maize leaves is given in Table 4.6.3. 

Comparison of various treatment means of integrated nutrient management practices 

in wheat-maize cropping system indicated that K concentration in maize leaves 

increased significantly as compared to control. 

During 2005, maximum K of 2.61 % was recorded in treatment with farmer’s 

practice of incorporating FYM @ 20 t ha-1(T4)
 followed by K concentration of 2.45 

% in maize plant with recommended NPK fertilizers (T3) that were significant to 

each other. Potassium concentration of 2.28 % was recorded with FYM  with P make 

up dose(T5) that was statistically at par to K concentration  of 2.18 % recorded in T6 

(½ NPK + ½ FYM.). The treatment of   ½ NPK + ½ FYM + Biopower (T9) showed 

K concentration of 2.09 %, which was statistically at par to K concentration of T6.  

Biofertilizer Biopower with ½ FYM (T8) and with ½ NPK(T7) showed potassium 

concentration in maize leaves of 1.92 and 1.80 %  respectively that were statistically 

significant to each other. Potassium concentration in maize leaves of 1.61 % was 

recorded with mineral NPK that was significantly higher than minimum K 

concentration (1.36 %) recorded in control, where no mineral and organic and/or 

biofertilizer was applied. 

During 2006, maximum potassium concentration of 2.68 % in maize leaves 

was recorded in treatment with FYM with P make up dose (T5), followed by 

potassium concentration of 2.64 % by T4 and 2.54 % with NPK fertilizers that were 

nonsignificant among each other. Potassium concentration of 1.98, 1.90, 1.88, 1.87 

% was recorded respectively in maize leaves by treatments ½ NPK + ½ FYM +  
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Table  4.6.6  Effect of integrated plant nutrient management on  total K (%) in  

                        maize  leaves 

 
Treatments 

 
Years 

2005 2006 
CS2 CS2 

T1    Control  
1.36 H 1.31 D 

T2   NPK  (60-45-30) kg ha-1 
1.61 G 1.61 C 

T3   NPK  (120-90-60) kg ha-1 
2.45 B 2.54 A 

T4   Full FYM @  20 t ha -1 
2.61 A 2.64 A 

T5   FYM (N Eq + P make up) 
2.28 C 2.68 A 

T6   ½  NPK + ½  FYM 
  2.18 CD  1.90 BC 

T7   ½  NPK + Biopower  
1.80 F  1.87 BC 

T8   ½  FYM + Biopower   
1.92 E  1.87 BC 

T9   ½ NPK+½ FYM+ Biopower           
 2.09 D 1.98 B 
       

Analysis of Variances       

 P-Value LSD S.E P-Value LSD S.E 

Treatments < 0.001 0.1095 0.0365 < 0.001 0.0966 0.2896 

       

CV   (+ %) 3.06   8.24   

 

    
• Data are average of three replications. 

 

• Treatment means bearing same letter (s) are not significantly different (P <  
0.05; DMR Test) to each other. 

 
CS: Cropping System; CS1 remained fallow, while maize was grown in CS2

 

Biofertilizer Biopower (seed inoculation at sowing) 
NPK @ (120-90-60) kg ha-1 
Farm yard Manure (FYM) @ 20 t ha -1  

FYM *  (N equivalent + P make up dose) 

 

 

 



 

 

157

Biopower, ½ NPK + ½ FYM, ½ FYM + Biopower  and ½ NPK + FYM  respectively 

that were statistically at par among each other. Potassium concentration in maize 

leaves 1.61 % of was recorded with half dose of mineral NPK fertilizers that was 

significantly higher than minimum K concentration (1.317 %) recorded in control. 

A significant increase in potassium concentration in maize leaves was 

recorded due to integrated nutrient management practices (Table 4.6.3) in both years. 

Maximum potassium concentration was recorded in FYM treatments (T4 and T5) in 

both years. This may be due to high K concentration present in the FYM. The higher 

potassium concentration in IPNM treatments was due to consistent release of K from 

organic sources during the growing season. The increase in K concentration in maize 

leaves with Biopower treatment with mineral or organic fertilizers may be attributed 

to higher K uptake due to IPNM. 

4.7 EFFECT OF   INTEGRATED PLANT NUTRIENT MANAGEMEN T 

PRACTICES ON MICRONUTRIENTS IN SOIL AFTER HARVEST 

OF WHEAT  

4.7.1    Zinc in Soil  

Data pertaining to Zn (µg g-1) in soil after harvest of wheat is given in Table 

4.7.1. Comparison of various treatment means of integrated nutrient management 

practices for wheat-fallow (CS1) and wheat-maize cropping systems (CS2) indicated 

that soil Zn concentration increased significantly over control.  

During first year (2004-05), maximum Zn concentration of 1.330 µg g-1 was recorded 

by treatment ½ NPK + ½ FYM + Biopower in T9,  followed  by 0.762 µg g-1 by  
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Table 4.7.1  Effect of integrated plant nutrient management on Zn (µg g-1) in 

soil after harvest of wheat  

 
Treatments 

 
Years 

2004-05 2005-06 
CS1 CS2 Mean CS1 CS2 Mean 

T1    Control 0.330 ns  0.370 ns 0.350 B 0.300 k 0.303 k 0.302 G 
T2   NPK  (60-45-30) kg ha-1 0.447 0.453 0.450 B 0.450 j 0.470 j 0.460 F 
T3   NPK(120-90-60) kg ha-1 0.520 0.573 0.547 F 0.543 i 0.623 h 0.583 E 
T4   Full FYM @  20 t ha -1 0.720 0.733 0.727 E 0.727 ef 0.777 cde 0.752 CD 
T5   FYM (N eq+P make up) 0.750 0.747 0.748 D 0.817 bc 0.853 b 0.835 B 
T6   ½  NPK + ½  FYM 0.760 0.763    0.762 AB 0.770 cde 0.777 cde 0.773 C 
T7   ½  NPK + Biopower  0.573 0.630 0.602 A 0.683fg 0.750 de 0.717 D 
T8   ½  FYM + Biopower   0.717 0.747 0.732 A 0.643 gh 0.797 cd 0.720 D 
 T9   ½ NPK + ½ FYM + BP   1.327 1.340 1.330 C 1.363 a 1.367 a 1.365 A 

Mean 0.683  0. 706   0.700 Y 0.746 X  
Analysis of Variances       

 P-Value LSD S.E P-Value LSD S.E 
     Treatments < 0.001 0.0371 0.0129 < 0.001 0.0371 0.01291 

Cropping System (CS) 0.0066   < 0.001   
     T x CS Ns   0.0024   

       
CV   (+ %) 4.34   4.19   

 

 

 

    
• Data are average of three replications. 

 

• Treatment means bearing same letter (s) are not significantly different (P <  
0.05; DMR Test) to each other. 

 
CS: Cropping System 

Biofertilizer Biopower (seed inoculation at sowing) 
NPK @ (120-90-60) kg ha-1 
Farmyard Manure, (FYM) @ 20 t ha -1 

FYM *  (N equivalent + P make up) 
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treatment of  ½ NPK + ½ FYM(T6).  Application of FYM with P make up  showed 

soil Zn of 0.748 µg g-1 that was significantly  at par to  0.732 µg g-1 recorded in  T8,  

but significantly higher than T5,  depicting soil Zn of 0.727 µg g-1. Biopower with ½ 

NPK showed soil Zn of 0.602 µg g-1 which was at par to soil Zn in T8. Half mineral 

NPK showed a soil Zn of 0.450 µg g-1 that was at par to minimum value of soil Zn 

(0.350 µg g-1) recorded in control, where no mineral and/or organic fertilizer was 

applied. 

The results during 2005-06 showed that ½ NPK + ½ FYM + Biopower 

caused maximum soil Zn of 1.365 µg g-1, which was on statistical basis significantly 

highest to all other treatments. It was followed by soil Zn content of 0.835 µg g-1 due 

to T5. The treatments of T6 and T4 caused a soil Zn of 0.773 and 0.752 µg g-1 that 

were statistically at par to each other. The application Biopower with ½ FYM 

showed soil Zn content of 0.720 µg g-1 which was at par to 0.717 µg g-1 with ½ NPK 

treatment. The recommended mineral NPK showed soil Zn of 0.583 µg g-1 and half 

mineral NPK showed soil Zn of 0.460 µg g-1 respectively. 

There was no effect of cropping system on soil Zn after the harvest of wheat during 

both years, however, lower values were observed in 2004-05. A nonsignificant 

interaction between integrated nutrient management practices and cropping system 

(Table 4.7.1) was observed in 2004-05; while interaction was significant in 2005-06. 

Highest soil Zn was observed when ½ NPK + ½ FYM + Biopower were applied in 

CS1. However, higher Zn in CS2 than CS1 was recorded in 2005-06, while lower Zn 

content was recorded in CS1 than CS2 in 2004-05. The results recorded showed that 

integrated use of organic and mineral fertilizers and/or biofertilizers showed better 

soil Zn after harvest of wheat. Integrated plant nutrient management had advantage 
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over the sole application of mineral and organic and/ or biofertilizers. Chatha et al. 

(2002) also reported that combined use of mineral and organic fertilizers showed 

higher soil Zn content. Masto et al. (2006) reported that applying FYM plus NPK 

fertilizers depicted an evident effect of treatments on Zn, Fe, Cu, Mn concentration 

of soil.  Organic matter application and low pH arrested a decreasing trend in Zn 

adsorption and increasing levels of soil organic matter increased extractability of Zn. 

(Shuman, 1975). 

4.7.2    Iron in Soil  

Data pertaining to soil Fe after harvest of wheat is given in table 4.7.2. 

Comparison of various treatment means of integrated nutrient management practices 

for wheat-fallow (CS1) and wheat-maize cropping systems (CS2) indicated that soil 

Fe concentration increased significantly over control.  

During first year (2004-05), application of ½ NPK + ½ FYM + Biopower(T9) 

caused maximum soil Fe of 3.81 µg g-1 which was identical to soil Fe by treatment ½ 

NPK + ½ FYM(T6). The application of FYM with P make up (T5) showed soil Fe of 

3.58 µg g-1 that was significantly higher than the farmer’s application of FYM @ 20 t  

ha-1 (T4) depicting soil Fe of 3.54µg g-1. Recommended NPK (T3) showed soil Fe of  

2.85 µg g-1. Application of biofertilizer Biopower with ½ FYM (T8)  showed soil Fe 

of 2.63 µg g-1, which was at par to soil Fe of 2.51 µg g-1 with ½ NPK(T7) that showed 

a soil Fe of  2.40 µg g-1.  

The results during 2005-06 showed that application of ½ NPK + ½ FYM + Biopower 

(T9) caused maximum soil Fe of 4.02 µg g-1 which was statistically significant to 

control followed by soil Fe of 3.77 µg g-1 due to the   application of   ½ NPK + ½  
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Table 4.7.2  Effect of integrated plant nutrient management on Fe (µg g-1) in 

soil after harvest of wheat  

 
Treatments 

 
Years 

2004-05 2005-06 
CS1 CS2 Mean CS1 CS2 Mean 

T1    Control       2.17 ns      2.16 ns 2.16 F 2.10 i 1.80 j 1.95 G 
T2   NPK  (60-45-30) kg ha-1 2.35 2.44 2.40 E 2.27 h 2.34 h 2.31 F 
T3   NPK(120-90-60) kg ha-1 2.85 2.84 2.85 C 2.75 f 2.61 fg 2.68 E 
T4   Full FYM @  20 t ha -1 3.52 3.56 3.54 B 3.32 e 3.41 de 3.36 D 
T5   FYM (N eq+P make up) 3.59 3.58 3.58 B 3.45 de 3.56 d 3.50 C 
T6   ½  NPK + ½  FYM 3.81 3.80 3.81 A 3.72 c 3.83 bc 3.77 B 
T7   ½  NPK + Biopower  2.59 2.44   2.51 DE 2.61 fg 2.56 g 2.59 E 
T8   ½  FYM + Biopower   2.61 2.65 2.63 D 2.65 fg 2.60 fg 2.63 E 
T9   ½ NPK + ½ FYM + BP   3.86 3.75 3.81 A 4.11 a 3.93 b 4.02 A 

Mean 3.03  3.02   2.99 X 2.95 Y  
Analysis of Variances       

 P-Value LSD S.E P-Value LSD S.E 
     Treatments < 0.001 0.199 0.069 < 0.001 0.111 0.038 

Cropping System (CS) ns   0.147   
     T x CS ns   0.0032   

       
CV   (+ %) 5.64   3.13   

 

 

 

    
•  Data are average of three replications. 

 

• Treatment means bearing same letter (s) are not significantly different (P <  
0.05; DMR Test) to each other. 

 
 
CS: Cropping System 

Biofertilizer Biopower (seed inoculation at sowing) 
NPK @ (120-90-60) kg ha-1 
Farmyard Manure, (FYM) @ 20 t ha -1 

FYM *  (N equivalent + P make up) 
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FYM. Application of FYM showed soil Fe of 3.50 µg g-1 that was significantly 

higher than farmer’s application of FYM @ 20 t ha-1 depicting soil Fe of 3.36µg g-1. 

Recommended NPK showed a soil Fe of 2.68 µg g-1. Biopower with ½ FYM showed 

soil Fe of 2.63 µg g-1, which was at par to soil Fe of 2.59 µg g-1 with ½ NPK 

treatment. Half mineral NPK showed a soil Fe of 2.31 µg g-1 that was significantly 

higher to minimum value of soil Fe (1.956µg g-1) in control.  

There was no effect of cropping system on soil Fe after the harvest of wheat 

during both years, however, lower values were observed in 2004-05. A 

nonsignificant interaction between integrated nutrient management practices and 

cropping system (Table 4.7.2) was observed in 2004-05, while significant interaction 

was recorded in 2005-06. Highest soil Fe was recorded when ½ NPK + ½ FYM + 

Biopower was applied in both wheat growing seasons. However, soil Fe estimated in 

2004-05 was higher than in 2005-06. 

During 2004-05, CS1 and CS2 were non significant regarding soil Fe, while 

there was significant difference between CS1 and CS2 in 2005-06. The results 

recorded showed that integrated use of organic and mineral fertilizers and/ or 

biofertilizers showed better soil Fe after harvest of wheat. Integrated plant nutrient 

management had advantage over sole application of mineral and organic and/or 

biofertilizers. Chatha et al. (2002) also reported that combined use of mineral and 

organic fertilizers showed higher soil Fe concentration. Masto et al. (2006) reported 

that applying FYM plus NPK fertilizers depicted an evident effect of treatments on 

Zn, Fe, Cu, Mn concentration of soil. 
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4.7.3   Manganese in Soil  

 Data pertaining to soil Mn after harvest of wheat is given in Table 4.7.3. 

Comparison of various treatment means of integrated nutrient management practices 

for wheat-fallow and wheat-maize cropping systems (CS1 and CS2) indicated that 

soil Mn increased significantly over control.  

During first year (2004-05), the application of ½ NPK + ½ FYM + 

Biopower(T9) caused maximum soil Mn of 1.357 µg g-1 which was at par to soil  Mn 

of  1.342, 1.328 and 1.317  µg g-1 by treatment ½ NPK + ½ FYM(T6) , FYM with P 

make up dose (T5)and  FYM @ 20 t  ha-1(T4) respectively. The application of 

biofertilizer Biopower with ½ NPK showed soil Mn of 1.282µg g-1, which was 

statistically identical to soil Mn recorded with ½ FYM treatments that was also 

statistically similar to T4. The recommended NPK showed a soil Mn of 1.225 µg g-1. 

Half mineral NPK showed a soil Mn of 1.220 ug g-1 that was significantly higher to 

minimum value of soil Mn in control (1.133 ug g-1), where no mineral and/or organic 

fertilizer was applied.  

The results during 2005-06 showed that application of ½ NPK + ½ FYM caused 

maximum soil Mn of 1.362 µg g-1, followed by statistically nonsignificant values by  

FYM with P make up dose  , ½ NPK + ½ FYM + Biopower and FYM @ 20 t ha-1 

depicting soil Mn of  1.357, 1.362 and 1.327 µg g-1 respectively. The  recommended  

NPK, biofertilizer Biopower with ½ FYM and Biopower with ½ NPK showed a soil 

Mn of  1.277, 1.253 and 1.247 µg g-1 respectively, which were statistically at par to 

each other. Half mineral fertilizers showed a soil Mn of 1.212 µg g-1 that was 

significantly higher to minimum value of soil Mn (1.140µg g-1) in  recorded in 

control. 
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Table 4.7.3  Effect of integrated plant nutrient management on Mn (µg g-1) in 

soil after harvest of wheat  

 
Treatments 

 
Years 

2004-05 2005-06 
CS1 CS2 Mean CS1 CS2 Mean 

T1    Control 1.133 ns 1.133 ns 1.133 D 1.123 e 1.157 e 1.140 D 
T2   NPK  (60-45-30) kg ha-1 1.217 1.217 1.220 C 1.213 cd   1.210 cd 1.212 C 
T3   NPK(120-90-60) kg ha-1 1.200 1.250 1.225 C 1.243 cd   1.310 cd 1.277 B 
T4   Full FYM @  20 t ha -1 1.317 1.317 1.317 AB 1.320 ab   1.333 ab 1.327 A 
T5   FYM (N eq+P make up) 1.330 1.327 1.328 A 1.350 a 1.363 a 1.357 A 
T6   ½  NPK + ½  FYM 1.340 1.343 1.342 A 1.363 a 1.360 a 1.362 A 
T7   ½  NPK + Biopower  1.317 1.247 1.282 B 1.240 cd   1.253 cd 1.247 BC 
T8   ½  FYM + Biopower   1.310 1.253 1.282 B 1.237cd   1.270 bc 1.253 B 
 T9   ½ NPK + ½ FYM + BP   1.350 1.363 1.357 A 1.363 a 1.350 a 1.357 A 

Mean 1.279  1.273   1.273 Y 1.29 X  
Analysis of Variances       

 P-Value LSD S.E P-Value LSD S.E 
     Treatments < 0.001 0.0371 0.0129 < 0.001 0.0371 0.01291 

Cropping System (CS) < 0.001   0.0014   
     T x CS 0.144   0.0174   

       
CV   (+ %) 2.70   1.40   

 

 

 

    
• Data are average of three replications. 

 

• Treatment means bearing same letter (s) are not significantly different (P <  
0.05; DMR Test) to each other. 

 
CS: Cropping System 

Biofertilizer Biopower (seed inoculation at sowing) 
NPK @ (120-90-60) kg ha-1 
Farmyard Manure, (FYM) @ 20 t ha -1 

FYM *  (N equivalent + P make up dose) 
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A significant interaction between integrated nutrient management practices and 

cropping system (Table 4.7.3) was observed in both years. Highest soil Mn was 

recorded, when ½ NPK + ½ FYM + Biopower were applied in 2004-05, while during 

2005-06, maximum value of soil Mn was recorded in treatment with ½ NPK + ½ 

FYM.  However, soil Mn recorded in 2004-05 was higher than that recorded in 2005-

06 with significant difference between two cropping systems for first year and 

second year of wheat. Regarding soil Mn, CS1 was statistically similar to CS2 in 

2004-05; while CS2 was superior to CS1 during 2005-06 wheat growing season. 

Mineral and organic and/or biofertilizers showed significant effect on soil Mn over 

control as organic fertilizers release nutrients after decomposition. The results 

recorded showed that integrated use of organic and mineral fertilizers and/ or 

biofertilizers showed better soil Mn after harvest of wheat crop. Integrated plant 

nutrient management had advantage over the sole application of mineral and organic 

and/ or biofertilizers. Chatha et al. (2002) also reported that combined use of mineral 

and organic fertilizers showed higher Mn in soil. Masto et al . (2006) reported 

that applying FYM plus NPK fertilizers depicted an evident effect of treatments on 

Zn, Fe, Cu, Mn concentration of soil. 

4.7.4 Copper in Soil 

            Data pertaining to soil Cu concentration (µg g-1) after harvest of wheat is 

given in Table 4.7.4. Comparison of various treatment means of integrated nutrient  

management practices for wheat-fallow and wheat-maize cropping systems (CS1 and 

CS2) indicated that soil Cu increased significantly over control. 

During first year (2004-05), application of ½ NPK + ½ FYM + Biopower(T9) 

caused maximum soil Cu of 0.598 µg g-1,which was at par to soil Cu of 0.564 µg g-1  
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Table 4.7.4  Effect of integrated plant nutrient management on Cu (µg g-1) in 

soil after harvest  of wheat  

 
Treatments 

 
Years 

2004-05 2005-06 
CS1 CS2 Mean CS1 CS2 Mean 

T1    Control 0.347 ns 0.348 ns 0.347 D 0.323 i 0.349 hi 0.336 E 
T2   NPK  (60-45-30) kg ha-1 0.463 0.464 0.464 C 0.423 fg 0.466 ef 0.444 CD 
T3   NPK(120-90-60) kg ha-1 0.550 0.551 0.551 B 0.600 ab 0.552 bc 0.576 AB 
T4   Full FYM @  20 t ha -1 0.443 0.444 0.444 C 0.490 de 0.446 efg 0.468 C 
T5   FYM (N eq+P make up) 0.467 0.468 0.467 C 0.443 efg 0.469 ef 0.456 CD 
T6   ½  NPK + ½  FYM 0.563 0.564    0.564 AB 0.533 cd 0.566 bc 0.549 B 
T7   ½  NPK + Biopower  0.440 0.441 0.441 C 0.400 gh 0.442 efg 0.421 D 
T8   ½  FYM + Biopower   0.463 0.464 0.464 C 0.420 fg 0.466 ef 0.443 CD 
 T9   ½ NPK + ½ FYM + BP   0.597 0.598 0.597 A 0.627 a 0.599 ab 0.613 A 

Mean 0.481  0.482   0.473 Y 0.484 X  
Analysis of Variances       

 P-Value LSD S.E P-Value LSD S.E 
     Treatments < 0.001 0.0371 0.0129 < 0.001 .03710 0.01291 

Cropping System (CS) ns   0.0812   

     T x CS ns   0.0004   

       

CV   (+ %) 2.45   4.48   
 

   
  

•             Data are average of three replications. 

 

• Treatment means bearing same letter (s) are not significantly different (P <  
0.05; DMR Test) to each other. 

 
 
CS: Cropping System 

Biofertilizer Biopower (seed inoculation at sowing) 
NPK @ (120-90-60) kg ha-1 
Farmyard Manure, (FYM) @ 20 t ha -1 

FYM *  (N equivalent + P make up dose) 
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by treatment ½ NPK + ½ FYM(T6). Recommended NPK showed soil Cu of   0.551 

µg g-1. Application of   FYM with P make up dose (T5), ½ FYM + Biopower (T8), 

½NPK (T2), FYM @ 20 t ha-1(T4) 
 and ½ NPK+ Biopower (T7) showed soil Cu of 

0.467, 0.441, 0.444 and 0.441 µg g-1 respectively, which were statistically  at par 

among each other.  

The results during 2005-06 showed that application of ½ NPK + ½ FYM + 

Biopower caused maximum soil Cu of 0.613 µg g-1 followed by significantly lower 

value of soil Cu of 0.576 µg g-1 due to recommended NPK fertilizers . The treatment 

½ NPK + ½ FYM showed a soil Cu of 0.549 µg g-1. Farmer’s application of FYM @ 

20 t ha-1 , FYM with P make up dose, ½ NPK, ½ NPK+ Biopower , ½ NPK+ 

Biopower showed soil Cu of 0.468 and 0.456 , 0.444 , 0.443 and 0.421 µg g-1 

respectively, which were statistically  at par.  

A nonsignificant interaction between integrated nutrient management 

practices and cropping system was observed in 2004-05, while interaction was 

significant in 2005-06 (Table 4.7.4). Maximum soil Cu concentration was recorded 

when ½ NPK + ½ FYM + Biopower were applied in both wheat growing seasons. 

However, soil Cu in 2004-05 was slightly higher in CS1 than CS2; while the soil Cu 

recorded was higher in CS2 than CS1 in 2005-06 with significant difference between 

two cropping systems for first year and second year of wheat.  

The results recorded showed that integrated use of organic and mineral 

fertilizers and/ or biofertilizers showed better performance regarding soil Cu after 

harvest of wheat. Integrated plant nutrient management had advantage over the sole 

application of mineral and organic and/ or biofertilizers. Chatha et al. (2002) also 

reported that combined use of mineral and organic fertilizers showed higher soil Cu. 



 

 

168

Mineral and organic and/ or biofertilizers showed significant effect on soil Cu 

concentration over control as organic fertilizers release nutrients after decomposition. 

The copper fertilizer was not applied to soil; significant difference may be due to 

increase of biomass and better decomposition of roots and residues in soil. Copper is 

one of the nine essential micronutrients needed for the growth and development of 

wheat crop. It is known to be associated with number of metallo proteins. It is able to 

accept and donate electrons and thus participate in oxidation reduction reactions. The 

essential metabolic role of Cu is evident from its presence in Cytochrome oxidase 

(Tandon, 1999). According to Tandon, the average wheat yield increase due to Cu 

use over NPK is 380 kg ha-1 in India on the basis of 35 experiments. Khatak et al. 

(2000) also reported wheat response to Cu in Pakistan. Masto et al . (2006) 

reported that applying FYM plus NPK fertilizers depicted an evident effect of 

treatments on Zn, Fe, Cu, Mn concentration of soil. 

 

4.7.5 Zinc in Soil  

 Data pertaining to zinc concentration after reap of maize is given in Table 

4.7.5. Comparison of various treatment means of integrated nutrient management 

practices wheat-maize cropping system (CS2) indicated that soil Zn improved 

significantly over control. During 2005, maximum soil Zn of  1.350 µg g-1 was 

recorded in treatment with ½ NPK + ½ FYM + Biopower (T9) followed by soil Zn of  

0.753µg g-1  in T6(½ NPK+ ½ FYM) and soil Zn of 0.720 µg g-1 of by FYM 

treatments with P make up dose that both were statistically at par to each other. FYM 

@ 20 t ha-1 and biofertilizer Biopower treatments with ½ FYM and ½ NPK showed  
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Table 4.7.5   Effect of integrated plant nutrient management on Zn (µg g-1) in 

soil after harvest of maize  

 
 

Treatments 
 

Years 
2005 2006 
CS2 CS2 

T1    Control  
0.320 F 0.253 E 

T2   NPK  (60-45-30) kg ha-1 
0.430 E 0.473 D 

T3   NPK  (120-90-60) kg ha-1 
0.530 D 0.627 C 

T4   Full FYM @  20 t ha -1 
0.673 C 0.740 B 

T5   FYM (N Eq + P make up) 
0.720 BC 0.793 B 

T6   ½  NPK + ½  FYM 
0.753 B 0.787 B 

T7   ½  NPK + Biopower  
0.573 D 0.657 C 

T8   ½  FYM + Biopower   
0.673 C 0.763 B 

T9   ½ NPK+½ FYM+Biopower           
 1.350 A 1.393 A 
       

Analysis of Variances       

 P-Value LSD S.E P-Value LSD S.E 

Treatments < 0.001 0.05747 0.01826 < 0.001 .05247 0.01826 

       

CV   (+ %) 5.89   5.38   

 

•   Data are average of three replications. 

 

• Treatment means bearing same letter (s) are not significantly different (P <  
0.05; DMR Test) to each other. 

 
CS: Cropping System; CS1 remained fallow, while maize was grown in CS2

 

Biofertilizer Biopower (seed inoculation at sowing) 
NPK @ (120-90-60) kg ha-1 
Farmyard Manure (FYM) @ 20 t ha -1  

FYM *  (N equivalent + P make up dose) 
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soil Zn of 0.673, 0.673 and 0.573 µg g-1 respectively, those were statistically at par 

among each other. 

Half NPK treatment showed soil Zn of 0.430 µg g-1 that was non significant to 

minimum soil Zn of 0.320 µg g-1 recorded in control, where no mineral and organic 

and/or biofertilizer  was applied. 

During 2006, maximum soil Zn of 1.393 µg g-1 was recorded in ½NPK+½ 

FYM+ Biopower. FYM treatments with P make up dose, ½NPK+½ FYM, ½ FYM + 

Biopower and FYM @ 20 t ha-1 showed Zn of 0.793, 0.787, 0.763, 0.740 µg g-1 

respectively that were at par among each other. Recommended NPK fertilizers 

showed a soil Zn of 0.627 µg g-1. Half dose of NPK showed soil Zn of  0.473 µg g-1, 

which showed a significant increase over minimum soil Zn of 0.253 µg g-1 was 

recorded in control.  A significant increase in soil Zn due to IPNM was observed in 

both years. Maximum soil Zn was recorded in ½NPK+½FYM+Biopower during 

both years. Biopower in combination with organic and mineral fertilizers increase the 

microbial activity that in turn better rate of decomposition of organic matter and 

nutrient were accessible to plants for growth. The results are in line with the findings 

of Devi et al. (2002) and Wu et al. (2005). Masto et al .  (2006) reported that 

applying FYM plus NPK fertilizers depicted an evident effect of treatments on Zn, 

Fe, Cu, Mn concentration of soil. 

 

4.7.6   Iron in Soil  

Data pertaining to soil Fe after harvest of maize crop is given in Table 4.7.6. 

During first year (2005), comparison of various treatment means of integrated 

nutrient management practices in wheat-maize cropping system (CS2) indicated that 
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soil Fe improved significantly over control. The use of ½ NPK + ½ FYM + 

Biopower (T9) caused maximum soil Fe of 3.70 µg g-1 , which was at par to soil  Fe 

of 3.67 µg g-1 by treatment ½ NPK + ½ FYM(T6). The application of   FYM with P 

make up (T5) showed soil Fe of 3.50 µg g-1 that was significantly higher than the 

farmer’s application of FYM @ 20 t ha-1 (T4) depicting soil Fe of 3.43µg g-1. The 

recommended NPK showed a soil Fe of 2.63µg g-1. The Biopower with ½ FYM (T8) 

showed soil Fe of 3.30µg g-1 and with ½ NPK (T7) showed soil Fe of 2.23 µg g-1. 

Half NPK (T2) showed a soil Fe of 2.23 µg g-1 that was significantly at par to 

minimum  soil Fe of  2.03 µg g-1 recorded in control, where no mineral and/or 

organic fertilizer was applied. 

The results during 2006 showed that application of ½ NPK + ½ FYM + 

Biopower(T9) caused maximum soil Fe of 4.21 µg g-1 followed by soil Fe of 3.80 µg 

g-1 due to the use of   ½ NPK + ½ FYM(T6). FYM with P make up showed soil Fe of 

3.61 µg g-1 that was significantly superior to the farmer’s application of FYM @ 20 t 

ha-1 depicting soil Fe of 3.52µg g-1. The recommended NPK (T3) showed a soil Fe of 

2.73µg g-1. The biofertilizer Biopower with ½ FYM (T8) showed soil Fe of 2.89 µg 

g-1 , which was at par to soil Fe of 2.57 µg g-1 with ½ NPK treatment (T7). The half 

mineral NPK showed a soil Fe of 2.23 µg g-1 that was significantly higher to 

minimum soil Fe of 1.79 µg g-1 estimated in control.  

Higher soil Fe was recorded when ½ NPK + ½ FYM + Biopower were 

applied in both maize growing seasons. However, soil Fe recorded in 2005 was 

higher than that recorded in 2006 with significant difference for the first year and 

second year maize crop. Masto et al .  
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Table 4.7.6   Effect of integrated plant nutrient management on Fe (µg g-1) in 

soil after harvest of maize  

 
Treatments 

 
Years 

2005 2006 
CS2 CS2 

T1    Control  
2.03 D 1.79 G 

T2   NPK  (60-45-30) kg ha-1 
2.23 D 2.23 F 

T3   NPK  (120-90-60) kg ha-1 
2.63 C 2.73 D 

T4   Full FYM @  20 t ha -1 
  3.43 AB 3.52 C 

T5   FYM (N Eq + P make up) 
  3.50 AB 3.61 C 

T6   ½  NPK + ½  FYM 
3.67 A 3.80 B 

T7   ½  NPK + Biopower  
2.23 C 2.57 E 

T8   ½  FYM + Biopower   
3.30 B 2.89 D 

T9   ½ NPK+½ FYM+Biopower           
 3.70 A 4.21 A 
       

Analysis of Variances       

 P-Value LSD S.E P-Value LSD S.E 

Treatments < 0.001 0.2874 0.1000 < 0.001 0.1574 0.0547 

       

CV   (+ %) 8.14   4.36   

 

    
•                   Data are average of three replications. 

 

• Treatment means bearing same letter (s) are not significantly different (P <  
0.05; DMR Test) to each other. 

 
CS: Cropping System; CS1 remained fallow, while maize was grown in CS2

 

Biofertilizer Biopower (seed inoculation at sowing) 
NPK @ (120-90-60) kg ha-1 
Farmyard Manure (FYM) @ 20 t ha -1  

FYM *  (N equivalent + P make up dose) 
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 (2006) reported that applying FYM plus NPK fertilizers depicted an evident effect 

of treatments on Zn, Fe, Cu, Mn concentration of soil. 

4.7.7   Manganese in soil  

Data pertaining to manganese in soil after harvest of maize is specified in 

Table 4.7.7. Evaluation of various treatment means of integrated nutrient 

management practices in wheat-maize cropping system (CS2) indicated that soil Mn 

increased significantly over control. 

During 2005, maximum 1.34 µg g-1 soil Mn was recorded in treatment with ½ 

NPK + ½ FYM+ Biopower (T9). It was followed by 1.33 µg g-1 soil Mn by Biopower 

treatments with ½ FYM. Application of ½ NPK + ½ FYM (T6) showed soil Mn of 

1.28 µg g-1 that was statistically similar to Mn  of 1.24 µg g-1 in T7 (½ NPK+ 

Biopower). The treatment of recommended NPK showed a soil Mn of 1.23 µg g-1. 

Half NPK treatment showed 1.21 µg g-1 of soil Mn that was nonsignificant to 

minimum soil Mn of 1.17 µg  g-1 recorded in control . 

During 2006, maximum soil Mn of 1.42 µg g-1 was recorded by (½NPK+½ 

FYM) in T6 followed by significantly lower soil Mn of 1.35 µg g-1 by 

½NPK+½FYM+Biopower in T9 and 1.33 µg g-1 of soil  Mn by ½  FYM +Biopower 

(T8 ), which were statistically non significant among each other. FYM with P make 

up dose and FYM @ 20 t ha-1 showed a soil Mn of 1.32 and 1.30 µg g-1 respectively, 

which were statistically at par to each other. The treatment ½ NPK + Biopower and 

recommended NPK fertilizers showed a soil Mn of 1.27 and 1.23 µg g-1 those were 

statistically analogous to each other.  
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Table 4.7.7  Effect of integrated plant nutrient management on Mn (µg g-1) in 

soil after harvest of maize  

 
 

Treatments 
 

Years 
2005 2006 
CS2 CS2 

T1    Control  
1.17 G 0.98 F 

T2   NPK  (60-45-30) kg ha-1 
 1.21 FG 1.11 E 

T3   NPK  (120-90-60) kg ha-1 
 1.23 EF 1.23 D 

T4   Full FYM @  20 t ha -1 
  1.25 DE   1.30 BC 

T5   FYM (N Eq + P make up) 
  1.30 BC   1.32 BC 

T6   ½  NPK + ½  FYM 
  1.28 CD 1.42 A 

T7   ½  NPK + Biopower  
 1.24 EF   1.27 CD 

T8   ½  FYM + Biopower   
1.34 A 1.33 B 

T9   ½ NPK+½ FYM+Biopower           
   1.33 AB 1.35 B 
       

Analysis of Variances       

 P-Value LSD S.E P-Value LSD S.E 

Treatments 0.00037 0.03710 0.01291 < 0.001 0.05247 0.01826 

       

CV   (+ %) 2.99   3.95   
 

    
•                   Data are average of three replications. 

 

• Treatment means bearing same letter (s) are not significantly different (P <  
0.05; DMR Test) to each other. 

 
CS: Cropping System; CS1 remained fallow, while maize was grown in CS2

 

Biofertilizer Biopower (seed inoculation at sowing) 
NPK  @  (120-90-60) kg ha-1 
Farmyard Manure (FYM) @ 20 t ha -1  

FYM *  (N equivalent + P make up dose) 
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Most soil Mn was recorded in T9 during 2005; while in T6 during 2006. 

Biopower in combination with organic and mineral fertilizers increased microbial 

activity that in turn enhanced the rate of decomposition of organic matter and 

nutrient were available to plants for growth. The results are in line with the findings 

of Devi et al. (2002) and Wu et al. (2005). Masto et al .  (2006) reported that 

applying FYM plus NPK fertilizers depicted an evident effect of treatments on Zn, 

Fe, Cu, Mn concentration of soil. 

4.7.8   Copper in Soil  

Data pertaining to soil copper after harvest of maize is given in Table 4.7.8.  

Comparison of various treatment means of integrated nutrient management practices 

in wheat-maize cropping system (CS2) indicated that soil Cu increased significantly 

over control. 

During 2005, maximum soil Cu 0.597 µg g-1 was recorded in treatment (T9) 

½ NPK + ½ FYM+ Biopower,  which was at par to soil Cu of  0.587  µg g-1  NPK 

fertilizers treatment(T3). Soil Cu of 0.537 µg g-1 was recorded by treatment ½ NPK + 

½ FYM (T6), which was statistically at par to (T3). Application of FYM @ 20 t ha-1  

and  FYM with P make up dose showed soil Cu of 0.473 and 0.450µg g-1, which 

were statistically at par. Biopower treatments with ½ FYM and ½ NPK showed soil 

Cu of 0.460 and 0.430 µg g-1 respectively that were statistically at par, while 

nonsignificant to soil Cu of 0.447 µg g-1 recorded in treatment of half dose of mineral 

fertilizer. During 2006, maximum soil Cu of 0.627 µg g-1 was recorded in 

½NPK+½FYM+Biopower treatment followed by  soil Cu of 0.600 µg g-1 recorded in 

recommended NPK fertilizers treatment that were statistically at par to each other. 
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Table 4.7.8   Effect of integrated plant nutrient management on Cu (µg g-1) in 

soil after harvest of maize  

 
Treatments 

 
Years 

2005 2006 

CS2 CS2 
T1    Control  

0.327 E 0.324 F 
T2   NPK  (60-45-30) kg ha-1 

   0.447 CD     0.424 DE 
T3   NPK  (120-90-60) kg ha-1 

0.587 A   0.600 A 
T4   Full FYM @  20 t ha -1 

0.473 C   0.490 C 
T5   FYM (N Eq + P make up) 

  0.450 CD  0.444 D 
T6   ½  NPK + ½  FYM 

0.537 B 0.534 B 
T7   ½  NPK + Biopower  

0.430 D 0.400 E 
T8   ½  FYM + Biopower   

  0.460 CD   0.420 DE 
T9   ½ NPK+½ FYM+Biopower           
 0.597 A 0.627 A 
       

Analysis of Variances       

 P-Value LSD S.E P-Value LSD S.E 

Treatments < 0.001 0.0371 0.0129 < 0.001 0.0371 0.0129 

       

CV   (+ %) 5.07   5.55   

 

    
• Data are average of three replications. 

 

• Treatment means bearing same letter (s) are not significantly different (P <  
0.05; DMR Test) to each other. 

 
CS: Cropping System; CS1 remained fallow, while maize crop was grown in CS2

 

Biofertilizer Biopower (seed inoculation at sowing) 
NPK  @  (120-90-60) kg ha-1 
Farmyard Manure (FYM) @ 20 t ha -1  

FYM *  (N equivalent + P make up dose) 
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Soil Cu content of 0.534 µg g-1 was recorded in T6 (½NPK+½ FYM.). Farmyard 

manure @ 20 t ha-1 and FYM with P make up dose showed soil Cu of 0.490 and 

0.444 µg g-1 respectively, which were statistically significant among each other. The 

treatments of ½ NPK, FYM +Biopower and NPK +Biopower showed values of soil 

Cu of 0.424, 0.420 and 0.400 µg g-1 respectively, which were statistically at par 

among each other.  

A significant increase in soil Cu due to integrated plant nutrient management 

practices was observed in both years. Maximum soil Cu was recorded in T9 during 

both years Minimum soil Cu was observed in control in both years. Biofertilizer 

Biopower in combination with organic and mineral fertilizers increase the microbial 

activity that in turn enhanced the rate of decomposition of organic matter and 

nutrient were available to plants for growth. The results are in line with the findings 

of Devi et al. (2002) and Wu et al. (2005). Masto et al .  (2006) reported that 

applying FYM plus NPK fertilizers depicted an evident effect of treatments on Zn, 

Fe, Cu, Mn concentration of soil. 

4.8 EFFECT OF INTEGRATED PLANT NUTRIENT MANAGEMENT 

PRACTICES ON THE MICRONUTRIENT CONCENTRATION IN 

WHEAT  

4.8.1   Zinc in Wheat Grains    

Data pertaining to Zn n wheat grains is given in Table 4.8.1. During first year 

(2004-05), various treatment means of integrated nutrient management practices for 

wheat-fallow and wheat-maize cropping systems (CS1 and CS2) indicated that Zn in 

wheat grains increased significantly in all treatments over control treatment. 

Maximum Zn in wheat grains of 7.33 µg g-1 was recorded in T6 (½ NPK + ½ FYM) 
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followed by significantly lower Zn of 7.23 µg g-1 in T9 (½ NPK + ½ FYM + 

Biopower). The results during 2005-06 showed that recommended dose of NPK 

fertilizer caused maximum Zn in wheat grain of 7.67 µg g-1 followed by significantly 

lower Zn in wheat grains of 7.450 µg g-1 in T6 and 7.38 µg g-1 in T9, both being 

statistically at par to each other. Minimum value of Zn of 5.06 ug g-1 in wheat grain 

was recorded in control. 

There was no effect of cropping system on Zn in wheat grain during both the 

years, however, the lower values of Zn were observed in 2004-05. A nonsignificant 

interaction between integrated nutrient management practices and cropping system 

was observed in 2004-05 while significant interaction was recorded in 2005-06 

(Table 4.8.1). Higher Zn in wheat grains was observed in T6 in 2004-05, while in T3 

in 2005-06. However, Zn in wheat grains recorded in 2004-05 was lower than that 

recorded in 2005-06. Regarding Zn in wheat grains, CS2 was superior to CS1 in both 

wheat growing seasons. Organic and/or biofertilizer treatments (T6 and T9) showed 

significant effect on Zn concentration in wheat grain over control, as organic 

fertilizers release nutrients after decomposition. During 2004-05 , order of increase in 

Zn  followed trend as  control > ½ NPK  + Biopower > ½ FYM+ Biopower > FYM 

@ 20 t ha-1 > FYM  with P make up >  ½ NPK > NPK > ½ NPK + ½ FYM + 

Biopower > ½ NPK + ½FYM, where as during 2005-06, the order followed trend as  

control > ½ NPK  + Biopower > ½ FYM+ Biopower >  FYM @ 20 t ha-1 > FYM  

with P make up dose > ½ NPK  > ½ NPK + ½ FYM + Biopower > ½ NPK + ½FYM 

> NPK. The results recorded showed that integrated use of organic and mineral 

fertilizers and/ or biofertilizers showed better Zn uptake in wheat. Integrated grain 

nutrient management had advantage over the sole application of mineral and organic 
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Table 4.8.1  Effect of integrated plant nutrient management on Zn (µg g-1) in 

wheat grains 

 
 

Treatments 
 

Years 
2004-05 2005-06 

CS1 CS2 Mean CS1 CS2 Mean 
T1    Control      6.10 ns     6.33 ns 6.21 F 5.03 m 5.10 l 5.06 F 
T2   NPK  (60-45-30) kg ha-1 7.12 7.13 7.12 C 7.18 g 7.01 h 7.09 C 
T3   NPK(120-90-60) kg ha-1 7.21 7.22 7.22 B 7.74 a 7.60 b 7.67 A 
T4   Full FYM @  20 t ha -1 6.64 6.67 6.65 D 6.84 i 6.84 i 6.84 D 
T5   FYM (N eq+P make up) 6.69 6.68 6.69 D 6.89 i 6.87 i 6.88 D 
T6   ½  NPK + ½  FYM 7.33 7.34 7.33 A 7.38 e 7.52 c 7.45 B 
T7   ½  NPK + Biopower  6.34 6.33 6.34 E 6.36 k 6.63 j 6.49 E 
T8   ½  FYM + Biopower   6.39 6.37 6.38 E 6.38 k 6.67 j 6.52 E 
 T9   ½ NPK + ½ FYM + BP   7.21 7.25 7.23 B 7.31 f 7.45 d 7.38 B 

Mean 6.78  6.81   6.790 X 6.85 Y  
Analysis of Variances       
 P-Value LSD S.E P-Value LSD S.E 
     Treatments < 0.001 0.08297 0.02887 < 0.001 0.1388 0.0483 

Cropping System (CS) 0.113   0.047   
     T x CS 0.1448   0.0162   

       
CV   (+ %) 1.08   1.73   

 

 

 

•   Data are average of three replications. 

 

• Treatment means bearing same letter (s) are not significantly different (P <  
0.05; DMR Test) to each other. 

 
CS: Cropping System 

Biofertilizer Biopower (seed inoculation at sowing) 
NPK @ (120-90-60) kg ha-1 
Farmyard Manure,(FYM) @  20 t ha -1 

FYM *  (N equivalent + P make up dose) 
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and/ or biofertilizers. These results are in line with Rashid et al. (1998) and Ahmed et 

al. (1998), who also reported that IPNM produced higher uptake of nutrients for 

wheat in rainfed areas. Chatha et al. (2002) also reported that combined use of 

mineral and organic fertilizers produce higher Zn in wheat grains.  

4.8.2   Iron in Wheat Grains           

 Data pertaining to Fe in wheat grains is given in Table 4.8.2. Comparison of 

various treatment means of integrated nutrient management practices for wheat-

fallow and wheat-wheat cropping systems (CS1 and CS2) indicated that Fe in wheat 

grains increased significantly over control.  

During the first year (2004-05), maximum Fe in wheat grains of  46.43 µg g-1 

was recorded due to treatment T6(½ NPK + ½ FYM) followed by Fe  of  43.56 µg g-1 

due to the application of ½ NPK + ½ FYM + Biopower (T9). Minimum value of Fe 

in wheat grains was recorded in control (32.05 µg g-1), where no mineral and/or 

organic fertilizer was applied. During 2005-06, a similar trend of IPNM was 

observed. Maximum Fe concentration in wheat grains of 46.63 ug g-1 was recorded 

due to treatment T6 (½ NPK + ½ FYM) followed by Fe concentration of 43.56 ug g-1 

due to the application of ½ NPK + ½ FYM + Biopower (T9). Minimum value of Fe 

concentration in wheat grains was recorded in control (30.05 ug g-1) where no 

mineral and/or organic fertilizer was applied. During 2004-05 the order of increase in 

Fe concentration followed tendency as  control > ½ NPK   > ½ NPK  + Biopower > 

FYM @ 20 t ha-1 > FYM  with P make up dose > ½ FYM+ NPK >  Biopower  > ½ 

NPK + ½ FYM + Biopower > ½ NPK + ½ FYM, where as during 2005-06 order of 

increase  followed trend as  control > ½ NPK > ½ NPK  + Biopower > FYM @ 20 t  
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Table 4.8.2  Effect of integrated plant nutrient management on  Fe  (µg g-1) in 

wheat grains 

 
 

Treatments 
 

Years 
2004-05 2005-06 

CS1 CS2 Mean CS1 CS2 Mean 
T1    Control 

32.00 ns 
32.06 
ns 32.05 F 30.50 i 30.10 i 32.05 H 

T2   NPK  (60-45-30) kg ha-1 36.10 36.20 36.15 E 36.06 g 34.40 h 36.15 G 
T3   NPK(120-90-60) kg ha-1 42.46 42.43 42.45 C 42.50 cde 43.36 bc 42.45 C 
T4   Full FYM @  20 t ha -1 41.26 41.20 41.23 D 41.43 f 41.83 def  41.23 EF 
T5   FYM (N eq+P make up) 41.50 41.90 41.70 D 41.70 ef 42.66 cd  41.70 DE 
T6   ½  NPK + ½  FYM 49.83 46.43 46.63 A 46.33 a 45.86 a 46.63 A 
T7   ½  NPK + Biopower  40.90 41.26 41.08 D 41.26 f 41.46 f 41.03 F 
T8   ½  FYM + Biopower   42.66 43.20 42.93 C 42.00 def 43.13 c   42.93 CD 
 T9   ½ NPK + ½ FYM + BP   43.43 43.70 43.56 B 43.20 c 44.10 b 43.56 B 

Mean 40.80  40.93   40.55 Y 40.77 X  
Analysis of Variances       
 P-Value LSD S.E P-Value LSD S.E 
     Treatments < 0.001 0.622 0.2164 < 0.001 0.5712 0.1987 

Cropping System (CS) < 0.001   0.108   
     T x CS ns   0.0003   

       
CV   (+ %) 1.3   1.3   

 

 

 

• Data are average of three replications. 

 

• Treatment means bearing same letter (s) are not significantly different (P <  
0.05; DMR Test) to each other. 

 
 
CS: Cropping System 

Biofertilizer Biopower (seed inoculation at sowing) 
NPK  @  (120-90-60) kg ha-1 
Farm yard Manure,(FYM) @  20 t ha -1 

FYM *  (N equivalent + P make up dose) 
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ha-1 > FYM  with P make up dose > NPK > ½ FYM+ Biopower > ½ NPK + ½ FYM 

+ Biopower > ½ NPK + ½ FYM. 

The results recorded showed that integrated use of organic and mineral 

fertilizers and/ or biofertilizers showed better Fe concentration in wheat grains. 

Integrated plant nutrient management had advantage over the sole application of 

mineral and organic and/or biofertilizers. These results are in line with Rashid et al. 

(1998) and Ahmed et al. (1998), who reported IPNM higher nutrient uptake for 

wheat crop in rainfed areas. Chatha et al. (2002) also reported that combined use of 

mineral and organic fertilizers showed higher Fe concentration in wheat grains. 

4.8.3 Manganese in Wheat  Grains  

Data pertaining to Mn concentration in wheat grains is given in table 4.8.3. 

Comparison of various treatment means of integrated nutrient management practices 

for wheat-fallow and wheat-maize cropping systems (CS1 and CS2) indicated that Mn 

concentration in wheat grains increased significantly over control.  

During 2004-05, Maximum   value of Mn concentration of 17.78 µg g-1 in wheat 

grains was recorded in ½ NPK + ½ FYM(T6) followed by Mn concentration of  

17.77 µg g-1 in ½ NPK + ½ FYM + Biopower (T9) that were statistically at par to 

each other. Mn concentration of 16.45 and 17.51 µg g-1 recorded in both Biopower 

treatments (T7 and T8), which were statistically significant to each other. Minimum 

value of Mn concentration in wheat grains was recorded in control (15.39µg g-1). 

During 2005-06, maximum   value of Mn concentration of 17.85 µg g-1 in 

wheat grains was recorded in NPK + ½ FYM + Biopower (T9) followed Mn of 17.74 

µg g-1 in T6. Manganese concentration of 17.23 and 17.47 µg g-1 was recorded in both 
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Table 4.8.3  Effect of integrated plant nutrient management on Mn (µg g-1) in 

wheat grains. 

 
 

Treatments 
 

Years 
2004-05 2005-06 

CS1 CS2 Mean CS1 CS2 Mean 
T1    Control 15.40 ns 15.39 ns 15.39 G 14.29 i 13.44 j 13.86 G 
T2   NPK  (60-45-30) kg ha-1 16.10 16.20 16.15 F 15.24 h 15.12 h 15.18 F 
T3   NPK(120-90-60) kg ha-1 16.72 16.77 16.74 D 16.32 g 16.31 g 16.31 E 
T4   Full FYM @  20 t ha -1 17.21 17.19 17.20 C 17.23 e 17.24 e 17.23 C 
T5   FYM (N eq+P make up) 17.40 17.40 17.40 B 17.32 de 17.62 bc 17.47 B 
T6   ½  NPK + ½  FYM 17.78 17.78 17.78 A  17.49 bcd 18.00 a 17.74 A 
T7   ½  NPK + Biopower  16.50 16.39 16.45 E 16.35 g 16.56 f 16.46 D 
T8   ½  FYM + Biopower   17.60 17.42 17.51 B 17.47 cd 17.30 de 17.38 B 
 T9   ½ NPK + ½ FYM + BP   17.70 17.82 17.77 A 16.67 b 18.02 a 17.85 A 

Mean   16.94  16.93   16.60 Y 16.62 X  
Analysis of Variances       
 P-Value LSD S.E P-Value LSD S.E 
     Treatments < 0.001   < 0.001 0.1285 0.04472 

Cropping System (CS) ns   ns   
     T x CS ns   < 0.001   

       
CV   (+ %) 0.071   0.65   

 

 

 

 

 

• Data are average of three replications. 

 

• Treatment means bearing same letter (s) are not significantly different (P <  
0.05; DMR Test) to each other. 

 
 
 
CS: Cropping System 

Biofertilizer Biopower (seed inoculation at sowing) 
NPK  @  (120-90-60) kg ha-1 
Farmyard Manure,(FYM) @  20 t ha -1 

FYM *  (N equivalent + P make up dose) 
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FYM treatments (T4 and T5), which were statistically significant to each other. 

Manganese concentration of 16.46 and 17.38 µg g-1 was recorded in both Biopower 

treatments (T7 and T8), which were statistically different to each other.  Minimum 

value Mn concentration of 13.86 µg g-1 in wheat grains was recorded in control. 

A nonsignificant interaction between integrated nutrient management 

practices and cropping system (Table 4.8.3) was observed in 2004-05; while 

interaction was significant in 2005-06. Highest Mn concentration in wheat grains 

was recorded in T6 and in T9 during both years. However, Mn concentration in wheat 

grains recorded in 2004-05 was higher than that in 2005-06. Regarding Mn 

concentration in wheat grains, CS1 was better to CS2 in both wheat growing seasons. 

During 2004-05, order of increase in Mn concentration in wheat grains followed 

trend as  control > ½ NPK > ½ NPK  + Biopower > NPK > FYM @ 20 t ha-1 > FYM  

with P make up dose > ½ FYM+ Biopower > ½ NPK + ½ FYM + Biopower > ½ 

NPK + ½ FYM  ; where as during 2005-06, order of increase  followed trend as  

control > ½ NPK > NPK > ½ NPK  + Biopower  >  FYM @ 20 t ha-1 > ½ FYM+ 

Biopower > FYM  with P make up dose > ½ NPK + ½ FYM > ½ NPK + ½ FYM + 

Biopower.  

Organic and/ or biofertilizer treatments showed significant effect on Mn 

concentration in wheat grains over control as organic fertilizers release nutrients after 

decomposition. The results recorded showed that integrated use of organic and 

mineral fertilizers and/ or biofertilizers showed better performance regarding Mn 

concentration in wheat grains. Integrated plant nutrient management had benefit over 

the solitary application of mineral and organic and/or biofertilizers. These results are 

in line with Rashid et al. (1998) and Ahmed et al. (1998), who also reported that 



 

 

185

IPNM produced higher nutrient uptake for wheat crop in rainfed areas. Chatha et al. 

(2002) also reported that combined use of mineral and organic fertilizers showed 

higher Mn concentration in wheat grains. 

4.8.4   Copper in Wheat Grains           

 Data pertaining to Cu concentration in wheat grains is given in Table 4.8.4. 

The results during 2004-05, showed that application of ½ NPK + ½ FYM (T6) caused 

maximum Cu of 3.30 µg g-1in wheat grains. It was followed by significantly lower 

value of Cu of 3.22 µg g-1 due to ½ NPK + ½ FYM + Biopower (T9). Copper 

concentration of 3.09 and 3.20 µg g-1was recorded in both FYM treatments (T4 and 

T5) which were statistically significant to each other. Copper concentration of 2.30 

µg g-1and 3.13 µg g-1 was recorded in both Biopower treatments (T7 and T8), which 

were statistically different to each other.  

The results during 2005-06 showed that application of ½ NPK + ½ FYM (T6) caused 

maximum Cu of 3.61 µg g-1. It was followed by significantly lower value of Cu of 

3.45 µg g-1 due to ½ NPK + ½ FYM + Biopower (T9). Copper concentration of 3.26 

and 3.37 µg g-1 was recorded in both FYM treatments (T4 and T5), which were 

statistically significant to each other. Copper concentration of 2.30 and 3.17 µg g-1 

was recorded in both Biopower treatments (T7 and T8), which were statistically 

different to each other. Minimum Cu concentration was recorded in control. 

 A nonsignificant interaction between integrated nutrient management practices and 

cropping system (Table 4.8.4) was observed in 2004-05, while it was significant in 

2005-06. Maximum Cu was recorded in T6 in wheat grains during 2004-05 and 

2005-06 in both wheat growing seasons.  However, Cu recorded in2004-05 was 

higher in CS1 than CS2, while Cu was higher in CS2 than CS1 in 2005-06. 
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Table 4.8.4  Effect of integrated plant nutrient management on Cu (µg g-1) in 

wheat grain 

 
Treatments 

 
Years 

2004-05 2005-06 
CS1 CS2 Mean CS1 CS2 Mean 

T1    Control 2.14 ns 2.12 ns 2.13 G 2.1 k 1.89 l 2.00 I 
T2   NPK  (60-45-30) kg ha-1 2.27 2.26 2.27 F 2.2 ij 2.16 jk 2.19 H 
T3   NPK(120-90-60) kg ha-1 2.58 2.51 2.54 D 2.6 g 2.60 g 2.62 F 
T4   Full FYM @  20 t ha -1 3.12 3.07 3.09 C 3.2 e 3.31 d 3.26 D 
T5   FYM (N eq+P make up) 3.20 3.20 3.20 B    3.36 cd 3.39 c 3.37 C 
T6   ½  NPK + ½  FYM 3.29 3.31 3.30 A 3.57 b 3.65 a 3.61 A 
T7   ½  NPK + Biopower  3.31 2.37 2.30 E 2.28 hi 2.32 h 2.30 G 
T8   ½  FYM + Biopower   2.32 3.12 3.13 C 3.12 f 3.22 e 3.17 E 
T9   ½ NPK + ½ FYM + BP   3.12 3.23 3.22 B 3.36 cd 3.54 b 3.45 B 

Mean 2.80  2.79   2.87 Y 2.90 X  
Analysis of Variances       
 P-Value LSD S.E P-Value LSD S.E 
     Treatments < 0.001 0.0371 0.01291 < 0.001 0.05247 0.01826 

Cropping System (CS) 0.016   0.03   
     T x CS 0.19   < 0.001   

       
CV   (+ %) 1.17   1.38   

 

 

 

    
•  Data are average of three replications. 

 

• Treatment means bearing same letter (s) are not significantly different (P <  
0.05; DMR Test) to each other. 

 
 
 
CS: Cropping System 

Biofertilizer Biopower (seed inoculation at sowing) 
NPK @ (120-90-60) kg ha-1 
Farmyard Manure,(FYM) @  20 t ha -1 

FYM *  (N equivalent + P make up dose) 
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The results recorded showed that integrated use of organic and mineral fertilizers 

and/ or biofertilizers showed better Cu concentration in wheat grains. Chatha et al. 

(2002) also reported that combined use of mineral and organic fertilizers showed 

higher Cu concentration in wheat grains. Organic treatments (both T4 and T5) and/ or 

biofertilizer Biopower treatments (both T7 and T8) showed significant effect on Cu 

over control as organic fertilizers release nutrients after decomposition. During 2004-

05, order of increase in Cu concentration followed trend as control > ½ NPK  > ½ 

NPK + Biopower NPK > FYM @ 20 t ha-1 > ½ FYM+ Biopower > FYM with P 

make up dose > ½ NPK + ½ FYM + Biopower >  ½ NPK + ½ FYM; while during 

2005-06, order of increase  followed trend as  control > ½ NPK >  ½ NPK  + 

Biopower > ½ FYM+ Biopower  >  NPK  FYM @ 20 t ha -1 >   FYM  with P make 

up dose  > ½ NPK + ½ FYM + Biopower > ½ NPK + ½ FYM. 

4.8.4 Zinc in Wheat Straw 

Data pertaining to Zn concentration in wheat straw is given in Table 4.8.5. 

Comparison of various treatment means of integrated nutrient management practices 

for wheat-fallow and wheat-maize cropping systems (CS1 and CS2) indicated that Zn 

concentration in wheat straw improved significantly over control. 

During first year (2004-05), application of FYM with P make up dose (T5) 

and FYM @ 20 t ha-1 showed maximum Zn concentration in wheat straw of 191.3  

and 190.3 µg g-1  respectively that were statistically at par to each other. Zinc 

concentration in T9(½ NPK + ½ FYM + Biopower) was recorded as 172 µg g-1. 

Minimum value of Zn concentration in wheat straw was recorded in control (65.17µg 

g-1), where no mineral and/or organic fertilizer was applied.  

The results during 2005-06 showed that application of caused maximum Zn 
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concentration in wheat straw of 199.2 µg g-1 due to application of   FYM with P 

make up dose followed by significantly lower Zn concentration in wheat straw of 

195 µg g-1 in T5. Zinc concentration 187 µg g-1 was recorded in T9. The 

recommended dose of NPK fertilizers showed a Zn concentration in wheat straw of 

176.5µg g-1. Minimum value of Zn concentration of 56.17 µg g-1 in wheat straw was 

recorded in control, where no mineral and/or organic fertilizer was applied. There 

was no effect of cropping system on Zn concentration in wheat straw during both the 

years, however, lower values were observed in 2004-05.  

A significant interaction between integrated nutrient management practices and 

cropping system (Table 4.8.1) was observed in both years. Highest Zn concentration 

in wheat straw was observed in T5 during both years. However, Zn concentration in 

wheat straw recorded in 2004-05 was lower than that in 2005-06 with significant 

difference between two cropping systems for first year and second year of wheat. 

Regarding Zn concentration in wheat straw, CS2 was superior to CS1 in both wheat 

growing seasons. Integrated use of organic and/ or biofertilizers (T5, T6 and T9)  

showed significant effect on Zn concentration in wheat straw over control as organic 

fertilizers release nutrients after decomposition. 

During 2004-05, order of increase in  Zn concentration followed trend as  

control > ½ NPK > ½ NPK  + Biopower > ½ FYM+ Biopower > ½ NPK + ½ FYM 

> ½ NPK + ½ FYM + Biopower > NPK > FYM @ 20 t ha-1 > FYM  with P make up 

dose, while during 2005-06 order of increase  followed trend as  control > ½ NPK > 

½ NPK+ Biopower > ½ FYM+ Biopower > ½ NPK + ½ FYM > NPK > ½ NPK + ½ 

FYM + Biopower > FYM @ 20 t ha-1 > FYM  with P make up dose. The results 

recorded showed that integrated use of organic and mineral fertilizers and/ or  
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Table 4.8.5  Effect of integrated plant nutrient management on Zn (µg g-1) in 

wheat straw 

 

Treatments 
 

Years 
2004-05 2005-06 

CS1 CS2 Mean CS1 CS2 Mean 
T1    Control   65.0 f   65.3 f    65.2 F   60.3 k   52.0 l 56.2 F 
T2   NPK  (60-45-30) kg ha-1 112.3 e 116.0 e 114.2 E 115.0 j 116.0 j 115.5 E 
T3   NPK(120-90-60) kg ha-1 181.7 b 182.0 b 181.8 B 172.0 gh 181.0 ef 176.5 C 
T4   Full FYM @  20 t ha -1 190.7 a 190.0 a 190.3 A 193.7 bc 196.0  b 195.0 A 
T5   FYM (N eq+P make up) 191.0 a 191.0 a 191.3 A 195.0 bc 203.0 a 199.2 A 
T6   ½  NPK + ½  FYM 175.3 c 167.7 d 171.5 C 168.7 ghi 175.0 fg 171.8 CD 
T7   ½  NPK + Biopower  165.7 d 165.0 d 165.3 D 164.7 i 166.7 hi 165.7 D 
T8   ½  FYM + Biopower   166.0 d 166.0 d 166.0 D 168.7 ghi 170.7 ghi 169.7 D 
 T9   ½ NPK + ½ FYM + BP   170.0 d 175.0 d 172.0 C 184.7 de 189.3 cd 187.0 B 

Mean 157.0 Y 157.6 X  158.1Y 161.1 X  
Analysis of Variances       

 P-Value LSD S.E P-Value LSD S.E 
     Treatments < 0.001 4.683 1630 < 0.001 6.066 2.111 

Cropping System (CS) < 0.001   0.004   

     T x CS 0.04   0.01   

       

CV   (+ %) 1.79   2.29   
 

    
• Data are average of three replications. 

 

• Treatment means bearing same letter (s) are not significantly different (P <  
0.05; DMR Test) to each other. 

 
 
CS: Cropping System 

Biofertilizer Biopower (seed inoculation at sowing) 
NPK @ (120-90-60) kg ha-1 
Farmyard Manure,(FYM) @  20 t ha -1 

FYM *  (N equivalent + P make up dose) 
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biofertilizers showed better performance regarding Zn in wheat plants. Integrated 

plant nutrient management had advantage over the sole application of mineral and 

organic and/ or biofertilizers. These results are in line with Rashid et al. (1998) and 

Ahmed et al. (1998), who also reported that IPNM produced higher uptake of 

nutrients for wheat crop in rainfed areas. Chatha et al. (2002) also reported that 

combined use of mineral and organic fertilizers depicted higher Zn concentration in 

wheat straw.  

4.8.5 Iron in Wheat Straw 

  Data pertaining to Fe concentration in wheat plants is given in Table 4.8.5. 

Comparison of various treatment means of integrated nutrient management practices 

for wheat-fallow and wheat-maize cropping systems (CS1 and CS2) indicated that Fe 

concentration in wheat straw increased significantly over control.  

During first year (2004-05), ½ NPK + ½ FYM + Biopower (T9) caused 

maximum Fe concentration in wheat straw of  213.3 µg g-1 followed by Fe 

concentration  of 205.0µg g-1   in treatment ½ NPK+½ FYM(T9). Application of   

FYM with P make up dose (T5) produced Fe concentration in wheat straw of 191.7 

µg g-1, which was at par to T8. 

During 2005-06, a similar trend regarding Fe concentration due to IPNM was 

observed. Maximum value of Fe concentration of 213.3 µg g-1 in wheat straw was 

recorded in NPK + ½ FYM + Biopower (T9) followed by  Fe of  199.1 ug g-1  in 

T6(½ NPK + ½ FYM), which were  statistically at par to each other.  

A nonsignificant interaction between integrated nutrient management practices and 

cropping system (Table 4.8.2) was observed in both years. Highest Fe  concentration  
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Table 4.8.5  Effect of integrated plant nutrient management on Fe (µg g-1) of 

wheat straw 

 
Treatments 

 
Years 

2004-05 2005-06 
CS1 CS2 Mean CS1 CS2 Mean 

T1    Control   85.0 ns 86.0 ns 85.5 E 75.0 ns 82.6 ns 78.8 I 
T2   NPK  (60-45-30) kg ha-1  95.3 95.3  93.5 DE 93.0 93.3 93.1 H 
T3   NPK(120-90-60) kg ha-1 105.0 105.0 105.0 G 101.3 101.6 101.5 G 
T4   Full FYM @  20 t ha -1 177.7 175.0 176.3 F 174.3 170.0 172.1 E 
T5   FYM (N eq+P make up) 195.0 188.3 191.7 F 188.3 178.3 183.3 C 
T6   ½  NPK + ½  FYM 201.7 208.3  205.0 C 198.3 200.0 199.1 B 
T7   ½  NPK + Biopower  161.7 181.7 171.7 B 170.0 176.6 173.3 F 
T8   ½  FYM + Biopower   188.3 188.3 188.3 A 186.6 188.3 187.5 D 
T9   ½ NPK + ½ FYM + BP   210.0 216.7  213.3 CD 210.0 216.6 213.3 A 

Mean 157.4    160.1   155.2 Y 156.4 X  
Analysis of Variances       

 P-Value LSD S.E P-Value LSD S.E 
     Treatments <0.001 12.37 4.303 <.001 0.0371 0.0129 

Cropping System (CS) 0.25   NS   

     T x CS 0.13   NS   

       

CV   (+ %) 4.69   4.69   
 

 

 

    
•             Data are average of three replications. 

 

• Treatment means bearing same letter (s) are not significantly different (P <  
0.05; DMR Test) to each other. 

 
 
CS: Cropping System 

Biofertilizer Biopower (seed inoculation at sowing) 
NPK @ (120-90-60) kg ha-1 
Farm yard Manure,(FYM) @  20 t ha -1 

FYM *  (N equivalent + P make up dose) 
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in wheat straw was recorded in T9 in both wheat growing years of 2004-05 and 2005-

06. However, Fe concentration recorded in CS2 was lower than CS1 during both 

years in wheat straw with nonsignificant difference between two cropping systems 

for first year and second year of wheat. Organic and/ or biofertilizers treatments (T6 

and T9) showed significant effect on Fe concentration in wheat straw over control as 

organic fertilizers release nutrients after decomposition. 

The results showed that integrated use of organic and mineral fertilizers and/ 

or biofertilizers showed better performance regarding Fe concentration in wheat 

straw. Integrated plant nutrient management had advantage over the sole application 

of mineral and organic and/ or biofertilizers. These results are in line with Rashid et 

al. (1998) and Ahmed et al. (1998), who reported IPNM caused higher nutrient 

uptake by wheat plants in rainfed areas. During 2004-05, order of increase in Fe 

concentration followed trend as  control > ½ NPK > NPK > ½ NPK  + Biopower > 

FYM @ 20 t ha-1 > ½ FYM+ Biopower > FYM  with P make up dose > ½ NPK + ½ 

FYM > ½ NPK + ½ FYM + Biopower, where as during 2005-06, order of increase  

followed trend as  control > ½ NPK > NPK >  FYM @ 20 t ha-1  > ½ NPK  + 

Biopower > FYM  with P make up dose > ½ FYM+ Biopower > ½ NPK + ½ FYM > 

½ NPK + ½ FYM + Biopower. Chatha et al. (2002) also reported that combined use 

of mineral and organic fertilizers showed higher Fe concentration in wheat plants. 

4.8.7 Manganese in Wheat Straw  

Data pertaining to Mn concentration in wheat straw is given in Table 4.8.7. 

Comparison of various treatment means of integrated nutrient management practices 
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for wheat-fallow and wheat-maize cropping systems (CS1 and CS2) indicated that Mn 

concentration in wheat straw increased significantly over control. 

During 2004-05, application of ½ NPK + ½ FYM + Biopower (T9) caused 

maximum Mn concentration in wheat straw of 104.3 µg g-1 followed by the Mn of 

103.8 µg g-1 by application of  FYM with P make up dose (T5). The biofertilizer 

Biopower with ½ FYM and Biopower with ½ NPK showed a Mn concentration in 

wheat straw of 91.3 and 75.3 µg g-1 respectively, which were significant to each 

other. Minimum value of Mn concentration in wheat straw was recorded in control 

(50.3µg g-1), where no mineral and/or organic fertilizer was applied. During 2005-06, 

a similar trend of IPNM was observed. Maximum value of Mn concentration of 

114.0 µg g-1 in wheat straw was recorded in NPK + ½ FYM + Biopower (T9) 

followed  by Mn of  111.7 µg g-1 in T5.  

A nonsignificant interaction between integrated nutrient management practices and 

cropping systems (Table 4.8.3) was observed in both years. Highest Mn 

concentration in wheat straw was recorded in T9 during both years, while lowest was 

recorded in control. However, Mn concentration in wheat straw recorded in 2005-06 

was higher than in 2004-05 with nonsignificant difference between two cropping 

systems for first year and second year of wheat. Regarding Mn concentration in 

wheat straw, CS2 was superior to CS1 in both wheat growing seasons. Organic and/ 

or biofertilizers treatments (T6 and T9) showed significant effect on Mn concentration 

in wheat straw over control as organic fertilizers release nutrients after 

decomposition. During 2004-05, order of increase in Mn concentration followed 

trend as  control > ½ NPK > NPK > ½ NPK  + Biopower > ½ FYM+ Biopower >  
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Table 4.8.7  Effect of integrated plant nutrient management on Mn (µg g-1) in 

wheat straw 

 
Treatments 

 
Years 

2004-05 2005-06 
CS1 CS2 Mean CS1 CS2 Mean 

T1    Control   51.6 ns   49.0 ns 50.3 E    49.0 ns  48.0 ns 48.5 F 
T2   NPK  (60-45-30) kg ha-1   63.3   65.0 64.1 D    62.6  66.3 64.5 E 
T3   NPK(120-90-60) kg ha-1   68.3   72.6 70.5 CD    70.3  73.3 71.8 DE 
T4   Full FYM @  20 t ha -1   94.6   95.3 95.0 AB    95.6 101.6 98.6 BC 
T5   FYM (N eq+P make up) 102.6 105.0 103.8 A  109.0 114.3 111.6 A 
T6   ½  NPK + ½  FYM   88.0 103.3 95.6 AB    99.3 105.3 102.3 B 
T7   ½  NPK + Biopower    75.3   75.3 75.3 C    76.6   76.6 76.6 D 
T8   ½  FYM + Biopower     92.0  90.6 91.3 B    92.0   93.3 92.6 C 
 T9   ½ NPK + ½ FYM + BP   104.0 104.6 104.3 A 107.3 120.6 114.0 A 

Mean   82.2    84.5     84.6    88.8   
Analysis of Variances       

 P-Value LSD S.E P-Value LSD S.E 
     Treatments < 0.001 9.149 3.183 < 0.001 8.670 3.017 

Cropping System (CS) 0.129   0.005   

     T x CS 0.242   0.453   

       

CV   (+ %) 6.61   6.02   
 

 

 

•             Data are average of three replications. 

 

• Treatment means bearing same letter (s) are not significantly different (P <  
0.05; DMR Test) to each other. 

 
 
 
CS: Cropping System 

Biofertilizer Biopower (seed inoculation at sowing) 
NPK  @  (120-90-60) kg ha-1 
Farm yard Manure,(FYM) @  20 t ha -1 

FYM *  (N equivalent + P make up dose) 
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FYM @ 20 t ha-1 > ½ NPK + ½ FYM > FYM  with P make up dose > ½ NPK + ½ 

FYM + Biopower ; while during 2005-06, order of increase  followed trend as   

control > ½ NPK >    NPK > ½ NPK  + Biopower > ½ FYM+ Biopower > FYM @ 

20 t ha-1 > ½ NPK + ½ FYM  >  FYM  with P make up dose > ½ NPK + ½ FYM + 

Biopower.  

The results recorded showed that integrated use of organic and mineral 

fertilizers and/ or biofertilizers showed better Mn concentration in wheat straw. 

Integrated plant nutrient management had advantage over the sole application of 

mineral and organic and/ or biofertilizers. These results are in line with Rashid et al. 

(1998) and Ahmed et al. (1998) they reported that IPNM produced higher nutrient 

uptake for wheat plants in rainfed areas.  

4.8.8 Copper in Wheat Straw 

 Data pertaining to Cu concentration in wheat straw is given in Table 4.8.8. 

Comparison of various treatment means of integrated nutrient management practices 

for wheat-fallow and wheat-maize cropping systems indicated that Cu concentration 

in wheat straw increased significantly over control. 

The results during 2004-05 showed that application of ½ NPK + ½ FYM + 

Biopower (T9) caused maximum Cu concentration of 3.13 µg g-1. It was followed by 

significantly lower value of Cu concentration of 2.95 µg g-1 due to recommended 

dose of NPK fertilizers (T3). Minimum value of Cu concentration (1.21 µg g-1) was 

recorded in control, where no mineral and/or organic fertilizer was applied. 

The results during 2005-06 showed that application of ½ NPK + ½ FYM + 

Biopower (T9) caused maximum Cu concentration of 3.14 µg g-1. It was followed by 
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Table 4.8.8  Effect of integrated plant nutrient management on Cu (µg g-1) in 

wheat straw 

 
Treatments 

 
Years 

2004-05 2005-06 
CS1 CS2 Mean CS1 CS2 Mean 

T1    Control      1.22 ns     1.21 ns 1.21 G     1.22 ns     0.83 ns  0.65 H 
T2   NPK  (60-45-30) kg ha-1 1.34 1.36 1.35 F 1.33 1.21 1.27 G 
T3   NPK(120-90-60) kg ha-1 2.90 2.95 2.92 B 2.95 2.95 2.95 B 
T4   Full FYM @  20 t ha -1 1.94 1.92 1.93 E 1.93 1.77 1.85 F 
T5   FYM (N eq+P make up) 1.96 1.97 1.96 E 1.97 1.93 1.95 E 
T6   ½  NPK + ½  FYM 2.22 2.24 2.23 C 2.26 2.22 2.24 C 
T7   ½  NPK + Biopower  2.13 2.12 2.12 D 2.14 2.11 2.12 D 
T8   ½  FYM + Biopower   2.15 2.15 2.15 D 2.16 2.12 2.14 D 
 T9   ½ NPK + ½ FYM + BP   3.12 3.14 3.13 A 3.16 3.12 3.14 A 

Mean 2.11  2.11   2.12  1.95   
Analysis of Variances       

 P-Value LSD S.E P-Value LSD S.E 
      Treatments < 0.001 0.0165 0.0577 < 0.001 0.01826 0.0524 

  Cropping System (CS) 0.22   ns   

      T x CS 0.122   ns   

       

CV   (+ %) 0.93   0.82   
 

 

 

    
•             Data are average of three replications. 

 

• Treatment means bearing same letter (s) are not significantly different (P <  
0.05; DMR Test) to each other. 

 
 
CS: Cropping System 

Biofertilizer Biopower (seed inoculation at sowing) 
NPK  @  (120-90-60) kg ha-1 
Farmyard Manure,(FYM) @  20 t ha -1 

FYM *  (N equivalent + P make up dose) 
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significantly lower Cu concentration of 2.957 µg g-1 due to recommended dose of 

NPK fertilizers (T3).  

  A nonsignificant interaction between integrated nutrient management 

practices and cropping systems (Table 4.8.4) was observed in both years. Maximum 

Cu concentration was recorded when ½ NPK + ½ FYM + Biopower was applied in 

both wheat growing seasons. Organic and/ or biofertilizers treatments (T6 and T9) 

showed significant effect on Cu concentration over control as organic fertilizers 

release nutrients after decomposition. However, Cu concentration in 2004-05 was 

identical in CS1 and CS2, while Cu recorded was higher in CS1 than CS2 in 2005-06 

with significant difference between two cropping systems for the first year and 

second year wheat. The results recorded showed that integrated use of organic and 

mineral fertilizers and/ or biofertilizers showed better Cu concentration in wheat 

straw. Integrated plant nutrient management had advantage over the sole application 

of mineral and organic and/ or biofertilizers. Chatha et al. (2002) also reported that 

combined use of mineral and organic fertilizers showed higher Cu concentration.  

4.9 EFFECT OF   INTEGRATED PLANT NUTRIENT MANAGEMEN T 

ON THE MICRONUTRIENT CONCENTRATION IN MAIZE 

LEAVES 

4.9.1  Zinc in Maize Grains 

                   Data pertaining to Zn concentration in maize grains is given in Table 

4.9.1. Comparison of various treatment means of integrated nutrient management 

practices in wheat-maize cropping systems (CS2) indicated that Zn concentration in 

maize grains increased significantly over control.  

During first year (2005), maximum Zn concentration in maize grain of 0.653 µg g-1 
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was recorded in T9 (½ NPK + ½ FYM + Biopower) followed by Zn concentration 

0.623 µg g-1 in T3 (recommended NPK), which were statistically at par to each other. 

Zinc concentration of 0.320 and 0.350 µg g-1 was recorded in both FYM treatments 

(T4 and T5) which were statistically at par to each other. Zinc concentration of 0.363 

and 0.370 µg g-1 was recorded in both Biopower treatments (T7 and T8), which were 

statistically at par to each other.  

The results during 2006 showed that maximum Zn concentration in maize 

grains of 0.683 µg g-1 in T9 (½ NPK + ½ FYM + Biopower) followed by 

nonsignificant value Zn concentration 0.650 µg g-1 in T3 (recommended NPK). Zinc 

concentration of 0.350 and 0.357 µg g-1 was recorded in both FYM treatments (T4 

and T5), which were statistically at par to each other. Zinc concentration of 0357 and 

.0370 µg g-1 was recorded in both Biopower treatments (T7 and T8), which were 

statistically at par to each other. 

Highest Zn concentration in maize grain was observed in T6 and T9 during 

both years. However, Zn concentration in maize grain recorded in 2005 was lower 

than that recorded in 2006. The results recorded showed that integrated use of 

organic and mineral fertilizers and/ or biofertilizers showed better Zn uptake of 

maize plants. Integrated plant nutrient management had advantage over the sole 

application of mineral and organic and/ or biofertilizers. These results are in line with 

Rashid et al. (1998) and Ahmed et al. (1998), who also reported that IPNM produced 

higher uptake of nutrients for maize crop in rainfed areas. Chatha et al. (2002) also 

reported that combined use of mineral and organic fertilizers produce higher Zn 

concentration in maize grain. During 2005, order of increase in Zn concentration in 

maize grains followed trend as control > ½ NPK    FYM @ 20 t ha-1 > FYM  with 
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Table 4.9.1 Effect of integrated plant nutrient management on Zn (µg g-1) in 

maize grains 

 
 

Treatments 
 

Years 
2005 2006 
CS2 CS2 

T1    Control  
0.137 E 0.117 E 

T2   NPK  (60-45-30) kg ha-1 
0.217 D 0.230 D 

T3   NPK  (120-90-60) kg ha-1 
0.623 A 0.650 A 

T4   Full FYM @  20 t ha -1 
0.320 C 0.350 C 

T5   FYM (N Eq + P make up) 
0.350 C 0.357 C 

T6   ½  NPK + ½  FYM 
0.453 B 0.473 B 

T7   ½  NPK + Biopower  
0.363 C 0.357 C 

T8   ½  FYM + Biopower   
0.370 C 0.370 C 

T9   ½ NPK+½ FYM+Biopower           
 0.653 A 0.683 A 
       

Analysis of Variances       

 P-Value LSD S.E P-Value LSD S.E 

Treatments < 0.001 0.05474 0.01826 < 0.001 0.05474 0.01826 

       

CV   (+ %) 4.94   2.98   

 

    
• Data are average of three replications. 

 

• Treatment means bearing same letter (s) are not significantly different (P <  
0.05; DMR Test) to each other. 

 
CS: Cropping System; CS1 remained fallow, while maize was grown in CS2

 

Biofertilizer Biopower (seed inoculation at sowing) 
NPK  @  (120-90-60) kg ha-1 
Farmyard Manure (FYM) @ 20 t ha -1  

FYM *  (N equivalent + P make up dose) 
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P make up dose > ½ NPK  + Biopower > ½ FYM+ Biopower > ½ NPK + ½FYM >  

NPK > ½ NPK + ½ FYM + Biopower; while during 2006 order of increase followed 

trend as  control > ½ NPK > FYM @ 20 t ha-1 > ½ NPK  + Biopower > FYM  with P 

make up dose  > ½ FYM+ Biopower > ½ NPK + ½FYM >   NPK.> ½ NPK + ½ 

FYM + Biopower. The order of increase in Zn concentration due to IPNM reveals 

the effectiveness of integrated use of organic and mineral fertilizers and/ or 

biofertilizers. 

4.9.2   Iron in Maize Grains  

  Data pertaining to Fe in maize grains is given in Table 4.9.2. Comparison of 

various treatment means of integrated nutrient management practices in wheat-maize 

cropping system (CS2) indicated that Fe concentration increased significantly over 

control treatment. 

During 2005, maximum Fe concentration of 3.11 µg g-1 was recorded in  treatment of 

recommended NPK that was  statistically at par  to Fe concentration of 3.11 µg g-1 

recorded in (T9)½ NPK + ½ FYM + Biopower and 2.86 µg g-1 Fe concentration by 

treatment of ½ NPK + ½ FYM(T6). An iron concentration of 2.72 and 2.76 µg g-1 

was recorded in both FYM treatments (T4 and T5) which were statistically at par to 

each other. An iron concentration of 2.70 and 2.71 µg g-1 was recorded in both 

Biopower treatments (T7 and T8) which were statistically at par to each other. During 

2006, maximum Fe concentration of 3.14 µg g-1 was recorded in treatment of 

recommended NPK that was statistically at par to Fe concentration of 3.12 µg g-1 

recorded in (T9)½ NPK + ½ FYM + Biopower. An iron concentration of 2.73 and 

2.76 µg g-1 was recorded in both FYM treatments (T4 and T5), which were 

statistically at par to each other. An iron concentration of 2.70 and 2.71 µg g-1 was  
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Table 4.9.2  Effect of integrated plant nutrient management on Fe (µg g-1) in     

maize grains 

 
Treatments 

 
Years 

2005 2006 
CS2 CS2 

T1    Control  
2.20 E 2.20 F 

T2   NPK  (60-45-30) kg ha-1 
2.62 D 2.63 E 

T3   NPK  (120-90-60) kg ha-1 
3.11 A 3.14 A 

T4   Full FYM @  20 t ha -1 
2.72 C  2.73 CD 

T5   FYM (N Eq + P make up) 
2.76 C 2.76 C 

T6   ½  NPK + ½  FYM 
2.86 B 2.86 B 

T7   ½  NPK + Biopower  
2.70 C 2.70 D 

T8   ½  FYM + Biopower   
2.71 C  2.71 CD 

T9   ½ NPK+½ FYM+Biopower           
 3.11 A 3.12 A 
       

Analysis of Variances       

 P-Value LSD S.E P-Value LSD S.E 

Treatments < 0.001 0.0547 0.0182 < 0.001 0.0547 0.0182 

       

CV   (+ %) 0.16   0.67   

 

    
• Data are average of three replications. 

 

• Treatment means bearing same letter (s) are not significantly different (P <  
0.05; DMR Test) to each other. 

 
CS: Cropping System; CS1 remained fallow, while maize was grown in CS2

 

Biofertilizer Biopower (seed inoculation at sowing) 
NPK @ (120-90-60) kg ha-1 
Farmyard Manure (FYM) @ 20 t ha -1  

FYM *  (N equivalent + P make up dose) 
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recorded in both Biopower treatments (T7 and T8), which were statistically at par to 

each other.  

              A significant increase in Fe concentration due to integrated plant nutrient 

management practices was observed in both years. Maximum plant Fe concentration 

was recorded in T3 during both years. Biofertilizer Biopower in combination with 

organic and mineral fertilizers increased the rate of decomposition of organic matter 

and nutrients were available to plants for growth. Devi et al. (2002) and Wu et al. 

(2005) also reported increased nutrient assimilation in plants due to IPNM. 

During 2005, order of increase in Fe concentration followed trend as  control 

> ½ NPK > ½ NPK  + Biopower > ½ FYM+ Biopower > FYM @ 20 t ha-1 > FYM  

with P make up dose > ½ NPK + ½ FYM >½ NPK + ½ FYM + Biopower > NPK; 

while during 2006,  order of increase t followed trend as  control > ½ NPK > ½ NPK 

+ Biopower > ½ FYM+ Biopower > FYM @ 20 t ha-1 > FYM  with P make up dose 

> ½ NPK + ½ FYM   > ½ NPK + ½ FYM + Biopower > NPK .The order of increase 

in Fe concentration due to IPNM reveals the effectiveness of  integrated use of 

organic and mineral fertilizers and/ or biofertilizers. 

4.9.3 Manganese in Maize Grains    

       Data pertaining to Manganese concentration in maize grains is given in Table 

4.9.3. Comparison of various treatment means of integrated nutrient management 

practices in wheat-maize cropping system (CS2) indicated that Mn concentration in 

maize grains increased significantly over control treatment. 

During 2005, maximum Mn  concentration in maize grains of 0.823 µg g-1 was 

recorded with ½NPK+½FYM+Biopower (T9 ) followed by Mn  concentration in 

maize grains of  0.783 µg g-1 by recommended NPK fertilizers. Manganese 
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concentration of 0.520 and 0.530 µg g-1 was recorded in both FYM treatments (T4 

and T5) which were statistically at par to each other. Manganese concentration of 

0.627 and 0.630 µg g-1 was recorded in both Biopower treatments (T7 and T8), which 

were statistically at par to each other. Minimum Mn concentration in maize grains of 

0.410 µg g-1 was recorded in control. 

During 2006, maximum Mn concentration in maize grains of 0.830 µg g-1 was 

recorded with ½NPK+½FYM+Biopower (T9). It was followed by significantly lower 

value of Mn concentration in maize grains of 0.767 µg g-1 by recommended NPK 

fertilizers. Manganese concentration of 0.540 µg g-1 and 0.537 µg g-1 was recorded in 

both FYM treatments (T4 and T5), which were statistically at par to each other. 

Manganese concentration of 0.630 and 0.637 µg g-1 was recorded in both Biopower 

treatments (T7 and T8), which were statistically at par to each other. Minimum Mn 

concentration in maize grains of 0.430 µg g-1 was recorded in control.  

A significant increase in Mn concentration in maize grains due to integrated plant 

nutrient management practices was observed in both years. Maximum Mn 

concentration in maize grains was recorded in T9 in both years. Biofertilizer 

Biopower in combination with organic and mineral fertilizers increase the microbial 

activity that in turn enhanced rate of decomposition of organic matter and nutrient 

were available for growth. During 2005 as well as during 2006, order of increase in 

Mn followed almost same  trend as control > ½ NPK > FYM @ 20 t ha-1 > FYM 

with P make up dose > ½ NPK  + Biopower > ½ FYM+ Biopower > ½ NPK+½ 

FYM > NPK > ½ NPK+½FYM+ Biopower. The order of increase in Mn 

concentration due to IPNM reveals the effectiveness of integrated use of organic and 

mineral fertilizers and/ or biofertilizers. 
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Table 4.9.3   Effect of integrated plant nutrient management on  Mn (µg g-1) in 

maize grains 

 
Treatments 

 
Years 

2005 2006 
CS2 CS2 

T1    Control  
0.410 D  0.430 E 

T2   NPK  (60-45-30) kg ha-1 
0.450 D  0.443 E 

T3   NPK  (120-90-60) kg ha-1 
0.783 A 0.767 B 

T4   Full FYM @  20 t ha -1 
0.520 C 0.540  D 

T5   FYM (N Eq + P make up) 
0.530 C 0.537 D 

T6   ½  NPK + ½  FYM 
0.640 B  0.637 C 

T7   ½  NPK + Biopower  
0.627 B 0.630C 

T8   ½  FYM + Biopower   
0.630 B 0.637 C 

T9   ½ NPK+½ FYM+Biopower           
 0.823 A 0.830 A 
       

Analysis of Variances       

 P-Value LSD S.E P-Value LSD S.E 

Treatments < 0.001 0.05474 0.01826 < 0.001 0.05474 0.01826 

       

CV   (+ %) 2.21   2.35   

 

    
•                   Data are average of three replications. 

 

• Treatment means bearing same letter (s) are not significantly different (P <  
0.05; DMR Test) to each other. 

 
CS: Cropping System; CS1 remained fallow, while maize crop was grown in CS2

 

Biofertilizer Biopower (seed inoculation at sowing) 
NPK  @  (120-90-60) kg ha-1 
Farmyard Manure (FYM) @ 20 t ha -1  

FYM *  (N equivalent + P make up dose) 
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4.9.4 Copper in Maize  Grains  

Data pertaining to Cu concentration in maize grains is given in Table 4.9.4. 

Comparison of various treatment means of integrated nutrient management practices 

for wheat-maize cropping systems (CS2) indicated that Cu concentration in maize 

grains increased significantly over control.  

The results during 2005 showed that application of ½ NPK + ½ FYM + 

Biopower caused maximum Cu concentration of 0.690 µg g-1 in maize grains. 

Copper concentration in maize grains of 0.660, 0.630, 0.640, 0.660, 0.630, 0.640 µg 

g-1 was  recorded in T3,  T4,  T5,  T6,  T7, and T8, which were all statistically at par 

among each other. Minimum value of Cu concentration was recorded in control 

(0.513 µg g-1). 

The results during 2006 showed that application of ½ NPK + ½ FYM + Biopower 

caused maximum Cu concentration of 0.700 µg g-1, which was at par to Cu 

concentration of 0.700 µg g-1 due to application of recommended NPK fertilizers It 

was followed by significantly lower value of Cu concentration of 0.650 µg g-1 due to 

½ NPK + ½ FYM (T6) that was at par to T3 and  T9.  Identical copper concentration 

of 0.620 µg g-1 was recorded in both FYM treatments (T4 and T5), which were 

statistically at par to each other. A copper concentration of 0.623 and 0.620 µg g-1 

was recorded in both Biopower treatments (T7 and T8) which were statistically at par 

to each other.  

The results recorded showed that integrated use of organic and mineral fertilizers 

and/ or biofertilizers showed better Cu concentration in maize grains. Maximum Cu 

was recorded in T9 in both maize growing seasons. Integrated plant nutrient 

management had advantage over the sole application of mineral and organic and/ or 
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Table 4.9.4   Effect of integrated plant nutrient management on Cu (µg g-1) in  

maize grains 

 
Treatments 

 
Years 

2005 2006 
CS2 CS2 

T1    Control  
0.513 C 0.513 C 

T2   NPK  (60-45-30) kg ha-1 
0.533 C 0.580 B 

T3   NPK  (120-90-60) kg ha-1 
  0.660 AB 0.680 A 

T4   Full FYM @  20 t ha -1 
  0.630 AB 0.620 AB 

T5   FYM (N Eq + P make up) 
  0.640 AB  0.620 AB 

T6   ½  NPK + ½  FYM 
  0.660 AB  0.650 AB 

T7   ½  NPK + Biopower  
0.630 B 0.623 B 

T8   ½  FYM + Biopower   
  0.640 AB  0.620 AB 

T9   ½ NPK+½ FYM+Biopower           
 0.690 A  0.700 AB 
       

Analysis of Variances       

 P-Value LSD S.E P-Value LSD S.E 

Treatments < 0.001 0.0547 0.0182 < 0.001 0.0547 0.0182 

       

CV   (+ %) 2.03   1.75   

 

    
• Data are average of three replications. 

 

• Treatment means bearing same letter (s) are not significantly different (P <  
0.05; DMR Test) to each other. 

 
CS: Cropping System; CS1 remained fallow, while maize was grown in CS2

 

Biofertilizer Biopower (seed inoculation at sowing) 
NPK  @  (120-90-60) kg ha-1 
Farm yard Manure (FYM) @ 20 t ha -1  

FYM *  (N equivalent + P make up dose) 
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biofertilizers. Chatha et al. (2002) also reported that combined use of mineral and 

organic fertilizers showed higher Cu concentration. Mineral and organic and/or 

biofertilizers showed significant effect on Cu concentration in maize as organic 

fertilizers release nutrients after decomposition. 

During 2004-05 the order of increase in Cu concentration followed trend as 

control > ½ NPK >½ NPK + Biopower > FYM @ 20 t ha-1 > FYM with P make up 

dose > ½ FYM+ Biopower > NPK > ½ NPK + ½ FYM. > ½ NPK + ½ FYM + 

Biopower; while during 2005-06, order followed trend as control > ½ NPK >½ NPK 

+ Biopower > FYM @ 20 t ha-1 >   FYM with P make up dose > ½ FYM+ Biopower 

> ½ NPK + ½ FYM + Biopower> ½ NPK + ½ FYM > NPK.  The order of increase 

in Cu concentration due to IPNM reveals the effectiveness of integrated use of 

organic and mineral fertilizers and/or biofertilizers. 

4.9.5 Zinc in Maize Leaves 

Data pertaining to Zn concentration in maize leaves is given in Table 4.9.5. 

Comparison of various treatment means of integrated nutrient management practices 

in wheat-maize cropping system indicated that Zn concentration increased 

significantly over control treatment. 

During 2005, maximum 58.86 µg g-1 Zn concentration was recorded in 

treatment of FYM with P make up dose followed by 57.23 µg g-1 Zn concentration 

by treatment farmer’s practice of application of FYM @ 20 t ha-1, which were at par 

to each other and to treatment T6 as well.  A zinc concentration of 53.20 µg g-1 

recorded in treatment ½ NPK + ½ FYM + Biopower (T9), which was at par to Zn 

concentration in T3 and T8. Minimum Zn concentration of 35.76 µg g-1 recorded in 

control. 
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Table 4.9.5   Effect of integrated plant nutrient management on Zn (µg g-1) in 

maize leaves 

 
Treatments 

 
Years 

2005 2006 
CS2 CS2 

T1    Control  
35.76 E 33.36 D 

T2   NPK  (60-45-30) kg ha-1 
44.03 D 44.86  C 

T3   NPK  (120-90-60) kg ha-1 
 55.33 BC 59.63 A 

T4   Full FYM @  20 t ha -1 
  57.23 AB 60.40 A 

T5   FYM (N Eq + P make up) 
58.86 A 61.30 A 

T6   ½  NPK + ½  FYM 
  56.60 AB 58.53 A 

T7   ½  NPK + Biopower  
45.96 D 52.33 B 

T8   ½  FYM + Biopower   
53.30 C 54.23 B 

T9   ½ NPK+½ FYM+Biopower           
 53.20 C 60.83 A 
       

Analysis of Variances       

 P-Value LSD S.E P-Value LSD S.E 

Treatments < 0.001 2.660 0.9254 < 0.001 1.360 4.077 

       

CV   (+ %) 3.13   4.37   

 

    
•                   Data are average of three replications. 

 

• Treatment means bearing same letter (s) are not significantly different (P <  
0.05; DMR Test) to each other. 

 
CS: Cropping System; CS1 remained fallow, while maize crop was grown in CS2

 

Biofertilizer Biopower (seed inoculation at sowing) 
NPK  @  (120-90-60) kg ha-1 
Farmyard Manure (FYM) @ 20 t ha -1  

FYM *  (N equivalent + P make up dose) 
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During 2006, maximum 60.83 µg g-1  Zn concentration was recorded in 

treatment ½NPK+½ FYM +Biopower (T9) followed by  identical nonsgnificant value 

of 59.63 µg g-1 in T3, T4, T5 and T6. A zinc concentration of 52.33 and 54.23 µg g-1 

was recorded in both Biopower treatments (T7 and T8), which were statistically at par 

to each other.  Minimum value of  Zn concentration 33.36 µg g-1 was recorded in 

control.  

During 2005, order of increase in Zn concentration followed trend as control 

> ½ NPK> ½ NPK + ½ FYM > NPK > ½ FYM+ Biopower > ½ NPK + ½ FYM + 

Biopower > ½ NPK + Biopower > FYM @ 20 t ha-1 > FYM with P make up dose; 

while during 2006, order of increase  followed trend as  control > ½ NPK   > ½ NPK   

+ Biopower  > ½ FYM+ Biopower  > ½ NPK + ½ FYM   >  NPK > FYM @ 20 t ha-

1  >  FYM  with P make up dose > ½ NPK + ½ FYM + Biopower   

 A significant increase in Zn concentration in maize leaves due to integrated plant 

nutrient management practices was observed in both years. Maximum Zn 

concentration was recorded in treatment T5 during 2005, while maximum Zn was 

recorded in T9 during 2006. Biofertilizer Biopower in combination with organic and 

mineral fertilizers increase the microbial activity that in turn enhanced the rate of 

decomposition of organic matter and nutrient were available to plants for growth. 

The results are in line with the findings of Devi et al. (2002) and Wu et al. (2005). 

4.9.6 Iron in Maize Leaves      

 Data pertaining to Iron concentration maize leaves is given in Table 4.9.6. 

Comparison of various treatment means of integrated nutrient management practices 

in wheat-maize cropping system (CS2) indicated that Fe concentration (µg g-1) 

increased significantly over control. 
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During 2005, maximum Fe concentration of 20.90  µg g-1 in maize leaves was 

recorded in  treatment of recommended NPK fertilizers  that was  statistically at par  

to  Fe 20.38 µg g-1 recorded in ½ NPK + ½ FYM + Biopower(T9) followed by Fe of 

16.33 µg g-1 by treatment of ½ NPK + ½ FYM (T6). An iron concentration of 14.72 

and 14.43 µg g-1 was recorded in both FYM treatments (T4 and T5), which were 

statistically at par to each other. An iron concentration of 14.53 and 14.86 µg g-1 was 

recorded in both Biopower treatments (T7 and T8), which were statistically at par to 

each other. During 2006, maximum Fe concentration of 21.55 µg g-1 was recorded 

with ½NPK+½ FYM +Biopower (T9) followed by lower nonsignificant value of   Fe 

concentration of 21.36 µg g-1 by ½NPK+½FYM (T6). Minimum Fe of 11.64 µg g-1 

was recorded in control, where no mineral and organic /biofertilizer was applied. 

A significant increase in Fe concentration due to integrated plant nutrient 

management practices was observed in both years. Maximum Fe concentration in 

maize leaves was recorded in T3 during 2005 and in T9 during 2006. Organic 

treatments (both T4 and T5) and/ or biofertilizer Biopower treatments (both T7 and 

T8) showed significant effect on Fe concentration over control as organic fertilizers 

release nutrients after decomposition. Biofertilizer Biopower in combination with 

organic and mineral fertilizers increase the microbial activity that in turn enhanced 

the rate of decomposition of organic matter and nutrient were available to plants for 

growth. The results are in line with the findings of Devi et al. (2002) and Wu et al. 

(2005). 
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Table 4.9.6  Effect of integrated plant nutrient management on Fe (µg g-1) in  

maize leaves 

 
Treatments 

 
Years 

2005 2006 
CS2 CS2 

T1    Control  
12.15 D 11.64 F 

T2   NPK  (60-45-30) kg ha-1 
12.91 D 13.56 E 

T3   NPK  (120-90-60) kg ha-1 
20.90 A       20.44 ABC 

T4   Full FYM @  20 t ha -1 
14.72 C    19.42 CD 

T5   FYM (N Eq + P make up) 
14.43 C     20.10 BC 

T6   ½  NPK + ½  FYM 
16.33 B     21.36 AB 

T7   ½  NPK + Biopower  
14.53 C  18.33 D 

T8   ½  FYM + Biopower   
14.86 C       20.26 ABC 

T9   ½ NPK+½ FYM+ Biopower           
 20.38 A 21.55 A 
       

Analysis of Variances       

 P-Value LSD S.E P-Value LSD S.E 

Treatments < 0.001 1.025 0.3421 < 0.001 1.310 0.4370 

       

CV   (+ %) 3.78   4.09   

 

    
• Data are average of three replications. 

 

• Treatment means bearing same letter (s) are not significantly different (P <  
0.05; DMR Test) to each other. 

 
CS: Cropping System; CS1 remained fallow, while maize crop was grown in CS2

 

Biofertilizer Biopower (seed inoculation at sowing) 
NPK @ (120-90-60) kg ha-1 
Farmyard Manure (FYM) @ 20 t ha -1  

FYM *  (N equivalent + P make up dose) 
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4.9.7   Mn in Maize Leaves 

 Data pertaining to Manganese concentration (µg g-1) in maize leaves is given 

in Table 4.9.3. Comparison of various treatment means of integrated nutrient 

management practices in wheat maize cropping system (CS2) indicated that Mn 

concentration in maize leaves increased significantly over control. 

During 2005, maximum Mn concentration in maize leaves of 90.3 µg g-1 was 

recorded with FYM treatments with P make up dose (T5) followed by lower value of   

Mn  concentration in maize leaves of  86.6 µg g-1  in ½NPK+½FYM+Biopower(T9) 

and 85.33 µg g-1. Manganese concentration in maize leaves in T6 (½NPK+½ FYM), 

which were statistically at par to each other. Manganese concentration of 57.3 and 

73.6 µg g-1 was recorded in both Biopower treatments (T7 and T8), which were 

statistically at par to each other  

               During 2006, maximum Mn  concentration  of 89.3 µg g-1 in maize leaves 

was recorded in treatment with T6( ½ NPK + ½ FYM) followed by Mn  

concentration in maize leaves of 89.0 µg g-1 recorded in FYM treatments with P 

make up dose and non significant value of Mn concentration in maize leaves of 85.3 

µg g-1 by ½NPK+½FYM+Biopower. Manganese concentration of 51.6 and 67.3 µg 

g-1 was recorded in both Biopower treatments (T7 and T8), which were statistically 

significant to each other.  

A significant increase in Mn concentration in maize leaves due to integrated 

plant nutrient management practices was observed in both years. Maximum Mn 

concentration in maize leaves was recorded in T5 in 2005, while in T6 during 2006. 

Biofertilizer Biopower treatments (both T7 and T8) showed significant effect on Mn 

concentration over mineral fertilizer treatments (T2 and T3). Biofertilizer Biopower in 
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Table  4.9.7  Effect of integrated plant nutrient management on  Mn  (µg g-1) in 

maize leaves 

 
 

Treatments 
 

Years 
2005 2006 
CS2 CS2 

T1    Control  
36.66 F 38.33 E 

T2   NPK  (60-45-30) kg ha-1 
45.33 E 46.66 D 

T3   NPK  (120-90-60) kg ha-1 
54.66 D 52.00 D 

T4   Full FYM @  20 t ha -1 
83.00 B 79.00 B 

T5   FYM (N Eq + P make up) 
90.33 A 89.00 A 

T6   ½  NPK + ½  FYM 
  85.33 AB 89.33 A 

T7   ½  NPK + Biopower  
57.33 D 51.66 D 

T8   ½  FYM + Biopower   
73.66 C 67.33 C 

T9   ½ NPK+½ FYM+Biopower           
 86.66 A  85.33 AB 
       

Analysis of Variances       

 P-Value LSD S.E P-Value LSD S.E 

Treatments < 0.001 6.356  < 0.001 2.588 7.758 

       

CV   (+ %) 5.39   6.74   

 

    
•                   Data are average of three replications. 

 

• Treatment means bearing same letter (s) are not significantly different (P <  
0.05; DMR Test) to each other. 

 
 
CS: Cropping System; CS1 remained fallow, while maize was grown in CS2

 

Biofertilizer Biopower (seed inoculation at sowing) 
NPK @ (120-90-60) kg ha-1 
Farmyard Manure (FYM) @ 20 t ha -1  

FYM *  (N equivalent + P make up dose) 
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combination with organic and mineral fertilizers increased the microbial activity that 

in turn enhanced the rate of decomposition of organic matter and nutrients were 

available to plants for growth as is evident from higher Mn concentration values in  

T6 and T9. Devi et al. (2002) and Wu et al. (2005) also documented increased 

nutrient uptake by combined use of organic and mineral fertilizers. During 2005 the 

order of increase in Mn concentration followed trend as  control > ½ NPK >  NPK > 

½ NPK  + Biopower  > ½ FYM+ Biopower > FYM @ 20 t ha-1 > ½ NPK + ½ FYM 

> NPK + ½ FYM + Biopower > FYM  with P make up dose while during 2006 the 

order of increase  followed as  control > ½ NPK >  ½ NPK  + Biopower > NPK  > ½ 

FYM+ Biopower > FYM @ 20 t ha-1 > ½ NPK + ½ FYM + Biopower > FYM  with 

P make up dose  >  ½ NPK + ½ FYM .   

4.9.8  Copper in Maize Leaves 

Data pertaining to Cu concentration in maize leaves is given in Table 4.9.8. 

Comparison of various treatment means of integrated nutrient management practices 

in wheat-maize cropping system (CS2) indicated that Cu concentration in maize 

leaves increased significantly over control.  

The results during 2005 showed nonsignificant increase in Cu concentration 

in maize leaves. Maximum Cu concentration of 0.183 µg g-1 due to application of ½ 

NPK + ½ FYM + Biopower (T9) was recorded. Copper concentration of 0.167 and 

0.177 µg g-1 was recorded in both FYM treatments (T4 and T5), while Cu 

concentration of 0.163 and 0.160 µg g-1 was recorded in both  Biopower treatments  
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  Table 4.9.8  Effect of integrated plant nutrient management on Cu (µg g-1) in 

maize leaves 

 

Treatments 
 

Years 
2005 2006 
CS2 CS2 

T1    Control  
   0.137 ns 0.093 C 

T2   NPK  (60-45-30) kg ha-1 
0.150  0.157 B 

T3   NPK  (120-90-60) kg ha-1 
0.127      0.220 AB 

T4   Full FYM @  20 t ha -1 
0.167      0.167 AB 

T5   FYM (N Eq + P make up) 
0.177     0.170 AB 

T6   ½  NPK + ½  FYM 
0.180     0.193 AB 

T7   ½  NPK + Biopower  
0.163  0.150 B 

T8   ½  FYM + Biopower   
0.160     0.180 AB 

T9   ½ NPK+½ FYM+Biopower           
 0.183     0.187 AB  
       

Analysis of Variances       

 P-Value LSD S.E P-Value LSD S.E 

Treatments 0.35 .054 .0182 <0.001 0.05474 0.01826 

       

CV   (+ %)       

 

    
• Data are average of three replications. 

 

• Treatment means bearing same letter (s) are not significantly different (P <  
0.05; DMR Test) to each other. 

 
CS: Cropping System; CS1 remained fallow, while maize crop was grown in CS2

 

Biofertilizer Biopower (seed inoculation at sowing) 
NPK @ (120-90-60) kg ha-1 
Farmyard Manure (FYM) @ 20 t ha -1  

FYM *  (N equivalent + P make up dose) 
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(T7 and T8).  

 The results during 2006 showed that application of  recommended dose of 

NPK fertilizers depicted maximum of Cu concentration in maize leaves, which was 

nonsignificant to Cu  concentration of 3.142 µg g-1 recorded in ½ NPK + ½ FYM + 

Biopower . Both FYM treatments (T4 and T5) and both Biopower treatments (T7 and 

T8) were also nonsignificant among each other. Maximum Cu content was recorded 

in T9 and T3 during 2005 and 2006 respectively. The results recorded showed that 

integrated use of organic and mineral fertilizers and/ or biofertilizers showed better 

performance regarding Cu concentration in maize leaves. Integrated plant nutrient 

management had advantage over the sole application of mineral and organic and/ or 

biofertilizers. Chatha et al. (2002) also reported that combined use of mineral and 

organic fertilizers showed higher Cu concentration. During 2004-05 the order of 

increase in Cu concentration followed trend as control > ½ NPK > FYM  with P 

make up dose > FYM @ 20 t ha-1  > ½ NPK  + Biopower > ½ FYM+ Biopower  > ½ 

NPK + ½ FYM >   NPK > ½ NPK + ½ FYM + Biopower, while during 2005-06 the 

order of increase  followed trend as  control > ½ NPK  + Biopower > ½ NPK >  

FYM @ 20 t ha-1 > FYM  with P make up dose > ½ FYM+ Biopower > ½ NPK + ½ 

FYM + Biopower > ½ NPK + ½ FYM  > NPK. 

4.10   NPK UPTAKE BY WHEAT AND MAIZE 

4.10.1 NPK Uptake by Wheat 

The uptake of the macronutrients like N, P and K is the direct reflection of 

the biomass production. Data pertaining to the N, P and K uptake (kg ha-1) of wheat 

is given in Table 4.10.1. Integrated plant nutrient management practices for wheat- 

fallow (CS1) and wheat-maize (CS2) cropping systems increased N, P and K uptake  
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Table 4.10.1  Effect of integrated plant nutrient management on NPK uptake           

                       (kg ha-1)  of wheat  

 
Treatments 

 
Years 

2004-05 2005-06 
N P K N P K 

T1    Control 77 15 66 67 17 62 

T2   NPK  (60-45-30) kg ha-1 134 25 112 131 27 110 

T3   NPK(120-90-60) kg ha-1 313 49 195 344 53 207 

T4   Full FYM @  20 t ha -1 221 37 160 205 34 145 

T5   FYM (N eq+P make up) 237 43 174 222 39 157 

T6   ½  NPK + ½  FYM 299 45 194 329 49 206 

T7   ½  NPK  + Biopower  200 30 148 200 28 139 

T8   ½ FYM + Biopower   209 31 153 217 30 146 

T9   ½ NPK + ½ FYM +Biopower 357 51 215 367 55 210 

       
       

       
       

       
       
       

       
CS: Cropping System 

Biofertilizer Biopower (seed inoculation at sowing) 
NPK @ (120-90-60) kg ha-1 
Farmyard Manure, (FYM) @ 20 t ha -1 

FYM *  (N equivalent + P make up dose) 
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 (kg ha-1) by wheat. 

During 2004-05, application of ½ NPK + ½ FYM + Biopower (T9) recorded 

maximum N uptake of 357 kg ha-1 followed by 313 kg ha-1 by recommended dose of 

NPK fertilizers (T3). Maximum P uptake of 51 kg ha-1 was recorded in T9 followed 

by P uptake of 49 kg ha-1 by mineral fertilizers (T3). Maximum K uptake of 215 kg 

ha-1was recorded in T9 followed by K uptake of 195 kg ha-1 by mineral fertilizers 

(T3).During 2005-06, application of ½ NPK + ½ FYM + Biopower (T9) recorded 

maximum N uptake of 367 kg ha-1 followed by N uptake of 344 kg ha-1 by 

recommended dose of NPK fertilizers (T3). Maximum P uptake of 55 kg ha-1 was 

recorded in T9 followed by P uptake of 53 kg ha-1 by mineral fertilizers (T3). 

Maximum K uptake of 210 kg ha-1 was recorded in T9 followed by K uptake of 207 

kg ha-1 by mineral fertilizers (T3). 

The results showed that integrated use of organic and mineral fertilizers and/ 

or biofertilizers showed better performance regarding grain yield of wheat. Integrated 

plant nutrient management had advantage over the sole application of mineral and 

organic and/ or biofertilizers. During 2004-05, application of   ½ NPK + ½ FYM + 

Biopower (T9) recorded 14, 4 and 10 percent increase in uptake of N, P and K by 

wheat over mineral fertililizer treatment (T3), while during 2005-06, application of   

½ NPK + ½ FYM + Biopower (T9) recorded 6.5, 3.8 and 1.5 percent increase in 

uptake of N, P and K by wheat over mineral fertililizer treatment (T3) Integrated 

plant nutrient treatment especially with Biopower improved NPK uptake over 

mineral fertilizers. 

This was due to the fact that Biopower contained four different species of N-fixing 

bacteria, which resulted into increased availability of nitrogen to the crop. Wu et al. 
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(2005) indicated that half the amount of biofertilizer application had similar effects 

when compared with organic fertilizer or chemical fertilizer treatments. Microbial 

inoculum not only increased the nutritional assimilation of plants (total N, P and K), 

but also improved soil properties, such as organic matter content and total N in soil. 

Combination of N fertilizer with EM also increased the concentrations of NPK in 

plants (Khaliq et al., 2006). The IPNM was better than chemical fertilizer in terms of 

increasing the number of N-fixing bacteria in the rhizosphere. These results indicate 

that microbial population of soil can be increased by applying organic matter and 

their effectiveness can be increased by inoculation with biofertilizer. 

4.10.2 NPK uptake (kg ha -1) by maize 

Data pertaining to the N, P and K uptake (kg ha-1) of maize is given in Table 

4.10.2. Integrated plant nutrient management practices in wheat-maize (CS2) 

cropping system increased N, P and K uptake (kg ha-1) by maize. 

During 2005, application of ½ NPK + ½ FYM + Biopower (T9) recorded maximum 

N uptake of 143 kg ha-1 followed by N uptake of 138 kg ha-1 by recommended dose 

of NPK fertilizers (T3). Maximum P uptake of 48 kg ha-1 was recorded in T9 followed 

by P uptake of 42 kg ha-1 by mineral fertilizers (T3). Maximum K uptake of 244 kg 

ha-1 was recorded by mineral fertilizers(T3) followed by  K uptake of 228 kg ha-1 in 

T9. During 2006, application of ½ NPK + ½ FYM + Biopower (T9) recorded 

maximum N uptake of 156 kg ha-1 followed by N uptake of 148 kg ha-1 by 

recommended dose of NPK fertilizers (T3). Maximum P uptake of 46 kg ha-1 was 

recorded in T9 followed by P uptake of 40 kg ha-1 by mineral fertilizers. Maximum K 

uptake of 256 kg ha-1 was recorded by mineral fertilizers (T3) followed by K uptake 

of 220 kg ha-1 in T9.  
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Table 4.10.2  Effect of integrated plant nutrient management on NPK uptake(kg 

ha-1)  of maize 

 
 

Treatments 

 

Years 

2005 2006 

N P K N P K 

T1    Control 38 8 58 27 8 53 
T2   NPK  (60-45-30) kg ha-1 70 12 106 48 13 

80 
T3   NPK(120-90-60) kg ha-1 138 42 244 148 40 256 
T4   Full FYM @  20 t ha -1 118 26 211 120 36 

209 
T5   FYM (N eq+P make up) 125 29 195 128 40 

221 
T6   ½  NPK + ½  FYM 141 31 217 146 37 

191 
T7   ½  NPK  + Biopower  90 25 136 89 26 

135 
T8   ½ FYM + Biopower   99 25 151 101 27 

148 
T9   ½ NPK + ½ FYM +Biopower 143 48 228 156 46 

220 
       

       

       

CS: Cropping System; CS1 remained fallow, while maize was grown in CS2
 

Biofertilizer Biopower (seed inoculation at sowing) 
NPK @  (120-90-60) kg ha-1 
Farmyard Manure, (FYM) @ 20 t ha -1 

FYM *  (N equivalent + P make up dose) 
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The results showed that integrated use of organic and mineral fertilizers and/ or 

biofertilizers showed better performance regarding grain yield of wheat. Integrated 

plant nutrient management had advantage over the sole application of mineral and 

organic and/ or biofertilizers. During 2005, application of   ½ NPK + ½ FYM + 

Biopower (T9) recorded 3.6 and 14.2 percent increase in uptake of N and P by maize 

over mineral fertililizer treatment (T3) while during 2006, application of   ½ NPK +  

½ FYM + Biopower (T9) recorded 5.4 and 15 percent increase in uptake of N and P 

by maize over mineral fertililizer treatment (T3). Integrated plant nutrient treatment  

especially with Biopower improved NPK uptake over mineral fertilizers. This was 

due to the fact that Biopower contained four different species of N-fixing bacteria, 

which resulted into increased availability of nitrogen to the crop. Wu et al. (2005) 

indicated that half the amount of biofertilizer application had similar effects when 

compared with organic fertilizer or chemical fertilizer treatments. Microbial 

inoculum not only increased the nutritional assimilation of plants (total N, P and K), 

but also improved soil properties, such as organic matter content and total N in soil. 

Combination of N fertilizer with EM also increased the concentrations of NPK in 

plants (Khaliq et al., 2006). 

4.11 THE ECONOMIC ANALYSIS  

The value cost ratio (VCR) is the ratio between the value of the additional 

seed yield and the cost of the fertilizer. It is the rate of return of the money spent on 

fertilizer. If the VCR is greater than one, the fertilizer will be profitable. A VCR of 2 

represents a 100 percent return on the money invested in fertilizer. At VCR lower 

than 2, farmer’s margin of return becomes low and there is risk of loosing his money  
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Table 4.11.1 Value cost ratio due to integrated plant nutrient management on 

seed yield of wheat  

 

 
Treatments 

 
Years 

2004-05 2005-06  
CS1 CS2  CS1 CS2  

T1    Control - -  - -  
T2   NPK  (60-45-30) kg ha-1 1.84 1.94  1.89 2.13  
T3   NPK(120-90-60) kg ha-1 2.02 2.11  2.32 2.45  
T4   Full FYM @  20 t ha -1 1.18 1.07  1.35 1.55  
T5   FYM (N eq+P make up) 1.28 1.26  1.54 1.62  
T6   ½  NPK + ½  FYM 2.00 2.11  2.28 2.37  
T7   ½  NPK  + Biopower  2.35 2.71  2.67 2.77  
T8   ½ FYM + Biopower   2.25 2.31  2.46 2.50  
 T9  ½ NPK + ½ FYM +     
           Biopower 2.20 2.24 

 
2.41 2.51  

       
Prices 2004-06       

Urea                                        (50 kg bag) Rs.468.0 (US $ 7.8)   
Diammonium phosphate      (50 kg bag)  (US $13.35)   
Triple super phosphate         (50 kg bag) Rs. 801.0 (US $13.35)   
Sulphate of potash Rs.996.0 (US $16.6 )   
Farmyard maure Rs.1200.0 (US $ 20)   
Biofertilizer Biopower  (1.0 kg packet) Rs.100.0 (US $1.6)   

 

    
 
CS: Cropping System 

Biofertilizer Biopower (seed inoculation at sowing) 
NPK  @  (120-90-60) kg ha-1 
Farm yard Manure,(FYM) @  20 t ha -1 

FYM *  (N equivalent + P make up) 

(US $1.0 = Rupees 60 during 2004-2006) 
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if there is poor management or weather is bad. Due to risk factors, the general 

recommendation is a VCR of 2.0. However, this indicator does not take care of 

residual effect of fertilizer used on previous crop. Secondly, the highest VCR occurs 

at the lower end of yield response curve.  

  Data regarding the VCR due to IPNM for wheat crop is represented in Table 

3.10.1. The VCR indicated that the IPNM showed profitable effect on wheat crop in 

both cropping systems during both years.During 2004-05, highest VCR was recorded 

with treatment T7 (½NPK+Biopower) while lowest was recorded in control in both 

CS1 and CS2. It was followed by VCR  

recorded in T9 (½ NPK + ½ FYM + Biopower) in CS1 and CS2 depicting the 

profitability of integrated use of inorganic and organic and/or biofertilizers for wheat 

production under rainfed condition. 

During 2005-06, highest VCR was recorded with treatment T7 

(½NPK+Biopower), while lowest was recorded in control in both CS1 and CS2. It 

was followed by VCR recorded in T9 (½ NPK + ½ FYM + Biopower) in CS1 and 

CS2 depicting the profitability of integrated use of inorganic and organic and/or 

biofertilizers for wheat production under rainfed condition. Data regarding the VCR 

due to IPNM for maize is represented in Table 3.10.2. The VCR indicated that the 

IPNM showed profitable effect on maize in both years. During 2005, highest VCR 

was recorded with treatment T7 (½NPK+Biopower), while lowest was recorded in 

control in CS2. It was followed by VCR recorded in T9 (½ NPK + ½ FYM + 

Biopower) in CS2 depicting the profitability of integrated use of inorganic and 

organic and/or biofertilizers for wheat production under rainfed condition. During 

2006, highest VCR was recorded with treatment T7 (½NPK+Biopower), while lowest 
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Table 4.11.2 Value cost ratio due to integrated plant nutrient management on 

seed yield of maize  

 
 

Treatments 
 

Years 
2005 2006 
CS2 CS2 

T1    Control  
  

T2   NPK  (60-45-30) kg ha-1 
1.47 0.78 

T3   NPK  (120-90-60) kg ha-1 
1.89 2.04 

T4   Full FYM @  20 t ha -1 
1.23 1.24 

T5   FYM (N Eq + P make up) 
1.27 1.32 

T6   ½  NPK + ½  FYM 
1.86 1.85 

T7   ½  NPK + Biopower  
2.17 2.34 

T8   ½  FYM + Biopower   
1.97 2.25 

T9   ½ NPK+½ FYM+Biopower           
 1.91 2.06 
Prices 2004-06   
Urea                                     (50 kg bag) Rs.468.0 (US $ 7.8) 
Diammonium phosphate     (50 kg bag)  (US $13.35) 
Triple super phosphate        (50 kg bag) Rs. 801.0 (US $13.35) 
Sulphate of potash Rs.996.0 (US $16.6 ) 
Farmyard maure Rs.1200.0 (US $ 20) 

Biofertilizer Biopower  (1.0 kg packet) Rs.100.0 (US $1.6) 
 

    
 
CS: Cropping System; CS1 remained fallow, while maize was grown in CS2

 

Biofertilizer Biopower (seed inoculation at sowing) 
NPK  @  (120-90-60) kg ha-1 
Farm yard Manure (FYM) @ 20 t ha -1  

FYM *  (N equivalent + P make up dose) 

(US $1.0 = Rupees 60 during 2004-2006) 
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was recorded in control in CS2. It was followed by VCR recorded in T9 (½ NPK + ½ 

FYM + Biopower) in CS2 depicting the profitability of integrated use of inorganic 

and organic and/or biofertilizers for wheat production under rainfed condition. 

A VCR of 2.0 to 2.5 was generally accepted as profitable and conducive to 

fertilizer application (Ahmed and Rashid, 2003; Fan and Messick, 2005). During 

2004-05, the profitable VCR was obtained due to 2.20 and 2.24 due to T9 and 2.00 

and 2.11 due to T6 , that were comparable to 2.02 and 2.11 in T3 for C1 and CS2 

respectively. These VCR showed that integrated use of organic and inorganic 

fertilizer sources had better net profit for wheat yield for the farmer under rainfed 

condition. 

During 2005-06, the profitable VCR was obtained due to 2.41 and 2.51 due to 

T9 and 2.28 and 2.37 due to T6. Although the VCR due to T3 are 2.32 and 2.45 for C1 

and CS2 respectively but duo to their increasing cost and environmental concerns 

chemical fertilizers may not be used as integrated use of fertilizers is also showing a 

profitable VCR These VCR showed that integrated use of organic and inorganic 

fertilizer sources had better net profit for wheat yield for the farmer under rainfed 

condition. 

The VCR in 2005 regarding maize is presented in table 3.10.2.These indicate that 

VCR due to IPNM is 1.91 in T9 and 1.86 in T6 while 1.89 in T3. Better VCR in T9 

might be due in residual soil fertility .Similarly, VCR of 2.06 in T9 and 1.85 in T6, 

while 2.04 in T3 was estimated in 2006. It indicated better performance of integrated 

use of mineral and organic and/or biofertilizers. 
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Chapter 5 

SUMMARY 

 

                     Integrated plant nutrient management (IPNM) maintain and/ or increase 

the soil fertility for sustaining crop production through optimizing all possible 

organic and inorganic sources of plant nutrition for sustaining agriculture production 

that is economically viable, environmentally safe and socially acceptable. This study 

was conducted with the objective of sustaining soil productivity by integrated plant 

nutrient management (IPNM). 

A field experiment pertaining to wheat based cropping system was conducted at the 

Research Farm of Soil Science & SWC of Pir Mehr Ali Shah Arid Agriculture 

University, Rawalpindi, Pakistan. It was initiated in Rabi 2004-05 on wheat followed 

by maize in Kharif 2005, and was repeated in 2005-06 in the same field with 

identical treatments. It was laid out according to Randomized Complete Block 

Design in Split-Plot with three replications.  The two treatments of cropping system 

(CS) viz. CS1: wheat–fallow and CS2: wheat–maize) were placed in the two main 

plots; while nine treatments of integrated plant nutrient management were allocated 

to subplots with three replications. The integrated plant nutrient management (IPNM) 

treatments included: control (without NPK fertilizer, FYM or biofertilizer); half of 

recommended N-P2O5-K2O (60-45-30 kg ha-1); full  dose of recommended N-P2O5-

K2O (120-90-60 kg ha-1); FYM @ 20 t ha -1 , FYM on N requirement basis + make-

up dose of P / K fertilizer;   ½ NPK + FYM @ 10 t ha-1;    ½ NPK + Biopower; ½ 

FYM + Biopower and ½ NPK + ½ FYM + Biopower.  
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Comparison of various treatment means of integrated plant nutrient 

management practices for wheat-fallow (CS1) and wheat-maize (CS2) cropping 

systems indicated that there is significant increase in yield and yield attributes of 

both wheat and maize as compared to control treatment.  

During both growing seasons of wheat, highest values of plant height and 

productive tillers were recorded due to the application of ½ NPK + ½ FYM + 

Biopower (T9). Highest biological and  grain yield  of  9698 kg ha -1 and  

3684 kg ha -1  in 2004-05 , while 9381 kg ha -1 and  3781 kg ha -1  during 

2005-06 respectively were recoded in T9.  Maximum values of plant height, 

number of cobs,  and number of grains cob -1 were recorded due to 

application of  ½ NPK + ½ FYM + Biopower (T9) for  maize during both 

Kharif growing seasons of 2005 and 2006. The significant increase in various 

yield attributes due to IPNM produced highest biological and grain yield of 

8579 kg ha -1 and 3128 kg ha -1 in 2005; while these were recorded 8475 kg 

ha -1 and 3119 kg ha -1 respectively in 2006. 

Comparison of various treatment means of integrated nutrient management 

practices for wheat-fallow (CS1) and wheat-maize (CS2) cropping systems caused a 

significant increase in total N, available P and extractable K in soil over control 

treatment. 

After the harvest of wheat in 2004-05, maximum soil N of 367.7 µg g-1 and 

extractable K of 170.8 µg g-1 was recorded in soil with full doze of 

recommended NPK fertilizers (T3);   while maximum available P in soil of 

8.6µg g-1   and organic carbon of 0.65 g 100 g-1 was recorded in   treatment of 

½ NPK + ½ FYM + Biopower (T9). Maximum soil N of 365 µg g-1, organic 
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carbon of 0.75 g 100 g-1 and available P  of 8.6 µg g-1 were  recorded in T9 (½ 

NPK + ½ FYM + Biopower) after the harvest of wheat crop in 2005-06 while 

maximum extractable K of 182.5 µg g-1 was recorded in T3.  

After the harvest of maize in 2005 , maximum N of 440 µg g-1, extractable K 

of 156 µg g-1 and organic carbon of  0.75 g 100 g -1 was recorded in treatment 

with recommended NPK fertilizer(T3) while maximum available P of 8.70 µg 

g-1 was recorded in T9 (½ NPK + ½ FYM + Biopower). After the harvest of 

maize crop in 2006, maximum soil N of 410µg g-1
, organic carbon of 0.85 g 

100 g -1 and P of  8.86 µg g-1 was recorded in T9 (½ NPK + ½ FYM + 

Biopower ); while maximum extractable K of 162 µg g-1 was recorded in 

treatment with recommended NPK fertilizers (T3). 

 The analysis of leaf and grain samples showed significant increase in N, P and K 

concentration for both wheat and maize during both growing seasons over control. 

During 2004-05, maximum N in wheat grains of 3.085 µg g-1 was recorded in 

T9 by application of ½ NPK + ½ FYM + Biopower. Maximum P   

concentration of 0.366 µg g-1 in wheat grains was recorded by treatment FYM 

with P make up in T5. Maximum K concentration of 0.705 µg g-1 was 

recorded with recommended NPK fertilizers (T3). Maximum N of 0.653 µg g-

1 and K of 1.70 µg g-1 was recorded by FYM with P make up doze (T5) in 

wheat straw while maximum P concentration in wheat straw was recorded by 

recommended NPK(T3).  

During 2005-06, maximum N of 3.328 µg g-1 and P of 0.391 µg g-1 was 

recorded in T9 by application of  ½ NPK + ½ FYM + Biopower  while 

maximum K concentration of 0.708 µg g-1 was recorded with of full doze of 
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recommended NPK fertilizers in wheat grains. Maximum N of 0.644 µg g-1 

and K of 1.712 µg g-1 was recorded with FYM with P make up (T5) in wheat 

straw while maximum P in wheat straw of 0.227 µg g-1 was recorded in T3. 

During 2005 in maize grains, maximum N of 1.133 µg g-1 and K of 0.626 µg 

g-1 was recorded with recommended NPK fertilizers (T3). Maximum P 

concentration of 0.295 µg g-1 was recorded in T9 (½ NPK + ½ FYM + 

Biopower). Maximum N of 0.643 µg g-1 was recorded in treatment with FYM 

with P make up (T5),  maximum P of 0.285 µg g-1 was recorded in (T3) with 

recommended NPK fertilizers and maximum K of 2.617 µg g-1 was recorded 

in treatment with FYM @ 20 t ha-1 (T4) in maize leaves. 

During 2006 in maize grains, maximum N of 1.247 µg g-1 and K of 0.703 µg 

g-1 was recorded with recommended NPK fertilizers.  Maximum P of 0.310 

µg g-1 was recorded in T5;  maximum N concentration of 0.696 µg g-1 was 

recorded inT9 (½ NPK + ½ FYM + Biopower), maximum   P concentration of  

0.251 µg g-1 in T3 , potassium concentration of 2.680 µg g-1 in T5 was 

recorded in maize leaves.  

The economic analysis of wheat-maize and wheat-fallow cropping systems 

revealed that wheat-maize cropping system was profitable with integrated use of 

mineral, organic and/or biofertilizer under rainfed conditions. The results indicated 

that organic sources alone or their integrated use may improve yield but cannot 

compete mineral sources for sustaining crop productivity. There is no scope for 

reducing the consumption of chemical fertilizers but due to their increasing cost and 

environmental concerns chemical fertilizers may not be used as integrated use of 

fertilizers is showing a profitable VCR. The VCR estimated for IPNM in T9 showed 
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that integrated use of organic and inorganic fertilizer sources had better net profit for 

wheat yield for the farmer under rainfed condition. Thus, IPNM may prove more 

viable and sustainable for wheat based cropping system in rainfed Pothowar area of 

Punjab province, Pakistan. 

RECOMMENDATIONS AND SUGGESTIONS 

There is a vast scope for increasing nutrient supply through use of organic 

manures, green manures and adoption of proper cropping system and these together 

can contribute significantly to sustaining crop productivity. There is, however no 

scope for reducing the consumption of chemical fertilizers since the level of crop 

productivity is not only to be sustained, but is to be increased years to come, which is 

presently not possible without the use of chemical fertilizers. Under the present 

Pakistan context, the organic sources of nutrients should be considered as 

supplements to chemical fertilizers and not their substitutes to overcome these 

limitations, small farmers should be encouraged to use cheap, accessible and locally 

available farmyard manure. These parameters, when built in a systematic approach 

for IPNM would be relevant for the Pakistani farmer considering the limited 

investment capacity and the high cost of fertilizers. More intensive and systematic 

studies are required to provide a better understanding of IPNM in making crop 

production more profitable income generating activity for small farmers of rainfed 

Pothwar region of Pakistan. Integrated plant nutrient management is going to be the 

mainstay in the next millennium. 

 

 

 

 



 

 

235

CONCLUSION 

The investigations presented in this comparative study of integrated plant 

nutrient management (IPNM) practices indicated distinct benefits of combined 

application of organic and mineral nutrient sources together with biofertilizer over 

sole application of farmyard manure or mineral fertilizer in wheat based cropping 

system under rainfed environment. The integrated use of ½ NPK @ (60-45-30) kg 

ha-1 and  ½ farmyard manure @10 t ha -1 with Biopower was the most appropriate 

and economical treatment as it gave the similar yield to that obtained from full 

recommended NPK,  indicating that this combination can minimize the use of costly 

chemical fertilizers for increasing the yield of  both wheat and maize. The higher 

concentration of both macro and micro nutrients in wheat and maize demonstrated 

more efficient uptake nutrients by integrated use of organic and mineral fertilizers 

and/ or biofertilizer.  

Therefore, the study concluded that integrated use of mineral fertilizers + farmyard 

manure with Biopower is the best choice for farmers to reduce the use of chemical 

fertilizers for sustainable crop production in terms of soil fertility enhancement and 

better economic returns. Economic analysis through value cost ratio of wheat-maize 

and wheat-fallow cropping systems revealed that wheat-maize cropping system gave 

more net profit with integrated use of mineral and organic and/or biofertilizer . Thus, 

IPNM through judicious use of nutrients from organic and mineral fertilizers and/ or 

biofertilizer will lead to sustainable higher crop yield as well as help to improve the 

fertilizer use efficiency and fertility of soil for small farmer under rainfed 

environment of Pothowar area, Punjab province, Pakistan. 
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Appendix I: Area and crop production of wheat and maize in Pakistan in 2006-

07 

 

WHEAT 

                                   Area (000) ha                                       Production (000) tones 

 Irrigated unirrigated Total Irrigated unirrigated Total 

Pakistan 7338.7 1109.2 8447.9 19885.5 1391.3 21276.8 

Punjab 5831.0 652.4 6483.4 15892.9 883.1 16776.0 

Sindh 914.1 19.1 933.2 2724.2 26.1 2750.3 

NWFP 308.2 413.1 721.1 618.5 482.1 1100.6 

Balochistan 285.4 24.6 310.0 649.9 0.0 649.9 

 

MAIZE 

                                   Area (000) ha                                       Production (000) tones 

 Irrigated unirrigated Total Irrigated unirrigated Total 

Pakistan NA NA 1042.0 NA NA 3109.6 

Punjab 473.9 66.9 540.8 2256.4 63.0 2319.4 

Sindh NA NA 3.5 NA NA 1.6 

NWFP 241.7 250.5 492.2 506.0 276.4 782.4 

Balochistan 5.1 0.4 5.5 5.9 0.3 6.2 

 
Source: (Government of Pakistan, 2006-07) 
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