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1. INTRODUCTION 

The challenge for agriculture over the coming decades will be to meet the 

world increasing demand for food in sustainable way. To become weaker soil fertility 

and mismanagement of plant nutrient have made this task more difficult to complete 

vision 2020. Wheat (Triticum aestivum L.) belongs to family Poaceae is one of the 

most important cereal crops of the world. Among the world’s most important food 

grain, it ranks next to rice. It is eaten in various forms by more than one billion in the 

world. Wheat straw is a good source of feed for a large population of the cattle in our 

country. Wheat has a relatively high content of niacin and thiamine that is why, wheat 

proteins are of special significance which are principally concerned in providing the 

‘gluten’ which provides the frame work for sponge cellular texture of bread and baked 

products.  

Wheat ranks first in the world among the cereals both in respect of acreage 

219.51 m ha and production of 758.02 mt (United States Department of Agriculture, 

2018). In India, the wheat production is about 106.21 mt from an area of around 29.9 

m ha (Anonymous, 2019-20). In Rajasthan production of wheat is about 13.8 mt from 

an area around 3.5 m ha (Anonymous, 2018-2019). Although India is well placed in 

meeting out its needs for food grains and the major objective of nutritional and food 

security for entire population has not been achieved. The demand for food grains is 

expected to rise not only as a function of population growth but also as more and 

more people cross the poverty line with economic and social development. Most of 

the increase in production will have to come from the increased productivity, as the 

cultivated area under wheat is not expected to expand any further. The efficient input 

management and varietal improvement are two basic aspects that can help in 

achieving the future target. Wheat is the good supplement for nutritional requirement 

of human body as it contains 9-12% protein and 65-70% carbohydrates and it’s by 

product (straw) is also used as dry fodder for animals.  

The integrated use of organic materials and chemical nitrogenous fertilizers 

has received considerable attention in the past with a hope of meeting the farmer's 

economic need as well as maintaining favorable ecological conditions on long-term 

basis (Kumar et al., 2007). The organic sources with fertilizers and bio-inoculants 



help to restore and sustain fertility and crop productivity. It also helps to check the 

emerging deficiency of nutrients other than N, P and K. Further, it brings economy 

and efficiency in fertilizers. The integration of fertilizers and organic sources with 

biofertilizers favorably affects the physical, chemical as well as biological 

environment of soils. Integrated use of mineral fertilizers together with organic 

manure and biofertilizer in suitable combination compliments and each other to 

optimize input use and maximize production and sustain the same without impairing 

the crop quality or soil health. It enables gainful utilization of organic wastes (Dhaka 

et al., 2012). 

The use of organics in an integrated way renders the benefits through, the 

maintenance of soil fertility and plant nutrient supply at optimum level for sustaining 

the desired productivity. This is achieved, through the optimum benefits of all 

possible sources of plant nutrients in integrated manner so as to attain the maximum 

yield without any effect on physical, chemical and biological soil properties. The 

major components of organic integrated nutrient management system involves the 

organic manures with variable nutrient release patterns mainly FYM, vermicompost, 

crop and bio-fertilizers along with natural soil reserves. Farmyard manure improves 

the physical condition of soil by increasing water holding capacity for maximum 

utilization of water. It also improves the chemical and biological properties of soil by 

increasing the cation exchange capacity and providing various hormones, vitamins 

and organic acids that are important for soil aggregation and for beneficial micro-

organism which are involved in various biochemical processes and release of 

nutrients. The vermicomposting is an eco-friendly and effective way to recycle 

agricultural and kitchen wastes. The application of vermicompost not only adds plant 

nutrients (macro and micro) and growth regulators to one but also increases soil water 

retention, microbial population, humic substances of the soil, mineralization and 

release of nutrients (Alam et al., 2014).  

Vermicompost has been recognized as a low cost and environmentally sound 

process for treatment of many organic wastes. Bevacqua and Mellano (2013) reported 

that vermicompost treated soils had lower pH and increased levels of organic matter, 

primary nutrients, and soluble salts. Edwards and Burrows (2010) reported that 

vermicompost, especially those from animal waste sources, usually contained more 

mineral elements than commercial plant growth media. Besides these, vermicompost 



also improves soil aeration, reduction of soil erosion, reduces of evaporation losses of 

water, accelerates the process of humification, stimulates the microbial activity, 

deodourification of obnoxious smell, destruction of pathogens, detoxification of 

pollutant in soil etc. (Kumar et al., 2015).  

Azotobactor bacteria utilize atmospheric nitrogen gas for their cell protein 

synthesis. This cell protein is then mineralized in soil after the death of Azotobactor 

cells thereby contributing towards the nitrogen availability of the crop plants. 

Azotobactor spp. is sensitive to acidic pH, high salts, and temperature. Azotobactor 

has beneficial effects on crop growth and yield through, biosynthesis of biologically 

active substances, stimulation of rhizospheric microbes, producing phyopathogenic 

inhibitors, modification of nutrient uptake and ultimately boosting biological nitrogen 

fixation. Besides being quite expensive and making high cost of production, chemical 

fertilizers have adverse effect on soil health and microbial population. In such 

situation, biofertilizer can be the best alternative for enhancing soil fertility. Being 

economic and environmental friendly, biofertilizers can be used in crop production for 

better yield. Similarly, microbial products are considered safer, self-replicating, target 

specific, which is regarded as major component of integrated nutrient management 

from soil sustainability perspective. Use of biofertilizers such as biological nitrogen 

fixing and phosphate solubilizing micro-organisms is also gaining importance since 

biofertilizers are cost effective, eco-friendly and renewable source of plant nutrient to 

supplemental chemical fertilizers (Kumar and Urmila, 2018). 

The presence of Azotobactor spp. in soils has beneficial effects on plants, but 

the abundance of these bacteria is related to many factors, soil physico-chemical (e.g. 

organic matter, pH, temperature, soil moisture) and microbiological properties. Its 

abundance varies as per the depth of the soil profile. Azotobactor is much more 

abundant in the rhizosphere of plants than in the surrounding soil and that this 

abundance depends on the crop spp. The role of biofertilizers is perceived as growth 

regulators besides biological nitrogen fixation collectively leading to much higher 

response on various growth and yield attributing characters (Saiyad, 2014). Therefore 

judicious combination of FYM, vermicompost, chemical fertilizers and bio-fertilizers 

facilitate profitable and sustainable production of wheat. 

The information about different sources and combination of organic manures 

and inorganic fertilizer on growth and yield of wheat is scanty in Rajasthan. The 



response of organic sources of nutrients are also vary depending upon soil fertility and 

is highly location specific. With this background, a field trial, entitled “Effect of 

Fertility Levels, Organic Sources and Bio-inoculants on Soil Properties, Nutrient 

Uptake and Production of Wheat (Triticum aestivum L.) in Haplustepts” was 

planned with the following mentioned objectives: 

1. To study the effect of fertility level, organic source and bio-inoculants on yield 

and yield attributes of wheat. 

2. To assess the effect of fertility level, organic source and bio-inoculants on 

nutrient content and uptake of wheat. 

3. To evaluate the effect of fertility level, organic source and bio-inoculants on 

soil fertility status. 



2. REVIEW OF LITERATURE 

A brief review pertaining to research work done on “Effect of Fertility 

Levels, Organic Sources and Bio-inoculants on Soil Properties, Nutrient Uptake 

and Production of Wheat (Triticum aestivum L.) in Haplustepts” during two 

consective rabi seasons of 2015-16 to 2016-17 are being presented in this chapter. 

Since the research work done on effect of fertility levels, organic sources and bio-

inoculants on productivity of wheat and soil microbial properties are meager, 

references on other field crops have also been carefully included to elucidate the point 

related to present investigation. 

2.1 EFFECT ON YIELD ATTRIBUTES AND YIELD 

Singh and Singh (2001) conducted an experiment and reported that application 

of farmyard manure @ 5 and 10 t ha-1 significantly increased the grain and stover 

yield of wheat crop. Agrawal et al. (2003) reported that the application of 

vermicompost in all treatments significantly increased the total biomass production 

and yield of wheat plant over its control. Application of 75% VC and 25% FYM 

showed best results. Thus use of VC in combination with FYM is recommended for 

higher wheat production. 

Jain et al. (2004) reported that the application of 125% RDF + PM increases 

the plant height (86.12 and 86.18 cm, respectively) and number of pods per plant 

(70.64 and 70.55) of wheat. 

Afzal et al. (2005) reported that phosphate solubilizing micro-organism (PSM) 

in combination with phosphorus fertilizer and organic manure significantly improved 

grain and biological yield of wheat. 

Kler and Walia (2006) observed that application of FYM @ 20 t ha-1 in wheat 

resulted in higher plant height, dry matter accumulation and grain yield compared to 

recommended dose of fertilizer. 

Ram and Mir (2006) reported that the application of 10 t FYM + 120 kg N ha-1 

significantly increased plant height, effective tillers m-1 row length, grains spike-1, 

grain and straw yields over the control and 10 t FYM + 100 kg N ha-1. Both 

biofertilizers, i.e. Azospirillum and Azotobactor, significantly enhanced all the growth 



parameters and grain and straw yields over the control. Combined application of 

Azospirillum + Azotobactor showed significant improvement over their individual 

application. 

Behera et al. (2007) reported that the application of FYM @ 10 t ha-1 and 

poultry manure @ 2.5 t ha-1 along with 50% NPK resulted in 13.5 and 22.9% high 

yield respectively over 50% NPK alone. 

Singh et al. (2007) reported that the application of biofertilizers (Azospirillum 

and Azotobactor ) significantly increased number of tillers m-2, ear length, number of 

grains ear-1, test weight and yield of wheat grain and straw compared to control during 

both the years. 

Channabasanagowda et al. (2008) reported that application of vermicompost 

@ 3.8 t ha-1 + poultry manure @ 2.45 t ha-1 in wheat recorded significantly higher 

plant height, number of leaves, 1000 seed weight) and seed yield (3043kg ha-1), 

vigour index (3223) and seedling dry weight (311.27 mg) compared to other 

treatments. 

Ramesh et al. (2008) conducted an experiment on effect of organic manures 

on productivity, soil fertility and economics of soybean (Glycine max) - durum wheat 

(Titicum durum) cropping system under organic farming in Vertisols. They reported 

that the in the first year (2003-04), chemical fertilizers recorded significantly higher 

yield of crops and application of organic manures recorded 7.3 to 13.3 % reduction in 

soybean yield and 7.8 to 14.8 % reduction in wheat yield. In the second year (2004-

05), soybean yield was at par among the nutrient sources and wheat yield was at par 

between chemical fertilizers and poultry manure treatment. In the third year (2005-

06), application of organic manures recorded similar yields to that of chemical 

fertilizers and in fact, poultry manure application resulted in 17.5 and 3.2 % higher 

yields of soybean and wheat, respectively, over the chemical fertilizers. 

Singh et al. (2008d) conducted a field experiment during 2003-04 and 2004-05 

at Jodhpur. The results showed that integrated use of FYM @ 7.5 t ha-1 + 50% RDF 

(50 kg N + 13.5 kg P ha-1) + biofertilizers (Azotobactor + PSB) in wheat – based 

cropping sequence recorded significantly highest grain yield, net returns and B: C 

ratio of crop over control. 



Bandyopadhyay et al. (2009) conducted an experiment on efficient utilization 

of limited available water in wheat through proper irrigation scheduling and 

integrated nutrient management under different cropping system in a Vertisols. They 

reported that application of 100% NPK significantly improved the grain yield of 

wheat by 21.5% over application of 75% NPK application. 

Malik et al. (2009) conducted an experiment on organic amendment influence 

on soil organic pools and crop productivity in a nineteen years old rice-wheat agro-

ecosystem. They reported that the biofertilizer application significantly improved 

grain yield and straw yield of wheat over un-inoculated plots. 

Sharma et al. (2009) reported that the yield and yield attributing characters of 

wheat were found maximum with the application of 75% NPK + 25% N supplied 

with FYM + biofertilizer. The highest net return and net return/rupee invested in 

wheat was found with the application of 75 NPK + 25% N with FYM + biofertilizer. 

Behera (2009) conducted an experiment on organic manuring for soil 

biological health and productivity of a wheat-soybean cropping system in the 

Vertisols of central India. He reported that grain yield of wheat was significantly 

increased with PM at 2.5-10 t ha-1 or FYM at 10-20 t ha-1 compared with the control. 

However, the highest productivity was obtained with PM at 10 t ha-1, which even 

performed better than NPK, indicating that NPK fertilizers alone did not provide 

adequate and balanced nutrition for potential yield of the crop. 

Kotangale et al. (2009) conducted a field experiment at (CRS) Akola and 

observed that significantly higher grain yield of wheat was observed in 100% RDF + 

10 t FYM ha-1 followed by 100% RDF. 

Dubey et al. (2010) conducted an experiment on grain yield of wheat as effect 

by growth promoting bacteria. They reported that the application of the growth 

promoting bacteria might have the potential to be used as a biofertilizer for wheat 

crop. 

Jaga and Singh (2010) reported that the Azotobactor supplied additional 

nitrogen in an eco-friendly manner and plays a vital role in wheat. Hence, 

Azotobactor ization has synergistic effect on yield. Generally with the application of 

Azotobactor, the yield of agriculture crops is increased by 10-12 %. 



Chauhan et al. (2011a) reported that the use of farmyard manure 15 t ha-1 + 

100% NPK increases the yield of wheat crop as compared to the use of 75% NPK + 

15% farmyard manure. 

Devi et al. (2011) carried out an experiment and revealed that the application 

of 100% recommended dose of fertilizers (RDF) i.e. 120:26.4:50 N:P:K kg ha-1 + 

vermicompost @ 1.0 t ha-1 + phosphate solubilizing bacteria (PSB) and 75% RDF + 

vermicompost @ 1.0 t ha-1 + PSB produced higher yield attributes and grain yield of 

wheat than the other treatments. 

Katiyar et al. (2011) conducted an experiment on effect of Azotobactor and 

nitrogen levels on yield and quality of wheat. They reported that wheat seed was 

inoculated with Azotobactor it increases the yield up to 1.92 – 2.0 % as compared to 

non-inoculated seed. 

Sandal et al. (2011) conducted an experiment at Himachal Pradesh and 

showed that increasing the dose from 50 to100 % of recommended NPK (80:17:30 kg 

ha-1) observed significantly higher plant height, dry matter accumulation and yield of 

rainfed wheat over control. 

Thakur et al. (2011) conducted an experiment on impact of continuous use of 

inorganic fertilizers and organic manure on soil properties and productivity under 

soybean-wheat intensive cropping of a Vertisol. They reported that the application of 

recommended dose of N, P and K (120:80:40 kg ha-1 to wheat) with organic manure 

@ 15 t FYM ha-1 resulted in 292% increase wheat yield over control. 

Davari et al. (2012) conducted an experiment on the effect of combinations of 

organic materials and biofertilisers on productivity, grain quality, nutrient uptake and 

economics in organic farming of wheat. They reported that combinations of FYM + 

RR + B and VC + RR + B resulted in the highest increased growth and yield 

attributing characters of wheat and increased grain yield of wheat over the control by 

81% and 89% (Year 1 & Year 2), and net return by 82% and 73% . 

Kaushik et al. (2012) reported that the combined application of 3.0 t 

vermicompost + RDF along with Azospirillum + PSB recorded significantly higher 

number of effective tillers plant-1 (4.92), grains ear-1 (49.05) grain (57.64 q ha-1) and 

straw (74.46 q ha-1) yields over vermicompost 1.5 and 3.0 t along with no inoculation. 



Malghani et al. (2012) conducted an experiment at Karor-Layyah, Punjab. 

Result showed that application of 175-150-125 NPK kg ha-1 recorded significantly 

higher growth parameters viz. plant height and dry matter accumulation of wheat over 

control. 

Meena et al. (2012) reported that the integrated use of NPK and FYM (7.5 t 

ha-1) gave significantly higher grain yield (5.23 t ha-1) as compared with general 

recommended dose of NPK (4.28 t ha-1). 

Singh et al. (2012c) reported that the application of Azotobactor strain (Azo -

8) along with urea (60 kg N ha-1) and farm yard manure (40kg N ha-1) gave the best 

response. It resulted in more than 23% and 36% increase in shoot fresh weight and 

dry weight, 26% and 38% increase in root fresh weight and dry weight, 39% increase 

in test weight of seeds and 27% increase in yield over control in wheat crop. 

Singh et al. (2012b) reported that the growth parameters were affected 

significantly by the application of FYM and vermicompost in wheat crop. Increasing 

the doses of vermicompost increased dry matter accumulation, LAI and LAD. All the 

growth parameters were recorded maximum with vermicompost N250 followed by 

vermicompost N200 and vermicompost N150 and FYM. 

Chesti et al. (2013) conducted an experiment on effect of integrated nutrient 

management on yield of and nutrient uptake by wheat (Triticum aestivum) and soil 

properties under intermediate zone of Jammu and Kashmir. They reported that the 

application of 100% NPK +10 t FYM ha-1 significantly increases the grain yield (4.92 

t ha-1) of wheat. 

Choudhary et al. (2013) conducted an experiment and reported that the 

application of 50% RDF + VC @ 2 t/ha recorded significant increase in dry matter 

accumulation meter-1 row length (364.5g), yield attributes viz. spike length (10 cm), 

no. of spikes meter-1 row length (81.6), grains spike-1 (48.9) and test weight (43.0 g) 

as well as grain (5.48 t ha-1) and straw yield (7.85 t ha-1). 

Meena and Meena (2013) reported that the grain and straw yield of wheat 

increased with the application of N and poultry manure individually, yield also 

increased with the combined application of N and poultry manure. 



Sharma et al. (2013) reported that the substitution of 25% NPK through 
farmyard manure in recommended dose of NPK along with 5 kg Zn ha-1 and PSB + 
Azotobactor recorded significantly higher grain yield (58.23 q ha-1) over the 100% 
NPK treatment (49.79 q ha-1). 

Singh et al. (2013) conducted an experiment on effect of integrated nutrient 
management practices on soil health and economics of wheat. They reported that the 
grain yield was significantly higher in the treatment 125% NPK and it was found 
statistically at par with 75 % NPK + VC 3 t ha-1, 75 % NPK + VC 1.5 t ha-1 + 10 t ha-1 
FYM, 100 % NPK and 75 % NPK + FYM 20 t ha-1. 

Shukla et al. (2013) conducted an experiment on effect of vermicompost and 
microbial inoculants on soil health, growth and yield of HD 2687 wheat. They 
observed that the maximum grain yield of 3.11 q ha-1 was obtained in plots amended 
with vermicompost (6 t ha-1) and co-inoculated with Azospirillum and Azotobactor. 

Arif et al. (2014) conducted an experiment on effect of integrated use of 
organic manures and inorganic fertilizers on yield and yield components of rice. The 
results showed that organic and inorganic manures in combination increased the plant 
height, fertile tillers per hill, number of grains per panicle, panicle length, number of 
panicles per hill, 1000-grain weight, biological yield, grain yield and harvest index. 
Maximum number of fertile tillers per plant (16.79), number of panicles per hill 
(8.41), 1000- grain weight (21.12 g), biological yield (10.19 t ha-1), grain yield (4.47 t 
ha-1) and harvest index (43.76%) were recorded from the plots receiving poultry 
manure @ 10 t ha-1 in combination with 50% of RDF. This was followed by 100% 
RDF. It is evident that yield of rice can be increase significantly with the combined 
use of organic manure with chemical fertilizers. 

Chauhan (2014) conducted an experiment and revealed that 100% RDF (120 
Kg N+ 60 Kg P2O5 + 40 Kg K2O ha-1) recorded significantly highest plant height 
(92.4 cm), effective tillers (330.0 m2), length of ear (8.6 cm), grain ear-1 (8.6), grain 
weight ear-1 (41.5 g) and test weight (53 g). 

Khan and Khalil (2014) conducted an experiment on integrated use of organic 
and inorganic fertilizers in wheat and their residual effect on subsequent mung bean. 
They reported that the poultry manure, farm yard manure and nitrogen significantly 
affected spikes m-2 grain yield and harvest index of wheat. Higher spikes m-2, grain 
yield was observed with application of 6 tons poultry manure, 6 tons farm yard 
manure ha-1 and 90 kg N ha-1 while higher harvest index was recorded in control. 



Patel et al. (2014) reported that application of organic manures, i.e., FYM 

@10 t ha-1 and vermicompost 5 t ha-1 with 60 kg P2O5 ha-1 or 40 kg P2O5 ha-1 + PSB 

and 40 kg S ha-1 produced maximum wheat grain and straw yield. 

Verma et al. (2014) reported that the application of recommended dose of 

fertilizers + vermicompost @ 5.0 t ha-1 + Azotobactor and PSB as seed treatment and 

sprayed at 1st and 2nd irrigation registered highest grain yield (56.70 q ha-1) of wheat 

followed by RDF + vermicompost @ 5.0 t ha-1 + Azotobactor and PSB as seed 

treatment sprayed under 1st irrigation (55.55 q ha-1), RDF + FYM 10.0 t ha-1 + 

Azotobactor and PSB as seed treatment (55.32 q ha-1) were significantly at par, RDF 

+ vermicompost @ 5.0 t ha-1 + Strain of Azotobactor and PSB (54.39 q ha-1) differed 

significantly and lowest grain yield (46.29 q ha-1) of wheat was recorded under only 

RDF treatment (control). 

Chopra et al. (2016) conducted an experiment at Udaipur and observed that 

the enrichment of soil with 5 t ha-1 poultry manure + 75% NPK + dual inoculation of 

Azotobactor + PSB significantly increased the effective tillers per m row length, 

number of grains per ear, test weight, grain, straw and biological yield of wheat. 

Aatif et al. (2017) conducted an experiment and found that FYM at 9 t ha-1 

significantly affected spike length, grains per spike and grain yield of wheat, however, 

control plots resulted in lower number of grains per spike, spike length and grain 

yield. 

Singh and Singh (2017) conducted an experiment at Agra and reported that 

application of 120 kg N ha-1 and 7.5 t FYM ha-1 significantly increased the grain and 

straw yield of wheat as compared to 80 kg N ha-1 and 5.0 t FYM ha-1. 

Singh et al. (2018) conducted an experiment at Fatehgarh Sahib and observed 

that the improvement in yield attributes and yield of wheat was recorded with the 

application of 100% RDF + Vermicompost (2 t ha-1) + PSB which was at par with the 

application of 75% RDF + Vermicompost (2 t ha-1) + PSB and 100% RDF + 

Vermicompost (2 t ha-1). 

Meena et al. (2018) carried out an experiment and reported that grain and 

straw yield of wheat increased significantly in the treatments where farmyard manure 

(FYM) was applied either alone, or in combination with inorganic fertilizer as 

compared to control. 



Maurya et al. (2019) conducted an experiment at Faizabad and observed that 

significantly higher grain and straw yield of wheat were found under incorporation of 

125% recommended dose of fertilizer + 25% N through vermicompost, however, 

highest harvest index was recorded under application of 100% RDF + 25% through 

FYM, while highest net return and benefit: cost ratio was observed under 100% RDF 

+ 25% through vermicompost. 

 Borse et al. (2019) conducted an experiment at Navsari and found that 

application of FYM @ 10 t ha-1 and higher dose of fertilizer i.e.120 % RDF (216-108-

00 kg NPK ha-1) recorded significantly higher effective tillers, spike length, spikelets 

per spike, grains per spike, grain and straw yield of wheat crop. The net returns ha-1 

and BCR were maximum under FYM @ 10 t ha-1 and 120% RDF treatments, 

respectively. 

 Kavinder et al. (2019) conducted an experiment at Hisar and revealed that 

application of 15 t ha-1 FYM along with 120 kg N ha-1 significantly improved the 

number of tillers per m row length, grain, straw and biological yield of wheat. 

2.2  EFFECT ON NUTRIENT CONTENT AND UPTAKE 

Singh and Singh (2005) reported that the organic manures significantly 

increased the uptake of N, P and K in grain and straw and their total uptake, grain and 

straw yields and protein content in grain over the control treatment. Among various 

organic sources, FYM at 15 t ha-1 recorded the highest N, P and K uptake in straw 

yield and protein content in grain of wheat. 

Shah and Ahmad (2006) reported that the N uptake in grain (47.66 kg ha-1) 

and straw (19.28 kg ha-1) of wheat was also significantly greater in treatments 

receiving 75 or 50 % N from urea and 25 or 50% from FYM. 

Sharma et al. (2006) reported that the highest uptake of N, P and K were 

obtained with 150 kg N ha-1 + FYM + Azotobactor and adequate irrigation in wheat 

crop. 

Mehra and Singh (2007) reported that the integrated nutrient management 
involving the combination of FYM, green manure, crop residue and biofertilizer 
(Azotobactor) with inorganic sources resulted in highest N (144.99 kg ha-1), P (36.40 
kg ha-1) and K (145.40 kg ha-1) uptake by wheat. 



Kushare et al. (2009) reported that the combined inoculation of biofertilizer 
yielded maximum grain yield (26.06 q ha-1) and straw yield (33.69 q ha-1). Interaction 
effect showed that application of 60:30 kg N: P ha-1 (75% RDF) coupled with 
combined inoculation registered significantly higher grain yield (30.96 q ha-1) of 
wheat with higher net profit, B: C ratio than those with 80:40 kg N:P/ha (100% RDF) 
without biofertilizer inoculation. Thus 25% saving in nitrogen and phosphorus 
application could be possible with combined inoculation of Azotobactor + PSB. 

Pandey et al. (2009) reported that addition of organic manure (l0 t ha-1 FYM) 
with fertilizer levels significantly increased the nutrient uptake by wheat. 

Rather and Sharma (2010) conducted an experiment on effect of integrated 
nutrient management on productivity and nutrient uptake in wheat and soil fertility. 
They reported that the maximum nutrient uptake was noticed due to 100% RDF of 
NPK+VC+Zn+PSB and minimum with control. 

Singh and Kumar (2010) reported that the highest value of nutrient content 
and uptake in wheat found with the application of 75% NPK + vermicompost @ 3 t 
ha-1 + foliar spray of ZnSO4 (0.5%) at 30 DAS and 75% NPK + FYM at 10 t ha-1 + 
foliar spray of ZnSO4 (0.5%) at 30 DAS. 

Katiyar et al. (2011) conducted an experiment on effect of Azotobactor and 
nitrogen levels on yield and quality of wheat and reported that the significant increase 
in N content of grain due to inoculation with Azotobactor (1.92 and 2.0%) with mixed 
strain as compared to un-inoculated control (1.82 and 1.90%). 

Singh et al. (2011b) reported that the combined application of organic 
manures and inorganic fertilizers increased the NPK uptake by wheat crop compare to 
treatment T2 where full dose of NPK applied through urea, single superphosphate and 
murate of potash. 

Devi et al. (2011) conducted an experiment and revealed that the application 
of 100% recommended dose of fertilizers (RDF) i.e. 120:26.4:50 N:P:K kg ha-1+ 
vermicompost @1 t ha-1 + phosphate solubilizing bacteria (PSB) and 75% RDF + 
vermicompost @1 t ha-1+ PSB produced higher yield led to higher NPK uptake by 
wheat. 

Davari et al. (2012) conducted an experiment on the effect of combinations of 

organic materials and biofertilizers on productivity, grain quality, nutrient uptake and 

economics in organic farming in wheat. They reported that the combinations of FYM 

+ RR + B and VC + RR + B improved grain quality and nutrient uptake by grain. 



Shah et al. (2012) conducted an experiment on enhancing soil fertility and 

wheat productivity through integrated nitrogen management. They observed that 

among integrated application of N sources, 25% poultry manure + 75% mineral N 

source resulted in the greatest N uptake by grain and straw of wheat. 

Sharma (2013) conducted an experiment on effect of long term integrated 

nutrient management system on soil and crop productivity in rice wheat crop 

sequence and reported that the application of 100% NPK increases the NPK uptake by 

wheat. 

Sharma et al. (2013) reported that maximum nutrient (N, P, K, S and Zn) 

uptake by wheat 147.08, 28.44, 174.6, 51.94 kg ha-1 and 335.6 g ha-1, respectively 

were observed in the treatment receiving 75% NPK + 5t FYM ha-1 + PSB + 

Azotobactor + Zn. 

Singh et al. (2013) conducted an experiment on integrated nutrient 

management in rice and wheat crop in rice- wheat cropping system in lowlands and 

reported that the uptake of N (91.6 kg ha-1), P (18.9 kg ha-1) and K (109.3 kg ha-1) by 

wheat was maximum with 100% NPK + 5 t FYM ha-1 followed by 75% NPK + 5 t 

FYM ha-1. The content of organic carbon, available P and K in soil was improved 

with combined use of fertilizers as compared to 100% NPK, however, magnitude of 

increase was higher in 15 t FYM ha-1. 

 Singh and Singh (2017) conducted an experiment at Agra and reported that 

application of 120 kg N ha-1 and 7.5 t FYM ha-1 significantly increased the protein 

content, uptake of N, P, K, S and Cu by wheat as compared to 80 kg N ha-1 and 5.0 t 

FYM ha-1. 

 Meena et al. (2018) carried out an experiment and reported that nutrient 

uptake (N, P and K) by wheat increased significantly in the treatments where 

farmyard manure (FYM) was applied either alone, or in combination with inorganic 

fertilizer as compared to control. 

 Maurya et al. (2019) conducted an experiment at Faizabad on wheat and 

observed that significantly higher nitrogen uptake by grain at harvest was recorded 

with 100% RDF + 25% Vermicompost which was at par with 100% RDF +25% 

Biocompost, 125% RDF + 25% FYM, 125% RDF + 25% Biocompost, 125% RDF + 

25% Vermicompost while in case of nitrogen uptake by straw, recorded highest with 



125% RDF + 25% vermicompost which was at par with 100% RDF +25% 

Biocompost, 100% RDF+25% vermicompost, 125% RDF + 25% FYM, 125% RDF + 

25% Biocompost and significantly superior over rest of the treatments. 

 Borse et al. (2019) conducted an experiment at Navasari and reported that 

FYM @ 10 t ha-1 and 120 % RDF recorded significantly highest protein content, total 

nitrogen, phosphorus and potassium uptake by wheat compared to other treatments. 

2.3  EFFECT ON SOIL FERTILITY STATUS 

A long term fertilizer experiment conducted at Bhopal indicated that 

application of 100% NPK + green manure or FYM was significantly superior over 

150% NPK. The soil organic carbon, available micronutrients (Zn and Mn) 

significantly increased by application of NPK with FYM over rest of the treatments. 

Similar trend was also observed in case of available P and K status of soil (Swaroop 

and Yaduvanshi, 2000). Laxminarayan (2006) conducted a field experiment on 

altisols of Mizoram for three consecutive kharif seasons during 1998-2000 and found 

that the application of FYM along with chemical fertilizers resulted in highest organic 

carbon content of soil. He further reported that the integrated application of FYM, 

poultry manure or pig manure along with recommended dose of NPK resulted in a 

progressive improvement in organic matter content of the soil. 

Yadav et al. (2003) at Jodhpur reported that significantly higher organic 

carbon was obtained in the plots supplied with 10 tonnes FYM ha-1 either alone or in 

combination with inorganic fertilizer compared with the control and was statistically 

at par with 10 tonnes ha-1 mustard siliquae straw compost. Dikshit and Khatik (2002) 

conducted an experiment at Jabalpur (M.P.) reported that available N, P and K 

contents in soil were significantly enhanced with organic as well as inorganic source 

of plant nutrients (50% recommended dose of fertilizer + 10 t FYM ha-1) than initial 

soil status.  

At Hisar, Sharma et al. (2007) observed significant increase in available N, P, 

K and organic carbon by application of integrated nutrient treatments to wheat. 

Available N content increased compared with its initial soil status under integrated 

nutrient treatments i.e. 187.5 kg N ha-1  + FYM (10 t ha-1) + Azoztobacter and 150 kg 

N ha-1  + FYM (10 t ha-1) + Azotobacter. The content of organic carbon, available 

phosphorous in soil increased and bulk density, pH decreased in all the nutrient 



management practices involving FYM 10 t ha-1. Singh et al., (2008) conducted an 

experiment at Jodhpur and reported that integrated use of FYM @ 7.5 t ha-1 + 50% 

RDF (50 kg N + 13.25 kg P ha-1) + biofertilizer (Azotobacter + PSB) in wheat 

recorded significantly the maximum gain in available N and P status and resulted in 

significantly highest Yield and nutrient uptake by kharif crops (green gram, cluster 

bean and pearl millet) due to residual effect of FYM applied either alone or in 

combination.  

On a loamy sand soil in Haryana, Sharma et al. (2009) conducted an 

experiment on rice-wheat system and concluded that organic manures increased the 

organic carbon and NPK status of the soil with the application of 75% NPK +25% N 

supplied with FYM + biofertilizers. Rather and Sharma (2010) conducted a field 

experiment at Bulandshahar, U.P. and revealed that a significant improvement in soil 

properties and fertility status was found under 100% recommended NPK (120-60-40 

kg ha-1) + vermicompost + zinc + PSB. Organic carbon content of soil improved from 

3.0 to 4.6 g kg-1 soil, Bulk density reduced from 1.50 to 1.32 Mg/m3, available N, P, 

K and Zn improved in soil by the integration of organic with inorganic fertilizers. 

Thus, maximum available N (231.0 kg ha-1), P (18.5 kg ha-1), K (130.6 kg ha-1) and 

Zn (1.64 mg kg-1) was found in soil from integrated nutrient application. 

Sepat et al. (2010) at New Delhi, observed that application of recommended 

dose of fertilizer i.e. 120-26.4–50 kg N-P-K ha-1 along with 5 tonne FYM ha-1 + 

biofertilizer (Azotobacter, PSB and VAM) + 25 kg ZnSO4 ha-1 in wheat significantly 

increased the available NPK of soil over control. Jat et al. (2015) conducted a field 

experiment on rice-wheat system at Varanasi, Uttar Pradesh and revealed that 

integrated nitrogen management practices proved significantly superior to fertilizer 

alone. Higher value of NPK content in soil was obtained with organic treated source 

(FYM) than inorganic fertilizer. Application of 50% RND + 50% N as FYM + 

Azospirillum left higher amount of residual nutrients than to other treatments. This 

result confirm the findings of Paul et al. (2013). 

Singh and Bhadoria (2013) carried out a field experiment on wheat at Morena 

and reported that organic carbon, available N and P content in soil after harvest of 

wheat was recorded highest with application of 150 kg N ha-1 in wheat and with 

application of biofertilizers. Experiment conducted on Inceptisols of Agra on wheat 

indicated that significant increase in available N, P and K status of soil upto 10 tonnes 



of FYM ha-1 over no FYM and reported that increase in N level from 60 to 120 kg ha-

1 in wheat significantly increased the nutrient status of soil viz. available N, P, and K 

with subsequent increase to nitrogen from 60 to 120 kg ha-1 and also reported that 

application of biofertilizers as seed treatment to wheat crop significantly increased the 

available nitrogen content of soil at harvest of wheat over no inoculation treatment. 

However, available P and K contents did not show significant variation due to 

biofertilizers (Singh et al., 2013-a).    

Bodruzzaman et al. (2010) reported that organic matter was reduced (13 to 19 

%) with inorganic fertilizers and increased (7 to 13%) with organic manures while 

available phosphorus and exchangeable potassium was reduced in control and 

inorganic fertilizer treatments but increased in organic manures treatments in wheat-

rice cropping system. An long term field experiment was conducted on a permanent 

plot at IGKV, Raipur to evaluate the effect of farm yard manure, green manure and 

composted rice straw with inorganic fertilizer on productivity and soil properties of 

rice-wheat cropping system and found that application of 50% RDF significantly 

increased the organic carbon available N, P and K status of soil over control (N0 P0 

K0), in-situ application of green manure along with 50% of recommended dose of 

fertilizer is the most favourable treatment to have highest available N (255 kg/ha) in 

surface soil. The results showed that available P content of soil increased significantly 

with farmyard manure, composted rice straw and green manure in conjunction with 

50% recommended dose of fertilizer over initial value and control (Urkarkar et al., 

2010).     

           Mehta et al. (2007) reported that application of 5 t FYM ha-1 + 50% RDF 

significantly increased the organic carbon, available N, P and K in soil after harvest of 

wheat. Kumar, (2008) at New Delhi observed that application of 120 kg N ha-1 + 5 kg 

zinc ha-1 + 10 t FYM ha-1 increased organic carbon, N, P and K in maize-wheat 

cropping system. Pandey et al. (2009) at Pusa, samastipur, Bihar while working on 

late sown wheat observed that application of 150% RDF (180-39.3-50 kg NPK ha-1) 

together with 10 t FYM ha-1 + 25 kg ZnSO4 recorded highest organic carbon, 

available N, P and K and significantly reduced the bulk density of the soil as 

compared to chemical fertilizers alone.  

           Kidane, (2014) during an experiment at Hisar, revealed that residual effect of 

inputs manure (20 t ha-1), 100% NPK and biofertilizer (Azotobacter and PSB) applied 



to preceding wheat significantly improved the available N, P, K and organic carbon 

and reduced the bulk density, EC of soil after harvest of both wheat and pearl millet. 

Inoculation of biofertilizer did not significantly influence OC and available N in soil 

after harvest of pearl millet. At Akola on typic haplustert soils, Katkar et al. (2011) 

carried out an experiment on long-term fertilizer use on sorghum- wheat system for 

twenty years and revealed that significantly highest soil organic carbon (6.77 g kg-1) 

and total N (0.059%) were recorded in the treatment of application of farmyard 

manure at 10 tonnes ha-1 + 100% NPK (100-50-40) to sorghum and only mineral 

fertilizer (120-60-60) to wheat as compared to supra optimal dose of fertilizers (150% 

NPK). 

Kumar et al. (2012) carried out an experiment at Hisar and revealed that 

continuous use of FYM, wheat straw and green manure in conjunction with fertilizers 

increased the soil organic carbon (OC), hydraulic conductivity, available N, P, K 

status and decreased soil bulk density, soluble salts and pH. Among organic materials, 

FYM resulted in highest OC (0.54%), available N (242.8 kg/ha), available P (17.7 

kg/ha) and available K (318.5 kg/ha) level in soil under pearl millet-wheat cropping 

system. An experiment on maize-wheat cropping sequence was conducted by Manjhi 

et al. (2016) and reported that integration of organics along with NPK further 

improved the soil properties. Among three source of organics (FYM, cut paddy straw 

and green karanj leaves) FYM was found superior to others. FYM substitution up to 

50% was observed to be the most effective INM practice as compared to other 

sources. 

Kumawat, (2002) at Hisar, Haryana during an experiment reported that 

application of nitrogen from 0 to 120 kg N ha-1 to wheat crop significantly increased 

the available P content of soil from their initial status. Buildup in organic carbon, 

available N, P and K content in soil increased significantly due to FYM application in 

soybean-wheat cropping system at Jabalpur (Tiwari et al. 2002). Mankotia and 

Thakur (2009) reported that application of 5 t FYM ha-1 increased the available 

nitrogen in soil after harvest of wheat.  

Moharana et al. (2012) conducted a six years pearl millet–wheat cropping 

system in an inceptisol of subtropical India. These results concluded that for 

sustainable crop production and maintaining soil quality, input of organic manure like 

FYM is of major importance and should be advocated in the nutrient management of 



intensive cropping system for improving soil fertility and biological properties of 

soils. Ghanshyam et al. (2010) at Hisar during an experiment revealed that application 

of FYM and vermicompost in greengram significantly increased the available N and P 

in soil after harvest of greengram, over no organic manure under greengram-wheat 

cropping system. 

Sharma (2009) conducted an experiment at Bikaner and reported that 

application of 10 t sheep manure ha-1 and nitrogen application (at 100 kg N ha-1) 

recorded significantly higher organic carbon, available N, P and K in soil after harvest 

of fodder oat. Meena et al. (2012-b) at New Delhi observed that conjoint use of 

fertilizer NPK and FYM, improved soil physical health as revealed by a significant 

decrease in soil bulk density (BD) and an increase in water holding capacity. 

Mukherjee, (2014) conducted an experiment at Kalingpong, West Bengal and 

reported that application of 10 t FYM ha-1 significantly increased the organic carbon, 

available N, P and K in maize-yellow sarson sequence.  

Shaktawat and Shekhawat (2010) reported that application of FYM @ 10 t ha-

1with fertilizers 120 kg N + 60 kg P2O5 in barley significantly increased the available 

nitrogen, phosphorus and potassium content in soil as compared to control. 

Khambalkar et al. (2012) conducted an experiment in Gwalior on pearl millet-mustard 

cropping system and reported a marginal but significant declining trend on surface 

soil pH from the initial value under integrated nutrient treatments and observed that 

application of 100% NPK (80 kg N, 40 kg P2O5 and 20 kg K2O ha-1) + 10 t FYM ha-1 

+ Azotobactor + PSB recorded maximum soil organic carbon, available N, P and K. 

 Rajkhowa et al. (2003) reported that application of 100% (20 kg N, 40 kg P 

and 30 kg K ha-1), 75% and 50% RDF with 2.5 t ha-1 vermicompost in greengram was 

found beneficial for improving organic carbon and N, P and K status of soil over 

initial value. Highest organic carbon and available N, P and K content in soil at 

harvest was recorded with application of 100% recommended dose of fertilizer along 

with 2.5 t vermicompost ha-1. Singh and Rai (2004) conducted a field experiment at 

New Delhi, on soybean and reported that application of 100% recommended dose of 

fertilizer + 5 t ha-1 FYM + crop residue incorporation + Zn (25 kg ZnSo4 ha-1) 

recorded maximum organic carbon (0.385%), available N (185.22 kg ha-1), P (14.82 

kg ha-1) and K (202.03 kg ha-1) at the end of crop sequence in soil. 



Goyal (2002) at Udaipur observed that inoculation with Azotobacter had no 

significant effect on bulk density, porosity and water stable aggregates of soil after 

harvest of both the crops in maize– wheat crop sequence. It significantly improved the 

N and P status of soil, but K and DTPA extractable Zn, status of soil after the harvest 

of both crops was not affected.  

          Patidar and Mali (2002) during an experiment at Udaipur, recorded that 

available P status in soil after harvest of succeeding wheat significantly influenced 

due to residual effect of FYM, 75% and 100% recommended level of fertilizer (N and 

P) applied in preceding sorghum. Sharma and Manohar (2002) at Durgapura, Jaipur 

during an experiment reported that application of 40 kg S/ha significantly improved 

the available P and S content in soil after harvest of wheat and pearl millet. 

Application of nitrogen to wheat did not bring any change in grain and stover yields 

of succeeding pearl millet and soil fertility. 

          Yadav and Kumar (2002) in a long term experiment of rice-wheat recorded 

higher reduction in pH, EC and ESP of soil by using organic manure along with 

chemical fertilizers as compared to fertilizer alone. They also noted greater increase in 

available N and P content in the soil with integrated nutrient management. Verma  

et al. (2010) studied the effect of integrated nutrient management on major soil 

properties under maize-wheat cropping system and observed that application of FYM 

alone or in combination with fertilizers (100% NPK + 10 t ha-1 FYM) significantly 

increased the water stable aggregates after harvest of maize and wheat. 

       Singh et al. (2013-b) conducted a field experiment at Jobner, (Rajasthan) and 

reported that the combined application of inorganic fertilizers and manures or FYM 

alone in pearl millet significantly improved the organic carbon and available nitrogen 

in soil over control. 

Kumar (2008) conducted an experiment at New Delhi on maize and observed 

that application of 120 kg N ha-1 + 26.2 kg P2O5 ha-1 + 41.5 kg K2O ha-1 increased the 

available N, P and K content in soil over control. 

Pandey et al. (2009) observed that application of 150% RDF together with 10 t 

FYM ha-1 + 25 kg ZnSO4 ha-1 recorded highest organic carbon, available N, P and K 

content in soil after harvest of wheat crop.   



Tetarwal et al. (2011) reported that significant built up of organic carbon 

(0.74%), available N (316.0 kg ha-1) and available P (10.8 kg ha-1) were registered 

with RDF + FYM 10 t ha-1 after harvest of maize. 

Khambalkar et al. (2012) reported that application of 100% NPK + 10 t FYM 

ha-1 + Azotobactor + PSB recorded maximum soil organic carbon, available N, P and 

K in pearlmillet-mustard crop sequence.  

Priyadarshani et al. (2012) conducted a field experiment at Gwalior, M.P. and 

observed that 100% NPK + 10 t FYM ha-1 + Azotobactor + PSB increased organic 

carbon, available N, P, K content in soil after harvest of pearlmillet. 

Chesti et al. (2013) conducted a field experiment at Rajouri, Jammu and 

Kashmir and found that application of 100% NPK + 10 t FYM ha-1 recorded  highest 

organic carbon, available N, P and K in soil after harvest of wheat. 

Patil et al. (2014) at Anand, Gujarat reported that application of 50% RDN + 

25% FYM + 25% castor cake + Azospirillum + PSB produced significantly higher 

organic carbon content, available nitrogen, phosphorus and potash content in soil after 

harvest of summer pearlmillet. 

Singh et al. (2015) conducted a field experiment at Pantnagar, Uttrakhand and 

observed that application of 50% RDN through inorganic source + 50% through FYM 

significantly increased available N, P and K in soil after harvest of sweet sorghum.  

Babar and Dongale (2011) conducted a field experiment on lateritic soils of 

Konkan and observed that application of 100% RDF of NPK through inorganic 

fertilizers improved the organic carbon content and content of N, P and K in soil 

under mustard-cowpea-rice cropping sequence. 

2.4  EFFECT ON PHYSICO-CHEMICAL PROPERTIES OF SOIL 

Abraham and Lal (2004) conducted an experiment and reported that the soil 

organic carbon showed increased values up to 0.58% as a result of application of farm 

compost (5 t ha-1) in combination with poultry manure (0.5 t ha-1) or vermicompost  

(1 t ha-1). 

Rasool et al. (2007) reported that the addition of both FYM and N120P30K30 

increased the organic carbon by 44 and 37 %, respectively in rice. The total porosity 

of soil increased with the application of both FYM and N120P30K30 from that in control 



plots. In 0–15 cm soil layer, the total porosity increased by 25% with FYM from that 

in control plots. The average water holding capacity (WHC) was 16 and 11% higher 

with FYM and N120P30K30 application from that in control plots. 

Choudhary et al. (2008) reported that the application of various organic 

manures in wheat resulted in reduction of bulk density of the soil over initial value. In 

general, bulk density was quite lower in FYM supplied plots and higher in berseem 

(Trifolium alexandrinum L.) green manure plots. There was a significant 

improvement in soil physical properties like soil moisture content after harvest of 

each crop, soil water retention and plant available water capacity (PAWC), saturated 

hydraulic conductivity at various crop growth stages when FYM was applied @ 10 t 

ha-1 to wheat followed by berseem green manuring + FYM, mushroom spent compost 

+ FYM, mushroom spent compost and berseem green manuring, respectively. 

Increase in fertility levels from 50 to 150% of recommended NPK supplied to wheat 

crop resulted in decline in bulk density of the soil in each crop, A significant 

improvement in soil moisture content at harvest of both wheat and rice; soil water 

retention at different suction values as well as PAWC during experimentation was 

observed with increase in fertilizer levels. 

Ramesh et al. (2008) conducted an experiment on effect of organic manures 

on productivity, soil fertility and economics of soybean (Glycine max) - durum wheat 

(Titicum durum) cropping system under organic farming in Vertisols. They reported 

that the soil organic carbon, and available N, P, K status were significantly improved 

in organic manure treatments compared to chemical fertilizers. 

Pandey et al. (2009) reported that addition of organic manure (FYM) with 

fertilizer levels significantly improved the organic carbon content, N, P and K status 

after harvest of wheat as compare to chemical fertilizer alone. 

Rather and Sharma (2009) conducted an experiment on wheat and reported 

that significant improvement in soil properties and fertility status was found in 100% 

RDF + vermicompost + zinc + PSB. Organic carbon content of soil improved from 

3.0 to 4.6 g kg-1 soil, bulk density reduced from 1.50 to 1.32 Mg m-3, water holding 

capacity increased from 20.32 to 23.72%, available N from 197.0 to 219.0 kg ha-1, 

available P from 13.0 to 19.1 kg ha-1, available K from 113.0 to 130.4 kg ha-1 and 



available Zn from 1.50 to 1.87 mg kg-1 soil by the integration of organics with in 

organics. 

Katkar et al. (2011) conducted an experiment on long-term effect of 

fertilization on soil chemical and biological characteristics and productivity under 

sorghum (Sorghum bicolor)–wheat (Triticum aestivum) system in Vertisol. They 

reported that the significantly highest increase in soil organic carbon and total 

nitrogen were recorded with 100% NPK + FYM @10 t ha-1. The availability of N, P, 

K, S were significantly increased with the integrated application of organic manure 

(FYM @ 10 t ha-1) and mineral fertilizer (100% NPK) over control and other fertilizer 

treatments after 20 years of experimentation. 

Thakur et al. (2011) conducted an experiment on impact of continuous use of 

inorganic fertilizers and organic manure on soil properties and productivity under 

soybean-wheat intensive cropping of Vertisol. They reported that the joint use of 

FYM with 100% NPK substantially improved the organic carbon status by 3.9 g kg-1, 

as well as available N, P and S by 126.8, 25.5 and 28.5 kg ha-1 in soil over its initial 

values, thereby indicating significant contribution towards sustaining the soil health. 

Devi et al. (2011) conducted an experiment and reported that available NPK 

status of soil after the harvest of wheat were found to be maximum with the 

application of 100% RDF + vermicompost @ 1 t ha-1 + PSB and 75% RDF + 

vermicompost @ 1 t ha-1 + PSB and the lowest from control. 

Abbasi and Tahir (2012) reported that the application of urea with FYM and 

PM decreased soil bulk density (4-11%), increased organic carbon (10-22%), total N 

(9-25%), available P (13-26%) and available K (13-23%) compared to the control. 

Sepehya et al. (2012) reported that 100% NPK (50% NPK+50% N through 

FYM) to wheat was the best practice than rest of the treatments for improving the soil 

properties. The highest values of pH, organic carbon, CEC, available N, P and K were 

recorded under 100% NPK (50% NPK+50% N through FYM) was applied. 

Bahadur et al. (2013) conducted an experiment on rice (Oryza sativa)–wheat 

(Triticum aestivum) cropping system in reclaimed sodic soil and reported that the 

improvement in soil properties (pH, EC, OC) and soil fertility status (NPK and Zn) 

was recorded when chemical fertilizers were integrated with organic manures. 



Bairwa et al. (2013) conducted an experiment on pearl millet-wheat cropping 

system and reported that the application of organic materials, FYM resulted in highest 

available N (220.5 kg ha-1), P (21.0 kg ha-1) and K (333.8 kg ha-1) in soil. 

Hemalatha and Chellamuthu (2013) reported that the cation exchange capacity 

of the soil has increased significantly in the treatment receiving 100 per cent 

NPK+FYM. The organic carbon contents of the soil have increased significantly in all 

the treatments that received NPK at different levels. The highest value of 6.2 g kg-1 

was recorded in the treatment receiving NPK+FYM @ 10 t ha-1 which was 55 per 

cent higher than control and also 107 per cent higher than the initial status. Available 

N, P and K status increased due to 100 percent NPK+FYM application and recorded 

195, 26.7, 639 kg ha-1 respectively. 

Meena and Meena (2013) conducted an experiment on wheat and reported that 

the available N, P and K status in soil after harvest of the crop increased with nitrogen 

and poultry manure application. 

Sharma et al. (2013) reported that the conjunctive use of inorganic fertilizers 

and organic manure along with biofertilizers and micronutrients gave highest 

available N, P, K, S and Zn in soil as compared to other treatment combinations in 

wheat. 

Shukla et al. (2013) conducted an experiment on effect of vermicompost and 

microbial inoculants on soil health, growth and yield of wheat and reported that 

maximum carbon content was recorded in treatment inoculated with Azotobactor + 

PSB + AM fungi along with vermicompost. The nitrogen content was also increased 

in the soil due to inoculation of Azotobactor and Azospirillum. 

Singh et al. (2013) conducted a field experiment on wheat and reported that 

the highest organic carbon content in soil was recorded with vermicompost 9 t ha-1 + 

FYM 20 t ha-1 which was found at par with 25% NPK + vermicompost 6 t ha-1 + FYM 

20 t/ha. 

Parewa et al. (2014) conducted an experiment on effect of fertilizer levels, 

FYM and bio-inoculants on soil properties in inceptisol. They reported that the 

application of different treatments did not affect the pH and EC while bulk density 

was decreased, however, water holding capacity, organic carbon, CEC and available 

N, P and K significantly improved after harvest of wheat. 



Bhatt et al. (2017) carried out an experiment at Pantnagar and revealed that 

combined application of inorganic fertilizer and FYM resulted in a positive influx of 

nutrients by increasing soil pH, electrical conductivity, cation exchange capacity, 

organic carbon content, available nitrogen, available phosphorus and available 

potassium in both the surface and sub-surface layer of soil as compared to control 

after harvest of wheat. 

Meena et al. (2018) conducted an experiment and revealed that soil pH and 

bulk density decreased by 20.73% and 20.12%, while soil organic carbon and porosity 

increased by 49.0% and 32.7% in the treatments where farmyard manure (FYM) was 

applied either alone, or in combination with inorganic fertilizer as compared to 

control after harvest of wheat. 

2.5  EFFECT ON BIOLOGICAL PROPERTIES OF SOIL 

Khaddar and Yadav (2006) conducted an experiment and reported that the 

application of biofertilizers significantly showed higher bacterial population and 

fungal population over control in wheat crop. 

Majumdar et al. (2008) conducted an experiment on organic amendment 

influenced soil organic pools and crop productivity in nineteen years old rice –wheat 

agro-ecosystem and reported that the application of NPK and FYM amended soil have 

higher microbial biomass in wheat. 

Menaria and Tenguria (2008) reported that the enumeration of micro-organism 

(bacteria, fungi and actinomycetes) observed with the application of different IPNM 

treatments. The best results were observed with 25% NPK + FYM treatment. 

Ramesh et al. (2008) conducted an experiment on effect of organic manures 

on productivity, soil fertility and economics of soybean (Glycine max) - durum wheat 

(Triticum durum) cropping system under organic farming in Vertisols. They reported 

that enzyme activity of soil (dehydrogenase and phosphatase activity) was 

significantly improved in organic manure treatments compared to chemical fertilizers. 

Behera (2009) conducted an experiment on organic manuring 

for soil biological health and productivity of a wheat-soybean cropping system in the 

Vertisols of central India. He reported that dehydrogenase activity was increased 

significantly with applications of manures. 



Verma and Mathur (2009) reported that the activity of dehydrogenase enzyme 

was strongly affected by long-term fertilizer use. Maximum activity was noticed in 

100% NPK + 10 FYM t ha-1 treatment followed by treatment receiving FYM alone 

(which were at par with each other). 

Chauhan et al. (2011) reported that organically treated plots have the 

maximum microbial population counts and microbial biomass carbon which is 

followed by the inorganically treated plots and control. Organic plots exhibited a 

significant variation in bacterial population in both the soil depths with the 

inorganically treated plots and control. The application of organic fertilizers increased 

the organic carbon content of the soil and thereby increasing the microbial counts and 

microbial biomass carbon. The use of inorganic fertilizers resulted in low organic 

carbon content, microbial counts and microbial biomass carbon of the soil, although it 

increased the soil’s nitrogen, phosphorus and potassium level which could be 

explained by the rates of fertilizers being applied. From the study it has been 

concluded that the soil under organic agricultural system presents higher microbial 

activity and microbial biomass carbon than the conventional or inorganic agricultural 

system. 

Katkar et al. (2011) conducted an experiment on long-term effect of 

fertilization on soil chemical and biological characteristics and productivity under 

sorghum (Sorghum bicolor)–wheat (Triticum aestivum) system in Vertisol. They 

reported that soil dehydrogenase activity significantly increased with the integrated 

application of organic manure (FYM @ 10 t ha-1) and mineral fertilizer (100% NPK) 

over control and other fertilizer treatments after 20 years of experimentation. Meena 

et al. (2012) also reported that the highest value of dehydrogenase activity (DHA) was 

found with the application of NPK + FYM with or without ID. 

Das and Dakhar (2012) reported that the fungal population was greatest in the 

vermicompost plot for two crop cycles, whereas bacterial population was greatest in 

vermicompost in the first crop cycle and FYM for the second crop cycle. 

Bahadur et al. (2013) reported that the highest microbial population and 

bacterial population (94.0 × 105 g-1 soil) was recorded with application of NPK Zn 

based on soil test + FYM @ 5 t ha-1 + PSB + BGA. 



Ingle et al. (2014) conducted an experiment on soil biological properties as 

influenced by long-term manuring and fertilization under sorghum (Sorghum 

bicolor)-wheat (Triticum aestivum) sequence in Vertisols. They reported that the 

application of 100% RDF + FYM @ 10 tonnes ha-1 significantly influenced the 

dehydrogenase activity (55.01 micro g TPF-1g-124 hr) of soil. 

Parewa et al. (2014) conducted an experiment on effect of fertilizer levels, 

FYM and bio-inoculants on soil properties in inceptisol of Varanasi, Uttar Pradesh, 

India. They reported that the dehydrogenase, phosphatase enzyme activity, soil 

microbial biomass carbon (SMBC) and microbial population of soil after the harvest 

of wheat were improved significantly due to the integration of inorganic fertilizers 

with FYM and bioinoculants. 

Shah et al. (2014) reported that application of manure increased 

dehydrogenase activity, which is an index of microbial activity of soil. The enzymatic 

activities NP, NK and NPK treated soil were significantly lower than that of control. 

Application of FYM in soil enhanced soil dehydrogenase activity from 9.7 and 11.4 

ug TPF produced g-1 h-1 in control to 34.4 and 40.4 ug TPF produced g-1 h-1 in FYM 

treatment after maize and wheat. Crop respectively. 

2.6  ECONOMICS 

Goyal (2002) carried out an experiment and reported that maximum net 

returns of cropping sequence of ` 47011 was obtained at 100% NPK + 10 t FYM ha-1 

followed by 75% NPK + 10 t FYM ha-1 (` 45589) and 100% NPK alone (` 45657). 

Singh et al. (2008d) conducted a field experiment during 2003-04 and 2004-05 

at Jodhpur. The results showed that integrated use of FYM @ 7.5 t ha-1 + 50% RDF 

(50 kg N + 13.5 kg P ha-1) + biofertilizers (Azotobactor + PSB) in wheat – based 

cropping sequence recorded significantly highest grain yield, net returns and B: C 

ratio of crop over control. 

Kushare et al. (2009) reported that interaction effect showed that application 

of 60:30 kg N:P ha-1 (75% RDF) coupled with combined inoculation registered 

significantly higher grain yield (30.96 q ha-1) of wheat with higher net profit, B:C 

ratio than those with 80:40 kg N:P/ha (100% RDF) (30 q ha-1) without biofertilizer 

inoculation. 



Rather and Sharma (2009) conducted an experiment on effect of integrated 

nutrient management (INM) on yield and economics of wheat. They reported that the 

integration of FYM/vermicompost and Zn and PSB with 100% recommended NPK 

gave higher net income/ha (` 32294) and B: C ratio (2.00) compared to the 50% 

recommended NPK. 

Devi et al. (2011) reported that the net returns and benefit: cost ratio increased 

with supplementation of recommended dose of fertilizer with vermicompost and 

phosphate solubilizing bacteria. Highest net return (` 57227 ha-1) and benefit cost 

ratio (2.73) was obtained with application of 75% RDF+ vermicompost @1 t ha-1+ 

PSB than fertilizer alone. The additional cost of organic manures and bio-fertilizer 

was compensated by the additional yield of wheat. 

Singh et al. (2013) conducted an experiment on integrated nutrient 

management in rice and wheat crop in rice-wheat cropping system in lowlands. 

Application of 100% NPK + 5 t FYM ha-1 recorded the highest monetary efficiency  

(` 86.06 ha-1 day-1) and net return (` 42060 ha-1), system productivity (26.5 kg grain 

ha-1 day-1) and stability yield index (0.99), however benefit: cost ratio being highest 

(1.36) with 75% NPK + 5t FYM ha-1. 

Verma et al. (2014) conducted an experiment on effect of integrated soil 

fertility management practices on production and productivity of wheat in alluvial 

soils of central plain zone of Uttar Pradesh. They reported that the maximum gross 

income (` 87443) and net income (` 37000) were also recorded in RDF + 

vermicompost 5.0 t ha-1 + Azotobactor and PSB as seed treatment and sprayed at 1st 

and 2nd irrigation. 

Borse et al. (2019) conducted an experiment at Navsari and found that the 

maximum net returns (` 51569 and ` 51468) and BCR (2.28 and 2.29) were recorded 

FYM @ 10 t ha-1 and 120% RDF treatments, respectively. 



3. MATERIALS AND METHODS 

  A field experiment entitled "Effect of Fertility Levels, Organic Sources and 

Bio-inoculants on Soil Properties, Nutrient Uptake and Production of Wheat 

(Triticum aestivum L.) in Haplustepts" was conducted for two consecutive years 

during rabi season of the year 2015-2016 and 2016-2017. The details of experimental 

techniques, material used and criteria adopted for treatment evaluation during the 

course of investigation are presented in this chapter. 

3.1  EXPERIMENTAL SITE 

The experiment was conducted at Instructional Farm, Department of 

Agronomy, Rajasthan College of Agriculture, Udaipur during rabi season of 2015-

2016 and 2016-2017. The site was situated at 24o.35' N latitude, 73o.42' E longitude 

and an altitude of 582.2 m above mean sea level. The region falls under agro-climatic 

zone IVA (Sub-Humid Southern Plain and Aravalli Hills) of Rajasthan. 

3.2  CLIMATE AND WEATHER CONDITIONS 

The climate of the region is tropical characterized by mild winter and summer 

associated with high humidity particularly during July-September. The mean annual 

rainfall of the region ranges between 580-630 mm, most of which contributed by 

South-West monsoon from July to September. In summers maximum temperature 

goes up to 44°C. May and June are the hottest months. Winters are generally rainless 

and minimum temperature during December and January falls as low as 1°C. 

The meteorological observations recorded at Agronomy farm observatory, 

Rajasthan College of Agriculture, Udaipur during cropping periods are presented in 

Table and Fig. 3.1a and.3.1b. The wheat crop experienced maximum and minimum 

temperature ranged between 23.7 to 36.6 °C and 4.0 to 20.1 oC during rabi 2015-16, 

respectively. The corresponding temperature fluctuations during second year (2016-

17) of experimentation were 20.9 to 38.1 °C and 5.6 to 19.7 °C, respectively. Mean 

weekly maximum and minimum relative humidity ranged between 39.7 to 83.6 per 

cent and 16.9 to 35.0 per cent, respectively during 2015-16 and the corresponding 

values in the year 2016-17 were 46.0 to 92.1 per cent and 10.8 to 47.0 per cent. Total 

rainfall received during the crop season was 0.0 mm during 2015-16 and 12.4 mm in 

2016-17, respectively. 



Table 3.1(a) Mean weekly weather parameters during crop growing season 

(2015-16) 

SM
W 

Period 
 

Max. 
Temp. 

(ºC) 

Min. 
Temp. 

(ºC) 

Max. 
RH 
(%) 

Min. 
RH 
(%) 

Sunshine 
(hrs.) 

Rainfall 
(mm) 

46 12 to18 Nov 25.8 10.1 79.4 29.3 7.7 0.0 

47 19 to25 Nov 27.9 9.0 73.4 25.0 8.9 0.0 

48 26 to 2 Dec 28.3 11.7 64.6 34.6 5.9 0.0 

49 3 to 9 Dec 29.3 8.6 70.3 35.0 8.4 0.0 

50 10 to 16 Dec 25.0 6.8 69.6 33.6 8.0 0.0 

51 17 to 23 Dec 23.9 4.0 77.3 23.6 7.4 0.0 

52 24 to 31Dec 27.5 6.9 78.4 18.6 7.4 0.0 

1 1 to 7 Jan 28.7 9.7 83.6 26.0 7.2 0.0 

2 8 to 14 Jan 27.3 8.3 83.0 25.3 7.5 0.0 

3 15 to 21 Jan 23.7 8.0 83.1 35.0 4.9 0.0 

4 22 to 28 Jan 25.9 6.0 80.1 22.1 8.9 0.0 

5 29 to 4 Feb 27.7 10.0 72.0 27.7 8.2 0.0 

6 5 to11 Feb 26.6 7.3 78.0 19.6 9.1 0.0 

7 12 to 18 Feb 26.0 12.2 68.1 27.3 8.2 0.0 

8 19 to 25 Feb 30.5 11.9 66.9 18.4 7.6 0.0 

9 26 to 4 Mar 31.6 11.6 67.5 21.0 8.9 0.0 

10 5 to 11 Mar 31.7 14.1 67.6 28.7 8.5 0.0 

11 12 to 18 Mar 30.9 15.1 70.0 32.1 6.7 0.0 

12 19 to 25 Mar 34.1 15.7 51.7 17.9 8.4 0.0 

13 26 to 1 Apr 35.9 17.9 52.6 19.7 6.1 0.0 

14 2 to 8 Apr 36.6 20.1 50.6 18.9 6.3 0.0 

15 9 to 15 Apr 36.3 19.5 39.7 16.9 7.7 0.0 



Table 3.1(b) Mean weekly weather parameters during crop growing season 
(2016-17) 

SMW Period Max. 
Temp 

(ºC) 

Min. 
Temp. 

(ºC) 

Max. 
RH. (%) 

Min.  
RH (%) 

Sunshine 
(hrs.) 

Rainfall 
(mm) 

46 12 to18 Nov 29.5 15.4 74.4 36.7 6.2 11.0 

47 19 to25 Nov 29.7 12.1 76.3 27.0 8.7 0.0 

48 26 to 2 Dec 30.5 10.7 82.4 23.1 9.0 0.0 

49 3 to 9 Dec 30.3 10.6 80.4 24.7 9.0 0.0 

50 10 to 16 Dec 27.7 8.9 88.7 27.6 8.6 0.0 

51 17 to 23 Dec 28.3 10.4 90.1 32.4 8.7 0.0 

52 24 to 31Dec 27.5 9.8 89.4 29.1 8.6 0.0 

1 1 to 7 Jan 28.0 9.3 85.8 24.6 8.6 0.0 

2 8 to 14 Jan 26.2 8.3 92.1 37.9 7.9 0.0 

3 15 to 21 Jan 20.9 5.6 89.6 38.8 5.7 0.0 

4 22 to 28 Jan 21.8 7.1 80.7 43.1 6.4 0.0 

5 29 to 4 Feb 25.9 10.4 91.6 47.0 5.3 1.4 

6 5 to11 Feb 26.9 8.6 91.5 36.0 8.6 0.0 

7 12 to 18 Feb 25.1 7.2 84.1 28.7 8.4 0.0 

8 19 to 25 Feb 27.4 10.9 88.0 34.1 8.0 0.0 

9 26 to 4 Mar 30.0 11.1 71.4 26.0 8.7 0.0 

10 5 to 11 Mar 31.4 12.7 71.1 26.0 9.1 0.0 

11 12 to 18 Mar 29.1 12.2 73.1 23.7 7.7 0.0 

12 19 to 25 Mar 29.2 10.1 63.0 16.8 8.6 0.0 

13 26 to 1 Apr 34.1 15.1 73.6 17.4 8.8 0.0 

14 2 to 8 Apr 38.1 18.6 46.4 10.8 9.5 0.0 

15 9 to 15 Apr 36.4 19.7 46.0 17.2 9.2 0.0 

Source: Agromet observatory, Instructional Farm, Department of Agronomy, RCA, Udaipur. 



 

Fig 3.1(a) Mean weekly weather parameters during crop growing season (2015-16) 
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Fig. 3.1(b) Mean weekly weather parameters during crop growing season (2016-17) 



3.3  PHYSICO-CHEMICAL AND BIOLOGICAL PROPERTIES OF SOIL 

To ascertain mechanical and physico-chemical characteristics of the soil, 

surface soil (0-15 cm depth) samples were collected from different spots of the 

experimental field in both the years. Representative composite samples obtained from 

samples of each year, were subjected to physico-chemical and biological analysis 

separately using standard methods. From the result of soil analysis (Table 3.2), it can 

be inferred that the soil of the experimental field was alkaline in reaction, medium in 

available nitrogen and phosphorus and high in available potassium. 

Table 3.2 Physico-chemical and biological properties of experimental soil 
(0-15 cm) 

Properties   2015-16  2016-17 

A. Mechanical analysis     

Sand (%)  38.67  38.75 

Silt (%)  26.16  26.28 

Clay (%)  34.47  34.35 

Textural class   Clay loam  Clay loam 

B. Physical analysis     

Bulk density (Mg m-3)               1.45  1.41 

Particle density (Mg m-3)  2.42  2.48 

Porosity (%)  41.60  44.53 

  Water holding capacity (%)  35.20 38.42 

C. Chemical analysis     

pH (1:2, soil : water)  8.10  8.18 

EC (dSm-1) (1:2, soil: water)  0.46  0.48 

Organic carbon (%)  0.61  0.64 

Available nitrogen (kg N ha-1)  315.61  320.52 

Available phosphorus (kg P2O5 ha-1)  21.30  24.67 

Available potassium (kg K2O ha-1)  305.20  310.15 

D. Biological analysis   
  Dehydrogenase activity ( µgTPFg-1soil)  3.80 3.91 

  Bacterial Population (CFU g-1)     27.42 x 105 28.05 x 105 

  Fungi population (CFU g-1) 26.53 x 104 27.20 x 104 



3.4  CROPPING HISTORY OF THE EXPERIMENTAL FIELD 

The cropping history of the experimental fields for the last three years is given 

in table 3.3. 

Table 3.3 Cropping history of the experimental field  

Year Kharif Rabi 

2013-2014 Maize Wheat 

2014-2015 Maize Wheat 

2015-2016 Maize Wheat* 

2016-2017 Maize Wheat* 
* Experimental crop 

3.5  EXPERIMENTAL DETAILS 

The field experiment on wheat in rabi seasons 2015-16 and 2016-17 was laid 

out in a factorial randomized block design with three replications comprising 3 levels 

of fertility (50, 75 and 100% RDF), 4 levels of organic sources (5 t FYM, 10 t FYM, 

2.5 t vermicompost and 5.0 t vermicompost ha-1) and 2 bio-inoculants (Without 

inoculation and PSB + Azotobactor). The treatments and their symbols used are given 

in table 3.4. 

Table 3.4 Details of treatment with their symbols 

Treatments    Symbols 

Fertility levels  
i 50 % RDF   F1 

ii 75 % RDF   F2 

iii 100 % RDF   F3 

Organic sources  

i 5 t FYM ha-1 O1 

ii 10 t FYM ha-1 O2 

iii 2.5 t vermicompost ha-1 O3 

iv 5 t vermicompost ha-1 O4 

Bio-inoculants  

i Without inoculation B1 

ii Dual inoculation (Azotobactor + PSB) B2 



3.6 EXPERIMENTAL DESIGN AND LAYOUT 

The experiment on wheat in rabi season was laid out in a factorial randomized 

block design with three replications. The treatments were randomly allotted to 

different plots by using random number table (Fisher and Yates 1963). The plan of 

layout of experiments for wheat is shown in fig. 3.2 and other details of experiment 

are given below: 

1. Season Rabi 2015-16 to 2016-17 

2. Crop Wheat 

3. Variety Raj-4037 

4. Seed rate 100 kg ha-1 

5. Experimental design Randomized Block Design (Factorial) 

6. Replications 3 

7. Treatment combinations 24 

8. Total no. of plots 24 x 3 = 72 

9.  Gross plot size 

Net plot size 

2.70 m x 4.5 m = 12.15 m2 

2.25 m x 4.0 m = 9.0 m2 

10. Sources of nutrients 

N 

P 

K 

 

Urea + DAP 

DAP 

MOP 

11. Crop geometry 22.5 cm x 10 cm 

12. Location Agronomy farm 

13. Irrigation As per recommendation 

 

  



3.7  TREATMENT APPLICATION 

(a)  Fertilizers 

 The application of 120 kg N, 60 kg P2O5 and 40 kg K2O are recommended 

dose of fertilizer for wheat crop. Fertilizer application 50, 75 and 100 per cent of RDF 

was made as per treatment allocation. 

(b)  Organic sources 

Organic sources (FYM and Vermicompost) were thoroughly mixed and 

applied as per allocation of treatments in plots before 15 days prior to wheat sowing. 

The application of organic sources as per the treatments applied in both the year. 

Nutrients composition of organic sources applied in the experiment is given in table 

3.5 and 3.6. 

Table 3.5 Chemical composition of organic sources (2015-16) 

Manures N (%) P (%) K (%) 

FYM 0.53 0.26 0.58 

Vermicompost 1.12 0.54 0.32 

Table 3.6 Chemical composition of organic sources (2016-17)  

Manures N (%) P (%) K (%) 

FYM 0.55 0.27 0.60 

Vermicompost 1.15 0.55 0.34 

(c)  Biofertilizers 

(i) PSB: The seeds were inoculated with microphosculture i.e. Bacillus 

megatherium var. phosphaticum @ 5 g kg-1 seed as per standard procedure 2-3 

hours before sowing and sown in ear marked plots. 

(ii) Azotobacter: The seeds were thoroughly mixed with biofertilizer slurry in 

such a way that all the seeds were uniformly coated with Azotobacter 

inoculums as per the treatments using 500 g ha-1 and then allowed to dry in the 

shade before the sowing of crop. Than after sown in ear marked plots. 

 



3.8  DETAILS OF CROP RAISING 

The schedule of different pre and post sowing operations carried out during 

the crop season is given in Table 3.7 and the chronological record of crop raising are 

described as under: 

Table 3.7 Schedule of field operations during crop growth periods 

S. 
No. 

Operation Date 

2015-16 2016-17 

1.  Field preparation 01.11.2015 02.11.2016 

2.  Layout, bunding and application of organic 
manures as per treatment 

04.11.2015 04.11.2016 

3.  Fertilizer application and sowing 20.11.2015 21.11.2016 

4.  Irrigation    

 (a) Post sowing  20.11.2015 21.11.2016 

 (b) First irrigation + urea topdressing 13.12.2015 15.12.2016 

 (c) Second irrigation + urea topdressing  04.01.2016 05.01.2017 

 (d) Third irrigation 31.01.2016 31.01.2017 

 (e) Fourth irrigation  28.02.2016 27.2.2017 

 (f) Fifth irrigation 16.03.2016 18.03.2017 

5.  Herbicide spray (2, 4- D easter) 21.12.2015 26.12.2016 

6.  Harvesting 10.04.2016 15.04.2017 

7.    Threshing and winnowing 25.04.2016 28.04.2017 

3.8.1  Field Preparation 

The experimental field was prepared after pre-sowing irrigation by ploughing 

with tractor drawn disc plough followed by cross harrowing and planking to bring the 

soil in to good tilth without disturbing the four corner points and then bunds were 

prepared at the original place of each plot. 

3.8.2  Seed and Sowing 

Before sowing, wheat seed were first inoculated with biofertilizers as per 
treatment. A seed rate of 100 kg ha-1 was used. The seed were sown in opened 



furrows manually at a depth of 5 cm in rows spaced at 22.5 cm apart. Fertilizers were 
placed beneath the seed, after placing the seed in furrows it was covered with soil for 
uniform germination and to protect from bird damage. 

3.8.3  Irrigation 

The crop was irrigated at critical growth stages viz., crown root initiation 
(CRI), tillering, late jointing (boot), milking stage and dough during both the years of 
experimentation. The respective dates of irrigation to crops are presented in table 3.6. 

3.8.4  Weed Management 

In order to reduce the weed competition, one spray of 2,4-D @ 0.5 kg a.i ha-1 

(Knock Weed 36 % EC) was applied at 30 DAS as post-emergence spray through 
knapsack sprayer fitted with flat fan nozzle using 600 liters of water ha-1. 

3.8.5  Harvesting 

The crop was harvested from a net plot of 2.25 m x 4.0 m (9.0 m2) separately 
and produce was tied in bundles and tagged. These bundles were left on the threshing 
floor for sun drying. 

3.8.6  Threshing and Winnowing 

After thorough drying, the harvested produce of the each plot was weighed 
with the help of balance to record biological yield plot-1. The threshing was done with 
a power operated thresher. The produce thus obtained from each plot was winnowed, 
cleaned and weighed on physical balance and recorded as the grain yield plot-1 (kg). 
The stover yield was computed by deducting the weight of seed yield from total 
biological yield. 

3.9  TREATMENT EVALUATION 

The treatment effects were evaluated in terms of following parameters of soil 
and the crop. 

3.9.1 Plant Studies 

3.9.1.1 Grain yield 

  The grain yield of each net plot was recorded in kg plot-1after cleaning the 
threshed produce and was converted as q ha-1. 



3.9.1.2 Stover yield 

Stover yield was obtained by subtracting the grain yield (q ha-1) from 

biological yield (q ha-1). 

3.9.1.3 Biological yield 

The harvested material from net area of each plot was thoroughly sun dried. 

After drying, the produce of individual net plot was weighed with the help of a spring 

balance and recorded in q ha-1. 

3.9.1.4 Harvest Index (HI) 

The harvest index was calculated by using following formula and expressed as 

percentage as suggested by Donald and Hablin (1976). 

     H.I. (%) = 
Grain yield (q ha-1) 

× 100 
Biological yield (q ha-1) 

 

3.9.1.5 Nutrient content 

The wheat plant samples were collected at the time of threshing from each plot 

and oven dried. The dried samples were finely ground and used for determination of 

N, P, K, Fe, Mn, Zn and Cu content as per method furnished in Table 3.8. 

Table 3.8 Methods followed for plant analysis  

Character under analysis Method used Reference 

1. Nitrogen 

Digestion with H2SO4-H2O2  

Nessler’s reagent, 
spectrophotometrically  

Snell and Snell 
(1959) 

2. Phosphorus 

Digestion with di-acid 
HNO3 : HClO4 (10 : 4) 

Vanadomolybdate phosphoric 
acid yellow colour method 

Jackson (1967) 

3. Potassium  Flame photometer method Jackson (1967) 

4. Zn, Mn, Cu and Fe content Analysis of suitable aliquot of 
digested material (II) with the 
help of atomic absorption 
spectrophotometer  

Lindsay and 
Norvell (1978) 

 



3.9.1.6 Nutrient uptake 

The uptake of nitrogen, phosphorus, potassium, iron, manganese, zinc and 

copper after harvest in grain and stover was estimated by using the following 

relationship: 

N/P/K uptake 
(kg ha-1) 

= 
Nutrient content in grain/stover (%) ×

Grain/stover yield 
(kg ha-1) 

   100 
 

The uptake of iron, manganese, zinc and copper by grain and stover was 

computed from iron/manganese/zinc/copper content in grain and stover using the 

following relationship: 

Fe/Mn/Zn/Cu 
uptake (g ha-1) = 

Nutrient content in grain/stover 
(%) ×

Grain/stover yield 
(kg ha-1) 

   1000 
 

3.9.1.7 Total uptake 

The total uptake of N, P, K, Fe, Mn, Zn and Cu at harvest was computed by 

summing up the nutrient uptake by grain and straw. 

3.9.1.8 Protein content in grain 

Protein content in grain was calculated by multiplying nitrogen content (%) in 

grain by the factor 6.25 (A.O.A.C., 1960). 

3.9.2 Soil parameters 

The undisturbed soil samples from each plot were drawn with the help of 

auger from 0 to 15 cm depth at the time of harvest of wheat. These soil samples were 

processed and stored in polyethylene bags till they were analyzed for various 

parameters. The parameters of soil i.e. pH, EC, organic carbon, available N, P, K, Fe, 

Mn, Zn, Cu, dehydrogenase activity, bacteria and fungi population were determined 

by using standard methods of analysis as given in table 3.9. 

 
 
 
 



Table 3.9 Methods followed for soil analysis  

Character under analysis Method used Reference 

 Soil Analysis   

1. Soil texture By international pipette 
method 

Piper (1950) 

2. Bulk density Core sampler method Piper (1950) 

3. Particle density Pycnometer method Black (1965) 

4. Porosity Computed from BD and PD Black (1965) 

5. Water Holding Capacity  Veihmeyer and 
Hendrickson (1931) 

6. pH pH meter Richards (1954) 

7. EC Conductivity solubridge Richards (1954) 

8. Organic carbon (%) Wet digestion with K2Cr2O7 

and H2SO4 
Walkley and Black 
(1934) 

9. Available nitrogen Alkaline permanganate 
method 

Subbiah and Asija 
(1956) 

10. Available phosphorus Olsen’s method Olsen et al. (1954) 

11. Available potassium Extraction with 1 N 
ammonium acetate at pH 7.0 
and estimated by Flame 
photometer 

Richards (1954) 

12. Available Fe, Mn, Zn 
and Cu 

Analysis of suitable aliquot 
of DTPA extract with the 
help of atomic absorption 
spectrophotometer  

Lindsay and Norvell 
(1978) 

13. Dehydrogenase activity 
µgTPFg-1soil 

Colorimtric determination of 
TPF 

Casida et al. (1964) 

14. Bacterial and Fungal 
population CFU g-1 

Standard serial dilution and 
plate count method 

Scmidt and 
Colwell(1967) 
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Fertility levels 
F1 = 50 % RDF 
F2 = 75 % RDF  
F3 = 100 % RDF 

Organic sources 
O1 = 5 t FYM ha-1 
O2 = 10 t FYM ha-1  
O3 = 2.5 t vermicompost ha-1 

O4 = 5  t vermicompost ha-1  

Bio-inoculants 
B1 = Without inoculation  
B2 = PSB + Azotobactor  
 

 
Design : Factorial RBD 
Gross plot size : 2.7  m x 4.5 m 
Net plot size    : 2.25 m x 4 m 
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4. EXPERIMENTAL RESULTS 

Results of the experiment entitled “Effect of Fertility Levels, Organic 

Sources and Bio-inoculants on Soil Properties, Nutrient Uptake and Production 

of Wheat (Triticum aestivum L.) in Haplustepts” conducted during rabi season of 

2015-16 and 2016-17 at Agronomy Farm, Rajasthan College of Agriculture, 

Maharana Pratap University of Agriculture and Technology, Udaipur are presented in 

this chapter. Data pertaining to the effect of treatments on plant and soil parameters 

were statistically analyzed to test the significance of the results. Analyses of variance 

of these data have been presented (Appendices I to XXXXI) at the end. Graphical 

illustrations of important characters are also given for the better understanding of the 

treatment trends. 

4.1 PLANT STUDIES 

4.1.1 Yield Attributes and Yield 

4.1.1.1 Effective tillers metre-1 row length 

Effect of fertility levels: It is apparent from the data (Table 4.1 and Fig 4.1) that the 

number of effective tillers metre-1 row length of wheat responded significantly with 

the application of 75% RDF over 50% RDF and thereafter, increased non 

significantly with further increase with 100% RDF during both the years and in 

pooled analysis. The magnitude of increase in mean number of effective tillers metre-1 

row length due to 75% RDF (105.0) was 14.63 per cent over 50% RDF (91.6). 

Effect of organic sources: Wheat crop fertilized with 5 t vermicompost ha-1 resulted 

in significant increase in the number of effective tillers over 5 t FYM ha-1 and 2.5 t 

vermicompost ha-1 but it remained at par with 10 t FYM ha-1 during both the years of 

study as well as on pooled basis (Table 4.1 and Fig 4.1). Application of 5 t 

vermicompost ha-1 significantly increased the mean number of effective tillers plant-1 

(110.9) by 21.73 and 15.88 per cent over 5 t FYM ha-1 (91.1) and 2.5 t vermicompost 

ha-1 (95.7), respectively. 



Effect of bio-inoculants: Further examination of data (Table 4.1 and Fig 4.1) 

revealed that inoculation with biofertilizer significantly affect the effective tillers 

during both the years and pooled basis. On pooled mean basis dual inoculation of 

wheat seeds with Azotobactor + PSB (104.8) significantly increased the effective 

tillers by 6.50 per cent over no inoculation (98.4). 

4.1.1.2 Number of grains spike-1 

Effect of fertility levels: Increasing fertility level up to 75% RDF significantly 

increase the number of grains spike-1 in wheat, beyond this level did not increase it 

significantly any further during both the years and in pooled analysis (Table 4.1 and 

Fig 4.2). Application of 75% RDF increased the mean number of grains spike-1 (42) 

by 14.13 per cent over 50% RDF (36.8). 

Effect of organic sources: Results presented in Table 4.1 and Fig 4.2 showed that 

application of 5 t vermicompost ha-1 significantly increased the number of grains 

spike-1 of wheat during both the years as well as on pooled basis. Application of 10 t 

FYM ha-1 compared with 5 t vermicompost ha-1 did not increase it significantly any 

further. The per cent improvement in mean number of grains spike-1 with the 

application of 5 t vermicompost ha-1 (44.4) were 22.31 and 15.93 per cent over 5 t 

FYM ha-1 (36.3) and 2.5 t vermicompost ha-1 (38.3), respectively. 

Effect of bio-inoculants: A critical examination of data (Table 4.1 and Fig 4.2) 

further indicated that inoculation of wheat seeds with Azotobactor + PSB increased 

the number of grains spike-1 of wheat significantly over no inoculation during both the 

years and in pooled analysis. When compared with pooled number of grains spike-1 of 

39.50 recorded under without inoculation, dual inoculation of wheat seeds with 

Azotobactor + PSB (41.9) increased it significantly by 6.08 per cent. 

4.1.1.3 Test weight (g) 

Effect of fertility levels: A perusal of data presented in Table 4.1 and Fig 4.3 

revealed that increasing levels of fertilizer significantly differed with respect to the 

test weight of grains over 50 per cent RDF during both the years of experiment and 

pooled basis. The significantly maximum test weight was found wherein crop was 

supplied with 75 percent RDF over 50 per cent RDF and statistically at par with 100 
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per cent RDF during both the year and in pooled. On pooled basis, application of 100 

and 75 per cent RDF resulted in 5.31 and 3.27 per cent increase in test weight over 50 

per cent RDF, respectively. 

Effect of organic sources: Data on test weight under the influence of different 

treatments of organic manures are presented in Table 4.1 and Fig 4.3. Data revealed 

that the application of different organic manures showed varying results with respect 

to test weight of grains over 5 t FYM ha-1 and 2.5 t vermicompost ha-1 during both the 

years and pooled mean basis. The significantly maximum test weight recorded under 

5 t vermicompost ha-1 superior over 5 t FYM ha-1 and 2.5 t vermicompost ha-1 and 

statistically at par with FYM @ 10 t ha-1 during both the years and in pooled mean. 

Application of vermicompost @ 5 t ha-1 resulted in 12.10 and 8.88 per cent increase in 

test weight over 5 t FYM ha-1 and 2.5 t vermicompost ha-1, respectively. 

Effect of bio-inoculants: Data presented in Table 4.1 and Fig 4.3 showed that test 

weight of grains was significantly affected due to inoculation of biofertilizer during 

both the years and pooled basis. The significantly maximum test weight was recorded 

under combined application of Azotobactor + PSB over without inoculation. On 

pooled basis dual inoculation of wheat seeds with Azotobactor + PSB resulted in 5.73 

per cent increase in test weight over without inoculation. 

4.1.1.4 Grain yield 

Effect of fertility levels: An assessment of data presented in Table 4.2 and Fig 4.4 

revealed that wheat crop responded significantly to each higher level of fertility up to 

75 % RDF (45.6 q ha-1) but it remained at par with 100 % RDF (47.6 q ha-1) in terms 

of grain yield during both the years of investigations as well as in pooled analysis and 

resulting in 14.57 per cent increase over 50 % RDF (39.8 q ha-1). 

Effect of organic sources: It is also inferred from the data presented in Table 4.2 and 

Fig 4.4 that wheat crop responded significantly with application of 5 t vermicompost 

ha-1 over 5 t FYM ha-1 and 2.5 t vermicompost ha-1 but it remained at par with 10 t 

FYM ha-1 in terms of grain yield during both the years of investigations as well as in 

pooled analysis. Increase in grain yield recorded by 5 t vermicompost ha-1 was found 

to be quantitatively marginal and statistically non-significant with 10 t FYM ha-1. 

Thus, application of 5 t vermicompost ha-1 increased the mean grain yield (48.9 q ha-1) 

significantly by 23.48 and 17.55 per cent over 5 t FYM ha-1 (39.6 q ha-1) and 2.5 t 

vermicompost ha-1 (41.6 q ha-1), respectively. 



Effect of bio-inoculants: The experimental findings presented in Table 4.2 and Fig 

4.4 further showed that inoculation of seeds with Azotobactor + PSB significantly 

increased the grain yield of wheat during both the years as well as on pooled analysis. 

The per cent increase in grain yield with the application of Azotobactor + PSB (45.9 q 

ha-1) was 7.24 per cent over without inoculation (42.8 q ha-1). 

Interaction effect of fertility levels and organic manures: Data (Table 4.3) showed 

that the interaction between fertility levels and organic manures was found to be 

significant on grain yield of wheat. The significantly maximum grain yield (50.09 q 

ha-1) was recorded with combined application of vermicompost @ 5 t ha-1 + 75 per 

cent RDF over other treatments but remained at par with FYM @ 10 t ha-1 + 100 per 

cent RDF and vermicompost @ 5 t ha-1 + 100 per cent RDF. The minimum grain 

yield (32.71 q ha-1) was obtained under the treatments involving application of FYM 

@ 5 t ha-1 + 50 per cent RDF. 

4.1.1.5 Straw yield 

Effect of fertility levels: A perusal of data (Table 4.2 and Fig 4.4) revealed that 

increasing level of fertilizer up to 50 % RDF resulted in significant increase in straw 

yield during both the years of study and in pooled analysis. When compared with 

mean straw yield of 79.7 q ha-1 recorded under 50 % RDF, application of 75 and 

100% RDF increased it by 14.30 and 17.69 per cent, respectively. 

Effect of organic sources: Data also revealed that significant improvement in straw 

yield was observed with 5 t vermicompost ha-1 over 5 t FYM ha-1 and 2.5 t 

vermicompost ha-1 and at par with 10 t FYM ha-1 during both the years and in pooled 

analysis (Table 4.2 and Fig 4.4). Further application of 5 t vermicompost ha-1 resulted 

in non-significant increase in straw yield with 10 t FYM ha-1. Application of 5 t 

vermicompost ha-1 (94.5 q ha-1) increased the mean straw yield significantly by 14.27 

and 12.90 per cent over 5 t FYM ha-1 (82.7 q ha-1) and 2.5 t vermicompost ha-1 (83.7), 

respectively. 

Effect of bio-inoculants: The data further showed that inoculation of seeds with 

Azotobactor + PSB significantly increased the straw yield of wheat during both the 

years as well as on pooled analysis (Table 4.2 and Fig 4.4). On pooled mean basis 

dual inoculation of wheat seeds with Azotobactor + PSB (90.0 q ha-1) significantly 

increased the straw yield by 4.17 per cent over without inoculation (86.4 q ha-1). 
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Plate 1: A view of experimental eld
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Interaction effect of fertility levels and organic manures: It is clear from the data 

in Table 4.4 that the interaction between fertility levels and organic manures was 

found to be significant on straw yield of wheat. The significantly maximum straw 

yield (98.92 q ha-1) was recorded with combined application of vermicompost @ 5 t 

ha-1 + 75 per cent RDF over other treatments but remained at par with FYM @ 10 t 

ha-1 + 100 per cent RDF and vermicompost @ 5 t ha-1 + 100 per cent RDF. The 

minimum straw yield (71.68 q ha-1) was obtained under the treatments involving 

application of FYM @ 5 t ha-1 + 50 per cent RDF. 

4.1.1.6 Biological yield 

Effect of fertility levels: A critical examination of data (Table 4.2 and Fig 4.4) 

showed that progressive increase in fertility level up to 75% RDF significantly 

enhanced the biological yield of wheat during both the years of study and in pooled 

analysis over 50 % RDF but remained at par with 100 % RDF. Application of 75 % 

RDF (136.7 q ha-1) increased the mean biological yield by 14.30 per cent over 50 % 

RDF (119.6 q ha-1). 

Effect of organic sources: There was significant increase in biological yield of wheat 

with 5 t vermicompost ha-1 over 5 t FYM ha-1 and 2.5 t vermicompost ha-1 during both 

the years and in pooled analysis (Table 4.2 and Fig 4.4). However, application of 5 t 

vermicompost ha-1 found non-significant effect in biological yield with 10 t FYM ha-1. 

The mean biological yield increased due to application of 5 t vermicompost ha-1 

(143.5 q ha-1) were 17.33 and 14.53 per cent over 5 t FYM ha-1 (122.3 q ha-1) and 2.5 t 

vermicompost ha-1 (125.3 q ha-1), respectively. 

Effect of bio-inoculants: The data (Table 4.2 and Fig 4.4) further showed that 

inoculation of seeds with Azotobactor + PSB significantly increased the biological 

yield of wheat during both the years as well as on pooled analysis. On pooled mean 

basis dual inoculation of wheat seeds with Azotobactor + PSB (136.0 q ha-1) 

significantly increased the biological yield by 5.34 per cent over without inoculation 

(129.1 q ha-1). 

Interaction effect of fertility levels and organic manures: It is inferred that the 

combined application of fertility levels and organic manures on biological yield of 

wheat was found to be significant (Table 4.5). The significantly maximum biological 

yield (149.0 q ha-1) was recorded with combined application of vermicompost @ 5 t 

ha-1 + 75 per cent RDF over other treatments but remained at par with FYM @ 10 t 



ha-1 + 100 per cent RDF and vermicompost @ 5 t ha-1 + 100 per cent RDF. The 

minimum biological yield (104.4 q ha-1) was obtained under the treatments involving 

application of FYM @ 5 t ha-1 + 50 per cent RDF. 

4.1.1.7 Harvest index 

 A perusal of data in Table 4.2 showed that the harvest index was not affected 

significantly due to application of different levels of fertility, organic sources and bio-

inoculants. 

4.1.2 Nutrient Content, Uptake and Quality 

4.1.2.1 Nitrogen content in grain 

Effect of fertility levels: An examination of data presented in Table 4.6 revealed that 

increasing levels of fertilizer significantly influenced the nitrogen content in grain 

over 50 per cent RDF during both the years of experiment and on pooled basis. The 

significantly maximum nitrogen content in grain was found when soil was enriched 

with 75 per cent RDF over 50 per cent RDF and statistically at par with 100 per cent 

RDF during both the years and in pooled analysis. The magnitude of mean nitrogen 

content in grain increased by 14.60 and 11.68 per cent due to 100 and 75 per cent 

RDF over 50 per cent RDF, respectively. 

Effect of organic sources: Nitrogen content in grain under the influence of different 

treatments of organic manures are presented in Table 4.6 revealed that the application 

of different organic manures differed significantly with respect to nitrogen content in 

grain during both the years and pooled basis. The significantly maximum nitrogen 

content in grain was observed with the application of vermicompost @ 5 t ha-1 over 5 t 

FYM ha-1 and 2.5 t vermicompost ha-1 and remained at par with 10 t FYM ha-1 during 

the both the years and in pooled analysis. Application of vermicompost @ 5 t ha-1 

increased the mean nitrogen content in grain significantly by 9.93 and 6.16 per cent 

over 5 t FYM ha-1 and 2.5 t vermicompost ha-1, respectively. 

Effect of bio-inoculants: Data presented in Table 4.6 showed that nitrogen content in 

grain affected due to inoculation of biofertilizer during both the years and pooled 

basis. The significantly maximum nitrogen content in grain was found with dual 

inoculation of Azotobacter + PSB which was 6.94 per cent higher over without 

inoculation. 
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4.1.2.2 Nitrogen content in straw 

Effect of fertility levels: The data presented in Table 4.6 revealed that increasing 

levels of fertilizer significantly influenced the nitrogen content in straw over 50 per 

cent RDF during both the years of experiment and on pooled basis. The significantly 

maximum nitrogen content in straw was found with 75 per cent RDF over 50 per cent 

RDF and remained statistically at par with 100 per cent RDF during both the years of 

experimentation and in pooled analysis. Application of 100 and 75 per cent RDF 

resulted in 13.96 and 10.68 per cent increase in nitrogen content in straw over 50 per 

cent RDF, respectively. 

Effect of organic sources: Experimental data given in Table 4.6 showed that the 

nitrogen content in straw improved significantly under the influence of different 

treatments of organic manures during both the years and in pooled basis. The 

significantly maximum nitrogen content in straw was observed with the application of 

vermicompost @ 5 t ha-1 over 5 t FYM ha-1 and 2.5 t vermicompost ha-1 and remained 

at par with 10 t FYM ha-1 during the both the years and in pooled analysis. 

Application of vermicompost @ 5 t ha-1 increased the mean nitrogen content in straw 

significantly by 8.30 and 5.79 per cent over 5 t FYM ha-1 and 2.5 t vermicompost ha-1, 

respectively. 

Effect of bio-inoculants: Further examination of data presented in Table 4.6 revealed 

that inoculation with biofertilizer significantly affect the nitrogen content in straw 

during both the years and pooled basis. Dual inoculation of wheat seeds with 

Azotobactor + PSB significantly increased the mean nitrogen content in straw by 6.26 

per cent over no inoculation. 

4.1.2.3 Protein content in grain 

Effect of fertility levels: It is evident from the data presented in Table 4.6 that 

increasing levels of fertilizer significantly increased the protein content of grains in 

wheat during both the years and in pooled analysis. Data pooled over two seasons 

revealed that graded levels of fertilizer increased the protein content of wheat with 

each higher level significantly up to 75 per cent RDF. Application of fertilizers 

beyond this level did not increase it significantly any further under the study. When 

compared with protein content of 8.58 per cent recorded under 50% RDF, application 



of 75% RDF increased it significantly by 11.19 per cent and 100% RDF by 14.22 per 

cent. 

Effect of organic sources: A perusal of data in Table 4.6 showed that the protein 

content in grain improved significantly under the influence of different treatments of 

organic manures during both the years and in pooled basis. The significantly 

maximum protein content in grain was observed with the application of vermicompost 

@ 5 t ha-1 over 5 t FYM ha-1 and 2.5 t vermicompost ha-1 and remained at par with 10 t 

FYM ha-1 during the both the years and in pooled analysis. Application of 

vermicompost @ 5 t ha-1 increased the mean protein content in grain significantly by 

9.73 and 6.16 per cent over 5 t FYM ha-1 and 2.5 t vermicompost ha-1, respectively. 

Effect of bio-inoculants: An examination of data presented in Table 4.6 revealed that 

inoculation with biofertilizer significantly improved the protein content in grain 

during both the years and pooled basis. Dual inoculation of wheat seeds with 

Azotobactor + PSB significantly increased the mean protein content in grain by 6.55 

per cent over no inoculation. 

4.1.2.4 Phosphorus content in grain 

Effect of fertility levels: The data presented in Table 4.7 showed that increasing 

levels of fertilizer significantly influenced the phosphorus content in grain over 50 per 

cent RDF during both the years of experiment and on pooled basis. The significantly 

maximum phosphorus content in grain was found when soil was enriched with 75 per 

cent RDF over 50 per cent RDF and statistically at par with 100 per cent RDF during 

both the years and in pooled analysis. The magnitude of mean phosphorus content in 

grain increased by 12.42 and 11.07 per cent due to 100 and 75 per cent RDF over 50 

per cent RDF, respectively. 

Effect of organic sources: A perusal of data presented in Table 4.7 revealed that the 

application of different organic manures differed significantly with respect to 

phosphorus content in grain during both the years and pooled basis. The significantly 

maximum phosphorus content in grain was observed with the application of 

vermicompost @ 5 t ha-1 over 5 t FYM ha-1 and 2.5 t vermicompost ha-1 and remained 

at par with 10 t FYM ha-1 during the both the years and in pooled analysis. 

Application of vermicompost @ 5 t ha-1 increased the mean phosphorus content in 

grain significantly by 11.18 and 7.30 per cent over 5 t FYM ha-1 and 2.5 t 

vermicompost ha-1, respectively. 
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Effect of bio-inoculants: Further examination of data presented in Table 4.7 showed 

that phosphorus content in grain significantly affected due to inoculation of 

biofertilizer during both the years and pooled basis. The significantly maximum 

phosphorus content in grain was found with dual inoculation of Azotobacter + PSB 

which was 7.10 per cent higher over without inoculation. 

4.1.2.5 Phosphorus content in straw 

Effect of fertility levels: It is evident from the data presented in Table 4.7 that 

increasing levels of fertilizer significantly influenced the phosphorus content in straw 

over 50 per cent RDF during both the years of experiment and on pooled basis. The 

significantly maximum phosphorus content in straw was found with 75 per cent RDF 

over 50 per cent RDF and remained statistically at par with 100 per cent RDF during 

both the years of experimentation and in pooled analysis. Application of 100 and 75 

per cent RDF resulted in 12.75 and 10.74 per cent increase in phosphorus content in 

straw over 50 per cent RDF, respectively. 

Effect of organic sources: The data given in Table 4.7 showed that the phosphorus 

content in straw improved significantly under the influence of different treatments of 

organic manures during both the years and in pooled basis. The significantly 

maximum phosphorus content in straw was observed with the application of 

vermicompost @ 5 t ha-1 over 5 t FYM ha-1 and 2.5 t vermicompost ha-1 and remained 

at par with 10 t FYM ha-1 during the both the years and in pooled analysis. 

Application of vermicompost @ 5 t ha-1 increased the mean phosphorus content in 

straw significantly by 11.19 and 7.64 per cent over 5 t FYM ha-1 and 2.5 t 

vermicompost ha-1, respectively. 

Effect of bio-inoculants: Data (Table 4.7) further showed that inoculation with 

biofertilizer significantly affect the phosphorus content in straw during both the years 

and pooled basis. Dual inoculation of wheat seeds with Azotobactor + PSB 

significantly increased the mean phosphorus content in straw by 7.10 per cent over no 

inoculation. 

4.1.2.6 Potassium content in grain 

Effect of fertility levels: An examination of data presented in Table 4.7 showed that 

potassium content in grain significantly influenced with increasing levels of fertilizer 



during both the years of experiment and on pooled basis. The significantly maximum 

potassium content in grain was found with 75 per cent RDF over 50 per cent RDF and 

remained at par with 100 per cent RDF during both the years and in pooled analysis. 

The percent increase in mean potassium content in grain due to 100 and 75 per cent 

RDF were 7.72 and 7.14 per cent over 50 per cent RDF, respectively. 

Effect of organic sources: Potassium content in grain was significantly influenced 

with different organic manures during both the years of experimentation and in pooled 

analysis (Table 4.7). The maximum potassium content in grain was observed with in 5 t 

vermicompost ha-1 as compared to 5 t FYM ha-1 and 2.5 t vermicompost ha-1 but it 

remained at par with 10 t FYM ha-1 during the both the years and in pooled analysis. 

Application of 5 t vermicompost ha-1 increased the mean potassium content in grain 

significantly by 10.27 and 6.36 per cent over 5 t FYM ha-1 and 2.5 t vermicompost ha-1, 

respectively. 

Effect of bio-inoculants: A critical examination of data (Table 4.7) further indicated 

that inoculation of wheat seeds with Azotobactor + PSB increased the potassium 

content in grain significantly over no inoculation during both the years and in pooled 

analysis. The dual inoculation of wheat seeds with Azotobactor + PSB significantly 

increased the mean potassium content in grain by 5.67 per cent over without 

inoculation. 

4.1.2.7 Potassium content in straw 

Effect of fertility levels: Increasing levels of fertilizer significantly increased the 

potassium content in straw over 50 per cent RDF during both the years of 

experimentation and on pooled basis (Table 4.7). Application of 75 per cent RDF 

recorded significantly maximum potassium content in straw over 50 per cent RDF but 

remained at par with 100 per cent RDF during both the years and in pooled analysis. 

The application of 100 and 75 per cent RDF resulted in 7.51 and 7.17 per cent 

increase in potassium content in straw over 50 per cent RDF, respectively. 

Effect of organic sources: The data presented in Table 4.7 showed that the potassium 

content in straw improved significantly under the influence of different treatments of 

organic manures during both the years and in pooled basis. The significantly 

maximum potassium content in straw was observed with the application of 



vermicompost @ 5 t ha-1 over 5 t FYM ha-1 and 2.5 t vermicompost ha-1 and remained 

at par with 10 t FYM ha-1 during the both the years and in pooled analysis. 

Application of vermicompost @ 5 t ha-1 increased the mean potassium content in 

straw significantly by 10.18 and 6.28 per cent over 5 t FYM ha-1 and 2.5 t 

vermicompost ha-1, respectively. 

Effect of bio-inoculants: Data (Table 4.7) further showed that inoculation with 

biofertilizer significantly affect the potassium content in straw during both the years 

and pooled basis. Dual inoculation of wheat seeds with Azotobactor + PSB 

significantly increased the mean potassium content in straw by 5.54 per cent over no 

inoculation. 

4.1.2.8 Iron content in grain 

Effect of fertility levels: A critical examination of data presented in Table 4.8 

revealed that increasing levels of fertilizer significantly influenced the iron content in 

grain over 50 per cent RDF during both the years of experiment and on pooled basis. 

The significantly maximum iron content in grain was found when soil was enriched 

with 75 per cent RDF over 50 per cent RDF and statistically at par with 100 per cent 

RDF during both the years and in pooled analysis. The magnitude of mean iron 

content in grain increased by 5.79 and 4.26 per cent due to 100 and 75 per cent RDF 

over 50 per cent RDF, respectively. 

Effect of organic sources: A perusal of data in Table 4.8 showed that iron content in 

straw improved significantly under the influence of different treatments of organic 

manures during both the years and in pooled basis. The significantly maximum iron 

content in straw was observed with the application of vermicompost @ 5 t ha-1 over 5 

t FYM ha-1 and 2.5 t vermicompost ha-1 and remained at par with 10 t FYM ha-1 

during the both the years and in pooled analysis. Application of vermicompost @ 5 t 

ha-1 increased the mean iron content in straw significantly by 8.88 and 6.42 per cent 

over 5 t FYM ha-1 and 2.5 t vermicompost ha-1, respectively. 

Effect of bio-inoculants: Data presented in Table 4.8 showed that iron content in 

grain significantly affected due to inoculation of biofertilizer during both the years 

and in pooled analysis. The significantly maximum iron content in grain was found 

with dual inoculation of Azotobacter + PSB which was 3.29 per cent higher over 

without inoculation. 



4.1.2.9 Iron content in straw 

Effect of fertility levels: The data presented in Table 4.8 revealed that increasing 

levels of fertilizer significantly influenced the iron content in straw over 50 per cent 

RDF during both the years of experiment and on pooled basis. The significantly 

maximum iron content in straw was found with 75 per cent RDF over 50 per cent 

RDF and remained statistically at par with 100 per cent RDF during both the years of 

experimentation and in pooled analysis. Application of 100 and 75 per cent RDF 

resulted in 5.06 and 3.68 per cent increase in iron content in straw over 50 per cent 

RDF, respectively. 

Effect of organic sources: Further examination of data (Table 4.8) showed that the 

iron content in straw improved significantly under the influence of different 

treatments of organic manures during both the years and in pooled basis. The 

significantly maximum iron content in straw was observed with the application of 

vermicompost @ 5 t ha-1 over 5 t FYM ha-1 and 2.5 t vermicompost ha-1 and remained 

at par with 10 t FYM ha-1 during the both the years and in pooled analysis. 

Application of 5 t vermicompost ha-1 increased the mean iron content in straw 

significantly by 9.08 and 6.61 per cent over 5 t FYM ha-1 and 2.5 t vermicompost ha-1, 

respectively. 

Effect of bio-inoculants: Data presented in Table 4.8 revealed that inoculation with 

biofertilizer significantly affect the iron content in straw during both the years and 

pooled basis. Dual inoculation of wheat seeds with Azotobactor + PSB significantly 

increased the mean iron content in straw by 3.66 per cent over no inoculation. 

4.1.2.10 Manganese content in grain 

Effect of fertility levels: It is evident from the data presented in Table 4.8 that 

manganese content in grain significantly influenced with increasing levels of fertilizer 

during both the years of experiment and on pooled basis. The significantly maximum 

manganese content in grain was found with 75 per cent RDF over 50 per cent RDF 

and remained at par with 100 per cent RDF during both the years and in pooled 

analysis. The percent increase in mean manganese content in grain due to 100 and 75 

per cent RDF were 12.79 and 7.85 per cent over 50 per cent RDF, respectively. 

Effect of organic sources: Manganese content in grain was significantly influenced 

with different organic manures during both the years of experimentation and in pooled 

analysis (Table 4.8). The maximum manganese content in grain was observed with in 
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5 t vermicompost ha-1 as compared to 5 t FYM ha-1 and 2.5 t vermicompost ha-1 but it 

remained at par with 10 t FYM ha-1 during the both the years and in pooled analysis. 

Application of 5 t vermicompost ha-1 increased the mean manganese content in grain 

significantly by 10.17 and 5.18 per cent over 5 t FYM ha-1 and 2.5 t vermicompost ha-1, 

respectively. 

Effect of bio-inoculants: A further examination of data (Table 4.8) indicated that 

inoculation of wheat seeds with Azotobactor + PSB increased the manganese content 

in grain significantly over no inoculation during both the years and in pooled analysis. 

The dual inoculation of wheat seeds with Azotobactor + PSB significantly increased 

the mean manganese content in grain by 6.44 per cent over without inoculation. 

4.1.2.11 Manganese content in straw 

Effect of fertility levels: The data presented in Table 4.8 revealed that increasing 

levels of fertilizer significantly influenced the manganese content in straw over 50 per 

cent RDF during both the years of experiment and on pooled basis. The significantly 

maximum manganese content in straw was found with 75 per cent RDF over 50 per 

cent RDF and remained statistically at par with 100 per cent RDF during both the 

years of experimentation and in pooled analysis. Application of 100 and 75 per cent 

RDF resulted in 11.73 and 10.74 per cent increase in manganese content in straw over 

50 per cent RDF, respectively. 

Effect of organic sources: Experimental data given in Table 4.8 showed that the 

manganese content in straw improved significantly under the influence of different 

treatments of organic manures during both the years and in pooled basis. The 

significantly maximum manganese content in straw was observed with the application 

of 5 t vermicompost ha-1 over 5 t FYM ha-1 and 2.5 t vermicompost ha-1 and remained 

at par with 10 t FYM ha-1 during the both the years and in pooled analysis. 

Application of vermicompost @ 5 t ha-1 increased the mean manganese content in 

straw significantly by 8.81 and 5.51 per cent over 5 t FYM ha-1 and 2.5 t 

vermicompost ha-1, respectively. 

Effect of bio-inoculants: Further examination of data presented in Table 4.8 revealed 

that inoculation with biofertilizer significantly affect the manganese content in straw 

during both the years and pooled basis. Dual inoculation of wheat seeds with 

Azotobactor + PSB significantly increased the mean manganese content in straw by 

3.32 per cent over no inoculation. 



4.1.2.12 Zinc content in grain 

Effect of fertility levels: A perusal of data presented in Table 4.9 revealed that zinc 

content in grain significantly influenced with increasing levels of fertilizer during 

both the years of experiment and on pooled basis. The significantly maximum zinc 

content in grain was found with 75 per cent RDF over 50 per cent RDF and remained 

at par with 100 per cent RDF during both the years and in pooled analysis. The 

percent increase in mean zinc content in grain due to 100 and 75 per cent RDF were 

12.12 and 9.85 per cent over 50 per cent RDF, respectively. 

Effect of organic sources: Data in Table 4.9 indicated that application of different 

organic manures differed significantly with respect to zinc content in grain during 

both the years and pooled basis. The significantly maximum zinc content in grain was 

observed with the application of vermicompost @ 5 t ha-1 over 5 t FYM ha-1 and 2.5 t 

vermicompost ha-1 and remained at par with 10 t FYM ha-1 during the both the years 

and in pooled analysis. Application of vermicompost @ 5 t ha-1 increased the mean 

zinc content in grain significantly by 10.27 and 5.73 per cent over 5 t FYM ha-1 and 

2.5 t vermicompost ha-1, respectively. 

Effect of bio-inoculants: Further examination of data (Table 4.9) showed that 

inoculation of wheat seeds with Azotobactor + PSB increased the zinc content in grain 

significantly over no inoculation during both the years and in pooled analysis. The 

dual inoculation of wheat seeds with Azotobactor + PSB significantly increased the 

mean zinc content in grain by 6.45 per cent over without inoculation. 

4.1.2.13 Zinc content in straw 

Effect of fertility levels: A critical examination of data presented in Table 4.9 

revealed that increasing levels of fertilizer significantly influenced the zinc content in 

straw over 50 per cent RDF during both the years of experiment and on pooled basis. 

The significantly maximum zinc content in straw was found with 75 per cent RDF 

over 50 per cent RDF and remained statistically at par with 100 per cent RDF during 

both the years of experimentation and in pooled analysis. The percent increase in zinc 

content in straw due to application of 100 and 75 per cent RDF were 13.18 and 10.57 

per cent as compared to 50 per cent RDF, respectively. 

Effect of organic sources: A perusal of data given in Table 4.9 showed that the zinc 

content in straw improved significantly under the influence of different treatments of 

organic manures during both the years and in pooled basis. The significantly 
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maximum zinc content in straw was observed with the application of 5 t 

vermicompost ha-1 over 5 t FYM ha-1 and 2.5 t vermicompost ha-1 and remained at par 

with 10 t FYM ha-1 during the both the years and in pooled analysis. Application of 

vermicompost @ 5 t ha-1 increased the mean zinc content in straw significantly by 

11.21 and 6.37 per cent over 5 t FYM ha-1 and 2.5 t vermicompost ha-1, respectively. 

Effect of bio-inoculants: Further examination of data presented in Table 4.9 revealed 

that inoculation with biofertilizer significantly affect the zinc content in straw during 

both the years and pooled basis. Dual inoculation of wheat seeds with Azotobactor + 

PSB significantly increased the mean zinc content in straw by 6.89 per cent over no 

inoculation. 

4.1.2.14 Copper content in grain 

Effect of fertility levels: The data (Table 4.9) revealed that copper content in grain 

significantly influenced with increasing levels of fertilizer during both the years of 

experiment and on pooled basis. The significantly maximum copper content in grain 

was found with 75 per cent RDF over 50 per cent RDF and remained at par with 100 

per cent RDF during both the years and in pooled analysis. The percent increase in 

mean copper content in grain due to 100 and 75 per cent RDF were 11.86 and 9.32 

per cent over 50 per cent RDF, respectively. 

Effect of organic sources: It is evident from the data in Table 4.9 indicated that 

application of different organic manures differed significantly with respect to copper 

content in grain during both the years and pooled basis. The significantly maximum 

copper content in grain was observed with the application of vermicompost @ 5 t ha-1 

over 5 t FYM ha-1 and 2.5 t vermicompost ha-1 and remained at par with 10 t FYM ha-

1 during the both the years and in pooled analysis. Application of vermicompost @ 5 t 

ha-1 increased the mean copper content in grain significantly by 8.86 and 5.08 per cent 

over 5 t FYM ha-1 and 2.5 t vermicompost ha-1, respectively. 

Effect of bio-inoculants: Further examination of data (Table 4.9) showed that 

inoculation of wheat seeds with Azotobactor + PSB increased the copper content in 

grain significantly over no inoculation during both the years and in pooled analysis. 

The dual inoculation of wheat seeds with Azotobactor + PSB significantly increased 

the mean copper content in grain by 6.54 per cent over without inoculation. 

 



4.1.2.15 Copper content in straw 

Effect of fertility levels: A perusal of data presented in Table 4.9 revealed that 

increasing levels of fertilizer significantly influenced the copper content in straw over 

50 per cent RDF during both the years of experiment and on pooled basis. The 

significantly maximum copper content in straw was found with 75 per cent RDF over 

50 per cent RDF and remained statistically at par with 100 per cent RDF during both 

the years of experimentation and in pooled analysis. The percent increase in copper 

content in straw due to application of 100 and 75 per cent RDF were 11.84 and 9.97 

per cent as compared to 50 per cent RDF, respectively. 

Effect of organic sources: Examination of data given in Table 4.9 showed that the 

copper content in straw improved significantly under the influence of different 

treatments of organic manures during both the years and in pooled basis. The 

significantly maximum copper content in straw was observed with the application of 5 

t vermicompost ha-1 over 5 t FYM ha-1 and 2.5 t vermicompost ha-1 and remained at 

par with 10 t FYM ha-1 during the both the years and in pooled analysis. Application 

of vermicompost @ 5 t ha-1 increased the mean copper content in straw significantly 

by 12.62 and 7.96 per cent over 5 t FYM ha-1 and 2.5 t vermicompost ha-1, 

respectively. 

Effect of bio-inoculants: Data (Table 4.9) further revealed that inoculation with 

biofertilizer significantly affect the copper content in straw during both the years and 

pooled basis. Dual inoculation of wheat seeds with Azotobactor + PSB significantly 

increased the mean copper content in straw by 9.12 per cent over no inoculation. 

4.1.2.16 Nitrogen uptake by grain 

Effect of fertility levels: An examination of data presented in Table 4.10 and fig 4.5 

revealed that increasing levels of fertilizer significantly influenced the nitrogen uptake 

by grain during both the years of experiment and on pooled basis. The significantly 

maximum nitrogen uptake by grain was found when soil was enriched with 100 

percent RDF over 50 per cent and 75 per cent RDF during both the years and in 

pooled analysis. The magnitude of mean nitrogen uptake by grain increased by 35.03 

and 6.48 per cent due to 100 RDF over 50 per cent and 75 per cent RDF, respectively. 

Effect of organic sources: Nitrogen uptake by grain under the influence of different 

treatments of organic manures are presented in Table 4.10 and fig 4.5 revealed that 

the application of different organic manures differed significantly with respect to 
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nitrogen uptake by grain during both the years and pooled basis. The significantly 

maximum nitrogen uptake in grain was observed with the application of 

vermicompost @ 5 t ha-1 over 5 t FYM ha-1, 2.5 t vermicompost ha-1 and 10 t FYM 

ha-1 during the both the years and in pooled analysis. Application of vermicompost @ 

5 t ha-1 increased the mean nitrogen uptake by grain significantly by 35.48, 24.65 and 

6.42 per cent over 5 t FYM ha-1, 2.5 t vermicompost ha-1 and 10 t FYM ha-1, 

respectively. 

Effect of bio-inoculants: Data presented in Table 4.10 and fig 4.5 showed that 

nitrogen uptake by grain affected due to inoculation of biofertilizer during both the 

years and pooled basis. The significantly maximum nitrogen uptake by grain was 

found with dual inoculation of Azotobacter + PSB which was 13.82 per cent higher 

over without inoculation. 

Interaction effect of fertility levels and organic manures: The data (Table 4.11) 

revealed that the interaction between fertility levels and organic manures was found to 

be significant on nitrogen uptake by grain. The significantly maximum nitrogen 

uptake by grain (81.37 q ha-1) was recorded with combined application of 

vermicompost @ 5 t ha-1 + 75 per cent RDF over other treatments but remained at par 

with FYM @ 10 t ha-1 + 100 per cent RDF and vermicompost @ 5 t ha-1 + 100 per 

cent RDF. The minimum nitrogen uptake by grain (41.16 q ha-1) was obtained under 

the treatments involving application of FYM @ 5 t ha-1 + 50 per cent RDF. 

4.1.2.17 Nitrogen uptake by straw 

Effect of fertility levels: The data presented in Table 4.10 and fig 4.5 revealed that 

increasing levels of fertilizer significantly influenced the nitrogen uptake by straw 

over 50 per cent and 75 per cent RDF during both the years of experiment and on 

pooled basis. The significantly maximum nitrogen uptake by straw was found with 

100 per cent RDF over 50 per cent and 75 per cent RDF during both the years of 

experimentation and in pooled analysis. Application of 100 per cent RDF resulted in 

33.95 and 6.21 per cent increase in nitrogen uptake by straw over 50 per cent and 75 

per cent RDF, respectively. 

Effect of organic sources: The data given in Table 4.10 and fig 4.5 showed that the 

nitrogen uptake by straw improved significantly under the influence of different 

treatments of organic manures during both the years and in pooled basis. The 

significantly maximum nitrogen uptake by straw was observed with the application of 



5 t ha-1 vermicompost over 5 t FYM ha-1, 2.5 t vermicompost ha-1 and 10 t FYM ha-1 

during the both the years and in pooled analysis. Application of 5 t vermicompost ha-1 

increased the mean nitrogen uptake by straw significantly by 25.02, 20.33 and 6.04 

per cent over 5 t FYM ha-1, 2.5 t vermicompost ha-1 and 10 t FYM ha-1, respectively. 

Effect of bio-inoculants: Further examination of data presented in Table 4.10 and fig 

4.5 revealed that inoculation with biofertilizer significantly affect the nitrogen uptake 

by straw during both the years and pooled basis. Dual inoculation of wheat seeds with 

Azotobactor + PSB significantly increased the mean nitrogen uptake by straw by 9.40 

per cent over no inoculation. 

Interaction effect of fertility levels and organic manures: It is clear from the data 

in Table 4.12 that the interaction between fertility levels and organic manures was 

found to be significant on nitrogen uptake by straw. The significantly maximum 

nitrogen uptake by straw (57.01 q ha-1) was recorded with combined application of 

vermicompost @ 5 t ha-1 + 75 per cent RDF over other treatments but remained at par 

with FYM @ 10 t ha-1 + 100 per cent RDF and vermicompost @ 5 t ha-1 + 100 per 

cent RDF. The minimum nitrogen uptake by straw (32.74 q ha-1) was obtained under 

the treatments involving application of FYM @ 5 t ha-1 + 50 per cent RDF. 

4.1.2.18 Total nitrogen uptake 

Effect of fertility levels: A perusal of data presented in Table 4.10 and fig 4.5 

revealed that fertility level of 100 % RDF significantly influenced the total nitrogen 

uptake over 50 and 75 per cent RDF during both the years of experiment and on 

pooled basis. The significantly maximum total nitrogen uptake was found with 100 

per cent RDF over 50 per cent and 75 per cent RDF during both the years of 

experimentation and in pooled analysis. Application of resulted in 34.57 and 6.36 per 

cent increase in total nitrogen uptake over 50 and 75 per cent RDF, respectively. 

Effect of organic sources: Experimental data given in Table 4.10 and fig 4.5 showed 

that total nitrogen uptake improved significantly under the influence of different 

treatments of organic manures during both the years and in pooled basis. The 

significantly highest total nitrogen uptake was observed with the application of 

vermicompost @ 5 t ha-1 over 5 t FYM ha-1, 2.5 t vermicompost ha-1 and 10 t FYM 

ha-1 during the both the years and in pooled analysis. Application of vermicompost @ 
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5 t ha-1 increased the mean total nitrogen uptake significantly by 31.01, 22.86 and 

6.27 per cent over 5 t FYM ha-1, 2.5 t vermicompost ha-1 and 10 t FYM ha-1, 

respectively. 

Effect of bio-inoculants: Further examination of data presented in Table 4.10 and fig 

4.5 revealed that inoculation with biofertilizer significantly affect the total nitrogen 

uptake during both the years and pooled basis. Dual inoculation of wheat seeds with 

Azotobactor + PSB significantly increased the mean total nitrogen uptake by 11.95 

per cent over no inoculation. 

Interaction effect of fertility levels and organic manures: It is inferred that the 

combined application of fertility levels and organic manures on total nitrogen uptake 

was found to be significant (Table 4.13). The significantly maximum total nitrogen 

uptake (138.4 q ha-1) was recorded with combined application of vermicompost @ 5 t 

ha-1 + 75 per cent RDF over other treatments but remained at par with FYM @ 10 t 

ha-1 + 100 per cent RDF and vermicompost @ 5 t ha-1 + 100 per cent RDF. The 

minimum total nitrogen uptake (73.9 q ha-1) was obtained under the treatments 

involving application of FYM @ 5 t ha-1 + 50 per cent RDF. 

4.1.2.19 Phosphorus uptake by grain 

Effect of fertility levels: A critical examination of data presented in Table 4.14 and 

fig 4.6 indicated that increasing levels in fertility significantly influenced the 

phosphorus uptake by grain during both the years of experiment and on pooled basis. 

The significantly maximum phosphorus uptake by grain was found when soil was 

enriched with 100 percent RDF over 50 per cent and 75 per cent RDF during both the 

years and in pooled analysis. The magnitude of mean phosphorus uptake by grain 

increased by 33.14 and 5.09 per cent due to 100 RDF over 50 per cent and 75 per cent 

RDF, respectively. 

Effect of organic sources: Data (Table 4.14 and fig 4.6) further showed that 

phosphorus uptake by grain differed significantly under the influence of different 

treatments of organic manures during both the years and pooled basis. The 

significantly maximum phosphorus uptake by grain was observed with the application 

of 5 t vermicompost ha-1 over 5 t FYM ha-1, 2.5 t vermicompost ha-1 and 10 t FYM ha-1 



during the both the years and in pooled analysis. Application of vermicompost @ 5 t 

ha-1 increased the mean phosphorus uptake by grain significantly by 37.19, 25.66 and 

7.72 per cent over 5 t FYM ha-1, 2.5 t vermicompost ha-1 and 10 t FYM ha-1, 

respectively. 

Effect of bio-inoculants: Data presented in Table 4.14 and fig 4.6 showed that 

phosphorus uptake by grain affected due to inoculation of biofertilizer during both the 

years and pooled basis. The significantly maximum phosphorus uptake by grain was 

found with dual inoculation of Azotobacter + PSB which was 16.68 per cent higher 

over without inoculation. 

Interaction effect of fertility levels and organic manures: The data (Table 4.15) 

revealed that the interaction between fertility levels and organic manures was found to 

be significant on phosphorus uptake by grain. The significantly maximum phosphorus 

uptake by grain (17.92 q ha-1) was recorded with combined application of 

vermicompost @ 5 t ha-1 + 75 per cent RDF over other treatments but remained at par 

with FYM @ 10 t ha-1 + 100 per cent RDF and vermicompost @ 5 t ha-1 + 100 per 

cent RDF. The minimum phosphorus uptake by grain (9.14 q ha-1) was obtained under 

the treatments involving application of FYM @ 5 t ha-1 + 50 per cent RDF. 

4.1.2.20 Phosphorus uptake by straw 

Effect of fertility levels: It is apparent from the data presented in Table 4.14 and fig 

4.6 that increasing levels of fertilizer significantly influenced the phosphorus uptake 

by straw over 50 per cent and 75 per cent RDF during both the years of experiment 

and on pooled basis. The significantly maximum phosphorus uptake in straw was 

found with 100 per cent RDF over 50 per cent and 75 per cent RDF during both the 

years of experimentation and in pooled analysis. Application of 100 per cent RDF 

resulted in 32.25 and 4.46 per cent increase in phosphorus uptake by straw over 50 

per cent and 75 per cent RDF, respectively. 

Effect of organic sources: An examination of data given in Table 4.14 and fig 4.6 

revealed that the phosphorus uptake by straw improved significantly under the 

influence of different treatments of organic manures during both the years and in 

pooled basis. The significantly maximum phosphorus uptake by straw was observed 

with the application of 5 t ha-1 vermicompost over 5 t FYM ha-1, 2.5 t vermicompost 

ha-1 and 10 t FYM ha-1 during the both the years and in pooled analysis. Application 
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of 5t vermicompost ha-1 increased the mean phosphorus uptake by straw significantly 

by 28.37, 22.11 and 6.89 per cent over 5 t FYM ha-1, 2.5 t vermicompost ha-1 and 10 t 

FYM ha-1, respectively. 

Effect of bio-inoculants: Examination of data presented in Table 4.14 and fig 4.6 

further revealed that inoculation with biofertilizer significantly affect the phosphorus 

uptake by straw during both the years and pooled basis. Dual inoculation of wheat 

seeds with Azotobactor + PSB significantly increased the mean phosphorus uptake by 

straw by 10.45 per cent over no inoculation. 

Interaction effect of fertility levels and organic manures: It is clear from the data 

in Table 4.16 that the interaction between fertility levels and organic manures was 

found to be significant on phosphorus uptake by straw. The significantly maximum 

phosphorus uptake by straw (17.79 q ha-1) was recorded with combined application of 

vermicompost @ 5 t ha-1 + 75 per cent RDF over other treatments but remained at par 

with FYM @ 10 t ha-1 + 100 per cent RDF and vermicompost @ 5 t ha-1 + 100 per 

cent RDF. The minimum phosphorus uptake by straw (10.01 q ha-1) was obtained 

under the treatments involving application of FYM @ 5 t ha-1 + 50 per cent RDF. 

4.1.2.21 Total phosphorus uptake 

Effect of fertility levels: An evaluation of data presented in Table 4.14 and fig 4.6 

indicated that increasing levels of fertilizer significantly influenced the total 

phosphorus uptake during both the years of experiment and on pooled basis. The 

significantly maximum total phosphorus uptake was found with 100 per cent RDF 

over 50 per cent and 75 per cent RDF during both the years of experimentation and in 

pooled analysis. Application of 100 per cent RDF resulted in 32.69 and 4.77 per cent 

increase in total phosphorus uptake over 50 and 75 per cent RDF, respectively. 

Effect of organic sources: Experimental data given in Table 4.14 and fig 4.6 showed 

that total phosphorus uptake improved significantly under the influence of different 

treatments of organic manures during both the years and in pooled basis. The 

significantly highest total phosphorus uptake was observed with the application of 

vermicompost @ 5 t ha-1 over 5 t FYM ha-1, 2.5 t vermicompost ha-1 and 10 t FYM 

ha-1 during the both the years and in pooled analysis. Application of vermicompost @ 

5 t ha-1 increased the mean total phosphorus uptake significantly by 32.67, 23.88 and 



7.27 per cent over 5 t FYM ha-1, 2.5 t vermicompost ha-1 and 10 t FYM ha-1, 

respectively. 

Effect of bio-inoculants: Further examination of data presented in Table 4.14 and fig 

4.6 revealed that inoculation with biofertilizer significantly affect the total phosphorus 

uptake during both the years and pooled basis. Dual inoculation of wheat seeds with 

Azotobactor + PSB significantly increased the mean total phosphorus uptake by 12.58 

per cent over no inoculation. 

Interaction effect of fertility levels and organic manures: It is inferred that the 

combined application of fertility levels and organic manures on total phosphorus 

uptake was found to be significant (Table 4.17). The significantly maximum total 

phosphorus uptake (35.71 q ha-1) was recorded with combined application of 

vermicompost @ 5 t ha-1 + 75 per cent RDF over other treatments but remained at par 

with FYM @ 10 t ha-1 + 100 per cent RDF and vermicompost @ 5 t ha-1 + 100 per 

cent RDF. The minimum total phosphorus uptake (19.14 q ha-1) was obtained under 

the treatments involving application of FYM @ 5 t ha-1 + 50 per cent RDF. 

4.1.2.22 Potassium uptake by grain 

Effect of fertility levels: An examination of data presented in Table 4.18 and fig 4.7 

showed that increasing levels in fertility significantly influenced the potassium uptake 

by grain during both the years of experiment and on pooled basis. The significantly 

maximum potassium uptake by grain was found when soil was enriched with 100 

percent RDF over 50 per cent and 75 per cent RDF during both the years and in 

pooled analysis. The magnitude of mean potassium uptake by grain increased by 

24.80 and 4.01 per cent due to 100 RDF over 50 per cent and 75 per cent RDF, 

respectively. 

Effect of organic sources: It is apparent from the data given in Table 4.18 and fig 4.7 

that potassium uptake by grain significantly influenced by different treatments of 

organic manures during both the years and pooled basis. The significantly maximum 

potassium uptake by grain was observed with the application of 5 t vermicompost ha-1 

over 5 t FYM ha-1, 2.5 t vermicompost ha-1 and 10 t FYM ha-1 during the both the 

years and in pooled analysis. Application of vermicompost @ 5 t ha-1 increased the 

mean potassium uptake by grain significantly by 27.99, 19.50 and 4.93 per cent over 5 t 

FYM ha-1, 2.5 t vermicompost ha-1 and 10 t FYM ha-1, respectively. 
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Effect of bio-inoculants: Data presented in Table 4.18 and fig 4.7 further showed 

that potassium uptake by grain affected due to inoculation of biofertilizer during both 

the years and pooled basis. The significantly maximum potassium uptake by grain 

was found with dual inoculation of Azotobacter + PSB which was 12.98 per cent 

higher over without inoculation. 

Interaction effect of fertility levels and organic manures: The data (Table 4.19) 

revealed that the interaction between fertility levels and organic manures was found to 

be significant on potassium uptake by grain. The significantly maximum potassium 

uptake by grain (28.97 q ha-1) was recorded with combined application of 

vermicompost @ 5 t ha-1 + 75 per cent RDF over other treatments but remained at par 

with vermicompost @ 5 t ha-1 + 100 per cent RDF. The minimum potassium uptake 

by grain (19.60 q ha-1) was obtained under the treatments involving application of 

FYM @ 5 t ha-1 + 50 per cent RDF. 

4.1.2.23 Potassium uptake by straw 

Effect of fertility levels: A perusal of data presented in Table 4.18 and fig 4.7 

revealed that increasing levels of fertilizer significantly influenced the potassium 

uptake by straw over 50 per cent and 75 per cent RDF during both the years of 

experiment and on pooled basis. The significantly maximum potassium uptake in 

straw was found with 100 per cent RDF over 50 per cent and 75 per cent RDF during 

both the years of experimentation and in pooled analysis. The per cent increase in 

potassium uptake by straw due to application of 100 per cent RDF were 26.16 and 

2.48 per cent over 50 per cent and 75 per cent RDF, respectively. 

Effect of organic sources: A critical examination of data given in Table 4.18 and fig 

4.7 revealed that the potassium uptake by straw improved significantly under the 

influence of different treatments of organic manures during both the years and in 

pooled basis. The significantly maximum potassium uptake by straw was observed 

with the application of 5 t ha-1 vermicompost over 5 t FYM ha-1, 2.5 t vermicompost 

ha-1 and 10 t FYM ha-1 during the both the years and in pooled analysis. Application 

of 5 t vermicompost ha-1 increased the mean potassium uptake by straw significantly 

by 27.14, 20.38 and 5.54 per cent over 5 t FYM ha-1, 2.5 t vermicompost ha-1 and 10 t 

FYM ha-1, respectively. 



Effect of bio-inoculants: Further examination of data presented in Table 4.18 and fig 

4.7 revealed that inoculation with biofertilizer significantly affect the potassium 

uptake by straw during both the years and pooled basis. Dual inoculation of wheat 

seeds with Azotobactor + PSB significantly increased the mean potassium uptake by 

straw by 10.01 per cent over no inoculation. 

Interaction effect of fertility levels and organic manures: It is clear from the data 

in Table 4.20 that the interaction between fertility levels and organic manures was 

found to be significant on potassium uptake by straw. The significantly maximum 

potassium uptake by straw (164.4 q ha-1) was recorded with combined application of 

vermicompost @ 5 t ha-1 + 75 per cent RDF over other treatments but remained at par 

with vermicompost @ 5 t ha-1 + 100 per cent RDF. The minimum potassium uptake 

by straw (106.6 q ha-1) was obtained under the treatments involving application of 

FYM @ 5 t ha-1 + 50 per cent RDF. 

4.1.2.24 Total potassium uptake 

Effect of fertility levels: An evaluation of data presented in Table 4.18 and fig 4.7 

indicated that increasing levels of fertilizer significantly influenced the total 

potassium uptake during both the years of experiment and on pooled basis. The 

significantly maximum total potassium uptake was found with 100 per cent RDF over 

50 per cent and 75 per cent RDF during both the years of experimentation and in 

pooled analysis. Application of 100 per cent RDF resulted in 25.94 and 2.71 per cent 

increase in total potassium uptake over 50 and 75 per cent RDF, respectively. 

Effect of organic sources: A perusal of data presented in Table 4.18 and fig 4.7 

revealed that total potassium uptake improved significantly under the influence of 

different treatments of organic manures during both the years and in pooled basis. The 

significantly highest total potassium uptake was observed with the application of 

vermicompost @ 5 t ha-1 over 5 t FYM ha-1, 2.5 t vermicompost ha-1 and 10 t FYM 

ha-1 during the both the years and in pooled analysis. Application of vermicompost @ 

5 t ha-1 increased the mean total potassium uptake significantly by 27.26, 20.25 and 

5.45 per cent over 5 t FYM ha-1, 2.5 t vermicompost ha-1 and 10 t FYM ha-1, 

respectively. 
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Effect of bio-inoculants: Further examination of data presented in Table 4.18 and fig 

4.7 revealed that inoculation with biofertilizer significantly affect the total potassium 

uptake during both the years and pooled basis. Dual inoculation of wheat seeds with 

Azotobactor + PSB significantly increased the mean total potassium uptake by 10.44 

per cent over no inoculation. 

Interaction effect of fertility levels and organic manures: It is inferred that the 

combined application of fertility levels and organic manures on total potassium 

uptake was found to be significant (Table 4.21). The significantly maximum total 

potassium uptake (193.3 q ha-1) was recorded with combined application of 

vermicompost @ 5 t ha-1 + 75 per cent RDF over other treatments but remained at par 

with vermicompost @ 5 t ha-1 + 100 per cent RDF. The minimum total potassium 

uptake (126.2 q ha-1) was obtained under the treatments involving application of FYM 

@ 5 t ha-1 + 50 per cent RDF. 

4.1.2.25 Iron uptake by grain 

Effect of fertility levels: Increasing levels in fertility significantly influenced the iron 

uptake by grain during both the years of experimentation and on pooled basis (Table 

4.22 and fig 4.8). The significantly maximum iron uptake by grain was found with 

100 percent RDF over 50 per cent and 75 per cent RDF during both the years and in 

pooled analysis. The per cent increase in mean iron uptake by grain due to 100 RDF 

were 25.91 and 5.22 per cent over 50 per cent and 75 per cent RDF, respectively. 

Effect of organic sources: The data given in Table 4.22 and fig 4.8 showed that iron 

uptake by grain significantly influenced by different treatments of organic manures 

during both the years and pooled basis. The significantly maximum iron uptake by 

grain was observed with the application of 5 t vermicompost ha-1 over 5 t FYM ha-1, 

2.5 t vermicompost ha-1 and 10 t FYM ha-1 during the both the years and in pooled 

analysis. The magnitude of percent increase in mean iron uptake by grain due to 5 t 

vermicompost ha-1 by 35.38, 24.07 and 5.77 per cent over 5 t FYM ha-1, 2.5 t 

vermicompost ha-1 and 10 t FYM ha-1, respectively. 

Effect of bio-inoculants: Data presented in Table 4.22 and fig 4.8 further showed 

that iron uptake by grain affected due to inoculation of biofertilizer during both the 

years and pooled basis. The significantly maximum iron uptake by grain was found 



with dual inoculation of Azotobacter + PSB which was 9.49 per cent higher over 

without inoculation. 

4.1.2.26 Iron uptake by straw 

Effect of fertility levels: An appraisal of data presented in Table 4.22 and fig 4.8 

indicated that increasing levels of fertilizer significantly influenced the iron uptake by 

straw over 50 per cent and 75 per cent RDF during both the years of experiment and 

on pooled basis. The significantly maximum iron uptake in straw was found with 100 

per cent RDF over 50 per cent and 75 per cent RDF during both the years of 

experimentation and in pooled analysis. The per cent increase in iron uptake by straw 

due to application of 100 per cent RDF were 23.18 and 3.61 per cent over 50 per cent 

and 75 per cent RDF, respectively. 

Effect of organic sources: A critical examination of data given in Table 4.22 and fig 

4.8 revealed that the iron uptake by straw improved significantly under the influence 

of different treatments of organic manures during both the years and in pooled basis. 

The significantly maximum iron uptake by straw was observed with the application of 

5 t ha-1 vermicompost over 5 t FYM ha-1, 2.5 t vermicompost ha-1 and 10 t FYM ha-1 

during the both the years and in pooled analysis. The application of 5 t vermicompost 

ha-1 increased the mean iron uptake by straw significantly by 25.65, 20.63 and 6.07 

per cent over 5 t FYM ha-1, 2.5 t vermicompost ha-1 and 10 t FYM ha-1, respectively. 

Effect of bio-inoculants: Further examination of data presented in Table 4.22 and fig 

4.8 revealed that inoculation with biofertilizer significantly affect the iron uptake by 

straw during both the years and pooled basis. Dual inoculation of wheat seeds with 

Azotobactor + PSB significantly increased the mean iron uptake by straw by 7.86 per 

cent over no inoculation. 

4.1.2.27 Total iron uptake 

Effect of fertility levels: An evaluation of data presented in Table 4.22 and fig 4.8 

indicated that increasing levels of fertilizer significantly influenced the total iron 

uptake during both the years of experiment and on pooled basis. The significantly 

maximum total iron uptake was found with 100 per cent RDF over 50 per cent and 75 

per cent RDF during both the years of experimentation and in pooled analysis. 
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Application of 100 per cent RDF resulted in 23.83 and 3.99 per cent increase in total 

iron uptake over 50 and 75 per cent RDF, respectively. 

Effect of organic sources: The data presented in Table 4.22 and fig 4.8 revealed that 

total iron uptake improved significantly under the influence of different treatments of 

organic manures during both the years and in pooled basis. The significantly highest 

total iron uptake was observed with the application of vermicompost @ 5 t ha-1 over 5 t 

FYM ha-1, 2.5 t vermicompost ha-1 and 10 t FYM ha-1 during the both the years and in 

pooled analysis. Application of vermicompost @ 5 t ha-1 increased the mean total iron 

uptake significantly by 27.89, 21.45 and 6.01 per cent over 5 t FYM ha-1, 2.5 t 

vermicompost ha-1 and 10 t FYM ha-1, respectively. 

Effect of bio-inoculants: Further examination of data presented in Table 4.22 and fig 

4.8 revealed that inoculation with biofertilizer significantly affect the total iron uptake 

during both the years and pooled basis. Dual inoculation of wheat seeds with 

Azotobactor + PSB significantly increased the mean total iron uptake by 8.25 per cent 

over no inoculation. 

4.1.2.28 Manganese uptake by grain 

Effect of fertility levels: Increasing levels in fertility significantly influenced the 

manganese uptake by grain during both the years of experimentation and on pooled 

basis (Table 4.23 and fig 4.9). The significantly maximum manganese uptake by grain 

was found with 100 percent RDF over 50 per cent and 75 per cent RDF during both 

the years and in pooled analysis. The per cent increase in mean manganese uptake by 

grain due to 100 RDF were 33.45 and 6.39 per cent over 50 per cent and 75 per cent 

RDF, respectively. 

Effect of organic sources: The data given in Table 4. 23 and fig 4.9 showed that 

manganese uptake by grain significantly influenced by different treatments of organic 

manures during both the years and pooled basis. The significantly maximum 

manganese uptake by grain was observed with the application of 5 t vermicompost ha-1 

over 5 t FYM ha-1, 2.5 t vermicompost ha-1 and 10 t FYM ha-1 during the both the 

years and in pooled analysis. The magnitude of percent increase in mean manganese 

uptake by grain due to 5 t vermicompost ha-1 by 35.69, 23.35 and 6.35 per cent over 5 t 

FYM ha-1, 2.5 t vermicompost ha-1 and 10 t FYM ha-1, respectively. 

Effect of bio-inoculants: Data presented in Table 4. 23 and fig 4.9 further showed 

that manganese uptake by grain affected due to inoculation of biofertilizer during both 



the years and pooled basis. The significantly maximum manganese uptake by grain 

was found with dual inoculation of Azotobacter + PSB which was 13.53 per cent 

higher over without inoculation. 

4.1.2.29 Manganese uptake by straw 

Effect of fertility levels: A perusal of data (Table 4. 23 and fig 4.9) revealed that 

increasing levels of fertilizer significantly influenced the manganese uptake by straw 

over 50 per cent and 75 per cent RDF during both the years of experiment and on 

pooled basis. The significantly maximum manganese uptake in straw was found with 

100 per cent RDF over 50 per cent and 75 per cent RDF during both the years of 

experimentation and in pooled analysis. The per cent increase in manganese uptake by 

straw due to application of 100 per cent RDF were 31.71 and 4.14 per cent over 50 

per cent and 75 per cent RDF, respectively. 

Effect of organic sources: A critical examination of data given in Table 4. 23 and fig 

4.9 revealed that the manganese uptake by straw improved significantly under the 

influence of different treatments of organic manures during both the years and in 

pooled basis. The significantly maximum manganese uptake by straw was observed 

with the application of 5 t ha-1 vermicompost over 5 t FYM ha-1, 2.5 t vermicompost 

ha-1 and 10 t FYM ha-1 during the both the years and in pooled analysis. The 

application of 5t vermicompost ha-1 increased the mean manganese uptake by straw 

significantly by 24.48, 21.15 and 6.10 per cent over 5 t FYM ha-1, 2.5 t vermicompost 

ha-1 and 10 t FYM ha-1, respectively. 

Effect of bio-inoculants: An examination of data presented in Table 4. 23 and fig 4.9 

showed that inoculation with biofertilizer significantly affect the manganese uptake 

by straw during both the years and pooled basis. Dual inoculation of wheat seeds with 

Azotobactor + PSB significantly increased the mean manganese uptake by straw by 

6.61 per cent over no inoculation. 

4.1.2.30 Total manganese uptake 

Effect of fertility levels: An evaluation of data presented in Table 4. 23 and fig 4.9 

indicated that increasing levels of fertilizer significantly influenced the total 

manganese uptake during both the years of experiment and on pooled basis. The 

significantly maximum total manganese uptake was found with 100 per cent RDF 
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over 50 per cent and 75 per cent RDF during both the years of experimentation and in 

pooled analysis. Application of 100 per cent RDF resulted in 32.12 and 4.69 per cent 

increase in total manganese uptake over 50 and 75 per cent RDF, respectively. 

Effect of organic sources: The data presented in Table 4. 23 and fig 4.9 revealed that 

total manganese uptake improved significantly under the influence of different 

treatments of organic manures during both the years and in pooled basis. The 

significantly highest total manganese uptake was observed with the application of 

vermicompost @ 5 t ha-1 over 5 t FYM ha-1, 2.5 t vermicompost ha-1 and 10 t FYM 

ha-1 during the both the years and in pooled analysis. Application of vermicompost @ 

5 t ha-1 increased the mean total manganese uptake significantly by 27.23, 21.73 and 

6.10 per cent over 5 t FYM ha-1, 2.5 t vermicompost ha-1 and 10 t FYM ha-1, 

respectively. 

Effect of bio-inoculants: Further examination of data presented in Table 4. 23 and fig 

4.9 revealed that inoculation with biofertilizer significantly affect the total manganese 

uptake during both the years and pooled basis. Dual inoculation of wheat seeds with 

Azotobactor + PSB significantly increased the mean total manganese uptake by 8.42 

per cent over no inoculation. 

4.1.2.31 Zinc uptake by grain 

Effect of fertility levels: An examination of data presented in Table 4.24 and fig 4.10 

revealed that increasing levels of fertilizer significantly influenced the zinc uptake by 

grain during both the years of experiment and on pooled basis. The significantly 

maximum zinc uptake by grain was found when soil was enriched with 100 percent 

RDF over 50 per cent and 75 per cent RDF during both the years and in pooled 

analysis. The magnitude of mean zinc uptake by grain increased by 32.75 and 5.83 

per cent due to 100 RDF over 50 per cent and 75 per cent RDF, respectively. 

Effect of organic sources: Zinc uptake by grain under the influence of different 

treatments of organic manures is presented in Table 4.24 and fig 4.10 revealed that the 

application of different organic manures differed significantly during both the years 

and pooled basis. The significantly maximum zinc uptake in grain was observed with 

the application of vermicompost @ 5 t ha-1 over 5 t FYM ha-1, 2.5 t vermicompost ha-1 

and 10 t FYM ha-1 during the both the years and in pooled analysis. Application of 5t 

vermicompost ha-1 increased the mean zinc uptake by grain significantly by 35.75, 



23.90 and 6.99 per cent over 5 t FYM ha-1, 2.5 t vermicompost ha-1 and 10 t FYM ha-1, 

respectively. 

Effect of bio-inoculants: Data presented in Table 4.24 and fig 4.10 showed that zinc 

uptake by grain affected due to inoculation of biofertilizer during both the years and 

pooled basis. The significantly maximum zinc uptake by grain was found with dual 

inoculation of Azotobacter + PSB which was 13.55 percent higher over without 

inoculation. 

4.1.2.32 Zinc uptake by straw 

Effect of fertility levels: The data presented in Table 4.24 and fig 4.10 revealed that 

increasing levels of fertilizer significantly influenced the zinc uptake by straw over 50 

per cent and 75 per cent RDF during both the years of experiment and on pooled 

basis. The significantly maximum zinc uptake by straw was found with 100 per cent 

RDF over 50 per cent and 75 per cent RDF during both the years of experimentation 

and in pooled analysis. Application of 100 per cent RDF resulted in 32.89 and 5.37 

per cent increase in zinc uptake by straw over 50 per cent and 75 per cent RDF, 

respectively. 

Effect of organic sources: The data given in Table 4.24 and fig 4.10 showed that the 

zinc uptake by straw improved significantly under the influence of different 

treatments of organic manures during both the years and in pooled basis. The 

significantly maximum zinc uptake by straw was observed with the application of 5 t 

ha-1 vermicompost over 5 t FYM ha-1, 2.5 t vermicompost ha-1 and 10 t FYM ha-1 

during the both the years and in pooled analysis. Application of 5 t vermicompost ha-1 

increased the mean zinc uptake by straw significantly by 27.60, 20.45 and 5.43 per 

cent over 5 t FYM ha-1, 2.5 t vermicompost ha-1 and 10 t FYM ha-1, respectively. 

Effect of bio-inoculants: Further examination of data presented in Table 4.24 and fig 

4.10 revealed that inoculation with biofertilizer significantly affect the zinc uptake by 

straw during both the years and pooled basis. Dual inoculation of wheat seeds with 

Azotobactor + PSB significantly increased the mean zinc uptake by straw by 9.81 per 

cent over no inoculation. 

4.1.2.33 Total zinc uptake 

Effect of fertility levels: A perusal of data presented in Table 4.24 and fig 4.10 

revealed that fertility level of 100% RDF significantly influenced the total zinc uptake 
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over 50 and 75 per cent RDF during both the years of experiment and on pooled basis. 

The significantly maximum total zinc uptake was found with 100 per cent RDF over 

50 per cent and 75 per cent RDF during both the years of experimentation and in 

pooled analysis. Application of resulted in 32.83 and 5.58 per cent increase in total 

zinc uptake over 50 and 75 per cent RDF, respectively. 

Effect of organic sources: Experimental data given in Table 4.24 and fig 4.10 

showed that total zinc uptake improved significantly under the influence of different 

treatments of organic manures during both the years and in pooled basis. The 

significantly highest total zinc uptake was observed with the application of 

vermicompost @ 5 t ha-1 over 5 t FYM ha-1, 2.5 t vermicompost ha-1 and 10 t FYM 

ha-1 during the both the years and in pooled analysis. Application of vermicompost @ 

5 t ha-1 increased the mean total zinc uptake significantly by 31.25, 22.02 and 6.15 per 

cent over 5 t FYM ha-1, 2.5 t vermicompost ha-1 and 10 t FYM ha-1, respectively. 

Effect of bio-inoculants: Further examination of data presented in Table 4.24 and fig 

4.10 revealed that inoculation with biofertilizer significantly affect the total zinc 

uptake during both the years and pooled basis. Dual inoculation of wheat seeds with 

Azotobactor + PSB significantly increased the mean total zinc uptake by 11.50 per 

cent over no inoculation. 

4.1.2.34 Copper uptake by grain 

Effect of fertility levels: A critical examination of data presented in Table 4.25 and 

fig 4.11 indicated that increasing levels of fertilizer significantly influenced the 

copper uptake by grain during both the years of experiment and on pooled basis. The 

significantly maximum copper uptake by grain was found when soil was enriched 

with 100 percent RDF over 50 per cent and 75 per cent RDF during both the years 

and in pooled analysis. The magnitude of mean copper uptake by grain increased by 

32.39 and 6.21 per cent due to 100 RDF over 50 per cent and 75 per cent RDF, 

respectively. 

Effect of organic sources: Copper uptake by grain under the influence of different 

treatments of organic manures are presented in Table 4.25 and fig 4.11 revealed that 

the application of different organic manures differed significantly with respect to 

copper uptake by grain during both the years and pooled basis. The significantly 

maximum copper uptake in grain was observed with the application of vermicompost 

@ 5 t ha-1 over 5 t FYM ha-1, 2.5 t vermicompost ha-1 and 10 t FYM ha-1 during the 

both the years and in pooled analysis. Application of vermicompost @ 5 t ha-1 



increased the mean copper uptake by grain significantly by 34.03, 23.32 and 5.75 per 

cent over 5 t FYM ha-1, 2.5 t vermicompost ha-1 and 10 t FYM ha-1, respectively. 

Effect of bio-inoculants: Data presented in Table 4.25 and fig 4.11 showed that 

copper uptake by grain affected due to inoculation of biofertilizer during both the 

years and pooled basis. The significantly maximum copper uptake by grain was found 

with dual inoculation of Azotobacter + PSB which was 13.61 per cent higher over 

without inoculation. 

4.1.2.35 Copper uptake by straw 

Effect of fertility levels: The data presented in Table 4.25 and fig 4.11 revealed that 

increasing levels of fertilizer significantly influenced the copper uptake by straw over 

50 per cent and 75 per cent RDF during both the years of experiment and on pooled 

basis. The significantly maximum copper uptake by straw was found with 100 per 

cent RDF over 50 per cent and 75 per cent RDF during both the years of 

experimentation and in pooled analysis. Application of 100 per cent RDF resulted in 

31.66 and 4.92 per cent increase in copper uptake by straw over 50 per cent and 75 

per cent RDF, respectively. 

Effect of organic sources: Data (Table 4.25 and fig 4.11) showed that the copper 

uptake by straw improved significantly under the influence of different treatments of 

organic manures during both the years and in pooled basis. The significantly 

maximum copper uptake by straw was observed with the application of 5 t ha-1 

vermicompost over 5 t FYM ha-1, 2.5 t vermicompost ha-1 and 10 t FYM ha-1 during 

the both the years and in pooled analysis. Application of 5 t vermicompost ha-1 

increased the mean copper uptake by straw significantly by 30.26, 23.01 and 9.63 per 

cent over 5 t FYM ha-1, 2.5 t vermicompost ha-1 and 10 t FYM ha-1, respectively. 

Effect of bio-inoculants: Further examination of data presented in Table 4.25 and fig 

4.11 revealed that inoculation with biofertilizer significantly affect the copper uptake 

by straw during both the years and pooled basis. Dual inoculation of wheat seeds with 

Azotobactor + PSB significantly increased the mean copper uptake by straw by 12.4 

per cent over no inoculation. 

4.1.2.36 Total copper uptake 

Effect of fertility levels: A perusal of data presented in Table 4.25 and fig 4.11 

revealed that fertility level of 100 % RDF significantly influenced the total copper 
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uptake over 50 and 75 per cent RDF during both the years of experiment and on 

pooled basis. The significantly maximum total copper uptake was found with 100 per 

cent RDF over 50 per cent and 75 per cent RDF during both the years of 

experimentation and in pooled analysis. Application of resulted in 31.86 and 5.45 per 

cent increase in total nitrogen copper over 50 and 75 per cent RDF, respectively. 

Effect of organic sources: It is apparent from the data given in Table 4.25 and fig 

4.11 that total copper uptake improved significantly under the influence of different 

treatments of organic manures during both the years and in pooled basis. The 

significantly highest total copper uptake was observed with the application of 

vermicompost @ 5 t ha-1 over 5 t FYM ha-1, 2.5 t vermicompost ha-1 and 10 t FYM 

ha-1 during the both the years and in pooled analysis. Application of vermicompost @ 

5 t ha-1 increased the mean total copper uptake significantly by 32.20, 23.17 and 7.57 

per cent over 5 t FYM ha-1, 2.5 t vermicompost ha-1 and 10 t FYM ha-1, respectively. 

Effect of bio-inoculants: Further examination of data presented in Table 4.25 and fig 

4.11 revealed that inoculation with biofertilizer significantly affect the total copper 

uptake during both the years and pooled basis. Dual inoculation of wheat seeds with 

Azotobactor + PSB significantly increased the mean total copper uptake by 13.01 per 

cent over no inoculation. 

4.1.3 Physico-chemical Properties of Soil 

4.1.3.1 Bulk density 

Effect of fertility levels: The data presented in Table 4.26 showed that bulk density 

of soil ranges between (1.43, 1.45 and 1.44 Mg m-3) at 50 per cent, (1.41, 1.43 and 

1.42 Mg m-3) at 75 per cent and (1.40, 1.43 and 1.42 Mg m-3) at 100 per cent RDF 

which emphasized that bulk density of soil was not influenced significantly due to the 

application of increasing levels of fertilizer during both the years as well as in pooled 

analysis. 

Effect of organic sources: A perusal of data (Table 4.26) showed that bulk density of 

soil ranges between (1.40, 1.43 and 1.41 Mg m-3) at 5 t FYM ha-1, (1.44, 1.46 and 

1.45 Mg m-3) at 10 t FYM ha-1, (1.39, 1.42 and 1.41 Mg m-3) at 5 t vermicompost ha-1 

and (1.43, 1.44 and 1.43 Mg m-3) at 10 t vermicompost ha-1 which was not influenced 



significantly due to application of different treatments of organic manures during both 

the years as well as in pooled analysis. 

Effect of bio-inoculants: Data (Table 4.26) further revealed that bulk density of soil 

ranges between (1.41, 1.43 and 1.42 Mg m-3) at without inoculation and (1.42, 1.44 

and 1.43 Mg m-3) at when seeds were inoculated with Azotobacter + PSB which 

showed that bulk density was not influenced significantly due to the inoculation of 

biofertilizer during both the years as well as in pooled basis. 

4.1.3.2 Particle density 

Effect of fertility levels: A perusal of data presented in Table 4.26 showed that 

particle density of soil ranges between (2.51, 2.53 and 2.52 Mg m-3) at 50 per cent, 

(2.49, 2.51 and 2.50 Mg m-3) at 75 per cent and (2.48, 2.50 and 2.49 Mg m-3) at 100 

per cent RDF which emphasized that particle density of soil was not influenced 

significantly due to the application of increasing levels of fertilizer during both the 

years as well as in pooled analysis. 

Effect of organic sources: A critical examination of data (Table 4.26) revealed that 

particle density of soil of soil ranges between (2.46, 2.49 and 2.48 Mg m-3) at 5 t FYM 

ha-1, (2.55, 2.56 and 2.56 Mg m-3) at 10 t FYM ha-1, (2.45, 2.47 and 2.46 Mg m-3) at 5 t 

vermicompost ha-1 and (2.52, 2.51 and 2.52 Mg m-3) at 10 t vermicompost ha-1 which 

was not influenced significantly due to application of different treatments of organic 

manures during both the years as well as in pooled analysis. 

Effect of bio-inoculants: Data (Table 4.26) further revealed that particle density of 

soil ranges between (2.49, 2.51 and 2.50 Mg m-3) at without inoculation and (2.50, 

2.52 and 2.51 Mg m-3) at when seeds were inoculated with Azotobacter + PSB which 

showed that bulk density was not influenced significantly due to the inoculation of 

biofertilizer during both the years as well as in pooled basis. 

4.1.3.3 Porosity 

Effect of fertility levels: The data presented in Table 4.26 showed that porosity of 

soil was not influenced significantly due to the application of increasing levels of 

fertilizer during both the years as well as in pooled analysis. 

Effect of organic sources: A perusal of data (Table 4.26) showed that porosity of soil 

was not influenced significantly due to application of different treatments of organic 

manures during both the years as well as in pooled analysis. 
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Effect of bio-inoculants: Data (Table 4.26) further revealed that porosity of soil was 

not influenced significantly due to the inoculation of biofertilizer during both the 

years as well as on in pooled. 

4.1.3.4 Water holding capacity 

Effect of fertility levels: An examination of data presented in Table 4.26 revealed 

that fertility level of 100 % RDF significantly influenced the water holding capacity 

over 50 and 75 per cent RDF during both the years of experiment and on pooled basis. 

The significantly maximum water holding capacity was found with 100 per cent RDF 

over 50 per cent and 75 per cent RDF during both the years of experimentation and in 

pooled analysis. Application of resulted in 8.25 and 3.45 per cent increase in water 

holding capacity over 50 and 75 per cent RDF, respectively. 

Effect of organic sources: It is apparent from the data given in Table 4.26 that water 

holding capacity improved significantly under the influence of different treatments of 

organic manures during both the years and in pooled basis. The significantly highest 

water holding capacity was observed with the application of vermicompost @ 5 t ha-1 

over 5 t FYM ha-1, 2.5 t vermicompost ha-1 and 10 t FYM ha-1 during the both the 

years and in pooled analysis. Application of vermicompost @ 5 t ha-1 increased the 

mean water holding capacity significantly by 10.05, 4.07 and 7.18 per cent over 5 t 

FYM ha-1, 2.5 t vermicompost ha-1 and 10 t FYM ha-1, respectively. 

Effect of bio-inoculants: Further examination of data presented in Table 4.26 

revealed that inoculation with biofertilizer significantly affect the water holding 

capacity during both the years and pooled basis. Dual inoculation of wheat seeds with 

Azotobactor + PSB significantly increased the mean water holding capacity by 2.66 

per cent over no inoculation. 

4.1.3.5 pH 

Effect of fertility levels: The data presented in Table 4.27 showed that pH of soil was 

not influenced significantly due to the application of increasing levels of fertilizer 

during both the years as well as in pooled analysis. 

Effect of organic sources: A perusal of data (Table 4.27) showed that pH of soil was 

not influenced significantly due to application of different treatments of organic 

manures during both the years as well as in pooled analysis. 
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Effect of bio-inoculants: Data (Table 4.27) further revealed that pH of soil was not 

influenced significantly due to the inoculation of biofertilizer during both the years as 

well as in pooled analysis. 

4.1.3.6 EC 

Effect of fertility levels: The data presented in Table 4.27 showed that EC of soil was 

not influenced significantly due to the application of increasing levels of fertilizer 

during both the years as well as in pooled analysis. 

Effect of organic sources: A perusal of data (Table 4.27) showed that EC of soil was 

not influenced significantly due to application of different treatments of organic 

manures during both the years as well as in pooled analysis. 

Effect of bio-inoculants: Data (Table 4.27) further revealed that EC of soil was not 

influenced significantly due to the inoculation of biofertilizer during both the years as 

well as in pooled basis. 

4.1.3.7 Organic carbon 

Effect of fertility levels: An examination of data presented in Table 4.27 revealed 

that increasing levels of fertilizer significantly influence the organic carbon content 

during both the years of experiment and pooled basis. The significantly maximum 

organic carbon content (0.66, 0.69 and 0.68 %) was found in 75 per cent RDF over 50 

per cent RDF (0.61, 0.65 and 0.63 %) and statistically at par with 100 per cent RDF 

(0.67, 0.70 and 0.69 %) during both the years and in pooled. On pooled basis, 

application of 100 and 75 per cent RDF resulted in 8.73 and 7.14 per cent increase 

organic carbon content over 50 per cent RDF, respectively. 

Effect of organic sources: Data on organic carbon content under the influence of 

different treatments of organic manure are presented in Table 4.27 revealed that the 

application of different organic manures differed significantly with respect to organic 

carbon of the soil during both the years and pooled basis. The significantly maximum 

organic carbon content (0.68, 0.72 and 0.70 %) recorded under the FYM @ 10 t ha-1 

over 2.5 t vermicompost ha-1 (0.61, 0.65 and 0.63 %) and 5 t vermicompost ha-1 (0.63, 

0.67 and 0.65 %) during both the years and in pooled. On pooled basis, application of 

FYM @10 t ha-1 resulted in 11.11 and 7.69 per cent increase in organic carbon 

content over 2.5 t vermicompost ha-1 and 5 t vermicompost ha-1, respectively. 



Effect of bio-inoculants: Data (Table 4.27) further revealed that organic carbon 

content of soil was not influenced significantly due to the inoculation of biofertilizer 

during both the years as well as in pooled analysis. 

4.1.3.8 Available nitrogen 

Effect of fertility levels: An assessment of data presented in Table 4.28 revealed that 

increasing levels of fertilizer significantly influenced the available nitrogen status of 

the soil during both the years of experimentation and in pooled. The significantly 

maximum available nitrogen in soil was found with the treatment 75 per cent RDF 

(323.6, 330.3 and 326.9 kg ha-1) over 50 per cent RDF (309.4, 313.6 and 311.5 kg ha-

1) and statistically at par with 100 per cent RDF (330.8, 334.7 and 332.7 kg ha-1) 

during both the years and in pooled analysis. On pooled basis, application of 100 and 

75 per cent RDF resulted in 6.81 and 4.94 per cent increase available nitrogen in soil 

over 50 per cent RDF, respectively. 

Effect of organic sources: It is evident from data presented in Table 4.28 revealed 

that the application of different organic manures were laid out significant affect on 

available nitrogen in soil during both the years and in pooled. The significantly 

maximum available nitrogen in soil was recorded (335.2, 347.6 and 341.4 kg ha-1) 

with the application of 5 t vermicompost ha-1 over 5 t FYM ha-1 (303.9, 308.7 and 

306.3 kg ha-1) and 10 t FYM ha-1 (316.5, 310.2 and 313.3 kg ha-1) but statistically at 

par with vermicompost @ 2.5 t ha-1 (329.6, 338.2 and 333.9 kg ha-1) during both the 

years and in pooled analysis. On pooled basis, application of vermicompost @ 5 t ha-1 

resulted in 11.46 and 8.97 per cent increase in available nitrogen in soil over 5 t FYM 

ha-1 and 10 t FYM ha-1, respectively. 

Effect of bio-inoculants: A perusal of data presented in Table 4.28 showed that 

available nitrogen in soil affected due to inoculation of biofertilizer during both the 

years and pooled basis. The significantly maximum available nitrogen in soil (325.3, 

331.1 and 328.2 kg ha-1) was found with combined application of Azotobacter + PSB 

over without inoculation (317.3, 321.3 and 319.3 kg ha-1) during both the years of 

study and in pooled basis. On pooled basis dual inoculation of wheat seed with 

Azotobacter + PSB resulted in 2.79 per cent increase in available nitrogen in soil over 

without inoculation, respectively. 

 



4.1.3.9 Available phosphorus 

Effect of fertility levels: It is evident from the data presented in Table 4.28 that 

increasing levels of fertilizer significantly influenced the available phosphorus status 

of the soil during both the years of experimentation and in pooled basis. The 

significantly maximum available phosphorus in soil was found with the treatment 75 

per cent RDF (24.88, 26.52 and 25.70 kg ha-1) over 50 per cent RDF (23.64, 24.97 

and 24.30 kg ha-1) and statistically at par with 100 per cent RDF (25.62, 26.98 and 

26.30 kg ha-1) during both the years and in pooled analysis. On pooled basis, 

application of 100 and 75 per cent RDF resulted in 8.05 and 6.21 per cent increase 

available phosphorus in soil over 50 per cent RDF, respectively. 

Effect of organic sources: A perusal of data presented in Table 4.28 showed that the 

application of different organic manures were laid out significant affect on available 

phosphorus in soil during both the years and in pooled analysis. The significantly 

maximum available phosphorus in soil was recorded (26.11, 27.94 and 27.03 kg ha-1) 

with the application of 5 t vermicompost ha-1 over 5 t FYM ha-1 (23.24, 24.69 and 

23.97 kg ha-1) and 10 t FYM ha-1 (24.06, 25.10 and 24.58 kg ha-1) but statistically at 

par with vermicompost @ 2.5 t ha-1 (25.446, 26.89 and 26.16 kg ha-1) during both the 

years and in pooled analysis. On pooled basis, application of vermicompost @ 5 t ha-1 

resulted in 13.16 and 11.31 per cent increase in available phosphorus in soil over 5 t 

FYM ha-1 and 10 t FYM ha-1, respectively. 

Effect of bio-inoculants: The data presented in Table 4.28 showed that available 

phosphorus in soil affected due to inoculation of biofertilizer during both the years 

and pooled basis. The significantly maximum available phosphorus in soil (25.13, 

26.60 and 25.86 kg ha-1) was found with combined application of Azotobacter + PSB 

over without inoculation (24.30, 25.71 and 25.01 kg ha-1) during both the years of 

study and in pooled basis. On pooled basis dual inoculation of wheat seed with 

Azotobacter + PSB resulted in 3.46 per cent increase in available phosphorus in soil 

over without inoculation, respectively. 

4.1.3.10 Available potassium 

Effect of fertility levels: A critical examination of data presented in Table 4.28 

indicated that increasing levels of fertilizer significantly influenced the available 

potassium status of the soil during both the years of experimentation and in pooled 

basis. The significantly maximum available potassium in soil was found with the 

treatment 75 per cent RDF (313.9, 318.5 and 316.2 kg ha-1) over 50 per cent RDF 
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(295.2, 297.1 and 296.1 kg ha-1) and statistically at par with 100 per cent RDF (317.7, 

321.9 and 319.8 kg ha-1) during both the years and in pooled analysis. On pooled 

basis, application of 100 and 75 per cent RDF resulted in 8.01 and 6.79 per cent 

increase available potassium in soil over 50 per cent RDF, respectively. 

Effect of organic sources: The data presented in Table 4.28 showed that the 
application of different organic manures were laid out significant affect on available 
potassium in soil during both the years and in pooled analysis. The significantly 
maximum available potassium in soil was recorded (323.7, 329.2 and 326.5 kg ha-1) 
with the application of 5 t vermicompost ha-1 over 5 t FYM ha-1 (290.9, 293.9 and 
292.4 kg ha-1) and 10 t FYM ha-1 (302.3, 302.5 and 302.4 kg ha-1) but statistically at 
par with vermicompost @ 2.5 t ha-1 (318.8, 324.4 and 321.6 kg ha-1) during both the 
years and in pooled analysis. On pooled basis, application of vermicompost @ 5 t ha-1 
resulted in 11.66 and 7.97 per cent increase in available potassium in soil over 5 t 
FYM ha-1 and 10 t FYM ha-1, respectively. 

Effect of bio-inoculants: Data (Table 4.28) further showed that available potassium 
in soil affected due to inoculation of biofertilizer during both the years and pooled 
basis. The significantly maximum available potassium in soil (313.2, 316.5 and 314.9 
kg ha-1) was found with combined application of Azotobacter + PSB over without 
inoculation (304.6, 308.5 and 306.6 kg ha-1) during both the years of study and in 
pooled basis. On pooled basis dual inoculation of wheat seed with Azotobacter + PSB 
resulted in 2.71 per cent increase in available potassium in soil over without 
inoculation, respectively. 

4.1.3.11 Available iron 

Effect of fertility levels: A perusal of data presented in Table 4.29 showed that 
increasing levels of fertilizer significantly influenced the available iron content of soil 
during both the years of experimentation and in pooled basis. The significantly 
maximum available iron in soil was found in 75 per cent RDF over 50 per cent RDF 
but remained at par with 100 per cent RDF during both the years and in pooled 
analysis. The per cent increase in mean available iron content in soil due to 
application of 100 and 75 per cent RDF were 6.95 and 5.30 per cent over 50 per cent 
RDF, respectively. 

Effect of organic sources: An appraisal of data presented in Table 4.29 revealed that 
application of different organic manures significantly affect the available iron in soil 
during both the years and in pooled analysis. The significantly maximum available 
iron content in soil was recorded with 5 t vermicompost ha-1 over 5 t FYM ha-1 and 



2.5 t vermicompost ha-1 but statistically at par with 10 t FYM ha-1 during both the 
years and in pooled analysis. Application of vermicompost @ 5 t ha-1 resulted in 
12.16 and 8.85 per cent increase in available iron in soil over 5 t FYM ha-1 and 2.5 t 
vermicompost ha-1, respectively. 

Effect of bio-inoculants: Data (Table 4.29) further showed that available iron content 

in soil was not influenced significantly due to the inoculation of biofertilizer during 

both the years as well as in pooled analysis. 

4.1.3.12 Available manganese 

Effect of fertility levels: A perusal of data presented in Table 4.29 showed that 

increasing levels of fertilizer significantly influenced the available manganese content 

of soil during both the years of experimentation and in pooled basis. The significantly 

maximum available manganese in soil was found in 75 per cent RDF over 50 per cent 

RDF but remained at par with 100 per cent RDF during both the years and in pooled 

analysis. The per cent increase in mean available manganese content in soil due to 

application of 100 and 75 per cent RDF were 5.68 and 4.39 per cent over 50 per cent 

RDF, respectively. 

Effect of organic sources: An appraisal of data presented in Table 4.29 revealed that 

application of different organic manures significantly affect the available manganese 

in soil during both the years and in pooled analysis. The significantly maximum 

available manganese content in soil was recorded with 5 t vermicompost ha-1 over 5 t 

FYM ha-1 and 2.5 t vermicompost ha-1 but statistically at par with 10 t FYM ha-1 

during both the years and in pooled analysis. Application of vermicompost @ 5 t ha-1 

resulted in 11.01 and 8.78 per cent increase in available manganese in soil over 5 t 

FYM ha-1 and 2.5 t vermicompost ha-1, respectively. 

Effect of bio-inoculants: Data (Table 4.29) further showed that available manganese 

content in soil was not influenced significantly due to the inoculation of biofertilizer 

during both the years as well as in pooled analysis. 

4.1.3.13 Available zinc 

Effect of fertility levels: A critical examination of data presented in Table 4.29 

showed that increasing levels of fertilizer significantly influenced the available zinc 

content of soil during both the years of experimentation and in pooled basis. The 

significantly maximum available zinc in soil was found in 75 per cent RDF over 50 
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per cent RDF but remained at par with 100 per cent RDF during both the years and in 

pooled analysis. The per cent increase in mean available zinc content in soil due to 

application of 100 and 75 per cent RDF were 5.16 and 4.37 per cent over 50 per cent 

RDF, respectively. 

Effect of organic sources: An examination of data (Table 4.29) showed that 

application of different organic manures significantly affect the available zinc in soil 

during both the years and in pooled analysis. The significantly maximum available 

zinc content in soil was recorded with 5 t vermicompost ha-1 over 5 t FYM ha-1 and 

2.5 t vermicompost ha-1 but statistically at par with 10 t FYM ha-1 during both the 

years and in pooled analysis. Application of vermicompost @ 5 t ha-1 resulted in 

10.53 and 8.33 per cent increase in available zinc in soil over 5 t FYM ha-1 and 2.5 t 

vermicompost ha-1, respectively. 

Effect of bio-inoculants: Data (Table 4.29) further showed that available zinc content 

in soil was not influenced significantly due to the inoculation of biofertilizer during 

both the years as well as in pooled analysis. 

4.1.3.14 Available copper 

Effect of fertility levels: Data (Table 4.29) indicated that increasing levels of 

fertilizer significantly influenced the available copper content of soil during both the 

years of experimentation and in pooled basis. The significantly maximum available 

copper in soil was found in 75 per cent RDF over 50 per cent RDF but remained at 

par with 100 per cent RDF during both the years and in pooled analysis. The per cent 

increase in mean available copper content in soil due to application of 100 and 75 per 

cent RDF were 5.15 and 4.12 per cent over 50 per cent RDF, respectively. 

Effect of organic sources: A perusal of data (Table 4.29) showed that application of 

different organic manures significantly affect the available copper in soil during both 

the years and in pooled analysis. The significantly maximum available copper content 

in soil was recorded with 5 t vermicompost ha-1 over 5 t FYM ha-1 and 2.5 t 

vermicompost ha-1 but statistically at par with 10 t FYM ha-1 during both the years and 

in pooled analysis. Application of vermicompost @ 5 t ha-1 resulted in 9.95 and 8.25 

per cent increase in available copper in soil over 5 t FYM ha-1 and 2.5 t vermicompost 

ha-1, respectively. 



Effect of bio-inoculants: Data (Table 4.29) further showed that available copper 

content in soil was not influenced significantly due to the inoculation of biofertilizer 

during both the years as well as in pooled analysis. 

4.1.4 Biological Properties of Soil 

4.1.4.1 Dehydrogenase activity 

Effect of fertility levels: It is evident from the data presented in Table 4.30 that 

increasing levels of fertilizer significantly influenced the dehydrogenase activity 

during both the years of experimentation and in pooled basis. The significantly 

maximum dehydrogenase activity was recorded as (5.66, 5.71 and 5.75 µg TPF g-1 

soil) with application of 75 per cent RDF over 50 per cent RDF and statistically at par 

with 100 per cent RDF during both the years and in pooled. 

Effect of organic sources: Data related to dehydrogenase activity under the influence 

of different treatments of organic manures are presented in Table 4.30 indicated that 

the application of different organic manures significantly increased the dehydrogenase 

activity during both the years and pooled basis. The significantly maximum 

dehydrogenase activity recorded as (5.77, 5.89 and 5.83 µg TPF g-1 soil) with the 

application of vermicompost @ 5 t ha-1 over both the levels FYM @ 10 t and 5 t ha-1 

and remained at par with vermicompost @ 2.5 t ha-1 during both the years and in 

pooled analysis. 

Effect of bio-inoculants: Data presented in Table 4.30 showed that dehydrogenase 

activity significantly affected due to inoculation of biofertilizer during both the years 

and pooled basis. The maximum dehydrogenase activity was recorded (5.67, 5.80 and 

5.74 µg TPF g-1 soil) with the combined application of Azotobacter + PSB which was 

significantly superior over no inoculation during both the years and in pooled basis. 

4.1.4.2 Bacteria population 

Effect of fertility levels: An examination of data presented in Table 4.30 revealed 

that increasing levels of fertilizer significantly influenced the bacterial population 

during both the years of experiment and pooled basis. The significantly maximum 

bacterial population was recorded (25.84, 26.14 and 25.99 x105 CFU g-1) with the 

application of 75 per cent RDF over 50 per cent RDF (24.27, 25.19 and 24.73 x105 

CFU g-1) and statistically at par with 100 per cent RDF (26.17, 26.46 and 26.32 x105 
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CFU g-1) during both the years and in pooled analysis. On pooled basis, application of 

100 and 75 per cent RDF resulted in 6.43 and 5.10 per cent increase in bacterial 

population over 50 per cent RDF, respectively. 

Effect of organic sources: Data on bacterial population under the influence of 

different treatments of organic manures are presented in Table 4.30 revealed that the 

application of different organic manures differed significantly with respect to bacterial 

population during both the years and pooled basis. The significantly maximum 

bacterial population recorded (26.81, 27.06 and 26.94 x105 CFU g-1) with the 

application of vermicompost @ 5 t ha-1 over FYM @ 5 t ha-1 (24.26, 24.82 and 24.54 

x105 CFU g-1), FYM @ 10 t ha-1 (24.71, 25.54 and 25.12 x105 CFU g-1) and 

vermicompost @ 2.5 t ha-1 (25.92, 26.31 and 26.11 x105 CFU g-1) during both the 

years and in pooled basis. 

Effect of bio-inoculants: An assessment of data presented in Table 4.30 showed that 

bacterial population affected due to inoculation of biofertilizers during both the years 

and pooled basis. The maximum bacterial population was recorded (25.75, 26.25 and 

26.00 x 105 CFU g-1) with the combined application of Azotobacter + PSB which was 

significantly superior over without inoculation (25.11, 25.61 and 25.36 x 105 CFU g-1) 

during both the years and in pooled basis. 

4.1.4.3 Fungi Population 

Effect of fertility levels: An examination of data presented in Table 4.30 revealed 

that increasing levels of fertilizer significantly influenced the fungal population during 

both the years of experiment and pooled basis. The significantly maximum fungal 

population was recorded (25.84, 26.65 and 26.24 x105 CFU g-1) when soil was 

enriched with 75 per cent RDF over 50 per cent RDF (24.48, 25.70 and 25.09 x105 

CFU g-1) and statistically at par with 100 per cent RDF (26.17, 26.94 and 26.55 x105 

CFU g-1) during both the years and in pooled. On pooled basis, application of 100 and 

75 per cent RDF resulted in 5.82 and 4.58 per cent increase in fungal population over 

50 per cent RDF, respectively. 

Effect of organic sources: Data on fungal population under the influence of different 

treatment of organic manures are presented in Table 4.30 and showed that the 

application of different organic manures were found significant with respect to fungal 

population during both the years and pooled basis. The significantly maximum fungal 



population recorded (26.87, 27.86 and 27.37 x 105 CFU g-1) with the application of 

vermicompost @ 5 t ha-1 over FYM @ 5 t ha-1 (24.26, 25.07 and 24.67 x 105 CFU g-1), 

FYM @ 10 t ha-1 (24.88, 26.06 and 25.47 x 105 CFU g-1) and vermicompost @ 2.5 t 

ha-1 (25.98, 26.72 and 26.35 x 105 CFU g-1) during both the years and in pooled basis. 

Effect of bio-inoculants: A perusal of data presented in Table 4.30 showed that 

fungal population influenced due to inoculation of biofertilizer during both the years 

and pooled basis. The significantly maximum fungal population was found with 

combined application of Azotobacter + PSB (25.86, 26.80 and 26.33 x 105 CFU g-1) 

over no inoculation (25.14, 26.05 and 25.60 x 105 CFU g-1) during both the years and 

in pooled basis. 

4.1.5 Economics 

Effect of fertility levels: Data presented in Table 4.31 showed that application of 

increasing level of fertilizers significantly increased the net returns and B:C ratio 

during both the years and in pooled analysis. Application of 75 percent RDF recorded 

significantly highest pooled mean net returns (` 63688) with B:C ratio of 2.28 closely 

followed by 100 per cent RDF (` 66419) with B:C ratio of 2.29. The pooled mean net 

returns was more by ` 12688 and 15419 under 75 % RDF and 100% RDF as 

compared to 50% RDF, respectively. 

Effect of organic sources: The data in Table 4.31 revealed that significantly highest 

pooled mean net returns (` 64661) was found with the application of vermicompost 

@ 5 t ha-1 over other treatments however highest benefit cost ratio (2.38) were 

observed in vermicompost @ 2.5 t ha-1 over other treatments during both the years 

and pooled analysis respectively. 

Effect of bio-inoculants: An evaluation of data in Table 4.31 showed that inoculation 

of seed with biofertilizer significantly increased the net returns and benefit cost ratio 

during both the years and in pooled analysis. The conjoint inoculation of Azotobacter 

+ PSB obtained significantly maximum net returns (` 63711) and benefit cost ratio 

(2.28) over without inoculation during the years of study and in pooled analysis. 
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5. DISCUSSION 

In course of presenting the result of the experiment entitled “Effect of 

Fertility Levels, Organic Sources and Bio-inoculants on Soil Properties, Nutrient 

Uptake and Production of Wheat (Triticum aestivum L.) in Haplustepts” 

significant variations were found in number of criteria studied for evaluation of 

treatments. In this chapter, an attempt has made to discuss variations found significant 

or those assuming a uniform trend to establish the cause and effects relationship as 

well as with existing evidences and literatures. 

5.1  EFFECT OF FERTILITY LEVELS  

5.1.1  Yield Attributes and Yield 

 Application of 75 per cent RDF to wheat significantly increased the number of 

effective tillers m-1 row length, number of grains spike-1 and test weight (Table 4.1) as 

well as grain, straw and biological yield of wheat except harvest index (Table 4.2) 

during both the years as well as on basis of pooled analysis The positive effect of 

recommended application of fertilizers on yield attributing characters seems to be due 

to the cumulative effect on growth & vigour of plants. By virtue of increased supply 

of metabolites, there might have been significant improvement in biomass production 

with increasing fertilizer application. Increased growth components due to increased 

fertilizers might have provided stability in higher supply of photosynthates towards 

the sink (effective tillers, grain spike-1 and test weight). Application of fertilizers 

might have supplied the adequate amount of plant nutrients that helped in the 

expansion of leaf area which may be accelerated the photosynthetic rate and 

ultimately the increased supply of carbohydrates to the plants. The improvements in 

yield attributing characters with recommended fertilizer application are in close 

conformity with Jat et al., 2014 and Borse, 2019). The significant increased in grain, 

straw and biological yield with increase in levels of fertilizer might be due to 

improvement in yield attributes. Application of NPK in balanced proportion and at 

proper time have greater impact on yield of wheat. The use of fertilizers in optimum 

manner can be achieved through maintaining the balanced fertilizer management for 

crop and ultimately for better yield. These results are supported by (Chauhan, 2014, 

Singh et al., 2018 and Maurya et al., 2019). 



5.1.2  Nutrient Content and Uptake  

 Successive increase in fertilizer levels significantly increased the content and 

uptake of nutrients by grain and straw (Table 4.6 to 4.10, 4.14, 4.18 and 4.22 to 4.25). 

Application of 75% recommended fertilizer dose significantly increased the nutrient 

content in grain and straw however nutrient uptake was increased significantly up to 

100% RDF. The significant increase in nutrient content is due to greater availability 

of nutrients in the soil applied through fertilizer addition. The uptake of nutrients is a 

function of biomass and nutrient content. This might be due to the improved 

nutritional environment in rhizosphere and in plant system, leading to the enhanced 

translocation of nutrients in plant parts. Goyal (2002) reported that recommended 

dose of fertilizer enhanced efficiency of nutrients, thus maintained synergistic 

interaction. The uptake of nutrients increased with progressive increase in supply of 

NPK to crop due to higher availability of these plant nutrients resulting higher 

biomass yield (Meena et al. 2018). Similar findings have also been reported by 

(Sharma et al., 2013 and Singh and Singh 2017). 

5.1.3  Physico-chemical Properties of Soil 

 Soil nutrients viz. organic carbon, available N, P, and K are good indicators of 

soil qualities because of their favorable effect on physical and chemical properties of 

the soil. The significant improvement in physical and chemical properties of soil was 

observed by the addition of recommended fertilizer dose however bulk density, 

particle density, porosity, pH and EC remained unaffected due to different level of 

fertilizers (Table 4.26 and 4.27). Results revealed that application of increase in levels 

of fertilizer significantly enhance the water holding capacity of soil (Table 4.26). The 

increased water holding capacity with increase in levels of fertilizer in soil might be 

due to the enhanced rhizosphere in soil which ultimately enhanced the water holding 

capacity in soil (Bhatt et al., 2017). 

Organic carbon varied significantly under the various treatments applied in 

soil after harvest of wheat. Significantly the higher values of organic carbon was 

observed up to 75% RDF compared to 50% RDF (Table 4.27) clearly indicated the 

significant effect of fertilizers on build up of organic carbon. Use of fertilizers helps 

in increasing the soil organic carbon due to the higher biomass in terms of dry matter 

and differential rate of oxidation of the organic matter by microbes (Dhonde and 

Bhakare, 2008, Shukla et al., 2013 and Parewa et al., 2014). 



5.1.4  Available Nutrient in Soil after Harvest  

Appropriate application of fertilizers is an important management practice to 

improve the soil fertility as well as productivity. Application of recommended dose of 

fertilizers from 50% to 100% significantly increased the available nutrient status in 

soil after harvest of wheat. It is summarized in table 4.28 and 4.29 that available 

nutrient content in soil increased significantly with increase in levels of fertilizer 

application but available nutrient status were found significantly higher up to 75% 

RDF which was at par with 100% RDF during both the years and in pooled basis. 

Significant increase in available nitrogen could be attributed to increase in activity of 

nitrogen fixing bacteria there by higher accumulation of nitrogen in soil (Parmer  

et al., 1998). Further, phosphorus status of soil increased with increase in level of 

fertilizer due to limited utilization of applied P by crop which resulted in buildup of 

soil phosphorus (Sharma et al., 2013). The ample quantity of potassium could be 

attributed to the higher amount of potassium being added through murate of potash. 

These findings have been reported by (Gogoi, 2011 and Abbasi and Tahir, 2012). 

5.1.5  Biological Properties of Soil 

 The dehydrogenase enzyme activity differed significantly among all the 

treatments (Table 4.30). The lower activities of these enzymes recorded in 50 percent 

RDF while significantly highest at 75 percent RDF during both the years and in 

pooled analysis. Masto et al., (2006) reported that dehydrogenase activity was mainly 

depends upon addition of nutrient amount. The increased enzymatic activity with the 

increase in levels of fertilizer application might be due to the fact that inorganic 

sources of nutrients stimulated the activity of micro-organisms for utilizing the native 

pool of soil organic carbon which act as a substrate for these enzymes (Bhatt et al., 

2017).  

The microbial population (Table 4.30) showed higher soil bacterial population 

as compared to fungi in the rhizosphere after harvest of wheat crop. Result revealed 

that increase in levels of fertilizer from 50 to 100 percent RDF increased the bacterial 

and fungal population significantly in the rhizosphere. The increase in microbial 

population may be due to increase in levels of N, P and K which might have increased 

the root biomass, root exudates and ultimately provided the carbon and energy to soil 

microbes resulting into the multiplication of microbial population (Geetha Kumari 

and Shivashankar, 1991). These results are harmony with the finding of (Chand et al., 

2010 and Parewa et al., 2014). 



5.1.6  Economics 

 The significantly highest net returns (` 62289, 65086 and 63688 ha-1) and 

benefit cost ratio (2.25, 2.31 and 2.28) were recorded with 75 percent RDF which was 

at par with 100% RDF (Table 4.31). This trend of the net returns for crop depends 

upon cost of input and treatment effect on grain and straw yield. Similar results were 

also reported by (Jat et al., 2014 and Chauhan, 2014). 

5.2  EFFECT OF ORGANIC SOURCES 

5.2.1  Yield attributes and Yield 

 Organic manures such as vermicompost and FYM are renewable and eco-

friendly sources to achieve the sustainable productivity with minimum deterioration 

effect caused by chemical fertilizers on soil environment and soil health. It was often 

observed that the application of organic manures provide the significant increase in 

yield parameters viz., effective tillers meter-1 row length, grains spike-1 and test weight 

(Table 4.1). The application of 5 t vermicompost ha-1 and 10 t FYM ha-1 observed 

significantly higher yield attributes compared to other organic manures. This might be 

ascribed to overall improvements in vigour and crop growth as already stated in 

preceding paragraphs. Since, FYM and vermicompost contains all essential plant 

nutrients, its incorporation in soil promotes rapid vegetative growth and tillering, 

thereby, increasing the sink size in terms of flowering, fruiting and seed setting. This 

is due to contribution in supplying the additional plant nutrients by treatments and 

increasing solubility of native soil nutrients. Another probable reason could be 

efficient and great partitioning of metabolites and adequate transformation of nutrients 

to developing plant structures. As a result, almost all yield attributes of crop were 

significantly influenced by vermicompost and FYM (Patel et al., 2014 and Singh  

et al., 2018). 

 The beneficial effect of organic manures on yield attributes could be assumed 

due to enhanced supply of macro as well as micro nutrients during entire growing 

season. It might have attributed to higher manufacture of food in source and its 

subsequent partitioning in sink. The availability and supply of nutrients to formation 

ultimately increased the number of effective tillers, number of grains per spikes and 

test weight of wheat. Similar findings were observed by Behera et al. (2007), Verma 

et al. (2014) and Borse et al. (2019). 



 Significant increase in grain and straw yield was recorded with application of 

5 t vermicompost ha-1 and 10 t FYM ha-1 (Table 4.2). The significant increase in grain 

yield with application of manure might be due to their positive influence on 

maintaining balanced source–sink relationship which clearly evident from remarkable 

improvement in dry matter production, growth and yield characters like effective 

tillers, number of grains per spikes and test weight, which eventually resulted in 

increased grain yield. The increase in straw yield with the application of 5 t 

vermicompost ha-1 and 10 t FYM ha-1 could be attributed to its direct influence on dry 

matter accumulation of each and every vegetative part and indirectly through the 

increased morphological parameters of growth. Since, biological yield is a function of 

both seed and straw yield representing the vegetative and reproduction growth of crop 

(Table 4.2). The profound influence of organic manuring on both these components of 

crop growth led to realization of higher biological yield. The results of the present 

investigation corroborate with the findings of Chopra et al. (2016), Singh and Singh 

(2017) and Kavinder et al. (2019). 

5.2.2 Nutrient Content and Uptake  

 Organic manures worked as slow release fertilizer therefore they have more 

opportunity to uptake the nutrients continuously for longer period. The results in 

previous chapter showed a significant effect of organic manures on nutrients contents 

as well as its uptake by grain and straw. Application of 5 t vermicompost ha-1 and 10 t 

FYM ha-1 significantly increase the N, P, K, Fe, Mn, Zn and Cu content and uptake by 

grain and straw during both the years and in pooled analysis (Table 4.6 to 4.10, 4.14, 

4.18 and 4.22 to 4.25). The positive influence of organic manures on nitrogen, 

phosphorus, potassium, iron, manganese, zinc and copper content appears to be due to 

improved nutritional environment both in root zone and plant system. Increased 

availability of these nutrients in root zone coupled with increased metabolic activities 

at the cellular level probably increased the nutrient uptake and accumulation in the 

vegetative parts. Increased accumulation of these nutrients in vegetative parts possibly 

with improved metabolism led to higher translocation of nutrients to reproductive 

organs of the crop (Singh and Singh, 2017).  

 Increased grain and straw yield coupled with higher nutrient content in plant 

seemed to have increased uptake of these nutrients by the crop due to different 

treatments. The considerable increase in nutrient content and uptake by grain and 



straw could also be attributes to fact that the application of organic manures might 

have been stimulated plant growth, activity of soil micro-organisms resulted in higher 

fungal, bacterial and actinomycetes population and activity of soil enzymes (Knapp  

et al., 2010). Significant influenced on these nutrient uptake by crop due to the 

application of organic manures increased the microbial respiration thus resulted in 

increased carbon content and plant nutrients mineralization rate in the soil (Powon  

et al., 2005). Higher nutrient uptake by the use of organic manures might have 

attributing the solubilization of native nutrient status, chelation of complex 

intermediate organic molecules produced during the decomposition of added organic 

manures as well as their mobilization and accumulation of different plant nutrients in 

various plant parts (Sharma et al., 2013). These results are in closed agreement with 

findings of (Mitra et al., 2010 and Kumar and Pannu, 2012). 

5.2.3 Physico-chemical Properties of Soil 

The use of organic manures plays an important role in maintaining the soil 

health due to build up of soil organic matter in soil. Organic manures like FYM and 

vermicompost affect the physical and chemical properties of soil significantly. 

However, bulk density, particle density, porosity, pH and EC were not significantly 

influenced due to different sources of organic manures. Application of 5 t 

vermicompost ha-1 significantly improved the water holding capacity of the soil as 

compared to other treatments of organic manures (Table 4.26). This might be due to 

the fact that vermicompost has stable and low C: N ratio when added to soil, it 

maintains low bulk density and high moisture holding capacity for longer period 

compared to other organic sources under the study, which having relatively higher 

and less stable C: N ratio (Madhavi et al., 2009 and Choudhary and Channappagouda, 

2015). 

Organic manures application improved the soil physical properties, aggregate 

stability, water holding capacity at both field capacity and wilting point, increase the 

soil aggregation and decrease the volume of micro pores while increase the macro 

pores, saturated hydraulic conductivity and water infiltration rate (Brar et al., 2015). 

Despite of this, organic manures supply macro, micro and secondary nutrients to 

plants, improved the soil permeability to air and water and also increase the 

proportion of water stable aggregates in soil (Bhattacharyya et al., 2007). 



Besides improving the physical properties organic manures also affect 
chemical properties of soil. The soil organic carbon content increased significantly 
with different organic manures. Incorporation of FYM @ 10 t ha-1 significantly 
improved the soil organic carbon as compared to other treatments of manures (Table 
4.27). The higher values of soil organic carbon with organic manures might be due to 
the direct addition, biological immobilization and continuous mineralization of FYM 
on surface layer of soil. Result of the investigation is close harmony with findings of 
(Ramesh et al., 2008, Bhardwaj et al., 2010 and Datt, et al., 2013). 

5.2.4  Available Nutrients in Soil after Harvest  

Use of organics is an important way of recycling the nutrients into soil. 
Application of organic manures significantly enhanced the available nutrients in soil. 
Application of 5 t vermicompost ha-1 recorded significantly higher values of available 
N, P and K in soil as compared to vermicompost @ 2.5 t ha-1 and FYM @ 10 t and 5 t 
ha-1 during both the years and pooled data basis (Table 4.28). Higher N, P, K content 
in soil under treatments of organic might be due to the continuous application of 
organic sources into soil. The superiority of vermicompost in increasing the available 
N status might be due to the increases population of beneficial micro-organisms such 
as N-fixers and increase in nitro-genase and urease enzyme activity (Gopalreddy, 
1997 and Choudhary et al., 2013). These sources also enhance organic matter in soil 
which further improves physical condition of the soil, microbiological activities as 
well as increase the availability of plant nutrients (Kumar and Dhar, 2010 and Meena 
et al., 2014). Singh et al., 2008 also confirmed the role of organic manures in 
releasing nitrogen and improving its availability in the soil. The application of 5 t 
vermicompost ha-1 resulted in highest available P and K content in soil during both 
the years and in pooled mean. Increase in P and K content in soil due to application of 
vermicompost produces various phenolic as well as aliphatic acids during 
decomposition which solubilize the phosphatase and other phosphate bearing minerals 
and thus lowers the phosphate fixation and thereby increase its availability 
(Choudhary et al., 2013 and Dotaniya et al., 2014). Higher availability of K might be 
due to the beneficial effect of vermicompost on reduction of potassium fixation and 
interaction with potassium clay to release K from the non-exchangeable fraction to the 
available pool (Ramesh et al., 2008). The increase in available K content in soil 
increased with application of vermicompost may also be due to solubilising action of 
organic acids that produced during the decomposition and capacity to hold the K in 
available form (Vidyavathi et al., 2011and Choudhary et al., 2013). 



Application of vermicompost @ 5 t ha-1 recorded significantly higher value of 

available Fe, Mn, Zn and Cu content in soil however, it remained at par with FYM @ 

10 t ha-1. This may be ascribed to the beneficial role of manures in mineralization of 

native as well as nutrients through fertilizer in addition of its own nutrient content 

which enhanced the available nutrient pool of the soil. As a matter of fact, all the 

available nutrients are not taken up by the plant and the rest remains in soil which 

improves available nutrient status of soil after harvest of crop. The favorable 

conditions for microbial as well as chemical activities due to addition of FYM and 

vermicompost integrated with other nutrients augmented the mineralization of 

nutrients and ultimately increased the available nutrients status of soil. These results 

are in agreement with those of Shukla et al. (2013) and Bhatt et al. (2017). 

5.2.5  Biological Properties of Soil 

 All the biological reactions in the soil are catalyzed by various enzymes. The 

soil enzyme activities are believed to indicate the extent of specific processes in soil 

and in some cases it acts as an indicator of soil fertility. The dehydrogenase enzyme 

activity was strongly affected by organic manures. The activity of dehydrogenase was 

observed maximum with application of 5 t vermicompost ha-1 as compared to 

application of other organic manures (Table 4.30). Higher dehydrogenase enzyme 

activities in soils amended with organic sources were not only due to the large 

microbial biomass but also of higher amount of endo and greater enzyme production 

by microbial biomass. The activity of dehydrogenase enzyme was closely related to 

the soil organic matter and microbial biomass under the different agro-ecosystems. 

Among the all organic sources evaluated incorporation of vermicompost followed by 

FYM performed better for improving biochemical properties (Goyal et al., 1993, 

Ramesh et al., 2008 and Khursheed et al., 2012). 

The composition and density of microbial population is an important aspect of 

quality of soil organic matter because it provides an indication of soil ability to store 

and recycle nutrients and energy. The application of different organic manures 
increased the population of bacteria and fungi significantly. Addition of 

vermicompost enhanced the microbial population significantly as compared to FYM. 

It might have also enhanced the microbial counts in soil due to addition of carbon and 
changes in physico-chemical properties of soil (Meena et al., 2015). Increase in 

microbial population with application of organic manures might be due to stimulated 



growth and activities of soil micro-organism. The population of micro-organism 

increased due to lower C: N ratio and high in total N and P content of vermicompost 
than other manures (Goyal et al., 1993, Upadhyay et al., 2011). Similar findings also 

reported by (Knapp et al., 2010 and Meena et al., 2015). 

5.2.6  Economics 

 The results showed that application of vermicompost 5 t ha-1 obtained 

significantly higher net returns of  ` 63265, 66057 and 64661 ha-1 and benefit cost 

ratio (2.12, 2.17 and 2.14) than other organic manures treatment during both the years 

and in pooled analysis (Table 4.31). This trend in net return is mainly due to higher 

cost and treatment effect on grain and straw yield of wheat. Similar findings were 
given by (Channabasanagowda et al., 2008, Choudhary et al., 2013 and Baishya et al., 

2015). 

5.3  EFFECT OF BIO-INOCULANTS 

5.3.1  Yield attributes and Yield 

 The addition of biofertilizers, i.e. live microorganisms (bacteria and fungi) is 

known to improve the plant growth and productivity. The results showed that dual 
inoculation of Azotobactor + PSB significantly increased the yield attributes and yield 

of wheat during both years and in pooled mean. Biofertilizers significantly increased 

the number of tillers meter-1 row length, number of grains spike-1, test weight, grain, 
straw and biological yield of wheat (Table 4.1 and 4.2) during both the years and in 

pooled basis. 

The biofertilizer application significantly improved grain and straw yield of 

wheat was reported by (Malik et al., 2009). Biofertilizers play an important role in 

meeting out the nutrient requirement of crops and enhance soil fertility as well as crop 
productivity by fixing atmospheric nitrogen and mobilizing sparingly soluble 

phosphate. Azotobactor and phospho bacteria produce the growth hormones viz., 

Indole acetic acid and Gibberellins. These hormones stimulate root growth and 

development of plant. The use of growth stimulating inoculants helps to accelerate the 
uptake of plant nutrients applied from chemical fertilizers by increasing the root 

growth. The significant increase in straw yield under dual inoculation of Azotobactor 

+ PSB might to be due to their direct effect in improving the biomass production and 
indirect effect might be on account of increase in morphological parameters, however, 

when N- fixers and PSB were used together there was significant additive effect 

(Kaushik et al., 2012 and Ram and Mir, 2006). 



5.3.2  Nutrient Content and Uptake  

Application of biofertilizer to crop improves the absorption availability of 

many plant nutrients. Results showed that inoculation of biofertilizers significantly 

influenced the nutrient content and uptake by grain and straw (Table 4.6 to 4.10, 4.14, 

4.18 and 4.22 to 4.25). Abbasi et al., 2011 obtained that the uptake of N and P by 

shoots of plant was increased by three fold, while K uptake was increased by 58% by 

the inoculation of biofertilizers. The nutrient content and uptake by crop significantly 

increased with inoculation of Azotobactor and PSB prior to sowing because 

Azotobactor can be ascribed to increased specific activities of iso citric and malic 

dehydrogenase, the source of electrons for nitrogen fixation creating a better 

nutritional environment (Kurtz and Larue, 1975) and PSB solubilize the native and 

applied phosphorus (Singh et al, 2012a). These findings are in confirmation with 

findings of (Mahmoud, 2006, Marozsan, et al., 2009, Suke et al., 2011 and Singh  

et al., 2012a). 

Dual inoculation of Azotobactor + PSB significantly increased the content and 

uptake of nutrient under study which may be attributed to fixation of nitrogen and 

better root growth due to increased availability of phosphorus by PSB besides 

secretion of growth promoting substances especially by Azotobactor and Azospirillum 

(Totawat et al., 2000). These findings have also reported by (Dadarwal et al., 2009 

and Balai et al., 2011 and Singh et al., 2012a).  

5.3.3  Physico-chemical Properties of Soil 

 Application of biofertilizers to arable soil influenced the physical and 

chemical properties as well as water holding capacity of soil. Inoculation of 

Azotobactor + PSB resulted in higher water holding capacity of soil after harvest of 

the crop (Table 4.26). Bulk density, particle density, porosity as well as pH, EC and 

organic carbon content in soil were not influenced due to biofertilizers (Table 4.27). 

Wu et al., 2005 resulted that biofertilizers are products containing arbuscular 

mycorhizal fungi, N-fixers (Azotobactor chroococcum), P-solubilizers (Bacillus 

megaterium) and K solubilizers (Bacillus mucilaginous) which improve the chemical 

properties of soil. Biofertilizer also improve the soil texture, structure, nutrient supply 

and useful micro-organism which enhances the root biomass and ultimately organic 

carbon content in soil (Sharma, 2011 and Parewa et al., 2014).  



5.3.4  Available Nutrient in Soil after Harvest  

Biofertilizers are very well known to play number of vital roles in improving 

the soil fertility. As they are living cells of different types of micro-organism either 

bacteria, algae and fungi etc which have ability to mobilize nutritionally important 

elements from non usable forms. Results described in preceding chapter showed that 

inoculation of biofertilizer significantly improved the available N, P and K content in 

soil (Table 4.28). The dual inoculation of Azotobactor + PSB significantly improved 

the available N, P and K content in soil after harvest of wheat crop. PSB secretes 

some organic acids which can solubilize phosphate from fixed forms to plant 

available forms whereas Azotobactor can convert the atmospheric N into available 

form in the soil. But the increase in yield by inoculation of biofertilizers may not be 

solely due to N2-fixation or P-solubilization because of several other factors such as 

release of growth promoting substances, control of plant pathogens and proliferation 

of beneficial organisms in rhizosphere. These results are corroborating with the 

findings of (Mathews et al., 2006, Singh et al., 2008a and Parewa et al., 2014). 

Micronutrients like Fe, Mn, Zn and Cu remained unaffected due to application of 

biofertilizers (Table 4.29). 

5.3.5  Biological Properties of Soil 

 Microbial diversity and their richness in soil are key inputs to understanding 

the role, function and significance of micro-organisms in plant nutrient supply. 

Biofertilizers have positive and significant impact on soil biological properties. Dual 

inoculation of biofertilizer significantly improved the dehydrogenase activity and 

microbial population in soil (Table 4.30). The dehydrogenase activity was an index of 

microbial activity as it refers to group of mostly endo cellular enzymes which catalyze 

oxidation of soil organic matter (Pascual et al., 1998). The increased enzyme activity 

and population of microbes in soil may be due to the improvement in the porosity and 

more availability of nutrients to plant as well as better establishment of inoculated 

microorganism which stimulates the indigenous micro-organisms (Shinde and 

Bangar, 2003). These similar findings were given by (Parewa et al., 2014 and Singh  

et al., 2015). Sushila (1998) also reported the increase in microbial population in 

rhizosphere with Azospirillum and Azotobactor inoculations in wheat. Similar finding 

was also given by (Ram and Mir, 2006). 

 



5.3.6  Economics 

 Inoculation of biofertilizer significantly affects the net return and benefit cost 

ratio of wheat. The highest pooled mean net returns (` 63711 ha-1) and benefit cost 

ratio (2.28) was obtained with dual inoculation of Azotobactor + PSB as compared to 

without inoculation (Table 4.31). The use of efficient strains of biofertilizers are 

environment friendly and low cost input that have an important role in improving the 

nutrient supply to crops and also reducing the cost of production (Kumar, 2013). 

These results are corroborate with the findings of (Galal et al., 2001, Ram and Mir, 

2006). 

  



6. SUMMARY AND CONCLUSION 

 The results of experiment entitled “Effect of Fertility Levels, Organic 

Sources and Bio-inoculants on Soil Properties, Nutrient Uptake and Production 
of Wheat (Triticum aestivum L.) in Haplustepts”  conducted at Agronomy Farm, 

Rajasthan College of Agriculture, Udaipur during rabi season for two consecutive 

years of 2015-16 and 2016-17 presented and discussed in the preceding chapters are 

being summarized and concluded in this chapter below :  

6.1  EFFECT OF FERTILITY LEVELS 

6.1.1   Enrichment of soil with 75 per cent RDF significantly increased the effective 

tillers m-1 row length (103.7, 106.2 and 105), number of grains spike-1 (41.5, 

42.5 and 42.0) and test weight (38.7, 40.7 and 39.7) of wheat over 50 per cent 
RDF and statistically at par with 100 per cent RDF during both the years and 

in pooled analysis.  

6.1.2  Application of 75 per cent RDF being at par with 100 per cent RDF 

significantly increased the grain (45.1, 46.2 and 45.6 q ha-1), straw (89.9, 92.3 

and 91.1q ha-1) and biological yield (135.0, 138.5 and 136.7 q ha-1) over 50 

per cent RDF during both the years and in pooled analysis.  

6.1.3   Crop fertilized with 75 per cent RDF significantly increased the N, P, K 

content in grain and straw and protein content in grain over 50 per cent RDF 

but remained at par with 100 per cent RDF during both the years and in pooled 

analysis.  

6.1.4   Application of 75 per cent RDF significantly increased the Fe, Mn, Zn and Cu 

content in grain and straw over 50 per cent RDF and at par with 100 per cent 

RDF during both the years and in pooled analysis.  

6.1.5   Increasing levels of fertility up to 100 per cent RDF significantly increased the 
N, P, K, Fe, Mn, Zn and Cu uptake both in grain and straw as well as total 

uptake over 50 and 75 per cent RDF during both the years and in pooled mean 

basis.  

6.1.6 Application of 100 per cent RDF significantly increased the water holding 
capacity of soil while organic carbon, available N, P, K, Fe, Mn, Zn and Cu 

content of soil increased up to 75 per cent RDF over 50 per cent RDF but at 

par with 100 per cent RDF during both the years and in pooled analysis.  



6.1.7 Application of 75 per cent RDF significantly increased the dehydrogenase 

activity, bacteria and fungi population of soil over 50 per cent RDF while at 

par with 100 per cent RDF during both the years and in pooled analysis.  

6.1.8 Application of 75 percent RDF recorded significantly highest pooled mean net 

returns (` 63688) with B:C ratio of 2.28 closely followed by 100 per cent RDF 

(` 66419) with B:C ratio of 2.29. 

6.2  EFFECT OF ORGANIC SOURCES 

6.2.1 Application of 5 t vermicompost ha-1 significantly increased the effective 

tillers m-1 row length, number of grains spike-1 and test weight of wheat over 5 

t FYM ha-1 and 2.5 t vermicompost ha-1 but remained at par with 10 t FYM ha-

1 during both the years of study as well as on pooled basis.  

6.2.2 Application of 5 t vermicompost ha-1 significantly increased the grain, straw 

and biological yield of wheat over 5 t FYM ha-1 and 2.5 t vermicompost ha-1 

but remained at par with 10 t FYM ha-1 during both the years of study as well 

as on pooled basis.  

6.2.3 Application of 5 t vermicompost ha-1 significantly increased the N, P, K 

content in grain and straw and protein content in grain over 5 t FYM ha-1 and 

2.5 t vermicompost ha-1 but remained at par with 10 t FYM ha-1 during both 

the years and in pooled analysis.  

6.2.4 The Fe, Mn, Zn and Cu content in grain and straw significantly improved with 

application of 5 t vermicompost ha-1 over 5 t FYM ha-1 and 2.5 t vermicompost 

ha-1 but remained at par with 10 t FYM ha-1  during both the years and in 

pooled analysis.  

6.2.5 Application of 5 t vermicompost ha-1 significantly increased the N, P, K, Fe, 

Mn, Zn and Cu uptake both in grain and straw as well as total uptake over 5 t 

FYM ha-1, 2.5 t vermicompost ha-1 and 10 t FYM ha-1 during both the years 

and in pooled mean basis.   

6.2.6 Application of 5 t vermicompost ha-1 significantly increased the water holding 

capacity of soil while organic carbon content in soil increased with 10 t FYM 

ha-1 however, available N, P, K, Fe, Mn, Zn and Cu content of soil increased 

with 5 t vermicompost ha-1 during both the years and in pooled analysis.  



6.2.7 Application of 5t vermicompost ha-1 significantly increased the dehydrogenase 

activity, bacteria and fungi population of soil over 10 t and 5 t FYM ha-1 and 

at par with 2.5 t vermicompost ha-1 during both the years and in pooled 

analysis.  

6.2.8 The highest pooled mean net returns (` 64661) was found with the application 

of vermicompost @ 5 t ha-1  over other treatments however highest benefit 

cost ratio (2.38) were observed in vermicompost @ 2.5 t ha-1 over other 

treatments during both the years and pooled analysis respectively. 

6.3  EFFECT OF BIO-INOCULANTS 

6.3.1  Inoculations of seed with Azotobacter + PSB significantly increased the 

effective tillers m-1 row length, number of grains spike-1 and test weight of 

wheat crop during both the years and in pooled analysis.  

6.3.2 Inoculations of seed with Azotobacter + PSB significantly increased the grain, 

straw and biological yield of wheat during both the years and in pooled 

analysis. 

6.3.3 Inoculations of seed with Azotobacter + PSB significantly increased the N, P, 

K, Fe, Mn, Zn and Cu content as well as their uptake by grain and straw and 

protein content in grain over without inoculation during both the years and in 

pooled analysis. 

6.3.4 Inoculations of seed with Azotobacter + PSB significantly increased the water 

holding capacity as well as available N, P and K content in soil over without 

inoculation during both the years and in pooled analysis. 

6.3.5 Inoculation of seed with Azotobacter + PSB significantly increased the 

dehydrogenase activity, bacteria and fungi population of soil over without 

inoculation during both the years and in pooled analysis. 

6.3.6  The conjoint inoculation of Azotobacter + PSB obtained significantly 

maximum net returns (` 63711) and benefit cost ratio (2.28) over without 

inoculation during the years of study and in pooled analysis. 

 



6.4  INTERACTION EFFECTS 

6.4.1 Combined use of vermicompost @ 5 t ha-1 along with 75% RDF significantly 

increased the grain, straw and biological yields of crop over other treatments 

but remained at par with FYM @ 10 t ha-1 + 100 per cent RDF and 

vermicompost @ 5 t ha-1 + 100 per cent RDF.  

6.4.2  Combined use of vermicompost @ 5 t ha-1 along with 75% RDF significantly 

increased the nitrogen, phosphorus and potassium uptake by grain, straw and 

total uptake over other treatments but remained at par with FYM @ 10 t ha-1 + 

100 per cent RDF and vermicompost @ 5 t ha-1 + 100 per cent RDF. 

 

  



CONCLUSION 

 On the basis of two year study, it is concluded that 75% RDF (RDF-90 kg N, 

45 kg P and 30 kg K) + 5 t vermicompost + Azotobacter + PSB (Treatment-F2O4B2) 

in wheat should be applied for better nutrient management, physico- chemical 

properties and microbial activates of soil throughout the rabi season for obtaining 

higher yields and better economic returns however highest benefit cost ratio (2.38) 

was observed with application of vermicompost @ 2.5 t ha–1 (Treatment – F2O3F2) 

over the other treatments. 
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ABSTRACT 

A field experiment entitled “Effect of Fertility Levels, Organic Sources and 

Bio-inoculants on Soil Properties, Nutrient Uptake and Production of Wheat 

(Triticum aestivum L.) in Haplustepts” was conducted at Agronomy Farm, 

Rajasthan College of Agriculture, Udaipur during rabi season in 2015-16 and 2016-

17. The experiment consisted of 24 treatment combinations comprising of three levels 

of fertility (50, 75 and 100 per cent RDF), four organic sources (FYM @ 5 and 10 t 

ha-1, vermicompost @ 2.5 and 5 t ha-1), and two bio- inoculations (Without 

inoculation and Azotobacter + PSB). Experiment was conducted under factorial 

randomized block design replicated thrice taking wheat var. Raj- 4037 as test crop. 

The results of the study showed that enrichment of soil with 75 per cent RDF 

significantly increased the effective tillers m-1 row length, number of grains spike-1, 

test weight, grain, straw and biological yield, nutrient content viz. N, P, K, Fe, Mn, Zn 

and Cu and protein content in grain over 50 per cent RDF. However, nutrient uptake 

by grain and straw as well as total uptake by crop increased significantly up to 100 per 

cent RDF. Further results showed that 100 per cent RDF decreased the bulk density 

and particle density and increased the water holding capacity of soil, while organic 

carbon, available N, P, K, Fe, Mn, Zn and Cu content of soil increased significantly 

with 75 per cent RDF as compare to 50 per cent RDF. Dehydrogenase activity and 

microbial (bacterial and fungal) population of soil significantly enhanced with the 

application of 75 per cent RDF over 50 per cent RDF. The maximum monetary return 

of ` 63688 with benefit cost ratio of 2.28 were obtained with 75% RDF. 

Application of vermicompost @ 5 t ha-1 significantly increased the yield 

attributes and yields viz. effective tillers m-1 row length, number of grains spike-1, test 

weight, grain, straw and biological yield, nutrient content and uptake as well as total 

uptake of N, P, K, Fe, Mn, Zn and Cu and protein content in grain other than organic 
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manures. Further results showed that vermicompost @ 5 t ha-1 decreased the bulk 

density and particle density and increased the water holding capacity, available N, P, 

K, Fe, Mn, Zn and Cu content of soil, however, organic carbon increased significantly 

with 10 t FYM ha-1. Dehydrogenase activity and microbial (bacterial and fungal) 

population of soil significantly enhanced with 5 t vermicompost ha-1. The maximum 

monetary return of ` 64661 were found with vermicompost @ 5 t ha-1 over other 

treatments however highest benefit cost ratio of 2.38 were observed in vermicompost 

@ 2.5 t ha-1 over control. 

Combined use of vermicompost @ 5 t ha-1 along with 75% RDF significantly 

increased the grain, straw and biological yields of crop, nitrogen, phosphorus and 

potassium uptake by grain, straw and total uptake over other treatments but remained 

at par with FYM @ 10 t ha-1 + 100 per cent RDF and vermicompost @ 5 t ha-1 + 100 

per cent RDF. 

Dual inoculations of Azotobacter + PSB significantly increased the effective 

tillers m-1 row length, number of grains spike-1, test weight, grain, straw and 

biological yield, content and uptake of N, P, K, Fe, Mn, Zn and Cu by crop, water 

holding capacity, available N, P and K content of soil than without inoculation. 

Dehydrogenase activity and microbial (bacterial and fungal) population of soil 

significantly enhanced with dual inoculation of seed with Azotobacter + PSB. The 

maximum monetary return of ` 63711 with benefit cost ratio of 2.28 were obtained 

with dual inoculation of Azotobacter + PSB. 

  



gsIyqLVsIl eas xsgw¡ ¼fVªfVde ,LVhoe  ,y-½ esa moZjrk Lrjksa] tSfod [kkn o 
thok.kq [kkn dk e`nk xq.kksa] iks"kd rROk vo'kks"k.k rFkk mRikndrk ij izHkko 

lqfHkrk dqekjh
*
                MkW- egsUnz 'kekZ

** 
'kks/kdrkZ                eq[; lykgdkj 

vuq{ksi.k  

jktLFkku Ñf"k egkfo|ky; ds 'kL; foKku iz{ks= eas iz{ks= ifj{k.k “gsIyqLVsIl eas xsgw¡  

¼fVªfVde ,LVhoe  ,y-½ esa moZjrk Lrjksa] tSfod [kkn o thok.kq [kkn dk e`nk xq.kksa] iks"kd 

rRo vo'kks"k.k rFkk mRikndrk ij izHkko” 'kh"kZdkUrxZr jch o"kZ 2015&16 ,oa 2016&17 esa 

{ks=h; ijh{k.k yxk;k x;kA ijh{k.k esa dqy 24 mipkj la;kstu lfEefyr fd;s x;s] ftleas 

moZjdrk ds 3 Lrj ¼50] 75 ,oa 100 izfr’kr moZjdksa dh flQkfj’k [kqjkd½] tSfod [kknksa ds 

4 Lrj ¼xkscj dh [kkn 5 Vu o 10 Vu izfr gSDVs;j rFkk dsapq, dh [kkn 2-5 Vu o 5 Vu 

izfr gSDVs;j½ ,oa thok.kq [kkn ds 2 Lrj ¼fcuk tSo moZjd ,oa ,tksVkscsDVj+QkWLQsV 

foyk;d thok.kq½  fy;s x;sA xsgw¡ dh jkt&4037 fdLe dks ijh{k.k Qly ds :Ik esa ysrs 

gq;s lHkh mipkjkas dks ;kn`fPNd [k.M vfHkdYiuk fof/k ds vUrxZr 3 iqujkof̀r;ksa ds lkFk 

izfrikfnr fd;k x;kA  

v/;;u ds ifj.kkeksa us ;g n’kkZ;k fd 75 izfr’kr moZjdksa dh flQkfj’k [kqjkd dk 

e`nk esa lao)Zu djus ls 50 izfr’kr moZjdksa dh flQkfj’k [kqjkd dh rqyuk eas izHkkoh dYyksa 

dh la[;k] izfr ehVj iafDr yEckbZ] ckyh esa nkuksa dh la[;k] ijh{k.k Hkkj] nkuk] Hkwlk o 

tSfod mit] u=tu] QkWLQksjl] iksVk’k] yksgk] eSxuht] tLrk o dkWij dh ek=k nkukas esa 

izksVhu dh ek=k eas lkFkZd o`f) izkIr gqbZ gSA tcfd bu iks"kd rRoksa ds nkuk] Hkwlk o dqy 

vo’kks"k.k esa 100 izfr’kr moZjdkas dh flQkfj’k [kqjkd ls e`nk dh LFkwy ?kUkRo o d.k ?kuRo 

eas deh rFkk ty /kkj.k {kerk esa lkFkZd o`f) ik;h x;h tcfd 75 izfr’kr moZjdksa dh 

flQkfj’k [kqjkd dk e`nk esa lao)Zu djus ls 50 izfr’kr moZjdksa dh flQkfj’k [kqjkd dh 

rqyuk esa tSfod dkcZu] miyC/k u=tu] QkWLQksjl] iksVk’k] yksgk] eSxuht] tLrk o dkWij 

dh ek=k esa lkFkZd o`f) gqbZA 75 izfr’kr moZjdksa dh flQkfj’k [kqjkd ls 50 izfr’kr 

flQkfj’k [kqjkd dh rqyuk esa fMgkbMªksftust fØ;k ,oa lw{e thok.kqvksa ¼thok.kq ,oa QatkbZ½ 

dh la[;k esa lkFkZd o`f) gqbZA vf/kdre foÙkh; ykHk ` 63688 o ykHk ykxr vuqikr ¼2-28½ 

75 izfr’kr moZjdksa dh flQkfj’k [kqjkd ls izkIr gqvkA  
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dsapq, dh [kkn ds 5 Vu izfr gSDVs;j iz;ksx ls mit ,oa mit fo’ks"krkvksa tSls 

izHkkoh dYyksa dh la[;k] izfr ehVj iafDr yEckbZ] ckyh esa nkuks dh la[;k] ijh{k.k Hkkj] 

nkuk] Hkwlk o tSfod mit] u=tu] QkWLQksjl] iksVk’k] yksgk] eSxuht] tLrk o dkWij dh 

ek=k o ikni }kjk budk vo'kks"k.k o nkuksa esa izksVhu dh ek=k esa lkFkZd o`f) gqbZA  

e`nk dks 5 Vu dsapq, dh [kkn ls loaf)Zr djus ls e`nk ds LFkwy ?kuRo o d.k 

?kuRo esa deh] ty/kkj.k {kerk] miyC/k u=tu] QkWLQksjl] iksVk’k] yksgk] eSxuht] tLrk o 

dkWij dh ek=k esa lkFkZd o`f) gqbZ tcdh 10 Vu xkscj dh [kkn ls tSfod dkcZu ls lkFkZd 

o`f) ik;h x;hA 5 Vu dsapq, dh [kkn izfr gSDVs;j ds iz;ksx ls fMgkbMªksftust fØ;k ,oa 

lw{e thok.kqvksa ¼thok.kq ,oa QatkbZ½ dh la[;k esa lkFkZd o`f) gqbZA vf/kdre foÙkh; ykHk ` 

64661] 5 Vu izfr gSDVs;j dsapq, dh [kkn ls o vf/kdre ykxr ¼2-38½ 10 Vu izfr gSDVs;j 

xkscj dh [kkn ds iz;ksx ls izkIr gqvkA  

 nwljsa Lrjksa dh rqyuk esa oehZ dEiksLV 5 Vu izfr gSDVs;j ds lkFk 75 izfr’kr 

moZjdksa dh flQkfj’k [kqjkd ds l;aqDr iz;ksx ls nkuksa dh mit] Hkwls dh mit vkSj tSfod 

mit] nkusa] Hkwls vkSj dqy vo’kks"k.k esa ukbZVªkstu] QkWLQksjl vkSj iksVsf’k;e ds vo’kks"k.k esa 

lkFkZd o`f) gqbZ tcfd 10 Vu xkscj dh [kkn + 100 izfr’kr moZjdksa dh flQkfj’k [kqjkd 

vkSj 5 Vu oehZ dEiksLV + 100 izfr’kr moZjdksa dh flQkfj’k [kqjkd ds lkFk lekurk ik;h 

x;hA  

chtksa dk f}lap;u ,tksVkscSDVj+QkWLQsV foyk;d thok.kqvksa ls djusa ij izHkkoh 

dYyksa dh la[;k] ijh{k.k Hkkj] nkuk] Hkwlk o tSfod mit] u=tu] QkWLQksjl] iksVk’k] yksgk] 

eSxuht] tLrk o dkWij dh ek=k o budk ikni }kjk vo’kks"k.k] e`nk ty /kkj.k {kerk o 

e`nk dh miyC/k u=tu] QkWLQksjl o iksVk’k dh ek=k esa tSo moZjd dh rqyuk esa lkFkZd 

o`f) ik;h x;hA ,tksVkscSDVj+QkWLQsV foyk;d thok.kqvksa ds iz;ksx ls fMgkbMªksftust fØ;k 

,oa lw{e thok.kqvksa ¼thok.kq ,oa QatkbZ½ dh la[;k esa lkFkZd o`f) gqbZA vf/kdre foÙkh; 

ykHk ` 63711 o ykHk vuqikr 2-28 ,tksVkscSDVj+QkWLQsV foyk;d thok.kqvksa ds iz;ksx ls 

izkIr gqvkA 
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