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PREFACE 
 

  

India is known as an agriculture country. The Indian agriculture is however, highly 

vulnerable to the climate change, and getting down consistently due to the drought, 

altered rainfall patterns and other biotic and abiotic factors. In the process of solving 

these problems and to enhance the crop productivity per unit area the conventional 

green revolution practices are falling into another pit of environmental, economic and 

health related problems. The excessive and indiscriminate use of chemical fertilizers 

e.g. urea and DAP etc. has increased the crop productivity per unit area, but also get 

disposed in soil, water, and atmosphere through runoff, leaching, volatilization and 

gaseous emissions. The use of these fertilizers on a large scale emits significant amount 

of the greenhouse gases into the atmosphere. The chemical fertilizers have influenced 

the soil physical, chemical and biological properties in irrigated agro-ecosystems. 

Animal manures and urea release methane, nitrous oxide, ammonia and CO2 in varying 

quantities, depending on their physical form i.e. solid and liquid. The  production and 

application of chemical fertilizers, which consist of nitric oxides and ammonium 

bicarbonate results in emission of nitrogen oxides, nitrous oxide and ammonia etc. into 

the atmosphere. Nitrogen containing inorganic and organic fertilizers cause soil 

acidification. When it goes down, it contaminates the ground water. When the organic 

matrix decays, it yields N2O. This N2O leads to destruction of ozone layer and help in 

forming harmful acid rain. 

 

To reduce the load of these kinds of pollutants in the environment and to 

enhance the crop productivity, use of organic matrix immobilized biofertilizers based 

granules prepared under this study have shown promising results. The Organic matrix 

contains vermicompost or cow dung or farm yard manure with clay soil and neem 

leaves. It maintains the soil quality and enriches the soil fertility. It provides food, 

aerated and moist shelter to the microbes and makes nutrient available for the better 

plant growth in a sustainable manner. It allows reuse of organic waste and fulfils 

fertilizer scarcity by providing an efficient organic slow release fertilizer, prepared from 



the local materials in place of harmful synthetic fertilizers or highly expensive 

commercial slow release fertilizers.  

 

 

 

The co-immobilized form of biofertilizers (Azotobacter chroococcum and 

Bacillus subtilis) prepared by us with organic carrier such as vermicompost, clay soil, 

and neem leaves and nutritive organic binders such as acacia gum, jaggery and 

molasses. The application of vermicompost, clay soil and neem leaves used jaggery as 

binder enhanced wheat yield by 21.71%, followed by 15.99% enhancement by co-

immobilized form of biofertilizers in vermicompost, clay soil and neem leaves with 

binder molasses, and 13.89% with the application of vermicompost, clay soil and neem 

leaves with binder acacia gum over the recommended dose of urea and DAP. It also 

improved soil fertility in terms of nutrient availability, soil organic matter (SOM), soil 

organic carbon (SOC) and microbial enrichment in the experimental field during the 

cultivation of wheat using these biofertilizers as soil nutrient. 

 

This study reveals that a cost effective, ecofriendly and efficient organic 

fertilizer can be prepared using organic matrix and the consortium of biofertilizers (A. 

chroococcum and B. subtilis) in optimized dose. The newly developed biofertilizer 

granules may provide the essential nutrients to the plants in a more ecological and 

economical way. It enriches the soil fertility and enhances wheat productivity over the 

conventional chemical fertilisers e.g. urea and DAP for wheat cultivation, a major 

cereal crop of the world including North Indian States, suffering from adopting green 

revolution package . 
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Chapter 1 

INTRODUCTION 

Wheat (Triticum aestivum L.) is an important and strategic cereal crop for the majority 

of world’s growing populations. It is the most important staple food of about two billion 

people (36% of the world population). It is cultivated over a wide range of the climatic 

conditions.  India counts a third largest producer of wheat in the world, with production 

of about 80 million metric ton wheat in 2014 (UN, FAO Statistic 2015).  

Wheat (T. aestivum L.) belongs to the grass family Poaceae (Gramineae).  

Beside wheat Poaceae family also includes many other major crops such as, barley 

(Hordeum vulgare L.), oat (Avena sativa L.), rye (Secale cereale L.), maize (Zea mays 

L.) and rice (Oryza sativa L.). Triticeae is one of the tribes containing more than 15 

genera and 300 species including wheat and barley. Simmonds (1976) reported that one 

to several flowered spikelets are sessile and are alternate on opposite sides of the rachis 

forming a true spike Linnaeus (1753) was the first person who classified the wheat. 

Later on Sakamura (1918) reported the chromosome number sets (genomes) for each 

commonly recognized type. This was a turning point in Triticum classification after 

which the wheat was classified into three groups. Diploids having 14 (n=7), tetraploids 

having 28 (n=14) and the hexaploids having 42 (n=21) chromosomes. T. aestivum. T. 

durum and T. compactum are the other major species which are generally known as 

bread wheat (Briggle, 1967). 

Though wheat is grown under a wide range of climatic conditions, it is best 

adapted to temperate regions with rainfall between 30-90 cm. Winter and spring wheats 

are the two major types of the crop, with the severity of the winter determining whether 

a winter or spring type is cultivated. Winter wheat is sown in the fall, spring wheat is 

generally sown in the spring but can also be sown in the fall, where winters are mild. 

Therefore, today wheat is grown all over the world, with different varieties sown 

according to different climates. In 2015, the world’s main wheat producing regions 

were EU, China, India, Russian Federation, United States, Canada, Pakistan, Ukraine, 

Australia and Turkey (United State Department of Agricultural Database, 2015). 
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Most of the currently cultivated wheat varieties belong to hexaploid wheat (T. 

aestivum L.), which is known as common bread wheat and valued for bread making. 

The greatest portion of the wheat flour produced is used for bread making. Wheat 

grown in dry climates is generally hard type, having protein content of 11-15 percent 

and strong gluten (elastic protein). The sticky gluten of bread wheat entraps the carbon 

dioxide (CO2) formed during yeast fermentation and enables leavened dough to rise. 

The hard type of wheat produces flour best suited for bread making. The softer type 

produces flour suitable for cakes, crackers, cookies, pastries and household flour. 

Durum wheat (T. turgidum L.), which is the main tetraploid type (Gelinas and Mc 

Kinnon,  2006; Feldman et al., 2007; Shewry et al., 2009)  is also important, as its large 

and very hard grains yield low gluten flour which is the main source of semolina 

suitable for pasta, couscous, burghul etc. The glutenin protein fraction is important in 

determining gluten quality and dough elasticity in wheat flour (Shewry et al., 2000; Don 

et al., 2006; Pirozi et al., 2008; Jiang et al., 2009; Kumar et al., 2015a, 2015b). Since 

wheat quality is of increasing importance for producers, it is necessary to understand the 

adverse effects of the interaction of these environmental constraints (Wollenweber et 

al., 2003, 2005, White et al., 2006). 

The growing population of India is approx. 1.26 billion (www.worldmeter.info). 

However, the latest estimated demand for wheat production for the year 2020 is 

approximately 87.5 million tons (Joshi et al, 2007; Lobell et al., 2013). The growing 

demand for food is increasing (Laik et al., 2014; Singh et al., 2014) because the world 

population is rising and it predicted to rise from 6.5 billion approx. at present to 10 

billion by 2050. The growth, productivity and yield of wheat are basically dependent on 

the chemical fertilizers (Singh et al., 2010; Ryan et al., 2012; Laik et al., 2014; Kumar 

et al., 2014a, b; Singh et al., 2014). The productivity of a crop is controlled by many 

factors i.e. environmental conditions (temperature and moisture etc.), nutrients such as 

nitrogen, phosphorous and potassium (NPK) (Fischer, 2000; Borlaug, 2003; Stewart et 

al., 2005; Ryan et al., 2012; Jia et al., 2014). 

Usually high productivity of crop grains is accompanied with extensive 

utilization of agrochemicals for improvement of soil fertility; plant productivity and 

controlling plant diseases (Singh et al., 2014; Kumar et al., 2014a, b; Laik et al., 2014). 
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These agricultural practices has caused drastic effects on environment and public health 

such as increased environmental pollution, ecological damage, degraded soil fertility, 

developed resistant races of pathogens and increased human health risks and increased 

cost production (Gerber et al., 2005; Mitsch and Day, 2006; Tawfik et al., 2006; 

Ghormade, 2011). The most important factor is that the environmental stress and 

excessive and imbalanced use of chemical fertilizer has led to think about the use of 

organic fertilizers in intensively growing areas for sustainable crop production system 

(Wollenweber et al., 2003, 2005, White et al., 2006). 

Environmental factors are considered to be the main source of yields reductions. 

Drought is one of the most common environmental stress that affects growth, 

development of plants through alterations in metabolism and gene expression, grain 

development (Leopold, 1990), reduction in yield (Blum and Sinmena, 1994). It 

continues to be a challenge to agricultural scientists in general and to plant breeders in 

particular, despite many decades of research. Improvement of productivity of wheat 

cultivars under drought condition becomes one of the important stress problems. 

In many arid and semi-arid areas of the world where sustainability of agriculture 

is limited by salinity, Field salinization is an increasing problem worldwide. It is 

estimated that the world’s cropland and irrigated land may affect by salinity (Qadir et 

al., 2000; Hernan and Alamansa, 2002). Salinity affects plant growth by reducing water 

uptake due to osmotic effect as influenced by the concentration of certain ions that have 

a characteristic toxic effect on plant metabolism (Patra and Panda, 1998; Weggler et al., 

2000; Yang et al., 2009). Crop plants are more severely affected by salinity at early 

stage such as barley, wheat and corn are more sensitive to salinity during seed 

germination. Some keys to agricultural success in semi-arid areas include soil biology 

potential to maintain soil fertility, and to guard against erosion and water limiting 

(Hamidia et al., 2012; Dimkpa et al., 2009; Zarea et al., 2012).   

Anthropogenically manufactured cadmium (Cd) is one of the heavy metals that 

contaminate soil and water and is of particular concern because it can accumulate in the 

food chain (Bashan and Holguin, 1994; 1995; Ouzounidou et al., 1997; Muhling and 

Lauchli, 2003). Cd pollution has increased drastically due to of industrial and 

agricultural practices such as power stations heating system, metal working industries or 
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urban traffic. It is widely used in electroplating, pigments, plastic stabilizers and Ni – 

Cd batteries (Santia di Toppi and Gabriell, 1999). Cd is one of the most toxic heavy 

metals and has been recognized as environmental contaminants with a significant role in 

various man and animal disease (Pinto et al., 2004). It is recognized as an extremely 

significant pollutant due to its high toxicity and large solubility in water (Pinto et al., 

2004). Cd is a non-essential element the negatively affects plant growth and 

development. Cd accumulates and it translocate easily from root to shoot (Bashan and 

Levanony, 1987a,b). It inhibits the plant growth in terms of fresh weight and plant 

biomass, number of roots, root length (Safi et al., 2009). Cd also reduced the absorption 

of nitrate and its transport from roots to shoots, by inhibiting the nitrate reductase 

activity in the shoot (Hernandez et al., 1996). Cd uptake is enhanced when plant grown 

in soil with a higher NaCl content (Weggler et al., 2000).  

Fertilizers are essential components of modern agriculture because they provide 

essential plant nutrients (Adesemove et al., 2009). On earth, Nitrogen constitutes largest 

volume of air (78.08%). Nitrogen is the most important structural element of all the 

living organisms that plays the basic role in cell metabolism, growth, reproduction and 

transmission of heritable characters. But animals and the majority of plants are unable 

to fix atmospheric nitrogen. Excessive uses of readily available conventional chemical 

fertilizers on agricultural land are the main source of ground water contamination 

(Rawat et al., 2012). Nitrate leaching from arable land, which causes contamination of 

groundwater, has become a matter of worldwide concern. Nutrient losses due to 

leaching, run off, volatilization and fixation after fertilizer addition to the soil (Tilman 

et al., 2002; Jagadeeswaran et al., 2005).  

Phosphorous (P) is required by plants for normal growth, however, in most part 

of the world soil is deficient in readily available P whereas P is present in insoluble 

metal chelate forms (Gyaneshwar et al., 2002; Vassilev et al., 2006a, b) therefore costly 

phosphatic fertilizers are applied in large quantity to fulfil the requirement of P (Shenoy 

and Kalagudi, 2005, Shigaki et al., 2006; Vassilev et al., 2006a, b). P fertilizers 

generally used are costly and contaminate environment not only after application on 

field but highly corrosive and explosive sulphuric acid (Reddy et al., 2002; Shigaki et 

al., 2006; Vassilev et al., 2006a). Phosphate solubilizing bacteria (PSB) plays 

fundamental roles in biogeochemical phosphorus cycling in natural and agricultural 
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ecosystem; PSB can transform the insoluble phosphorus to soluble forms HPO2
_4

 and

H2PO
_4

 by acidification, chelation, exchange reactions, and polymeric substances

formation (Delvasto et al., 2006). PSB plays an important role in phosphorus nutrition 

by enhancing its availability to plant through release from inorganic and organic soils P 

pools by solubilizing and mineralizing (Narula et al., 2000; Vessey, 2003; Yadav et al., 

2011). Therefore, the use of PSB in agricultural practice would not only offset the high 

cost of manufacturing phosphatic fertilizers but would also mobilize insoluble P from 

soil to which they were applied.  

Increasing soil nutrient availability reduces the dependence on costly chemical 

fertilizers in integrated nutrient management system (Adil et al., 2005; Jadia and 

Fulekar, 2008; Lazcano et al., 2011; Singh et al., 2013). Nevertheless, microbial 

inoculants have been widely adopted in various crop production systems but it is often 

hard to reproduce their beneficial effect consistently (Gajalakshmi and Abbasi, 2004; 

Shaharoona et al., 2008; Boonsiri et al., 2009; Singh et al., 2011; kumar et al., 2012; 

Minaxi et al., 2013; Ashok et al., 2014; Kumar et al., 2014a, b; 2015a, b). With growing 

concern over depleting nutrients in soil, the use of biofertilizers as a nutrient 

management strategy needs rethinking and alternate technology needs to be developed. 

In this context, biofertilizers may be a suitable option (Oliveira et al., 2009; Sharma et 

al., 2011; Kumar et al., 2015a, b). 

At present, there is a need for developing an efficient nutrient management 

system with the use of organic manures, organic fertilizers and biofertilizers to maintain 

soil fertility and for better crop production (Shah et al., 2009; Abedi et al., 2010; Singh 

et al., 2011; Joe et al., 2012; Patra et al., 2014; Tamilselvi et al., 2015). The 

Azospirillum inoculation has reported to save about 20 units of N-fertilizer and that was 

became economically feasible by reducing the chemical fertilizers use required for 

improving the nitrogen content and counteracting the effects of salinity (Saad et al., 

2009). For the sustainable agriculture system, it is imperative to utilize renewable inputs 

which can maximize the ecological benefits and minimize the environmental hazards 

such as in agro-ecological restoration, there is a need of reducing N loss via 

volatilization, erosion, leaching etc. (Hartemink, 2005; Ramos and Casasnovas, 2006).  
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To reduce pollution, restoration of land and wetlands and excessive use of our 

non-renewable resources such as petroleum, which are used in the chemical fertilizers 

production, an alternative method for agriculture must be developed. For this reason, 

environmental friendly product such as biofertilizers should be used when targeting 

agro-ecological restoration and sustainable ecosystem, which are the component of 

ecological engineering. Sustainable agriculture aims at long term maintenance of 

natural resources and agricultural productivity with minimal adverse impact on the 

environment. It emphasizes optimal crop production with minimal external inputs, 

reducing dependence on commercial inputs (fertilizers and pesticides) and substituting 

them with internal resources (Adesemoye et al., 2009; Ferreiraa et al., 2013; Zang et al., 

2014; Kumar et al., 2014a,b; Kumar et al., 2015a,b). In order to reduce the negative 

effects of toxic chemicals, there is a globally continual emphasis on sustainable and less 

chemical dependent organic agriculture. For example, applications of various soil 

microbial inoculants are one of the most promising alternatives for chemical fertilizers 

(Arpana and Bagyaraj, 2007). The concept of adding phosphate-solubilizing microbes 

to fertilizers as providers of soluble phosphorus presents an economically and 

environmentally promising strategy (Rafique and Rashid, 2006). N2-fixing and 

phosphate solubilizing bacteria (PSB) are important for crop plants as they increase N 

and P uptake and play a crucial role (Zahir et al., 2004; Zaidi et al., 2009; Adesemoye et 

al., 2010). 

Biofertilizers are products containing living cells of different types of 

microorganisms, which have an ability to convert nutrionally important elements NPK 

from unavailable to available from through biological process such as N fixation and 

solubilization of rock phosphate (Narula et al., 2000; Sahu and Jana, 2000; Cakmakic et 

al., 2001; Vessey, 2003). Biofertilizers decrease dependency on use of chemical N 

fertilizers by harvesting the atmospheric nitrogen through biological processes 

(Jagadeeswaran et al., 2005; Kumar et al., 2014a, b; Ashok et al., 2014). Inoculant 

necessitates the presence of a diverse set of traits that can help its colonization of the 

rhizosphere and survival under varying environmental conditions (Desbrosses et al., 

2012). 

Biofertilizers are important not only for the reduction of dinitrogen in air and 

soil but also for getting better yield in sustainable agriculture. Associate root colonizer 

http://www.springerlink.com/content/?Author=Guilhem+Desbrosses
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such as Pseudomonas, Azospirillum and Bacillus are able to grow rapidly with easily 

degradable substrates like monomeric carbohydrate or organic acids, whereas R. 

leguminosarum is able to colonize efficiently with the plant roots of leguminous and 

non-leguminous plants These microbes have the unique ability to induce nitrogen 

fixation in agro-ecosystem (Schloter et al., 1997). In many crops, yield and N 

concentration in plant increased by inoculation with Azotobacter sp. (De Freitas, 2000; 

Kumar et al., 2001, Emtiazi et al., 2004). A. chroococcum as soil inoculants is not only 

effective in N fixation but also has other properties such as production of plant growth 

hormones (Remus et al., 2000). Bacillus inoculants significantly improved available P 

status of soil after harvest of wheat (Dadhich et al., 2011).  

Plant growth responses depend on the inoculant strains and soil organic matters, 

the effective response observed by Bacillus spp., Pseudomonas putida and Rhodobacter 

spp., when applied with organic matter (Cakmakic 2006; Tapias et al., 2012; Kaur and 

Reddy 2014; Minj and Singh 2015). Application of organic materials (agricultural by-

products, crop residue, tea residue, sawdust, vegetable-market waste, waste mushroom 

media, food processing waste, fly-ash, and municipal refuse) inoculated biofertilizers to 

soil can improve the soil quality, supply nutrients to plants and soil microbes, and 

reduce environmental pollution (Yang, 2003; Yang and Chen, 2003; Gaind and Gaur, 

2004; Zayed et al., 2005a, Biswas and Narayanasamy, 2006; Cheng et al., 2009). 

Microbes have various enzyme activities responsible for decomposing complex organic 

matrix (Yang, 2003). The animal wastes can be mixed with various biological bulking 

materials, such as and then with high soluble phosphorus content (Yang, 2003). To 

reduce N loss from agricultural land, it is essential to substitute slow-release fertilizers 

for readily available fertilizers and to establish proper application rates of manure 

(Maeda et al., 2003; Kumar et al., 2014a, b; Ashok et al., 2014). Application of 

biofertilizers on wheat crop significantly responds to nitrogen and increasing nutrient 

levels. Biofertilizer and N levels significant as spike number/m
2
, grain weight/spike,

spike length, grain and straw yields (El- Gizawy, 2009; Ahmed et al., 2011).  

Organic matter can promote the dispersal and activity of applied plant growth 

promoting rhizobacteria, P mobilization and supply of crops in P deficient soils (Krey et 

al., 2011, 2012). Application of the PSB such as Bacillus, Enterobacter, Pseudomonas, 
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Aspergillus, Trichoderma and Glomus around the roots of plants, in soils, been shown 

to release soluble phosphorus, promote plant growth, and protect plants from pathogen 

infection (Zayed and Abdel-Motaal, 2005a,b; Biswas and Narayanasamy, 2006; 

Ouahmane et al., 2007). Biofertilizer and manure on the absorption and with the 

enhanced absorption efficiency, can naturally meet most of the plant’s nutritional 

requirements, improve the efficiency of nutrient absorption and replace the chemical 

fertilizers in the sustainable agricultural production systems (Sharma et al., 2011; 

Gaggia et al., 2013; Ashok et al., 2014; Kumar et al., 2014a, b). 

The socioeconomic and ecological benefits, improvement of soil quality are the 

significant aspects, as they contribute to a broad attributes including food quality and 

safety, human and animal health, environmental quality and agricultural sustainability 

(Parr et al., 2002). The use of non-chemical fertilizers and pesticides is one of the 

common practices that have been introduced with alternative agricultural systems and is 

largely based on the use of biofertilizers and bio pesticides. Plant roots secrete “food” 

for bacteria and fungi, which attract nematodes to the roots and nematodes, eat bacteria 

and fungi, and excrete Nitrogen, Sulphur and Phosphorus in a form that the plants can 

use (URS, 2001). Inoculation with biofertilizers generally increased NPK and Ca 

contents in the rhizospheric soil in compared with the uninoculated form. The 

inoculation with Azospirillum saved about 20 units of N-fertilizer and that saving was 

made economically feasible by decreasing the chemical fertilizers needed, improving 

the nitrogen content and counteracting the effects of salinity also (Saad et al., 2009). 

The present plan of work was designed to prepare and develop commercially 

viable, new eco-friendly with low cost, organic matrix immobilized slow release 

biofertilizer super granules with the above perspective by optimizing the dose 

requirements of the commercially available charcoal based Azotobacter chroococcum 

and Bacillus subtilis consortium and its immobilization in the various combinations of 

the organic matrix materials during the storage and application of biofertilizers in soil. 

The Organic matrix based carrier of microbes is beneficial to the biofertilizers as it 

provides a good shelter for its multiplication and activities. Our aim was to enhance the 

growth, productivity and yield of winter (T. aestivum L.) by the application of optimal 
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dose of microbial consortium based super granules as sole fertilizer in place of the 

synthetic chemical fertilizers, urea and DAP.  

 

There are seven main research objectives which are formulated as follows: 

 

1. Dose optimization of A. chroococcum and B. subtilis strain applied as soil 

amendments in the terms of nitrogen and phosphorus availability in soil and plants, 

plant productivity and yield of wheat in the earthen pots. 

2. Dose optimization of A. chroococcum and B. subtilis applied as seed coating for the 

cultivation of wheat in terms of availability of nitrogen and phosphate in soil and 

plants, as well as its effect on the productivity and yield of the crop in the earthen 

pots. 

3. Optimization of the organic matrix carrier materials e.g. cow dung, vermicompost or 

Farm Yard Manure (FYM) for immobilization of optimum doses of A. chroococcum 

and B. subtilis for their enhanced efficacy in terms of microbial population, nutrient 

availability and plant yield in earthen pots and experimental plots. 

4. Optimization of the different organic materials e.g. acacia gum, molasses and 

jaggery as binder for the immobilization of microbial biofertilizers and its enhanced 

efficacy in organic super granules.  

5. Application of the best performing super granules for higher efficacy of the 

microbial biofertilizers and better wheat yield in the experimental plots. 

6. Studies on the performance of best performing biofertilizer super granules under the 

abiotic stresses e.g. salinity, drought and high cadmium levels in pot conditions. 

7. Cost-benefit analysis of the newly developed biofertilizer granules applied for wheat 

cultivation.  



 

 CHAPTER-2 

REVIEW OF  

LITERATURE 
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Chapter 2 

REVIEW OF LITERATURE 

Wheat (Triticum aestivum L., Family-Poaceae) cultivation started in India 9000 years 

ago (Feldman, 2001). Wheat is a predominant winter (Rabi) crop of north western plain 

zone and central zone of India. India is the second largest producer of wheat in the 

world (FAO, 2004; 2012; Sapkota et al., 2014). The total area under the crop is about 29 

million hectares in the country (Majumdar et al., 2013).Wheat production suffers from 

variability in yield from year to year and from location to location. It is a permanent 

constraint to agricultural production in many developing countries and an occasional 

cause of losses of agricultural production in developed ones (Ceccarelli and Grando, 

1991; Ceccarelli et al., 2007). World food production is limited primarily by – (i) 

Climatic factors (ii) Anthropogenic aspect. 

2.2. Climatic factors 

In connection with the anthropogenic influence and global change of climate there is an 

actual problem of plant adaptation to the odd environments (Smith, 1997; Ovrutska, 

2012). Climatic factors significantly affect the production of crops (Gupta et al., 2002; 

IPCC, 2007). On global scale, 90% of all agriculturally used land is influenced by 

abiotic or biotic stress factors. Under stress conditions the plant faces a dilemma, 

similar to all other living organisms, existing under the influence of the surrounding 

environment, which in many cases provides conditions far or extremely far from 

optimal for their growth, development and yielding (Ceccarelli and Grando, 1996). 

2.2.1. Drought  

It has been predicted that global warming will cause more frequent and prolonged 

drought periods (IPCC, 2007). Drought is a widespread abiotic stress factor that lowers 

agricultural production due to reduction in grain yield by drought and heat stresses 

(Zhang et al., 2013). Drought is considered to be one of the most important agricultural 

problems, affecting plant growth, development and productivity (Ceccarelli and 

Grando, 1996; Vinocur and Altman 2005). Current research data on climate change 

shows that, increasing temperature combined with drought will affect many parts of the 

globe in near future (Esen Sekmen et al., 2012).  
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Drought stress leads to disruption of water potential gradients, loss of turgor, 

disruption of membrane integrity, and denaturation of proteins (Banderska et al., 2012). 

Proline as a key osmo-regulating solute in plants, play an overriding role in osmotic 

pressure adjustment of the cell sap concentration under water stress condition (Sharma 

and Dubey, 2005). Drought affects changes in water soluble sugar contents in plant 

tissues (Małek et al., 2012).  Increase of glucose levels an indicator of the intensity of 

drought stress (Krzyzaniak and Lemanowicz, 2013). Limited water supply can also 

affect plant species and lead to contribution in it (Hoffmann and Hercus, 2000). 

Drought leads to stomata closure and restriction of CO2 input, which causes imbalances 

between excitation energy driving electron transport and electron consumption in 

Calvin-cycle reactions (Flexas et al., 2004; Tausz et al., 2004). This imbalance causes 

the formation of harmful reactive oxygen species (ROS) and (photo-) oxidative stress 

(Tausz et al., 2004). In wheat, extremes of high temperature and water deficit during the 

critical grain filling period not only cause severe grain yield losses (Zhao et al., 2007), 

but also reduce the grain quality (Gooding et al., 2009). Under rainfed conditions, wheat 

crop frequently suffer from drought resulting in a significant loss of yield (Trethowan 

and Pfeiffer, 1999; Hossain et al., 2012). Drought, the result of low precipitation or high 

temperature, is thus one of the main problems underlying the success of modern 

agriculture around the globe; it affects the growth, development and production of 

plants (Hasanuzzaman et al., 2012; Hossain et al., 2012). Drought is uneven 

phenomenon that influences plants differently depending on the development stage at 

the time of its occurrence (Lopez et al., 2003; Martiniello and da Silva, 2011; Hossain et 

al., 2012).  

Drought stress affects plant–water relationships on both the cellular and whole 

plant levels leading to the specific and nonspecific phenotype and physiological 

responses (Beck, 2007). Growth reduction under drought stress conditions has been 

well characterized in several plant species such as barley (Samarah, 2005), maize 

(Kamara et al., 2005), rice (Lafitte et al., 2007), and wheat (Rampino et al., 2006). Fresh 

weight and water content are common growth parameters that are severely affected by 

drought (Jaleel et al., 2009). Drought stress adversely affects plant growth, yield and 

productivity and also at cellular and molecular level (Pereyra et al., 2006). Vulnerability 

was considered as a function of sensitivity, wellbeing state relative to its damage 
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threshold and exposure. Vulnerability was calculated considering severe droughts in the 

selected years and the expected vulnerability considering the expected frequency of 

drought (Farhangfar et al., 2015). 
 

2.2.2. Salinity 

Abiotic factors such as shortage of water, extremely high or low temperatures or 

excessive salinity cause similar effects to those resulting from tissue damage or 

secondary stresses like osmotic or oxidative stress (Patra and Panda, 1998; Weggler et 

al., 2000; Yang et al., 2009). Abiotic stress factors inhibit the proper protein folding, 

hydrogen peroxide (H2O2) is produced by the effects of drought and salinity stresses, 

causes irreversible damage on the plant metabolism by oxidation of cellular components 

(Mittler, 2002; Wang et al., 2003; Hu and Schmidhalter, 2005; Hussain et al., 2008; 

Dimkpa et al., 2009; Khaled and Fawz, 2011; Mahdy, 2011; Uzilday et al., 2012). 

Increasing concentration of NaCl in perlite contributes to the increase of antioxidant 

activity in most studied plant species and can affect germination, seedling growth either 

by creating an osmotic pressure (OP) that prevents water uptake or by toxic effects of 

sodium and chloride ions on the germinating seed (Hasegawa et al., 2000; Ashraf, 2004; 

Soltani et al., 2006; Zarea et al., 2012). 

 

2.3. Anthropogenic Aspects 

2.3.1 Use of chemical fertilizers and losses 

Input of agrochemicals for improvement of soil fertility, controlling of plant diseases 

and enhancing the crop productivity (Bakht et al., 2009; Duan et al., 2014; Kumar et al., 

2014a,b; Ram et al., 2014; Singh et al., 2014; Sapkota et al., 2014). These agricultural 

practices, excessive use of chemical fertilizers causes drastic effects on environment 

and public health, increase environmental pollution, ecological damage, degrades soil 

fertility and increase production cost (Gerber et al., 2005; Mitsch and Day 2006). 

Conventional chemical fertilizers are more efficient for crop productivity in a given unit 

area, but a significant amount of applied fertilizers i.e. 30-50% approximately get lost 

by leaching, runoff, volatilization and emission losses (Menendez et al., 2008; Monem 

et al., 2010; Myrbeck et al., 2012; Gogoi and Baruah, 2012). These losses count to 

economic loss, environmental degradation and health hazards (Rawat et al., 2010, 

2012). There is need to develop some sound alternatives to enhance crop productivity 

without harm the environment.  
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Wheat is the major cereal crop of India, covering about 27.0 m ha of cultivated 

agricultural land and consuming large amounts of nitrogenous chemical fertilizers 

(Dwivedi and Thakur, 2000; Babu et al., 2001; Quyen et al., 2002; Satyanarayana et al. 

2002; Singh et al., 2006; Sharma et al., 2008; Liew et al., 2010). This has caused serious 

environmental concerns, such as emission of NOx, ammonia volatilization, leaching of 

nitrate and other reactive nitrogen species in ground and surface waters, resulting in 

water pollution and eutrophication of streams and lakes (Golloway et al., 2008; Gupta et 

al., 2008; Velmurugan et al., 2008; Weligama et al., 2010; Rawat et al., 2012; Kumar et 

al., 2013b) (Table-2.1.). A survey showed that a large area in India including Uttar 

Pradesh, Punjab, and Haryana has been affected by nitrate pollution of ground water 

(Rawat and Singh, 2010). Thus, it appears that the large increase in nitrogen fertilizers 

is a cause for concern from the environmental, economic, and resource conservation 

points of view and warrants improvement in efficiency of fertilizer use.  

Table 2.1. Leaching, runoff, volatilization and emission losses of greenhouse gases 

of nutrients from the agricultural fields by application of commercial chemical 

fertilizers  
 

Fertilizers used Leaching and Emission 

Losses of Nitrogen 

References 

chemical fertilizers on wheat crop, its losses by leaching and emission 

135 Kg N ka
-1

 NO3
-
 

 N leaching Delin and Stenberg (2014) 

0-200 Kg ha
-1

 NO3
-
 

 N leaching Zhou and Bahl (2014) 

200 Kg N ha
-1

 NO3
-
 
 
N leaching N loss Yang et al. (2014), Hartmann 

et al. (2014) 

120 Kg N ha
-1

, 75 Kg ha
-1

, 

45 Kg ha
-1

 

NO3
-
 

 leaching Zhang et al. (2013) 

130 Kg N ha
-1

, 90 Kg P2O5 

ha
-1

, 36 Kg K2O ha
-1

 

NO3
-
  

leaching and N2O 

emission 

Zhou et al. (2012) 

270 Kg N ha
-1

, 105 Kg P2O5 

ha
-1

 and 60 Kg K2O ha
-1

 

NO and N2O emission Cui et al. (2012) 

170 Kg N ha
-1

of ammonium 

nitrate and urea 

N2O emission Gu et al. (2011) 
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Urea, diammonium 

phosphate and potassium 

sulphate 390-60-30 Kg N- 

P-K Kg ha
-1

 

N2O and NO emission Liu et al. (2011) 

Ca(NO3)2, 4H2O-23.5-188.0 

mg N/column 

NO3
-
 leaching in 

different soil layer 

Weligama et al. (2010) 

Urea 0 to 240 Kg hm
-2

, P2O5 

135 Kg hm
-2

, K2O-105 Kg 

hm
-2

 

NO3
-
 

N leaching in 

successive soil depth (0-

200 cm.) 

Shi and Yu (2008) 

Coated urea 75 Kg N ha 
-

1
150 Kg N ha

-1
, urea 125 Kg 

N ha
-1

 to 300 kg N ha
-1

 

NH3 and NO3
-
 losses Xiou- zhi et al. (2007) 

Ammonium nitrate, urea, 

single super phosphate 

NO3
-
 N leaching Yang et al. (2006) 

N- fertilizers leaching of NO3
-
 Jalali (2005) 

180 Kg N ha
-1

 CH4, N2O emission Weiske et al. (2001) 

Urea 250 Kg N ha
-1

, 

superphosphate 20 Kg P ha
-1

 

NO3
-
  and NO2

-
  
 

leaching 

Riley et al. (2001) 

Urea 460 Kg N ha
-1

, 

Floranid 32-320 g N Kg
-1

, 

Mow compost 10.8g N Kg
-1

 

NO3
-
 leaching Diez et al. (1997) 

chemical fertilizers on rice (Oryza Sativa L.) crop, its losses by leaching and 

emission 

Ammonium sulphate 300 

Kg N ha
-1

 

NH4
+
, NO3

-
 

leaching Zhao et al. (2014) 

_ CH4, N2O Zang et al. (2014) 

180 Kg N ha
-1

 CH4, N2O Datta and Adhya (2014) 

_ NO3
- 
leaching Tan et al. (2013) 

0-204 Kg N ha
-1

 CH4, N2O Shang et al. (2011) 

Ammonium sulphate 100-

200 Kg N ha
-1

 

NH4
+
- N,  NO3

-
 

 -N 

leaching 

Luo et al. (2011) 

Urea 0-375 Kg N ha
-1

 NH4
+
- N,  NO3

-
 

 -N 

leaching 

Peng et al. (2011) 

Kg N ha
-1

 CH4, N2O Zhang et al. (2010) 

0 - 100 Kg N ha
-1

 CH4, N2O Qin et al. (2010) 

0 - 270 Kg N ha
-1

 CH4, N2O Ma et al. (2009) 

0 - 40 Kg N ha
-1

 CH4, N2O Datta et al. (2009) 
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0 - 300 Kg N ha
-1

 CH4, N2O Li et al. (2009) 

0 - 225 Kg N ha
-1

 CH4, N2O Kreya et al. (2007) 

0 - 270 Kg N ha
-1

 CH4, N2O Ma et al. (2007) 

0 - 120 Kg N ha
-1

 CH4, N2O Bhatia et al. (2005) 

chemical fertilizers on corn (Zea mays L.) crop, its losses by leaching and emission 

20-178 Kg N ha
-1

 NO3
-
 

leaching Zhou and Bahl (2014) 

_ NO3
-
 

leaching Wang et al. (2014) 

240 Kg N ha
-1

 N2O Migliorati et al. (2014) 

Urea 250 Kg N ha
-1

 NO3
-
 

leaching Sanz-Cobena et al. (2012) 

309-642 Kg N ha
-1

 NO3
-
  

 leaching Perego et al. (2012) 

60- 268 Kg N ha
-1

 NO3
-
 

leaching Sorensen and Ruback (2012) 

0- 300 Kg N ha
-1

 NO3
- 
leaching Tafth and Sepaskhah (2012) 

250 Kg N ha
-1

 N2O, NO Sanz- Cobena et al. (2012) 

75-200 Kg N ha
-1

 NO3
-
leaching Huang et al. (2011) 

210 Kg N ha
-1

 N2O Liu et al. (2011) 

0 - 247 Kg N ha
-1

 CH4, N2O Halvorson et al. (2010) 

90 - 225 Kg N ha
-1

 N2O Adviento-Borbe et al. (2010) 

125 Kg N ha
-1

 N2O Parkin and Hatfield (2010) 

146 Kg N ha
-1

 N2O Vanterea et al. (2010) 

0 -180 Kg N ha
-1

 N2O Almaraz et al. (2009) 

0 Kg N ha
-1

 N2O Guo et al. (2009) 

70 Kg N ha
-1

 CH4, N2O Phillips et al. (2009) 

0-260 Kg N ha
-1

 NO3
- 
leaching Diez-lopez et al. (2008) 

50 - 150 Kg N ha
-1

 N2O Wagner-Riddle et al. (2007) 

140 - 210 Kg N ha
-1

 CH4, N2O Adviento-Borbe et al. (2007) 

0 - 215 Kg N ha
-1

 N2O Parkin and Kasper (2006) 

0 - 291 Kg N ha
-1

 N2O Swiney and Robertson 

(2005) 
0-150 Kg N ha

-1
 NO3

-
 

leaching Diez et al. (1997) 
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Figure 2.1. Environmental degradation due to the application of chemical fertilizers in 

agricultural field (Rawat et al., 2010, 2012; Yang et al., 2011; Cui et al., 2012; Gogoi 

and Baruah, 2012; Duan et al., 2014; Ram et al., 2014; Sapkota et al., 2014). 

 

2.3.2 Cadmium toxicity 

Cadmium (Cd) contaminates the soil and water and this is of particular concern because 

it can accumulate in the food chain (Kollarova et al., 2012). Cd is a toxic heavy metal 

taken up by wheat root showed the effects on growth of root length and shoot height. 

Cd toxicity also effects the seed germination and seedling biomass (Amirjani, 2012). Cd 

uptake by roots and transported to shoots, negatively affecting physiological processes. 

Casparian strips and suberine lamellae as apoplastic barriers are important components 

of endodermal and hypodermal cell walls in roots critical for the control of solute 

transport. Lignin is the biopolymer forming these barriers, mainly Casparian strips Cd 

uptake by the root and its transport to the shoot are apparently related to the 

development of root apoplasmic barriers (Schreiber et al., 1999; Vatehova et al., 2012).  
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2.4. Application of Biofertilizers as an Ecofriendly Alternative 

Microbes have been used as an alternative to chemical fertilizers to increase soil 

fertility, replace chemical fertilizers, pesticides and related agrochemicals and also 

enhance the crop production in sustainable farming system, more useful, economically 

and environmentally (Wu et al., 2005).  The use of selected plant growth-promoting 

rhizobacteria (PGPR) strains as a bio-fortification strategy for wheat, not only leads to 

50% savings of N fertilizer but also represent a major, low-cost and sustainable option 

for enhancing micronutrient concentration in wheat grains (Rana et al., 2012). 

Biofertilizers play an important role in providing nutrition by enhancing its availability 

to plant through solubilizing and mineralizing (Yadav et al., 2011; Ardakani et al., 

2011). Bacteria inoculation significantly increased number of spike/m
2
, plant height, 

spike length, 1000 kernel weight, and grain yield (Gizaway, 2009; Ahmed et al., 2011), 

dry matter (Sundara et al., 2002; Gupta et al., 2013). P and K-dissolving bacteria PDB 

(Bacillus megaterium var. phosphaticum) and KDB (Bacillus mucilaginous and B. 

subtillus) increased fresh and dry weight, P and K availability, uptake nutrient and the 

plant growth (Abou et al., 2012; Zafar et al., 2012), in soil stress condition, bacteria 

possess stress tolerance along with the plant growth- promoting traits (Tiwari et al., 

2011) also B. subtilis and B. cereus gave the most frequent positive growth responses 

(wheat seedling, root weight, shoot weight and shoot length) (Ryder et al., 1999). The 

various type and strain has been applied on different plant species for better growth 

promotion (Table 2.2.). 

Biofertilizers have illustrating the interrelationships of nitrogen fixation with 

increased phosphate (P) uptake by plants, it greatly promote the green technology for 

agriculture (Karivaradharajan et al., 2013). Organic matrix entrapped slow release bio-

fertilizer (OMEB) slowly supplied nitrogen to plant and decreased the losses of 

nutrients resulting more nitrogen (N) available to plant for better yield production and 

reduced the increasing rate of NPK added to the soil (Shaharoona et al., 2008; boonsiri 

et al., 2009; Singh et al., 2011).  

Among biofertilizers are PGPR, which are free-living rhizosphere bacteria that 

promote plant growth by a variety of mechanisms (Vessey, 2003; 2007; Adesemoye et 

al., 2010). The specific mechanism involved in PGPR-elicited enhanced nutrient uptake 

(Adesemoye et al., 2009). It was proposed that PGPR promoted the growth of the plant 
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and increased the root surface area or the general root architecture, better roots then 

released higher amounts of C in root exudates, the increase prompted more microbial 

activity and the cycle of events made more N available for plants uptake (Schloter et al., 

1997; Gopalakrishnan et al., 2009; Naher et al., 2009). 

Role of PGPR in plant growth promotion and biological control of soil borne 

pathogens have been intensively investigated (Kloepper et al., 1989; Kumar et al., 

2005). Integration of PGPR with traditional organic fertilizers in the field may prove to 

be effective means to increase the solubility of insoluble phosphorous ions and other 

minerals to plants with simultaneous reduction in diseases incidence. They take 

systemic and simultaneous account of environmental aspects, quality of the produce and 

profitability of agriculture (Maene, 2000). 

There are several PGPRs currently commercialized, whose growth-promoting 

activity in crop plants have been demonstrated in several ways including production of 

iron-sequestering siderophores and antimicrobial compounds that hinder colonization of 

hosts by phytopathogen (Weller, 1998). (Yao et al., 2010) found that Pseudomonas 

putida could protect against salt stress and promote cotton seedling growth. Inoclation 

of biofertilizers, solubilized precipitated mineral, provide nutrients for production of 

plant growth hormones, thereby enhancing the plants ability to take up nutrients from 

soil and increasing yield (Glick, 1995). 
 

Table 2.2. Micro-organisms are used in different crop as biofertilizers which 

enhance the growth and productivity  

 

Bacteria Plants Effect on plant Mode of 

Application 

References 

P. putida Agaricus. 

bisporus 

hyphal growth Soil Chen et al. 

(2013) 

Paenibacillus 

Lentimorbus,  and 

B. subtilis 

 

Phaseolus 

vulgaris 

increase in 

the phenolics’ 

content and lignin 

accumulation 

Seed 

inoculation 

Martins et al. 

(2013) 

Lolium perenne Lolium 

perenne L. 

maintenance and 

increased 

performance of 

turfgrass surfaces 

Plant 

treatment 

Gaggia et al. 

(2013) 

Janibacter Medicago 

sativa L. 

plant growth Seed 

inoculation 

Guinazu et al.  

(2013) 
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Endophytic 

bacteria 

Oryza sativa 

L. 

shoot height, and 

root length 

Seed 

inoculation 

Duangpaeng  

et al. (2012) 

Azospirillum 

brasilense 

Chlorella 

vulgaris 

lipid and pigent 

content 

microalgae 

immobilized 

Francisco et 

al. (2012) 

A. brasilense , 

and B. pumilus 

Mesquite 

amargo, 

Prosopis 

articulate, 

palo verde 

Parkinsonia 

microphylla,  

and 

Parkinsonia 

florida 

Plant height, 

number of 

branches, and 

diameter of the 

main stem 

 

 

 

Seed 

inoculation 

Bashan et al. 

(2012) 

B.megaterium, 

B.mucilaginosus 

and B. subtilis 

Zea mays L. plant growth 

(shoot and root 

growth) 

Plant 

treatment 

Seoud and 

Megeed 

(2012) 

Rhanella sp. Z. mays L. increases in shoot 

dry weight 

Seed 

inoculation 

Montanez et 

al. (2012) 

Burkholderia sp. 

B.megaterium and 

Sphingomonas sp. 

Z. mays L. plant growth Soil 

inoculated 

Sheng et al. 

(2012) 

A. brasilense Z. mays L. Increase in plant 

height (19%), 

plant dry weight 

(16%), grain yield 

(31%), stover 

yield (17%) and 

nitrogen uptake 

(18%) 

Cell 

treatment 

Joe et al. 

(2012) 

P. fluorescens and 

Burkholderia 

cepacia 

T. aestivum 

L. 

Plant growth Seed 

inoculation 

Saxena et al. 

(2011) 

B. subtilis Lycopersicon 

esculentum 

Mill 

Plant biomass 

production and 

yield 

Seed 

inoculation 

Hariprasad et 

al. (2011) 

P. fluorescens, B. 

subtilis and A. 

brasilense 

Mentha 

piperita 

crop productivity 

and EO yield 

Plant Santoro et al. 

(2011) 

P. fluorescens L. esculentum Yield Seed  and 

root tip 

treatments 

Manikandan 

et al.  (2010) 

A. ficuum phytase Cajanus 

cajan 

Plant biomass 

production 

Seed 

inoculation 

Patel et al. 

(2010) 

P. putida 

 

Gossypium 

hirsutum L. 

Growth-

promotion 

Seed 

inoculation 

Yao  et al. 

(2010) 

Sphingo-

bacterium, B. sp., 

Z. mays L. Plant elongation 

Plant biomass 

Soil 

application 

Marques et al. 

(2010) 
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Achromobacter, 

and Ralstonia, 

production P and 

N accumulation 

P. trivialis Galega 

orientalis 

Lam. 

increase nodule 

numbers and 

nitrogen content 

Seed 

inoculation 

Egamberdieva 

et al. (2010) 

Serratia 

proteamaculans 

Cicer 

arietinum L. 

improving growth 

and yield 

Seed 

inoculation 

Shahzad et al. 

(2010) 

P. mendocina Lactuca 

sativa L. cv. 

Antioxidant 

enzymes, proline 

Soil 

application 

Kohler et al. 

(2009) 

A. brasilense and 

P. fluorescens 

T. aestivum 

L. 

grain yield and 

rhizosphere 

colonization of 

wheat 

Seed Naiman, et al. 

(2009) 

P. aeruginosa Sesamum 

indicum L. 

oil yield Seed 

inoculation 

Kumar et al. 

(2009) 

Streptomyces 

acidiscabies 

Vigna 

unguiculata 

Chlorophyll, lipid Soil 

application 

Dimkpa et al. 

(2009) 

P. aeruginosa Sesamum 

indicum L. 

Yield Seed 

inoculation 

Kumar et al. 

(2009) 

Methylobacterium 

sp. 

Oryza sativa 

L. 

rice seedlings 

growth and lateral 

root 

Seed 

inoculation 

Kumara et al. 

(2009) 

B. pumilus Chlorella 

vulgaris 

growth yielded Plant 

inoculation 

Hernandez et 

al. (2009) 

A. brasilense and 

Brayrhizobium 

japonicum 

Z. mays L. 

and Glycine 

max L. 

seed germination, 

nodule formation 

Seed 

inoculation 

Cassan et al. 

(2009) 

P. syringae C. arietinum minerals uptake 

like P, Mn, and Fe 

and plant growth 

Seed Sahni  et al. 

(2008) 

P.putida and P. 

fluorescens 

Pisum 

sativum L. 

Plant growth Soil and 

Seed 

inoculation 

Arshad et al. 

(2008) 

M. endolithica Phaseolus 

vulgaris L. 

plant growth Soil 

inoculation 

Tarabily et al. 

(2008) 

Rhizobium sp. and 

Burkholderia sp. 

Schizolobium 

amazonicum 

plant growth Soil 

inoculation 

Siviero et al. 

(2008) 

Pseudomonas and 

Bacillus 

Camellia 

sinensis 

tea yield Soil 

application 

Saravanakum

ar  et al. 

(2007) 

P. fluorescens Catharanthus 

roseus 

growth parameters seedling 

treatments 

Jaleel et al. 

(2007) 

Megaterium, B. 

subtilis and P. 

corrugata 

Z. mays L. yeild Root 

colonization 

Kumar et al. 

(2007) 

Pseudomonas sp. T. aestivum increase root and Soil Sheng and 
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L. shoot growth inoculation Gong  (2006) 

Paenibacillus 

polymyxa 

S. indicum L. plant growth and 

the grain yield 

Seed 

inoculation 

Ryu et al. 

(2006) 

A. lipoferum Z. mays L. Plant biomass 

production 

Seed Zemrany et al. 

(2006) 

Bacillus species, 

Paenibacillus 

polymyxa, P. 

putida and 

Rhodobacter 

capsulatus 

Beta vulgaris root weight and 

sugar yield 

Seed 

inoculation 

Cakmakci et 

al. (2006) 

 

Achromobacter 

piechaudii 

L. esculentum 

and 

Capsicum 

annuum 

plant growth Plant 

inoculation 

Mayak et al. 

(2004) 

P. agglomerans 

Mycobacterium 

sp. Mycoplana 

bullata and 

P. fluorescens 

T. aestivum 

L. 

higher N, P, and 

K contents 

Root and 

Shoot 

inoculation 

Egamberdiyev

a and Ho flich 

(2003) 

P. fluorescens L. esculentum 

Mill 

Root 

establishment 

Seed 

inoculation 

Siddiqui et al. 

(2003) 

P. fluorescens C. arietinum 

L. and Vigna 

radiate L. 

plant growth Seed 

inoculation 

Sindhu et al. 

(2002) 

Enterobacter 

cloacae and P. 

Putida 

L. esculentum Root and shoot 

Growth 

Seed 

inoculation 

Grichko  and 

Glick (2001) 

P. corrugata Amaranthus 

paniculatus 

Root-shoot length 

and root-shoot 

biomass 

Seed 

inoculation 

Pandey et al. 

(1999) 

A. chroococcum Eleusine 

coracana 

higher 

root-shoot length, 

root-shoot 

biomass, 

biological yield 

and grain yield 

Seed 

inoculation 

Pandey et al. 

(1999) 

Burkholderiu 

cepaciu, and P. 

fluorescens 

Sorghum 

bicolor 

plant growth Seed 

inoculation 

Chiarini et al. 

(1998) 

 

Immbilized microbial biofertilizers with lower doses of the conventional 

chemical fertilizers i.e. urea and DAP, and are very effective in enhanced growth 

productivity, yield, and quality of wheat (Kumar et al., 2014a, b 2015a, b). The 

inoculation with genus Bacillus (B. licheniformis and B. pumilus) is enhancing the 

growth of Pinus pinea plants, increases rhizosphere microbial communities (Probanza 
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et al., 2001), it produce gibberellin for promoting the growth of plant (Probanza et al., 

2001; Probanza et al., 2002). 

Phosphate solubilizing (PS) activities of Bacillus, Rhodococcus, Arthrobacter, 

Serratia chryseobacterium, Delftia, gordonia and Phyllobacterium, especially 

Arthrobacter ureafaciens, Phyllobacterium myrsinacearum, Rhodococcus erythropolis 

and Delftia sp. have been reported after confirming their capacity to solubilize 

considerable amount of tricalcium phosphate in the medium. Phosphate Solubilizing 

bacteria (PSB) are used for the effective plant growth-promotion broadens the spectrum 

of phosphate solubilizers available for the field application (Chen et al., 2006). 

Immobilization of B. pumilus from arid land soils significantly enhanced the growth of 

the fresh water green microalga (Chlorella vulgaris) (Hernandez et al., 2009). The use 

of PSB as inoculants simultaneously increases P uptake by the plant. Pseudomonas, 

Bacillus and Rhizobium are among the most effective phosphate solubilizers (Rodriguez 

and Fraga, 1999). The synergistic effects of soil fertilization with rock P and K 

materials and co-inoculation with P and K-dissolving bacteria [PDB (B. megaterium 

var. phosphaticum), KDB (B. mucilaginosus and B. subtilis)] on the improvement of P 

and K uptake, P and K availability and growth of plant grown under limited P and K 

soil conditions have been reported (Abou-el-Seoud and Abdel-Megeed, 2012). B. 

subtilis is used as the microbial pest control agent (MPCA) (Felici et al., 2008), 

chlorophyll content, shoot length, root length and leaf area were significantly increased 

by B. subtilis, spray or on the soil application and it also significantly reduced the 

negative effect of ozone and indicating that it has capacities in plant protection against 

environmental stress (Holzinger et al., 2011). B. fusiformis exhibit highest nitrogenase 

activity and A. chroococcum, P. fluorescent, B. fusiformis and Mesorhizobium ciceri 

produced indole acetic acid (IAA), siderophore and hydrogen cynide (HCN) in which 

IAA production has a promising potential for their use as a plant growth promoting 

rhizobacteria (Park et al., 2010; Ahmad et al., 2008; Duangpaeng and Phetcharat, 2012). 

Solubilization of phosphate, Siderophore production, antifungal activity and HCN 

production was more common trait of Bacillus (Rodriguez and Fraga, 1999; Ahmad et 

al., 2008). 
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2.4.1. Drought tolerant microbes 

The increased frequency of droughts as a result of climate change has already been 

shown to reduce crop yields (IPCC, 2007; Gornall et al., 2010). The complexity of 

abiotic stress tolerance is the task of introducing new tolerant varieties (Wahid et al., 

2007). An alternative source is to induce stress tolerance by using various biological 

agents (Conrath et al., 2006; Omar et al., 2009) such as PGPR which colonize in 

rhizospheric soil and enhance the growth of plants by direct and indirect mechanisms 

(Lucy et al., 2004; Dimkpa et al., 2009).  

Use of biofertilizers (B. amyloliquefaciens and A. brasilense) based sustainable 

techniques to improve drought stress tolerance of wheat which tolerant to osmotic 

stress, fixates nitrogen were the best inoculation for yield of wheat grains (Omar et al., 

2000, 2009). Wheat growth under drought stress conditions through priming with 

beneficial bacteria considered PGPR has ability to attenuate several stress consequences 

in plants which strongly supports the potential of such an approach to control drought 

stress in wheat (Kasim et al., 2013) droughts condition in soil deplete, soil C and N 

stocks (Borken and Matzner, 2009). 

PGPR can enhance plant growth by alleviating soil stresses. The bacteria of the 

genus Azospirillum are the most researched PGPR detected in the rhizosphere of many 

crop plants and also in wheat crop field under drought stress (Kloepper, 2004; Cohen et 

al., 2008). They are able to produce plant hormones such as auxin, and proteins like 

polyamines, fix N, increase root growth and enhance growth of plant under the stress 

condition (Ramos et al., 2002; Bhaskara Rao and Charyulu, 2005; de-Bashan et al., 

2005; Russo et al., 2008; Cassan et al., 2009). Production of plant hormones by 

Azospirillum brasilense can increase root growth through enhancing nutrient uptake 

(Russo et al., 2008; Pereyra et al., 2009). The beneficial effects of Azospirilum on 

enhanced wheat yield and reduced chemical fertilization, including N fertilizer, are of 

important agricultural and environmental significance and can resist the unfavourable 

effects of stress. (Bashan et al., 1990; Bashan and Holguin, 1994; 1995, Castellanos et 

al., 2000; El-Komy et al., 2003; Pereyra et al., 2006, 2009; Spaepen et al., 2008; 

Arzanesh et al., 2009; Pereyra et al., 2009; Fischer et al., 2010).  
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In intensified stress the soil microorganisms have ability to alleviate the stress 

(Arzanesh et al., 2011). Such conditions are common in the arid and semi-arid areas of 

the world. Inoculation with native beneficial microorganisms may increase drought 

tolerance of plants growing in arid or semiarid areas (Marulanda et al., 2007). Root-

colonizing non-pathogenic endophytic bacteria can increase plant resistance to biotic 

and abiotic stress factors (Dimkpa et al., 2009). Plant-associated microorganisms are 

involved in symbiotic and associative microbial activities that help in plants to establish 

in their environment (Morrissey et al., 2004). IAA is quantitatively the most abundant 

phytohormone secreted by most plant associated bacteria such as Pseudomonas sp., 

Bacillus sp., Azotobacter, and Enterobacter species. Bacillus, play positive role in plant 

growth promotion investigate by many researchers (Spaepen et al., 2007, 2009; 

Duangpaeng and Phetcharat, 2012; Kumar et al., 2013; 2014a, b; 2015b). The A. 

chroococcum inoculations influenced plant growth and the nitrogen content of various 

plant parts, the plant growth promotion due to stimulation of native microbial 

communities of the rhizosphere/rhizoplane region were also found (Pandey et al., 1999).  

 

2.4.2. Salinity tolerant microbes 

Growth and productivity of rice and soil inhabiting microbial population is negatively 

affected by soil salinity (Nautiyal et al., 2013). To improve sustainable techniques using 

biofertilizers (B. amyloliquefaciens  and A. brasilense) which tolerant to osmotic stress, 

fixates nitrogen were the best inoculation for plant growth, yield of wheat grains and 

has control of salt stress (Omar et al., 2000, 2009; Tiwari et al., 2011).  Pseudomonas 

spp. may be used as plant-growth-promoting rhizobacterium, produced plant-growth-

promoting siderophores, IAA, phosphate solubilizing enzymes, and fungal cell wall 

degrading enzymes such as protease and chitinase (Nain et al., 2010; Naik et al., 2008). 

Several PGPB strains are also known to induce abiotic stress tolerance in some plants 

such as salt and drought stress in wheat (Ashraf et al., 2007; Creus et al., 2004).  

Azotobacter strains to protect maize plants against salt damage; they were use as 

inoculant carriers of a bacterial consortium constituted with respect to improving plant 

performance and soil physical and microbiological properties (Rivera-Cruz et al., 2008). 

Azotobacter strains were evaluated, and the most tolerant to salinity, the use of 

nitrogen-fixing plant growth-promoting bacteria may represent an important 

biotechnological approach to decrease the impact of salinity in crops (Tapias et al., 
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2012; Jha and Subramanian, 2014). Nitrogen-fixing A. chroococcum, P solubilizer (B. 

megaterium) and K solubilizer (B. mucilaginous) bacteria significantly increased the 

growth, biomass, seedling height and increased the nutritional assimilation of plant 

(total N, P and K) and also improved soil properties, such as organic matter content and 

total N in soil (Wu et al., 2005).  The Azospirillum sp., A. chroococcum and P. 

fluorescens, was found most effective in increasing the total dry weight, root and shoot 

length.  

Plants have been protected from salt stress in soils by treating crop seeds and 

seedlings with PGPR (Yue et al., 2007; Saravanakumar and Samiyappan, 2007), which 

is an emerging technology designed to improve the productivity of agricultural systems. 

This technology aligned with the principles of sustainable agriculture is in use 

nowadays and limits the increased use of pesticides and fertilizers (Reed and Glick, 

2004). In addition to decreasing Azospirillum population, increased salinity and drought 

significantly decreases the activity of nitrate reductase in plants and bacteria resulting in 

nitrate accumulation and hence decreased plant growth. As previously mentioned, 

Azospirillum is also able to produce plants hormones such as auxin and gibberellins in 

addition to the production of nitrate reductase even under stress, resulting in enhanced 

plant N and other nutrient uptake of (Hamdia and El-Komy, 1997; El-Samad et al., 

2004; El-Komy et al., 2003; Cohen et al., 2008; Hamdia et al., 2000; Spaepen et al., 

2007, 2008). 

Growth and productivity of rice and soil inhabiting microbial population is 

negatively affected by soil salinity (Nautiyal et al., 2013).However, some salt resistant, 

rhizosphere competent bacteria like Bacillus amyloliquefaciens improve plant health in 

saline stress and  increased plant growth (Nautiyal et al., 2013). Salt stress increased 

proline concentration, particularly in plants inoculated with PGPR. Increased salinity 

stress raised significantly the antioxidant enzyme activities, including those of ascorbate 

peroxidase and catalase of Jatropha leaves. The PGPR strain induced a higher increase 

in these antioxidant enzymes in response to salinity. Inoculation with selected PGPR 

could serve as a useful tool for alleviating salinity stress (Nadeem et al., 2013; Patel and 

Saraf, 2013). 
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2.5. Organic carrier 

Biofertilizers have been identified as alternative to chemical fertilizers (Kundu et al., 

2009; Wu et al., 2005; Perez- Montano et al., 2014; Ramesh et al., 2014). There are 

many methods for storage and application of biofertilizers. The first patent (“Nitragin”) 

was registered for plant inoculation with Rhizobium sp. (Nobbe and Hiltner, 1896). The 

practice of mixing “naturally inoculated” soil with seeds became a recommended 

method of legume inoculation in the USA (Smith, 1995). Two major breakthroughs in 

plant inoculation technology occurred in the late 1970s: (i) Azospirillum was found to 

enhance non-legume plant growth (Diibereiner and Day, 1976) by directly affecting 

plant metabolism (Bashan and Holguin, 1997a, b), and (ii) biocontrol agents, mainly of 

the Pseudomonas fluorescens and P. putida groups, began to be intensively investigated 

(Defago et al., 1992; Kloepper and Schroth, 1981; Glick, 1995: Glick and Bashan, 

1997). The inoculated bacteria sometimes cannot find an empty niche in the soil for 

survival except in sterilized soil, a condition which does not exist in large-scale 

agriculture. 

There is requirement for carrying the biofertilizers, for storage and long 

condition, provide healthy nutrition. There are several types and good amount of 

organic wastes which can carry easily biofertilizers. Organic farming and use of 

biofertilizers are often considered as alternative sources. It needs perfection, 

support/carrier for bacterial support to prevent direct stress from environment 

(Packowski and Berryhill, 1979; Hegde and Brahmaprakash, 1992; Halsall, 1993; 

Rivera-Cruz et al., 2008; Jannoura et al., 2014). The bacterial formulations in the form 

of super granules i.e. biofertilizers Entrapped with organic matrix (SGBs) have a 

potential to manage high crop productivity without the problem and risk associated with 

it (Adil et al., 2005; Densilin et al., 2011; Sharma et al., 2012; Kumar et al., 2012; 

2013a; 2014b; 2015a). In this organic farming the use of organic matrix such as 

vermicompost has the high nutrient quality. The vermicompost is naturally enhancing 

the efficiency of biofertilizers. Vermicompost generated from organic solid wastes, as it 

has high nutrients value which enhance soil fertility (Adil et al., 2005; Jadia and 

Fulekar, 2008; Lazcano and Dominguez, 2011; Singh et al., 2013), it is especially rich 

in NPK (nitrogen, phosphorus and potassium), micronutrients and beneficial soil 

microbes too (Channabasanagowda et al., 2007; Kizilkaya et al., 2012). The super 
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granular form of biofertilizers (A. chroococcum and B. subtilis) provides the essential 

nutrients to the plant during applications (Dahiya et al., 2004; Kumar et al., 2012; 

2013a, b; 2014a, b; 2015a). It enriches the soil fertility and enhanced the crop 

productivity. The amendment of organic carrier is recent interest in eco-friendly and 

sustainable agricultural practices to improve the crops yield (Harish et al., 2006; 2009; 

Kumar et al., 2012; 2013a, b; 2014a, b; 2015a; Minj and Singh, 2015).  

Application of biofertilizers, a common practice for crop cultivation throughout 

the world as it increases plant productivity and grain yield over no fertilizers (Rajpar et 

al., 2006; Zaman et al., 2010; Xin-Kai et al., 2012; Sapkota et al., 2014), farm yard 

manures (Gopinath et al., 2008; Nayak et al., 2012; Otinga et al., 2013), green manures 

(Patra et al., 2006; 2009; Yadav et al., 2013) and microbial inoculants (Ogut et al., 

2005; Sary et al., 2009;  Kaur and Reddy, 2014; Kumar et al., 2014 a,b).  

The alternate source to increase the efficacy of applied nutrient is use of 

nitrification inhibitor e.g. neem leaves, which subsequently decrease the release of free 

ammonia from the granules (Mohanty et al., 2008; Abbasi et al., 2011). Granular form 

of organic matrix based slow release fertilizers slowly provide nitrogen to soil and 

plants and decreases the losses of nutrients caused by rapid availability of soluble 

chemical fertilizers and the slow release fertilizers for replacement of chemical 

fertilizers in agricultural field (Pathak et al., 2010; Yang et al., 2011; Singh et al., 2013; 

Yang et al., 2015). 

Biofertilizers immobilization in an organic matrix containing cow dung, clay 

soil, neem leaf powder, rice bran, and acacia gum (nontoxic and biodegradable organic 

materials) as a carrier prepared in the form of super granules, enhances growth, 

productivity, and yield in rice (Dahiya et al., 2004; Kumar et al., 2012; 2015a Ashok et 

al., 2014), Indian mustard (Sharma and Singh, 2011) and wheat (Kumar et al., 2013a, b; 

2014a, b; 2015b). Several biofertilizers have been applied as slow release forms 

enhance the growth and productivity of wheat crop (Kumar et al., 2014, 2015).  

Application of composted organic fertilizers (poultry manure) resulted in less 

galling and nematode multiplication and improving plant growth (Siddiqui, 2004). The 

several investigations demonstrate that the newly prepared organic matrix entrapped 

biofertilizers (OMEB) significantly enhanced the efficacy of Azotobactor and Bacillus 
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spp. (Kumar et al., 2012; Ashok et al., 2014; Kumar et al., 2014, 2015a, b). The effect 

of OMEB on growth parameters; biomass, nutrient uptake and yield productivity of 

wheat crop. They were significantly increased and found good amount of microbial 

activities (Sharma et al., 2011, 2012; Ashok et al., 2014; Kumar et al., 2014, 2015a, b). 

The OMEB-applied plants showed better growth and nutritional quality than free 

biofertilizers. The cost of OMBE was slightly higher than that for the conventional 

biofertilizers, but it was less expensive than the conventional chemical fertilizer. The 

OMEB can replace synthetic chemical fertilizers in extensive cropping areas where 

there is major concern for economic, environmental and health issues. Even though the 

grain yield was slightly lower that with the recommended dose of conventional urea, the 

straw yield was almost the same with the application of OMEB. 

 

2.6. Integrated Nutrient management 

Production of crops has undergone enormous change in recent years due to 

development of innovative technologies including integrated nutrient management 

practices using biofertilizers (Aseri et al., 2008). Integrated plant nutrient systems 

(IPNS), farmyard manure (FYM), and use of biofertilizers are often regarded as 

alternatives to synthetic fertilizers (Mahajan et al., 2003; Singh et al., 2008, 2011; 

Affendy et al., 2011; Sharma et al., 2011b, 2012a). Integrated nutrient management 

system (INMS) has been recommended for crop cultivation by use of organic matrix 

(Singh et al., 2011; Sharma et al., 2011, 2012; Ashok et al., 2014; Kumar et al., 2014, 

2015a, b). Slow release, controlled release and specially fertilizers (Singh et al., 2008 a, 

b; Singh et al., 2011; Chander, 2012) are new generation plant nutrients, which can be 

efficient and ecofriendly though most of the formulations are expensive and farmers in 

controlled agricultural economy or poor economy are unable to afford its use for most 

of the crops. N2-fixing and phosphate solubilizing bacterial strains, dissolved P, fixed 

N2 (Cakmakci et al., 2006) and significantly increased by the bacterial inoculation with 

low- and high-OM soil. Plant growth responses were variable and dependent on the 

inoculants strain, soil organic matter content, growing stage, harvest date and growth 

parameter evaluated. The effect of PGPR was greater at early growth stages than at the 

later. Effective Bacillus species, Paenibacillus polymyxa, P. putida and R. capsulatus 

may be used in organic and sustainable agriculture (Cakmakci et al., 2006). An 

integrated approach wherein microbial inoculants applied along with reduced level of 
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fertilizers so as to obtain better growth and yield is essentially required (Mohiuddin et 

al., 2000; Stephan and Nybe, 2003).  

The organic fertilizers and various kinds of customized fertilizers e.g., slow 

release fertilizers, controlled released fertilizers, urease and nitrification inhibitors as 

well as microbial biofertilizers have a better retention and continuity of release of the 

nutrients in plants rhizosphere, therefore, their application can reduced the 

environmental losses of the expensive plants nutrients loaded during the crop 

cultivation (Dahiya et al., 2004; Sieling et al., 2006; Emilsson, 2007; Zaman and 

Blennerhassett, 2010; Grant et al., 2012; Steng et al., 2014). A direct correlation 

between the application of NPK fertilizers and crop productivity have been reported for 

wheat cultivation (Yadav, 2003; Kumar and Nanwal, 2006; Osborne, 2007; Brar et al., 

2013; Duan et al., 2014), which leads to the leaching, volatization and emission losses 

(Akiyama, 2000; Weber et al., 2001; Wei-xin et al., 2007; Jiang et al., 2010; Liu et al., 

2014; Plaza-Bonilla et al., 2014) biofertilizers, e.g., A. chroococcum, B. subtilis, 

Azospirillum, Acetobacter (Kumar et al., 2001, Ogut et al., 2005; Lavakush et al., 2014; 

Perez-Montano et al., 2014; Ramesh et al., 2014) and organic fertilizers (Sharma and 

Prasad, 1999; Yadav et al., 2013; Laik et al., 2014; Singh et al., 2014) have been 

applied to the wheat fields as alternative and eco-friendly nutrients. The integrated 

nutrient management practices and use of customized fertilizers have also been 

attempted for (Kumar and Nanwal, 2006; Sharma et al., 2011; Nayak et al., 2012; Das 

et al., 2014). However, these eco-friendly and economically as well as environmentally 

sustainable form of fertilizers are not able to replace the main stream chemical 

fertilizers due to their limitations in meeting the nutrient requirements of the crop 

plants, adequate promotion policies and lack of determination of the responsible 

systems, the problems of easy availability to the farmers as well as the cultural 

constraints in farmers to readily accept the new alternatives. Hence more studies on 

dose responses, uptake potential, leaching and emission losses and technical 

interventions to develop more efficient alternative fertilizers are the urgent need for 

maintaining sustainable productivity of wheat in extensively utilized agro- ecosystems 

like rice- wheat cropping system of Indo-Gangetic plains (Sharma et al., 2011; Laik et 

al., 2014; Singh et al., 2014; Sapkota et al., 2014). 
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Presently the microbial bio-fertilizers are also not able to replace synthetic 

fertilizers due to lower efficiency of its recommended doses and conventional forms 

(Ogut et al., 2005; Kundu et al., 2009).  Use of such nutrients improves the soil health 

and quality of products. Strains of  Azotobacter, Rhizobium, Bradyrhizobium, 

Azospirillum, Pseudomonas, Bacillus, and Acetobacter have been developed as 

biofertilizers for cereals, pulses, vegetables, oilseeds, cotton, and sugarcane (Mahajan et 

al., 2003; Ogut et al., 2005; Broschat and Moore, 2007). Although biofertilizers offers 

an ecologically sound alternative to chemical fertilizers, their efficacy is significantly 

lower in increasing crop yield as compared with synthetic conventional fertilizers. Thus, 

this is a major hindrance in realizing the ultimate goal of increasing productivity by use 

of biofertilizers. The microbial biofertilizers are known to be more effective, when 

applied with vermicompost generated from organic wastes, as it has high nutrient value 

to enhance microbial population and activity and subsequently soil fertility (Adil et al., 

2005; Jadia and Fulekar, 2008; Lazcano et al., 2011; Singh et al., 2013). Application 

with vermicompost and PGPR in agricultural field showed an increase in acid and 

alkaline phosphatase. Some studies are available, which indicates that the use of such 

fertilizers is beneficial for wheat cultivations and soil environment (Patra et al., 2009; 

Yang et al., 2011; Kumar et al., 2013). 

The organic matrix based granules significantly enhanced nitrogenous species 

assimilation of T. aestivum L. plants over the free form of Urea and DAP treated plants 

(Kumar et al., 2014 a, b). It has been reported that application of chemical fertilizers 

especially urea and DAP is a common practice for wheat cultivation throughout the 

world as it increases plant productivity and grain yield over no fertilizers (Rajpar et al., 

2006; Zaman et al., 2010; Xin-Kai et al., 2012).  It has been also reported that 

application of farm yard manures (Gopinath et al., 2008; Srensen and Ruback 2012; 

Otinga et al., 2013), green manures (Patra et al., 2006) and microbial inoculants (Ogut 

et al., 2005; Arshad et al., 2008; Sary et al., 2009; Montanez et al., 2012; Kaur and 

Reddy 2014) increase the plant growth and highest yield production over the 

conventional chemical fertilizers during wheat cultivation. 

Harmful environmental effects resulting from the use of chemical fertilizers 

have spurred research into integrated nutrient management strategies which can include 

the use of specific micro-organisms to enhance nutrient use efficiency (NUE) (Dahiya 
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et al., 2004; Oak 2005; El-Sirafy et 2006; Akhtar et al., 2009; Shah et al., 2009; Abedi 

et al., 2010; Singh et al., 2011; Ashok et al., 2014; Kumar et 2012; Kumar et 2013b; 

2014b; 2015a, b). The PGPR have been reported to enhance nutrient uptake by plants, 

though scientists have reported that PGPR have ability to enhance N uptake by the plant 

in addition with this together it can be reduced the amounts of chemical fertilizers (Adil 

et al., 2005; Chang and Yang 2006;  Ahmad et al., 2008; Adesemoye et al., 2009; 2010; 

Desbrosses et al., 2012; Guinazu et al., 2013; Dong et al., 2014).  Adesemoye et al. 

(2010) reported that the application of PGPR could help in plant growth promotion, 

reduce leaching of N during the growing season and reduce residual N in soils after 

harvest. Increase the efficacy of applied nutrient by use of nitrification inhibitor and 

slow release bio-fertilizer for replacement of chemical fertilizers and management of 

nutrient supply in agriculture (Pathak et al., 2010; Singh et al., 2013).  

This brings need/demand of good farming techniques in agriculture and its 

management (Joshi  et al., 2007; Sarwar et al., 2008; Singh et al., 2010; Nayak  et al., 

2012; Ryan et al., 2012; Yadav et al., 2013; Majumdar et al., 2013; Laik  et al., 2014; 

Sapkota et al., 2014; Audrey, and Philippe, 2015; Dinis et al., 2015). The concept of 

organic farming has existed since the 1980s, and now it becomes the focus of 

significant attention by policy-makers, consumers, environmentalists and farmers 

(Stolze and Lampkin, 2009; Mzoughi, 2014; Palsova et al., 2014; Vincent and Fleury, 

2015; Dinis et al., 2015). In India, the use of plant and animal wastes as a source of 

plant nutrient was the accepted practice (Tein et al., 2014; Jannoura et al., 2014; Charis 

et al., 2015). The importance and aim of organic manures and green manure crops have 

revived in modern agriculture (Chandra, 2005; Lazcano and Dominguez, 2011; Yadav 

et al., 2013; Tein et al., 2014; Todorova and Ikova, 2014). Hence, now a day’s scholars 

and farmers are rewarting back towards primitive farming methodology i.e. system of 

the organic farming in sustainable manner is increased in the agricultural field 

(Mzoughi, 2014; Talmhaiochta and Mara., 2014; Palsova  et al., 2014; Atlason et al., 

2015; Dinis et al., 2015; Lazzaro et al., 2015; Kontopoulou et al., 2015;  Allaire et al., 

2015). In organic framing the use of organic manure, green manure, organic waste, is 

used as organic fertilizers. Compost and composted manure can be added to improve 

fertility of soil (Kumar et al., 2013; 2014a; 2015a, b; Ashok et al., 2014). The demand 

of grains, cereals and vegetables grown by organic farming is day by day increasing. 
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It appears that the efficacy of conventional chemical fertilizer can be improved 

by immobilizing it with organic matrix. It can be seen as a successful attempt towards 

developing alternatives of synthetic N fertilizers, which cause significant economic, 

environmental and health related concerns. The  previous  study demonstrated  that the 

application of farm yard manure, green manure and biofertilizer (Azospirillum) along 

with reduced doses of urea increase soil microbial properties in optimal irrigation and 

no tillage conditions (Sharma et al., 2011; 2012). Commercial preparation of coated 

urea (Shoji and Gandenza, 1992, Xioa- Zhi et al., 2007) have been shown that lower 

doses of chemical fertilizers can be more yield producing with certain technical 

interventions. Yang et al. (2011) have also showed that more wheat productivity can be 

obtained with less amount of urea if applied as a control release formulations. The half 

of the recommended dose of urea entrapped in an organic matrix can produced more 

wheat with better nutritional qualities (Kumar et al., 2013).  

Today biofertilizer application is a common practice for wheat cultivation 

throughout the world as it increases plant productivity and grain yield over no 

fertilizers. The recommended dose of a nutrient is generally decided by field trials in the 

given agro-climatic conditions, however many factors e.g. soil type, availability of 

organic matter and nutrients in soil and other agro-climatic and genetic factors may 

affect the nutrient use efficiency (NUE) for specific crops in specific agricultural fields.  

 

2.7. Organic binders 

The use of biofertilizers affect the mineralization and solubilization of nutrients in the 

agricultural field (Kundu et al., 2009; Ardakani et al., 2011; Piromyou et al., 2011; 

Yadav et al., 2011; Panhwar  et al., 2012; Singh et al., 2013; Kumar et al., 2014a, b; 

Yadav et al., 2014). By the application of biofertilizers and organic matrix increased the 

wheat crop productivity in crop field (Naher et al., 2009; Abedi et al., 2010; Youssef  et 

al., 2014; Kumar et al., 2013a, b, c; 2014; 2015a, b). But the direct application of 

biofertilizer as in soil inoculation or seed inoculation may get disposed or harm it by 

other microbes, protozoan and many other stresses (low nutrient profile, harsh soil 

condition, environmental stresses etc.) they can’t tolerate (Heijnen et al. 1992; 

Rodriguez-Navarro et al., 1991; Bashan and Levanony, 1988; Van-Elsas et al., 1986; 

Mamta, 2010; Piromyou et al., 2011; Sharma et al., 2012; Lavakush et al., 2014; Kumar 

et al., 2015 a, b; Zaidi, et al., 2015).   
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Organic matrix applied in agricultural field in granular biofertilizers form, 

reduces the environmental losses of the expensive plants nutrients loaded during the 

crop cultivation (Dahiya et al., 2004; Sieling et al., 2006; Emilsson, 2007; Zaman et al., 

2010; Grant et al., 2012; Steng et al., 2014; Shaharoona et al., 2008; boonsiri et al., 

2009; Singh et al., 2011; Kumar et al., 2012; 2013a, b; 2014a, b). SGBs based slow 

release formulations enhances the efficiency of biofertilizers. In this formulations the 

different kind of substrate including, acacia gum, molasses and jaggery have been use 

as co-binders to produce slow release fertilizers (SRFs).  

Binder in preparation of super granules plays an important role (Sharma et al., 

2011; 2012; Kumar et al., 2012; 2013a, b; 2014 a, b; 2015 a, b). Molasses is used as 

binder of lime stone (Jim and Robert 2001) and is a by-product of fruits (Ahmedna et 

al., 2000). Molasses and jaggery has their own property which provides the various 

nutrients such as carbon source, sucrose as a medium growth to the microbes (Kirk and 

Othmer 1967; Bhosale and Gadre, 2001; Kalogiannis et al., 2003; Aksu and Tugba-Eren 

2005; Li et al., 2007; Oliveira et al., 2007; Ren et al., 2010; Kucukasik et al., 2011; 

Cappelletti et al., 2012; Abou-Taleb et al., 2014; Trivedi and Shah 2014).  

In this experiment we have evaluate the beneficial and low cost super granules. 

This kind of formulation increases the efficacy of applied PGPR as slow release 

biofertilizers and it has excellent ability to manage nutrient supply in agricultural field 

(Adesemoye et al., 2009; Singh et al., 2013; Ashok et al., 2014). It greatly promotes the 

green technology for agriculture (Swarnalakshmi et al., 2013) in sustainable manners. 

Basically release of nutrients depends on the degree of affinity between binders and 

organic matrix materials, which define the release of nutrients from granules in the soil. 

In this paper effects of different binders used to immobilise A. chroococcum and B. 

subtilis with organic matrix at optimized dose for wheat cultivation in the field 

experiment have been investigated. The objectives of this paper were: (1) To study the 

knowledge of organic matrix immobilized with biofertilizers for organic farming 

practices (2) To find out the relationship between binders and organic matrix materials. 

(3) The socio-economics effect of super granules (SGs). 
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Chapter 3 

MATERIALS AND METHODS 

3.1. Materials and Methods 

3.1.1. Experimental Site 

The experiments were conducted in the environmental field station (Net House) at Babasaheb 

Bhimrao Ambedkar University, Lucknow, India. It is situated of 123 m above the sea 

level and lies between 26.30
0
 and 27.10

0 
north latitude and 80.30

0
 and 81.13

0 
east

longitudes and Latitude and Longitude of Mohanlalganj, Lucknow is 26.69
0
N and

80.98
0
E respectively during winter (Rabi) season.

3.1.2. Seed Source 

The certified seeds of wheat (Triticum aestivum L. cv. PBW-502) were obtained from a 

local dealer of Lucknow city. 

3.1.3. Immobilized of Organic Matrix Based Granular Slow Release Microbial 

Biofertilizers 

The Biofertilizer consortium constituted of phosphate solubilizing bacteria (i.e. Bacilus 

subtilis; 2.47 Kg ha
-1

) and nitrogen fixing bacteria (i.e. Azotobacter chroococcum; 2.47

Kg ha
-1

). Organic matrix was prepared in comprising of clay soil (diameter of particles

<0.002 mm; 50 kg ha
-1

), vermicompost (2 ton ha
-1

), cow dung, farm yard manure and

neem (Azadirachta indica) leaves were collected locally. All the collected materials 

were dried separately in oven at 60 -70
0
C for 3 days and powdered in a grinder and

were mixed in 1:1:1 ratio to prepare the granule. These organic materials were binded 

with 15% saresh (plant gum of Acacia spp.) and approximately 5 mm diameter small 

granules were prepared manually and dried at room temperature.  

3.1.4. Preparation of Experimental Plots and Application of Organic Matrix 

Based Granular Slow Release Fertilizers Granules in the Plots and Experimental 

design 

Various nutrient combinations were used under integrated nutrient management 

practices with organic matrix (clay soil, neem leaves, vermicompost, farm yard manure, 

cow dung in 1:1:1 ratio) and plant gum saresh (Acacia spp.) was used as binder. The 



 Chapter -3- Materials and Methods 

    Rose Minj / Ph.D. Thesis / DES / BBAU, Lucknow, UP, India / 2016   35 

experiments were conducted in 2011-12, 2012-13 and 2013-14, during winter season 

(December to April). The field blocks of 3 m
2

 (1.5 x 1.5 m) area were maintained. The

experimental design consisted of a number of different treatments and each treatment 

was replicated three times in a randomized block design (RBD). 

f 

Plate: 3.1.Organic matrix such as clay soil, vermicompost, neem leaves immobilized with 

commercial charcoal based biofertilizers. Vermicompost is one of the best organic carriers among 

the FYM and cow dung 

Table 3.1. The detailed layout of biofertilizer (A. chroococum and B. subtilis) 

treatments in free form with enhance dose for dose optimization as follows: 

NF- No fertilizer 

CF-RD- Chemical fertilizer recommended dose (Urea; 150 kg ha
-1 

and DAP; 75 kg ha
-1

) 

BF- I- Biofertilizer free form single dose  (RD; 0.6 kg ha
-1

) 

BF- II- Biofertilizer free form double fold 

BF- III- Biofertilizer free form  triple fold 

BF- IV- Biofertilizer free form  fourth fold 

BF- V- Biofertilizer  free form  fifth fold 

BF- VII- Biofertilizer  free form  seventh fold 

Clay soil Vermicompost   Neem leaves powder commercial biofertilizers 

Super Granular Biofertilizer 
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Table 3.2. The detailed layout of free form, seed coated with biofertilizer (A. 

chroococum and B. subtilis), in enhance dose for dose optimization as follows: 

Table 3.3. The detailed layout of seeds coated with biofertilizer (A. chroococum and 

B. subtilis) and organic matrix (vermicompost), in enhance dose for dose 

optimization as follows: 

NF No fertilizer 

CF-RD Chemical fertilizer recommended dose (Urea; 150 kg ha
-1

 and DAP; 75 kg ha
-1

) 

BF-1(SV) Seed coated with biofertilizers single dose (RD; 0.6 kg ha
-1

)  and vermicompost 

BF-2(SV) 
Seed coated with biofertilizers upto twofold with vermicompost and used acacia 

gum 

BF-3(SV) 
Seed coated with biofertilizers upto threefold with vermicompost and used acacia 

gum 

BF-5(SV) 
Seed coated with biofertilizers upto fivefold with vermicompost and used acacia 

gum 

BF-6(SV) 
Seed coated with biofertilizers upto sixfold with vermicompost and used acacia 

gum 

BF-7(SV) 
Seed coated with biofertilizers upto sevenfold with vermicompost and used acacia 

gum 

Table 3.4. The detailed layout of various organic matrix based immobilized 

biofertilizers (A. chroococum and B. subtilis) triple dose for optimization of specific 

organic matrix as follows: 

NF No fertilizer 

CF-RD Chemical fertilizer recommended dose (Urea; 150 kg ha
-1

 and DAP; 75 kg ha
-1

) 

BF-3 
Free form of consortium of biofertilizers in triple dose. Recommended dose of 

biofertilizers (A. chroococum and B. subtilis RD; 0.6 kg ha
-1 

respectively). 

BFCDCN 
Immobilized form of consortium of biofertilizer with cow dung clay soil,  neem 

leaves and binder saresh 

NF No fertilizer 

CF-RD Chemical fertilizer recommended dose (Urea; 150 kg ha
-1

 and DAP; 75 kg ha
-1

) 

BFS- I Seed coated with biofertilizers single dose (RD; 0.6 kg ha
-1

). 

BFS- II Seed coated with biofertilizers upto twofold used acacia gum 

BFS- III Seed coated with biofertilizers upto threefold used acacia gum 

BFS- V Seed coated with biofertilizers upto fivefold used acacia gum 

BFS- VI Seed coated with biofertilizers upto sixfold used acacia gum 

BFS-VII Seed coated with biofertilizers upto sevenfold used acacia gum 
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BFCDN 
Immobilized form of consortium of biofertilizer with cow dung, clay soil neem 

leaves and binder saresh 

BFCDC 
Immobilized form of consortium of biofertilizer with cow, dung clay soil and 

binder saresh 

BFCD 
Immobilized form of consortium of biofertilizer with cow dung and binder 

saresh 

BFVCN 
Immobilized form of consortium of biofertilizer with vermicompost clay soil, 

neem leaves and binder saresh 

BFVN 
Immobilized form of consortium of biofertilizer with vermicompost , neem 

leaves and binder saresh 

BFVC 
Immobilized form of consortium of biofertilizer with vermicompost, clay soil 

and binder saresh 

BFV 
Immobilized form of consortium of biofertilizer with vermicompost and binder 

saresh 

BFFYCN 
Immobilized form of consortium of biofertilizers with farm yard manure, clay 

soil neem leaves and binder saresh 

BFFYN 
Immobilized form of consortium of biofertilizer with farm yard manure, neem 

leaves and binder saresh 

BFFYC 
Immobilized form of consortium of biofertilizer with farm yard manure, clay 

soil and binder saresh 

BFFY 
Immobilized form of consortium of biofertilizers with farm yard manure and 

binder saresh 

BFCN 
Immobilized form of consortium of biofertilizer with clay soil neem leaves and 

binder saresh 

BFC Immobilized form of consortium of biofertilizer with clay soil and binder saresh 

Table 3.5. The details layout of organic matrix (vermicompost) based immobilized 

biofertilizer (A. chroococum and B. subtilis) triple dose immobilized with different 

binders as follows: 

NF No fertilizer 

CF-RD Chemical fertilizer recommended dose (Urea; 150 kg ha
-1

 and DAP; 75 kg ha
-1

) 

BF- III Biofertilizer free form triple dose (RD; 0.6 kg ha
-1

) 

IVJ- III Immobilized form of biofertilizer with vermicompost and binder jaggery 

IVM- III Immobilized form of biofertilizer with vermicompost and binder molasses 

IVS- III Immobilized form of biofertilizer with vermicompost and binder saresh 
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Table 3.6. The details layout of organic matrix (vermicompost) based immobilized 

biofertilizer (A. chroococum and B. subtilis) triple dose immobilized with different 

binders applied under abiotic stresses e.g. salinity and high levels of cadmium 

concentration as follows: 

 

NF No fertilizer 

FCF Conventional chemical fertilizers (Urea; 150 kg ha
-1

 and DAP; 75 kg ha
-1

) 

FBOM 

Free form of consortium of biofertilizer (A. chroococum, and B. subtilis) in 

threefold of recommended dose (RD; 0.6 kg ha
-1

) with free form of organic 

matrix apply at after 30 DAS (Salinity; 100 mM Kg
-1

 soil) 

IVS 
Immobilized form of vermicompost apply after 30 DAS used acacia as 

binder (100 mM Salinity+5 µM Cd; Kg
-1

 soil) 

IVJ  
Immobilized form of vermicompost apply after 30 DAS used jaggery as 

binder (Salinity; 100 mM Kg
-1

 soil) 

IVJ 
Immobilized form of vermicompost apply after 30 DAS used jaggery as 

binder (100 mM Salinity+5 µM Cd; Kg
-1

 soil) 

SCVJ 

Seed inoculate with biofertilizer and coat with vermicompost used jaggery 

as binder + free form of organic matrix (100 mM Salinity+5 µM Cd; Kg
-1

 

soil) 

IVJ 
Immobilized form of vermicompost apply after 30 DAS used jaggery as 

binder (Cd; 5 µM Kg
-1

 soil) 

IVM  
Immobilized form of vermicompost apply after 30 DAS used molasses as 

binder (Salinity; 100 mM Kg
-1

 soil) 

IVM  
Seed inoculate with biofertilizer and coat with vermicompost used 

molasses as binder (100 mM Salinity+5 µM Cd; Kg
-1

 soil) 

 

Table 3.7. The details layout of organic matrix (vermicompost) based Immobilized 

biofertilizer (A. chroococum and B. subtilis) triple dose bind with different binders 

applied under drought stress condition as follows: 

NF No fertilizers 

FCF Conventional chemical fertilizers (Urea; 150 kg ha
-1 

and DAP; 75 kg ha
-1

)  

FBF 
Free form of consortium of biofertilizer (A. chroococum, and B. subtilis) in 

threefold of recommended dose 

BFOM(NI) 
Free form of biofertilizers with free form of organic matrix. (normal 

irrigation) 
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3.2. Method of Biofertilizers Application  

3.2.1. Seed Inoculation 

Seeds were sterilized by soaking them in 0.1% HgCl2 solution for 5 minutes to avoid 

any fungal/bacterial contamination and then washed thoroughly with running tap water 

followed by deionized water. 

3.2.2. Soil Application 

In soil application of biofertilizer apply as free form and also in form of organic matrix 

based granular slow release fertilizers.  

 

3.3. Maintenance of Crop Growth Conditions 

The seeds of wheat (T. aestivum L. cv. PBW 502) were sown at a depth of 4-5 cm. 

Thinning of plants was carried out after 25 days of sowing. The plant to plant distance 

of 10 cm was maintained and the distance between field blocks of 1.5 feet was 

maintained. In addition to irrigations were given as per after 21, 60 and 90 days of 

sowing. Hoeing-cum-weeding was done after one month of sowing. The crop was 

harvested when the colour of siliquae changed from green to light yellow. The 

harvested crop was tied in bundles and kept for sun drying after proper labelling. 

 

 

 

 

 

SCVJ (NI) 
Seed colonization with biofertilizer and coated with vermicompost use binder 

jaggery+ free form of organic matrix (normal irrigation) 

FOM (NI) Free form of organic matrix apply after 30 DAS (normal irrigation) 

IVJ (NI) 
Immobilized form of biofertilizer in with vermicompost, clay soil neem 

leaves and binder jaggery apply after 30 DAS (normal irrigation) 

BFOM(D) 
Free form of biofertilizers and free form of organic matrix apply after 30 DAS 

(Drought condition) 

IVJ (D) 
Immobilized of with vermicompost, clay soil neem leaves and binder jaggery 

apply after 30 DAS (Drought condition) 

SCVJ (D) 
Seed colonization with biofertilizer in vermicompost use jaggery as binder 

(Drought condition) 

FOM (D) Free form of organic matrix apply after 30 DAS (Drought condition) 
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3.4. Measurement of the Growth Parameters 

3.4.1. Root Length and Shoot Length 

Root length and shoot lengths were measured by erecting the plant parts on a graph 

paper and measured by using graph scales. 

3.4.2. Leaf Number and Number of Roots 

Leaf number and number of roots were counted manually at regular intervals. 

3.4.3. Fresh Weight 

The fresh weight of plant parts was recorded at regular intervals using single pan 

electric balance. The plant parts were washed with distilled water and excessive water 

was removed by placing within two layers of filter paper before weighing. 

3.4.4. Dry Weight 

The dry weight of the same tissue was recorded after drying it in hot air oven at 60
0
C 

for 48 hr. when the dry weight became constant. 

3.5. Measurement of the yield parameters 

3.5.1. Number of Tillers per Plant 

Tillers of selected plants from each plot were counted (n=6) and then mean number of 

tillers per plant were calculated. 

3.5.2. Grain and Straw Yield (t ha
-1

) 

The grain and straw yield of each plot was recorded in tonnes after cleaning the 

threshold produce and expressed in t ha
-1

. 

 

3.6. Enumeration of Bacteria by Plate Count or Serial Dilution Agar 

Plate 

 The plate count technique is one of the most routinely used procedures because of the 

enumeration of viable cells by this method. This method is based on the principle that 

when material containing bacteria are cultured, every viable bacterium develops into a 

visible colony on a nutrient agar medium. The number of colonies, therefore, is the 

same as the number of organism contained in the sample. In this procedure a small 

measured volume (or weight) is mixed with a large volume of sterile water or saline 

called the diluent or dilution blank. Dilutions are usually made in multiples of ten. 

Different dilution (10
-1

, 10
-2

, 10 
-3

, 10
-4

, 10
-5

, 10
-6

 and 10 
-7

) of 1 g soil sample were 
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prepared. Appropriate dilution (1 ml) (10
-2

 to 10
-7

) was added to sterile petriplates for 

isolation of microbial colonies. Three petriplates were used for each dilution. Nutrient 

medium (15 ml) was added to each plate containing the diluted sample. The contents of 

each plate were mixed to distribute the microbial cells throughout the medium. The 

plates were allowed to solidify and incubated in an inverted position for 24 h at 37
0
C. 

The number of colonies in the plates was counted by the method- To facilitate 

calculations, the dilution is written in exponential notation a single dilution is calculated 

as follows: 
 

 
 

Serial dilutions are prepared by transferring a known volume of the dilution to second 

dilution blank and so on. Once diluted, the specified volume of the dilution sample (1 

ml or 0.1 ml) from various dilutions is added to sterile petri plates (in triplicate for each 

dilution) to which molten and cooled (45-50
0
C) suitable agar medium is added. The 

colonies are counted on a Quebec colony counter. The number of organisms developed 

on the plates after an incubation period of 24-48 hours per ml is obtained by multiplying 

the number of colonies obtained per plate by the dilution factor, which is the reciprocal 

of the dilution. Count of soil samples were determined by viable plate count method. 
 

                                                                      

 

Requirements- 

 Sample  

 9 ml dilution blanks (7) 

 Sterile petri plates (12) 

 Sterile 1ml pipette (7) 

 Nutrient agar medium (200 ml) 

 Colony counter 
 

Nutrient agar (pH 7.0) 

Peptone : 5.0 g  

Beef extract  : 3.0 g NaCl : 5.0 g  

Nutrient agar : 15.0 g  
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Distilled water : 1000.0 ml. 

 

3.7. Estimation of Ammonium Content  

Ammonium was estimated using weatherburn, 1967 by using Nesseler’s reagent 

method.  

Reagent required: - 

1. Nesseler’s Reagent :1 g iodine  

Procedure  

Crush 1 g of sample in 6 ml distilled water. Centrifuge it and obtain the supernatant. 

Supernatant is used as the sample. Take 2.5 ml of sample. Add 1.5 ml Nessler’s reagent. 

Red to brown colour appears. Take O.D. at 420 nm.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure  3.1. Standards Curve of Ammonium 

 

Calculation: 

Ammonium (µg ml
-1

) = K-factor x Absorbance (O.D.). 

K- Factor = Absorbance (O.D.) / Concentration. 

 

3.8. Estimation of Nitrite content  

Under normal growing conditions with sufficient light as a source of energy, enzyme 

systems in green plants rapidly reduce nitrate-N (NO3
-
) to intermediate compounds that 

are subsequently converted into amino-nitrogen. (J.R. Brown) 
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For nitrite estimation Stevens and Oaks, 1973 method is used. 

Reagent required: -  

1. NaNO2 stock solution: - dissolved 0.001 g of NaNO2 in 100 ml distilled Water. 

2. 1 % sulphailamide (LR) solution (4-amono benzene sulphonamide (C6H8N2O2S) 

:-   Dissolved 1 g sulphanilamide in 100 ml 1N HCl. 

3. 0.01% NED (N -1-napthyl ethyldiamine dihydrochloride (GR) C12H16Cl2N2:- 

Dissolved 0.01 g of NED in 100 ml distilled water. 

 

Procedure: - Standard with NaNO2  

Reference: - 0.1 ml distilled water + 1 ml sulphanilamide + 1 ml 0.02 % NED. 

1 g of sample crushed with 6 ml of distilled water. Centrifuge at 5000 rpm for 10 

minutes. Take out 0.1 ml of supernatant and Add 1 ml of 1 % sulphanilamide and   Add 

ml of 1 ml of 0.02 % NED and after 10 minutes pink colour developed. Take OD at 540 

nm.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.2 Standards Curve of Nitrite 

 

Calculation  

Nitrite (µg ml
-1

) = K-factor x Absorbance (O.D.) 

K- Factor = Absorbance (O.D.) / Concentration 
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3.9. Estimation of Nitrate content 

For nitrate estimation Catalado method (Catalado et al., 1975) is used. 

 

Reagents preparation: - 

1. Stock solution of KNO3: - 0.1g KNO3 + 100 ml distilled water.  

2. 5 % salicylic acid: - 5 g salicylic acid + 100 ml conc. H2SO4. 

3. 2N NaOH:-  20 g. NaOH + 250 ml distilled water. 

 

Procedure: - standard with KNO3. 

Reference: - 0.1 ml of distilled water + 0.4 ml of 5 % salicylic acid + 9.5 ml 2N NaOH. 

1 g. sample crushed with 6 ml of distilled water. Centrifuge at 5000 rpm for 10 minutes. 

Take out 0.1 ml of supernatant and Add 0.4 ml 5 % salicylic acid  and then add 9.5ml 

2N NaOH. Orange-yellowish colour appears after 20 minutes. Take OD at 410 nm.      

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.3. Standards Curve of Nitrate 

Calculation: 

Nitrate (µg ml
-1

) = K- factor x Absorbance (O.D.) 

K- Factor = Absorbance (O.D.) / Concentration 

 

3.10. Estimation of Phosphate Content  

Phosphate content was estimated by ammonium molybdate and stannous chloride 

method. 
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Reagent preparation 

1. Ammonium molybdate (NH4)6Mo7O24):1.25 g in 50 ml Conc. H2SO4. 

2. Stannous chloride (SnCl2) : Dissolve 0.61 g in 25 ml of glycerol ,C3H8O3 

 

Crush 2 g of sample in 12 ml distilled water. Centrifuge it and obtain the supernatant. 

Supernatant is used as the sample. Take 10 ml of sample. Add 0.4 ml of ammonium 

molybdate and 1 drop of stannous chloride. Take reading at O.D. of 680 nm.  
 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.4. Standards Curve of Phosphate                          

 

Calculation  

Phosphate (µg ml
-1

) = K-factor x Absorbance (O.D.) 

K- Factor = Absorbance (O.D.) / Concentration 

3.11. Estimation of Nitrate Reductase Activity  

Reagents- 

a) Phosphate buffer 0.1M 

b) Grinding medium- Tris- 0.1M 

Cysteine- 0.01M 

EDTA- 0.0003M 

-pH of grinding medium was 7.3 – 7.8 

c) 0.1M KNO3 – dissolved 1.01 g KNO3 in 100 ml DW 

d) 2 mM NADH- dissolved 14 g NADH 0.014 g in 10 ml DW 

e) 1% Sulphanilamide in 1.5N HCL 
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f) 0.02% N-(1-Naphthyl), Ethylenediamine (HCL) NNED – dissolved in 100 ml DW 

g) Standard potassium nitrite solution (0.01M) – dissolved 0.85 g pure KNO2 in 100 ml 

DW in a 100 ml volumetric flask.  

Enzyme Extraction- 

 Removed the shoot portion or leaves from the plants immerse quickly in cold water 

(2
0
C). 

 Blotted dry, weight and cut in to small pieces. 

 Grinded in an amnimixes at max speed for 10mins in grinding medium (4 ml/g tissue). 

 Press & homogenate through cheese cloth and centrifuge at 20000 rpm for 10 mins. 

 Decant the supernatant, stored at 3-5
0
C. 

 

Enzyme Assay-  

1) Pipette out 1 ml of phosphate buffer + 0.2 ml KNO3 + 0.5 ml NADH + .01 ml DW 

2) Initiate the assay by adding 0.2 ml of enzyme extract. Set the blank similarly with 

water instead of enzyme extract. 

3) Incubate at 27
0
C for 15mins. 

4) Stop the reaction by adding 1ml of sulphanilamide  

5) Add 1 ml of NNED reagent, mix by inverting the tubes & incubate for 5mins. 

6) Centrifuge at 1500 rpm for 10 min to remove turbidity if any. 

7) Measure the absorbance against the blank at 540 nm. 

8) Prepare the standard curve with diluted KNO2 solution with series of test tubes, make 

the volumes in each to 2 ml with water and proceed from steps 4 to 7. 

 

3.12. Protein Estimation-  

Protein estimation was determined by Lowry et.al. (1951). 

1) Reagent A- reaction mixture- 2% Na2CO3 in 50 ml mixed with 50 ml of 0.1N 

NaOH solution. 

2) Reagent B- 10 ml of 1.56% CuSO4 solution mixed with 10 ml of 2.3% sodium 

potassium tartrate solution. 

3) Reagent C- prepare analytical reagent by mixing 2 ml of reagent B with 100 ml 

of reagent A. 

4) 10% TCA 

5) NaOH (1N) 
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Procedure - 

 100 mg (0.1 g) sample crushed in 3 ml of 10% chilled TCA.

 Cooling centrifuged at 10000 rpm for 10 min at 4
0
C

 Discard supernatant take pellets.

 Dissolve pellets in 3 ml of 1N NaOH, heated for 30 mins.

 Cool it again centrifuged at 10000 rpm for 10 min.

 0.5 ml supernatant + 6 ml of reagent C, keep it for 10-15 min. at room temp.

 In this, reagent D (0.5 ml) Folin phenol reagent was added mixed thoroughly

constant shaking.

 After 30 min OD was measured at 660 nm

3.13. Scanning Electron Microscope Energy dispersive X-ray (SEM 

EDX) Based Analysis 

Organic matrix and organic matrix Immobilized granule samples were oven dried 

(60
0
C) and powdered with pestle and mortar separately. The samples were mounted on

a stub with double sided sticky carbon tape. A very thin film of gold and palladium was 

deposited on the surface of the samples to make them electrically conductive using 

vaccum coating unit. This extremely fine coating was done through the evaporation of 

Au-Pd plate under inert atmosphere. After that, the samples were mounted on electron 

microscope stubs and examined and photographs were taken at different magnification 

by stereo scanning electron microscope at 30 tilt and 10 KV. The SEM EDX analysis 

was carried out with the help of a computer. Model: JSM- 6490 LV, Make: JEOL, 

Japan. 

3.14. Fourier Transform Spectroscopy (FTIR) Based Analysis 

Organic matrix and organic matrix Immobilized granules were oven dried (60
0
C) and

powdered with pestle and mortar separately. The powdered samples were mixed with 

potassium bromide (KBr) in 1:90 of sample and KBr. The pellets/ tablets for FTIR 

spectroscopy were prepared using high pressure (150 pascal). The transmittance spectra 

were measured between 400 to 4000 cm
-1

 by using fourier transform infrared

spectroscopy (FTIR), model: Nicolet TM 6700, Make, Thermo Scientific, USA. 
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3.15. Soil Analysis 

Soils were sampled from top 0-15 cm soil, between the plants roots was collected and 

then analysed. 

 

3.15.1. pH (pouvoir hydrogen or hydrogen power) 

Equipment: pH meter 

Procedure 

4 g of soil sample was taken and mixed with 20 ml of distilled water. 

The suspension is stirred at regular intervals of 30 minutes and pH was recorded. 

 

3.15.2. Electrical Conductivity: 

Instrument: Conductivity meter 

20 g of soil is shaken intermittently with 40 ml of distilled water in a 150 ml conical 

flask for 1h and allowed to stand. The conductivity of the supernatant liquid is 

measured with the help of conductivity meter. 

 

3.15.3. Water Holding Capacity 

Known amount of dried and sieved soil is taken in a pre-weighed filter paper and 

saturated with water. After the saturation, the soil is weighed again and placed in oven 

along with filter paper at 105
0
C till constant weight. Water Holding Capacity was 

calculated by using the formula: 

WHC (%) = W2-W1 x100/W1 

Where, 

W1 = Weight of dried soil in g. 

W2 = Weight of saturated soil in g. 

 

3.15.4. Organic Carbon 

Chemicals and Reagents: 

Potassium dichromate, 1N: Dissolve exactly 49.04 g of AR (Analytical grade) K2Cr2O7 

(dried at 105
0
C) in 1 litre of distilled water. 

Ferrous ammonium sulphate 0.5N (approx.): Dissolve 196 g of the hydrated crystalline 

FeSo4 (NH4)
2
.6H2O per litre containing 20 ml of conc. H2SO4. 
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Diphenylamine indicator: Dissolve 0.5 g (C6H5)2 NH in a mixture of 20 ml of water 

and 100 ml of Conc. H2SO4 conc. sulphuric acid, H2SO4 (Sp. Gravity 1.840 Ortho - 

phosphoric acid (85%) and or sodium fluoride. 

 

Procedure  

(I) Standardisation of ferrous ammonium sulphate solution 

 

Take 10 ml of 1N Potassium dichromate solution in a 250 ml of conical flask. Then 

very carefully add 150 ml of Conc. H2SO4. This will generate heat. Swirl the mixture 

and allow it to cool. Add 200 ml of distilled water. Then add 10 ml of ortho-phosphoric 

acid and 1 ml of indicator solution and mix thoroughly. 

 Add ammonium ferrous sulphate from the burette, swirl the flask until the 

colour changes from blue to green. These data are also used as the blank reading. 

 

(II) Test for Organic Carbon 

The oven dried soil was ground and completely passed through a 0.2 mm sieve and 0.50 

g of the sample was placed at the bottom of a dry 500 ml conical flask. 10 ml of 

Potassium dichromate was added in the conical flask and the flask was swirled gently to 

disperse the soil in the dichromate solution. 20 ml of Conc. H2SO4 was carefully added 

from a measuring cylinder. Swirled two to three times .The flask was allowed to stand 

for 30 minutes.  200 ml of distilled water and 10 ml of ortho-phosphoric acid was added 

to get a sharper end point of the titration. After the addition of 1mL of Diphenyl 

indicator the contents were titrated with ferrous ammonium sulphate solution till the 

colour flashed from blue-violet to green. Simultaneously a blank is run without soil. 

 

Calculation  

(a) Organic Carbon (%) =      x 0.003 x  

 

Where, 

B= Volume of ferrous ammonium sulphate required for blank titration in ml. 

T=Volume of ferrous ammonium sulphate needed for soil sample in ml. 

S= Weight of soil in g. 
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3.15.5. Organic matter  

(b)Organic matter = organic carbon  1.724 

 

3.15.6. Total Nitrogen 

Total Nitrogen was estimated by Kjeldahl method. The nitrogen in the sample was 

converted into ammonium sulphate nitrogen when treated with sulphuric acid using 

potassium selenate and copper sulphate as catalyst. An excess of alkali is then added 

and the ammonia distilled into an excess of boric acid solution was determined by 

titration with standard sulphuric acid. One to Five gram of dried sample was taken into 

a 500 ml Kjeldahl flask, 20 ml of concentrated H2SO4 and one Kjeltab CuSO4 and 

K2CuSO4 were added (containing CuSO4 and K2CuSO4 to the flask. After thorough 

mixing, slow digestion was done until frothing ceased and after 30 min the liquid 

became clear, the sample was estimated for N by Auto Kjeltec 1030 analyzer and direct 

reading in percent was obtained. 

 

3.15.7. Available Nitrogen 

Reagents used 

i. Potassium permanganate solution (0.32%) 

ii. Sodium hydroxide solution (2.5%) 

iii. Sulphuric acid (0.02 N) 

iv. Boric acid solution (2%) 

v. Methyl red indicator 

 

Soil sample (2.0 g) was taken in distillation flask and added with 20 ml distilled water. 

Then 100 ml of potassium permanganate solution and 100 ml sodium hydroxide 

solution were added to it and immediately fitted up in the distillation apparatus. 20.0 ml 

of sulphuric acid was pipetted out in a conical flask and the end of the delivery tube was 

dipped in it. The ammonia gas was distilled from the distillation flask and collected in 

about 30 ml of filtrate. Then five drops of methyl red indicator were added and titrated 

against 0.02 N sulphuric acid solutions. The available nitrogen was calculated by the 

titrant used. 
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3.15.8. Available Phosphorous (P2O5) 

Reagents: 

i. Sodium bicarbonate (1/2 N) pH 8.5 

ii. Activated carbon; Darco G-60 

iii. Ammonium molybedate 

Working solution 

Stannous chloride (SnCl2.2H2O) (10.0 g) was dissolved in 25.0 ml of concentrated 

hydrochloric acid (HCl) and made upto 100 ml with distilled water. 

Procedure for detection of available phosphorus in soil 

Black Darco G-60 (2.0-3.0 g) and 50.0 ml of sodium bicarbonate (1/2 N) solution were 

added to 2.0 g dried powdered soil. It was shaken thoroughly for 30 minutes and then 

filtered through Wattman No. 40 filter paper. To 5.0 ml of filtered soil extract 5.0 ml of 

ammonium molybedate was added and this was diluted to about 20.0 ml with distilled 

water. Stannous chloride solution (working solution) (1.0 ml) was then added to it and 

the final volume was made upto 25.0 ml with distilled water and was shaken 

thoroughly. The colour intensity which was red was measured using the colorimeter at 

660 nm after 10 minutes. 

 

3.15.9. Available Potassium (K) 

Reagents: 

A. Ammonium acetate 1N: To 700 or 800 ml of water, 57.0 ml of concentrated acetic 

acid and then 68.0 ml of concentrated ammonium hydroxide was added. It was diluted 

to a volume of 1.0 litre and was adjusted to pH 7.0 by the addition of more ammonium 

hydroxide or acetic acid. 

B. Potassium chloride 0.02 N: Dry potassium chloride (1.49 g) in water was dissolved 

in distilled water and was diluted to a volume of 1.0 litre. 

C. Potassium chloride: 0.02 N KCl in 1 N ammonium acetate: Dry potassium 

chloride (KCl) (1.49 g) was dissolved in reagent A and diluted to a volume of exactly 

1.0 litre with additional A solution. 

D. Lithium chloride, 0.05 N: Dry lithium chloride (2.12 g) was dissolved in distilled 

water and diluted to 1.0 litre. 
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Procedure 

Reagents B and D were used to prepare a series of standard potassium chloride 

solutions, each containing the same concentration of lithium chloride. A similar series 

of standard potassium solutions using reagents C and D and which was diluted by 

reagent A were prepared. The concentrations of potassium chloride were 0.1, 0.2, 0.3, 

0.4, 0.5, 1.0, 1.5 and 2.0 moles equivalent/L. The optimum concentration of lithium 

chloride varies with individual flame photometers but was usually 5.0 to 10.0 meq. /L. 

Standard solutions were made in water employed for the analysis of water and water 

extracts of soils; whereas, those made up in ammonium acetate solution were used for 

the analysis of ammonium acetate extracts of soils. The flame photometer was 

calibrated for operation over the concentration range 0.0 to 0.5 meq./l. of potassium, 

using the first 6 standard solutions of the appropriate series. The first and the last 4 

solutions of the appropriate series were used to calibrate the instrument for operation 

over the concentration range 0.0 to 2.0 meq/l of potassium. An aliquot of the solution 

was pipetted out to analysis containing less than 0.1 meq. of potassium into a 50 ml 

volumetric flask. An amount of reagent D was added, which when diluted to a volume 

of 50.0 ml, gave a concentration of lithium chloride exactly equal to that in the standard 

potassium chloride solutions. It was diluted to volume with water or with A, and 

determined the potassium concentration by use of the flame photometer. 

 

3.15.10. Alkaline Phosphate Activity 

Method: 

1.0g of fresh soil was mixed with 0.2 ml of toluene, 4 ml of modified universal buffer 

(MUB) of pH 11.0 and 1.0 ml of 0.025 mol/l p-nitrophenol phosphate and incubated for 

1 hr at 37
0
C. After incubation, the mixture was mixed well with 1.0 ml of 0.5 mol/l 

Cacl2 & 4.0ml of 0.5 mol /l NaOH & then filtered through a filter paper. The 

concentration of product (p- nitrophenol) in the filtrate was determined colorimetrically 

at 400nm. Activity quantified by reference to a calibration curve construction using 

Phenol standards under the same condition describe above. It is expressed in mg/(g.h). 

Tabatabai, M.A.; Bremner J.M. (1969). Use of p-nitrophenylphosphate for assay of 

phosphatase activity. Soil Biol Biochem, 1:301-307. 
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3.15.11. Urease Activity 

Urease activity was determined by Hofman, 1965. 
 

Reagents- 

1- 10% Urea- dissolved 10 g of urea and maden upto 100 ml. 

2- Citrate buffer-(pH 6.7) - dissolved 368 g of citric acid in 800 ml of water. Dissolved 

295 g of KOH in 300 ml of water. Combined the two solutions, cooled, adjusted the pH 

6.7 with 1 N KOH and diluted to 2000 ml with water. 

3- 12.5% phenate-  

a)- dissolved 62.5 g of phenol in the smallest volume of ethanol, added 2 ml of 

methanol and 18.5 ml of acetone. Diluted to 100 ml with ethanol and stored 

refrigerated. 

b) - dissolved 27 g of NaOH in water and made upto 100 ml. Just before use mixed 20 

ml of solution A and solution B and upto 100 ml. 

4- Sodium hypochlorite (NaOCl) - diluted the commercial solution with water so that it 

contains 0.9% active chlorine (determined by addition of KI, acidification with HCl and 

back titration with Na2S2O3 solution). The solution was stable. 

5- Standard ammonium sulphate solution- (1.2 mg NH3/ml)- dissolved 4.717 g of 

(NH4)2SO4 in water and made upto 1000 ml. diluted 10ml of this solution to 1000 ml 

with water. 1ml of this solution contained 10 ug N. 
 

Method 

Enzyme Assay- 

1- Pipette out ml of filterate, 9 ml of water, 4 ml phenate solution and 3 ml of sodium 

hypochloride solution into 50 ml volumetric flask. 

2- Mixed well & allowed to stand for 20 min until the max colour is obtained. 

3- Diluted to 50 ml with water & mixed well. 

4- Read the OD at 630 or 580 nm within 60min against the reagent blank prepared in the 

same manner. 

5- Construct the standard curve by pipetting 0, 1, 2, 4, 6, 8 and 10 ml of diluted standard 

ammonium sulphate solution (10 µgN/ml) into a series of 50 ml volumetric flasks, 

make up the volume in each flask to 10 ml with water , add 4 ml of phenate through 

step 2 to 4. Measure the absorbance against blank i.e., zero flask and plot optical density 

vs. concentration. 
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3.15.12. Dehydrogenase Activity  

Method: 

2 g of soil was placed in 18 mm×20 mm glass tube and incubated with 2 ml of 3% 2, 3, 

5, tri-phenyl chloride (TTC) for 24 h at 30
0
C. After incubation, 10 ml acetone was 

added, and the suspension was homogenized with intermittent agitation for 2 h (once 

every half an hour) and then filtered in darkness. Reactive products were measured at 

485 nm using a spectrophotometer. A sample without soil containing 2 ml buffer, which 

is instead of TTC, was used as control. Dehyrogenase activity is expressed in mg/(kg.d).  

 

3.16. Cost Benefits Analysis 

The cost of cultivation for each treatment understudy was worked out for detailed 

assessment of the cost involved in the cultivation of mustard. The details of cost have 

been described in the result section. 

 

3.17. Statistical Analysis 

The data ( n=6 for plant growth parameters and nutrient content) were analyzed 

statistically by one way analysis of variance (SPSS, Statistical Package and MS Excel) 

using Duncan’s Multiple Range Test (DMRT) and t test to determine the significance of 

difference among treatments at probability (p) 0.05 and 0.01.  
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Chapter 4 

RESULTS 

4.1 Growth and productivity of wheat (Triticum aestivum L. cv. PBW-502) as well 

as soil enrichment applied with organic matrix immobilized biofertilizers 

(Azotobacter chroococum and Bacillus subtilis)  

4.1.1 Growth and productivity of wheat (T. aestivum L.) applied with enhance dose 

and free form of charcoal based biofertilizers (A. chroococum and B. subtilis), 

parameters recorded on 30, 60, 90 and 120 days after sowing (DAS)  

There was a significant increase in growth parameters on application of free form of 

charcoal based biofertilizers (A. chroococcum and B. subtilis; R/D = 0.6 kg h
-1

) with

enhanced doses (BF-I, BF-II, BF-III, BF-V, BF-VI and BF-VII.) and recommended 

dose of commercial chemical fertilizers; urea and DAP. Application of BF-III and BF-II 

increased shoot height, number of leaves, fresh and dry weight of shoot significantly 

(p<0.05) over their respective higher doses of free form of charcoal based biofertilizers 

(A. chroococcum and B. subtilis) on 30, 60, 90 and 120 days after sowing (Table-4.1.1) 

The application of biofertilizer significantly increased shoot height by BF-III 

was 25.73, 6.39 and 1.59% on 30 DAS, 26.68, 7.38 and 1.24% on 60 DAS, 22.47, 12.32 

and 5.92% on 90 DAS and 23.12, 13.37 and 5.17% on 120 DAS over no added 

fertilizer, BF-I and BF-II. The number of leaves was increased by 48.95% in BF-III 

over NF, 38.80% over BF-I, 38.80% over BF-II and 34.76% over the BF-V on 90 DAS.  

The percentage fresh weight of shoot was significantly recorded by 17.71, 5.42, 

4.85, 2.28, 3.42 and 5.71%, on 120 days old plant by the application of BF-III over NF, 

BF-I, BF-III, BF-V, BF-VI and BF-VII. The dry weight of shoot was increased by 

17.71, 5.71 and 5.14% on 120 days after sowing respectively by the application of BF-

III over the no fertilizers, BF-I and BF-II respectively (Table 4.1.1). 
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Table 4.1.1 Effect of Free Form of Charcoal Based A. chroococcum and B. subtilis 

Biofertilizers on Plant Growth Parameters of Wheat (T. aestivum L. cv. PBW-502) 

Shoots on 30, 60, 90 and 120 DAS 

Treatments 30 DAS 60 DAS 90 DAS 120 DAS 

Shoot Height (cm) 

NF 19.97±1.43
a
 34.26±0.98

 a
 40.57±2.56

 a
 42.82±2.02

 a
 

CF-RD 37.37±1.96
 d
 50.88±1.80

 e
 55.37±2.96

 e
 62.37±3.30

 f
 

BF- I 25.17±0.74
 ab

 43.28±2.90
 bc

 45.88±1.24
 b
 48.25±1.01

 b
 

BF- II 26.73±1.29
 b
 46.15±1.45

 d
 49.23±1.86

 b
 52.82±2.40

 d
 

BF- III 26.89±2.10
 b
 46.73±1.69

 d
 52.33±1.55

 cd
 55.70±2.28

 e
 

BF- V 27.23±2.08
 bc

 46.80±1.34
 d
 51.17±1.00

 c
 51.38±1.83

 cd
 

BF- VI 27.25±1.44
 bc

 47.53±1.84
 d
 52.02±3.99

 cd
 51.12±1.89

 cd
 

BF- VII 27.08±1.16
 bc

 44.60±1.60
 b
 50.37±1.54

 a
 49.90±2.26

 bc
 

Number of leaves 

NF 2.17±0.41
 a
 3.00±0.00

 a
 4.17±0.41

 a
 4.17±0.41

 a
 

CF-RD 5.67±0.52
 c
 9.67±1.37

 f
 10.50±2.07

 d
 12.17±2.56

 d
 

BF- I 3.00±0.00
 a
 4.83±0.98

 b
 5.00±0.00

 b
 4.50±0.55

 ab
 

BF- II 3.00±0.00
 a
 4.50±0.84

 b
 5.00±0.00

 b
 4.50±0.55

 ab
 

BF- III 5.17±0.75
 c
 5.67±0.52

 bc
 8.17±1.47

 c
 5.00±0.00

 c
 

BF- V 4.83±1.17
 b
 7.33±1.37

 e
 5.33±0.52

 b
 4.50±0.55

 ab
 

BF- VI 5.17±0.41
 c
 6.33±1.03

 d
 5.00±0.00

 b
 4.50±0.55

 ab
 

BF- VII 4.17±1.33
 b
 6.17±0.98

 d
 5.00±0.00

 b
 4.50±0.55

 ab
 

Fresh weight of shoot (g) 

NF 0.76±0.05
 a
 1.79±0.06

 a
 2.40±0.19

 a
 2.88±0.06

 a
 

CF-RD 1.71±0.06
 b
 3.85±0.06

 c
 5.55±0.08

 c
 5.79±0.06

 d
 

BF- I 1.17±0.02
 a
 2.57±0.19

 b
 3.12±0.02

 b
 3.31±0.04

 b
 

BF- II 1.18±0.03
 a
 2.71±0.11

 b
 3.19±0.03

 b
 3.33±0.07

 b
 

BF- III 1.21±0.03
 a
 2.90±0.05

 b
 3.29±0.04

 b
 3.50±0.06

 bc
 

BF- V 1.19±0.01
a
 2.84±0.07

 a
    3.24±0.01

 ba
 3.42±0.03

 a
 

BF- VI 1.19±0.02
 a
 2.83±0.09

 b 
 3.21±0.01

 b
 3.38±0.02

 bc
 

BF- VII 1.18±0.01
 a
 2.66±0.08

 b
 3.18±0.04

 b
 3.30±0.07

 b
 

Dry  weight of shoot (g) 

NF 0.15±0.01
 a
 0.36±0.01

 a
 0.60±0.05

 a
 1.44±0.03

 a
 

CF-RD 0.34±0.01
 a
 0.77±0.01

 d
 1.39±0.02

 d
 2.90±0.03

 d
 

BF- I 0.23±0.01
 a
 0.51±0.04

 bc
 0.78±0.00

 b
 1.65±0.02

 b
 

BF- II 0.23±0.00
 a
 0.54±0.02

 bc
 0.80±0.01

 bc
 1.66±0.04

 b
 

BF- III 0.24±0.01
 a
 0.58±0.01

 bc
 0.84±0.01

 bc
 1.75±0.03

 c
 

BF- V 0.24±0.00
 a
 0.58±0.01

 bc
 0.82±0.01

 bc 
 1.72±0.03

 c
 

BF- VI 0.24±0.01
 a
 0.57±0.02

 bc
 0.82±0.01

 bc
 1.70±0.03

 c
 

BF- VII 0.23±0.00
 a
 0.53±0.02

 bc
 0.80±0.01

 bc
 1.65±0.03

 b
 

All the values are means of three replicates with two determinations (n=6) ±S.D.), One way ANOVA is performed to 

compare the means of different treatments at p < 0.05. Values followed by different letters are significantly 

differences between the treatments. [Where, NF= No fertilizer, CF-RD Recommended dose of urea and DAP, 

BF-I free form of biofertilizers single dose, BF-II free form of biofertilizers twofold, BF-III free form of 

biofertilizers threefold, BF-V free form of biofertilizers fivefold, BF-VI free form of biofertilizers sixfold and 

BF-VII free form of biofertilizers sevenfold] 
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Root length increased due to application on BF-III was 22.66, 20.92, 4.74, 7.49 

and 934% on 120 DAS by the application of BF-III over NF, BF-I, BF-II, BF-V and 

BF-VI. The root length increased by 23.07, 2.02, 10.76, and 8.09% on 30 DAS by the 

application of BF-III over NF, BF-I, BF-V and BF-VI, by 34.00, 19.91, 13.42, 1.11, 

8.94 and 10.51% on 60 d, 29.13, 19.37, 8.94, 9.21  and 13.27% on 120 DAS by the 

application of commercial free form of charcoal based biofertilizers (A. chroococcum 

and B. subtilis); BF-III over the NF, BF-I, BF-II, BF-V and BF-VI respectively. The 

percentage fresh weight of shoot was increased by 17.71, 5.42, 4.85, 2.28, 3.42 and 

5.71%, fresh weight of roots were and 59.43, 8.49,  3.77, 7.54, 13.20 and 16.98% 

recorded in 120 days old plants by the application of BF-III over NF, BF-I, BF-III, BF-

V, BF-VI and BF-VII respectively. Increased in dry weight of shoot was observed in 

120 days after sowing on application of BF-III. The dry weight of shoot was increased 

by 17.71, 5.71 and 5.14% and dry weight of root was increased 17.85, 7.14 and 3.57% 

on 120 days after sowing respectively by the application of BF-III over the no fertilizers 

(Table 4.1.2). 

 

Table 4.1.2 Effect of Free Form of Charcoal Based A. chroococcum and B. subtilis 

Biofertilizers on Plant Growth Parameters of Wheat (T. aestivum L. cv. PBW-502) 

Roots on 30, 60, 90 and 120 DAS 

 
 Root length (cm) 

NF 1.90±0.22
 a 

 2.95±0.14
 a
 4.20±0.18

 a
 5.23±0.23

 a
 

CF-RD 2.95±0.29
 a
 5.58±0.26

 d
 6.97±0.25

 dc
 8.18±0.22

 e
 

BF- I 2.42±0.22
 a
 3.58±0.24

 b
 5.22±0.23

 b
 5.95±0.16

 b
 

BF- II 2.47±0.26
 a
 3.87±0.18

 b
 5.62±0.29

 bc
 6.72±0.39

 c
 

BF- III 2.47±0.23
 a
 4.47±0.24

 c
 6.18±0.40

 d
 7.38±0.29

 d
 

BF- V 2.23±0.22
 a
 4.42±0.26

 c
 6.33±0.43

 d
 6.70±0.53

 c
 

BF- VI 2.27±0.27
 a
 4.07±0.19

 c
 5.93±0.53

 bc
 6.40±0.40

 c
 

BF- VII 2.37±0.15
 a
 4.00±0.13

 c
 5.37±0.31

 b
 6.55±0.37

 c
 

 Number of root 

NF 2.67±0.82
 a
 3.83±0.75

 a
 5.17±0.75

 a
 5.33±0.82

 a
 

CF-RD 3.33±0.52
 a
 7.50±0.55

 d
 8.17±0.75

 e
 8.17±0.75

 e
 

BF- I 2.33±0.52
 a
 5.67±0.52

 b
 5.67±0.52

 a
 5.67±0.52

 ab
 

BF- II 3.00±0.00
 a
 7.00±0.89

 d
 7.00±0.89

 d
 6.83±0.75

 cd
 

BF- III 3.67±0.52
 a
 7.83±0.41

 d
 7.17±0.98

 d
 7.17±0.75

 a
 

BF- V 3.00±0.00
 a
 6.00±0.89

 c
 6.83±1.17

 bc
 6.67±1.21

 cd
 

BF- VI 3.00±0.00
 a
 6.17±0.41

 c
 6.33±0.52

 b
 6.50±1.05

 c
 

BF- VII 3.00±0.00
 a
 6.00±0.00

 c
 6.17±0.41

 b
 7.17±0.75

 d
 

 Fresh weight of root (g) 

NF 0.07±0.01
 a
 0.20±0.02

 a
 0.36±0.03

 a 
 0.43±0.03

 a
 

CF-RD 0.17±0.01
 a
 0.52±0.02

 d
 0.93±0.04

 f
 1.14±0.09

 e
 

BF- I 0.10±0.01
 a
 0.30±0.02

 b
 0.54±0.03

 b
 0.97±0.03

 bc
 

BF- II 0.11±0.01
 a
 0.32±0.02

 b
 0.58±0.03

 bc
 1.02±0.04

 d
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BF- III 0.11±0.01
 a
 0.40±0.06

 b
 0.71±0.11

 d
 1.06±0.06

 d
 

BF- V 0.12±0.01
 a
 0.35±0.02

 b
 0.62±0.04

 d
 0.98±0.08

 bc
 

BF- VI 0.13±0.02
 a
 0.34±0.03

 c
 0.61±0.06

 e
 0.92±0.01

 bc
 

BF- VII 0.11±0.01
 a
 0.34±0.04

 b
 0.60±0.07

 d
 0.88±0.04

 b
 

 Dry  weight of root (g) 

NF 0.06±0.01
 a
 0.14±0.00

 a
 0.19±0.02

 a
 0.23±0.00

 a
 

CF-RD 0.14±0.01
 a
 0.31±0.01

 c
 0.44±0.01

 d
 0.46±0.00

 e
 

BF- I 0.09±0.00
 a
 0.21±0.02

 b
 0.25±0.00

 b
 0.26±0.00

 b
 

BF- II 0.09±0.00
 a
 0.22±0.01

 b
 0.26±0.00

 c
 0.27±0.00

 c
 

BF- III 0.09±0.00
 a
 0.23±0.01

 b
 0.26±0.00

 c
 0.28±0.01

 d
 

BF- V 0.09±0.00
 a
 0.23±0.01

 b
 0.26±0.00

 c
 0.28±0.01

 d
 

BF- VI 0.09±0.00
 a
 0.23±0.00

 b
 0.26±0.00

 c
 0.28±0.01

 d
 

BF- VII 0.09±0.00
 a
 0.21±0.01

 b
 0.25±0.00

b
 0.26±0.01

 b
 

 
All the values are means of three replicates with two determinations (n=6) ±S.D.) (Other details are 

described in Table. 4.1.1) 

 
4.1.2 Level of Nitrate, Nitrite, Ammonium and Phosphate Content in Rhizospheric 

Soil, of Wheat (T. aestivum L.) Plant Applied with Enhance Doses of Free form of 

Biofertilizers  
 

The soil nitrate content increased by the application of BF-III was 15.30, 7.22, 6.10, and 

6.36% at 60 and 36.38, 5.92, 3.8 and 14.15% at 120 DAS over the NF, BF-I, BF-II and 

BF-VII respectively. Similarly by the BF-II, 9.19, 1.11 and 0.25% over NF, BF-I and 

BF-VII BF was recorded respectively at 60 DAS (Figure 4.1.1) 
 

The nitrite content in the soil, the application with BF-III has recorded 

significantly and it increase at different level by 53.99, 18.38, 10.29 and 21.28% and 

37.84, 20.15, 12.94 and 28.76% at 60 and 120 DAS respectively over  NF, BF-I, BF-II 

and BF-VII (Figure 4.1.1) 
 

Ammonium content was recorded different level by BF-III by 41.04, 13.03, 8.2 

and 14.15% over NF, BF-I, BF-II and BF-VII and 36.38, 4.53 and 0.07% over NF, BF-I 

and BF-VII at 60 respectively. Percentage of ammonium on BF-V by 39.03, 7.18 and 

2.6% over NF BF-I and BF-II at 60 DAS was recorded significantly (Figure 4.1.1). 
 

The phosphate content in the root, the application with BF-III has recorded 

significantly and it increase at different level by 82.56, 16.63 and 23.52% and 82.83, 

7.29 and 10% over the NF, BF-VI and BF-VII at 60 and 120 DAS respectively (Figure 

4.1.1). 

 

 

 

 

 

 



       Chapter -4- Results 
 

    Rose Minj / Ph.D. Thesis / DES / BBAU, Lucknow, UP, India / 2016                                                           59 
 

0

1

2

3

4

5

6

7

8

P
h

o
sp

h
at

e 
 c

o
n

te
n

t 
  

µ
g
 g

-1
 d

ry
 s

o
il

 

Treatments 

30 DAS 60 DAS
90 DAS 120 DAS

 

        
 

  
 

Figure 4.1.1 The effect of enhance doses of biofertilizers on nitrate, nitrite, ammonium and phosphate 

content in the soil on 30, 60, 90, and 120 days after sowing (DAS). All the values are means of three 

replicates with two determinations (n=6) ±S.E). (Other details are described in Table. 4.1.1) 

  

4.1.3 Level of Nitrate, Nitrite, Ammonium and Phosphate Content in Roots of 

Wheat (T. aestivum L.) Plant Applied with Enhance Doses of Free form of 

Biofertilizers  
 

Nitrate content in wheat roots applied with enhanced dose (1.8 kg ha
-1

) of biofertilizers; 

BF-III increased by 45.77, 8.61, 4.48, 14.68 and 25.57% at 60 DAS and 46.31, 16.58, 

7.57, 17.95 and 20.93% at 120 days after sowing respectively over NF, BF-I, BF-II, BF-

VI and BF-VII (Figure 4.1.2). 

The root nitrite increased by 61.46, 21.40, .04, 17.58, 25.72% at 60 DAS, 63.39, 

8.32, .01, 20.84 and 23.72% at 90 DAS and 59.36, 11.06, 7.24, 13.58 and 23.11%  at 

120 DAS, respectively, with application of the triple dose; BF-III over that in NF, BF-I, 

BF-II, BF-VI and BF-VII (Figure 4.1.2). 
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The ammonium content in root of wheat plant was increased by 61.27, 1.46 and 

21.47% at 90 DAS and 75.29, 36.13 and 12.78% 120DAS with the application on FB-

III over NF, BF-I and BF-VII (Figure 4.1.2). 

The root phosphate increased by 61.75, 16.97, 25.47, 17.34 and 23.33% at 60 

DAS,  62.58, 19.97, 12.70, 4.26 and 9.41% at 90 DAS and 54.98, 21.22, 11.79, 14.32 

and 18% at 120 DAS over applications on NF, BF-I, BF-II, BF-VI and BF-VII 

respectively with the application of FB-III (Figure 4.1.2).  

 

                            
      

 
 

Figure 4.1.2 The enhance dose of biofertilizers on nitrate, nitrite, ammonium and phosphate content in 

the roots on 30, 60, 90, and 120 days after sowing (DAS). All the values are means of three replicates 

with two determinations (n=6) ±S.E). (Other details are described in Table. 4.1.1) 

 

4.1.4 Level of Nitrate, Nitrite, Ammonium and Phosphate Content in Leaves of 

Wheat (T. aestivum L.) Plant Applied with Enhance Doses of Free form of 

Biofertilizers  
 

Nitrate content in leaves applied with enhanced dose of free form of biofertilizers; BF-

III increased by 41.82, 2.99 and 0.94% at 60 DAS, 51.38, 15.63 and .05% on 90 DAS, 

42.86, 26.65 and 10.63% at 120 DAS respectively over NF, BF-I and BF-II (Figure 

4.1.3). 
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Nitrite content in wheat leaves increased by 60.65, 21.26, 14.82, 9.6 and 17.04% 

at 60 DAS, 59.42, 5.26, 3.06, 5.79 and 10.29% at 90 DAS respectively applied with 

enhanced dose (1.8 kg ha
-1

) of biofertilizers. Enhanced dose with BF-III has increased 

the soil nitrite content over application of NF, BF-I, BF-II BF-VI and BF-VII (Figure 

4.1.3). 

Ammonium content in leaves of wheat plant increased when applied with BF-III 

was 55.63, 13.29, 11.38, 12.51 and 12.63% at 60 DAS, 58.15, 21.66, 18.01, 16.92  and 

27.95% at 90 DAS, 56.73, 10.81, 8.52, 3.68 and 4.2% at120 DAS respectively over NF, 

BF-I, BF-II BF-VI and BF-VII (Figure 4.1.3). 

Phosphate content in wheat leaves applied with BF-III was increased by 62.90, 

12.23 and 11.56% at 60 DAS, 64.92, 12.59 and 7.51 % at 90 DAS, 53.37, 32.23 and 

25.41% at 120 days after sowing respectively over NF, BF-I, BF-II. Similarly BF-II 

also increased phosphate content in leaves over BF-I (Figure 4.1.3). 

 

        

Figure 4.1.3The nitrate, nitrite, ammonium and phosphate content in the plants leaves on 30, 60, 90, and 

120 DAS the seeds. The level in leaves was significantly recorded with the application of BF-III followed 

by BF-II and BF-V. All the values are means of three replicates with two determinations (n=6) ±S.E). 

(Other details are described in Table. 4.1.1) 
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4.1.5 Yield and Productivity of Wheat (T. aestivum L.) Plant Applied with Free 

Form of Biofertilizers 
 

Application of commercial free form of charcoal based biofertilizers (A. chroococcum 

and B. subtilis) increased the yield (g plant
-1

). Enhance doses of biofertilizers increased 

percentage of grain yield by 17.46, 5.41, 4.84, 3.34 and 5.48% on application of BF-III 

over NF, BF-I, BF-II, BF-VI and BF-VII after harvesting at 120 DAS. By application of 

enhanced dose of biofertilizers BF-II was increased grain yield by 13.62 and 56% over 

application on NF and BF-I (Fig. 4.1.4). 

The straw yield increased by 76.21, 3.43, 2.80, 2.94 and 3.09% on after 

harvesting with the application on BF-III over NF, BF-I, BF-II, BF-VI and BF-VII 

respectively. The percentage increased of yield in wheat of the experimental field 

applied with FB-II was 73.41% and .63% on straw yield over NF and BF-II respectively 

on after harvesting (Figure 4.1.4).   

Figure 4.1.4 The application of enhance doses of free form biofertilizers on soil significantly increased 

yield and straw weight on application of BF-III followed by BF-II and BF-V. One way ANOVA is 

performed to compare the means of different treatments at p<0.05. Values by different letters are 

significantly differences between the treatments at 5% level. (Other details are described in Table. 4.1.1) 
 

                   

 

 

 

 

 

 

Plate 4.1.1 Effect of enhanced dose of biofertilizers on wheat plants at 30 DAS. A; No fertilizer, B; 

Recommended dose of urea and DAP, C; free form of biofertilizers single dose, D; free form of 

biofertilizers two fold,  E; free form of biofertilizers threefold, F; free form of biofertilizers fivefold, 

G; free form of biofertilizers sixfold and H; free form of biofertilizers sevenfold 
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4.2 Growth and Productivity of Wheat (T. aestivum L.) Applied with 

Charcoal Based Biofertilizers (A. chroococcum and B. subtilis) in 

Enhanced Doses and Seed Inoculated form on 30, 60, 90 and 120 Days 

after Sowing   

 
 

4.2.1 Growth Parameters of Wheat Applied with Biofertilizers in Enhanced Doses 

and Seed Coated form, Recorded on 30, 60, 90 and 120 Days after Sowing 
 

The seed coated with biofertilizers enhanced the fresh and dry weight of shoot over the 

free form of commercial biofertilizer of different magnitude. All the treatments 

enhanced the shoot, number of leaves and shoot biomass (Table 4.2.1). The shoot height 

was increased by 29.67, 6.43, 3.53, 2.53 and 3.57% and 20.43, 4.92, 3.37, 3.08 and 

3.71% at 60 and 120 days after sowing (DAS) when BFS-III applied over NF, BFS-I, 

BFS-II, BFS-VI and BFS-VII respectively. This increase was, however, only by 17.64 

and 1.61% over the NF and BFS-I with application on BFS-II at 120 DAS. 

 

 The number of leaves was recorded significantly on application of BFS-III by 

57.78, 38.46, 44.93 and 46.75% over NF, 33.33, 19.23, 27.54 and 28.57% over BFS-I, 

11.11, 25, 26.09 and 37.66% over BFS-III at 30, 60, 90 and 120 DAS respectively. 

Application on BFS-III also significantly increased over BFS-V by 23.38%, BFS-VI by 

28.57% and BFS-VII by 44.16% at 120 DAS (Table 4.2.1). 
 

Fresh weight of shoot increased in presence of BFS-III by 74.1, 3.3, 2.73, 1.34, 

2.86 and 3.01% over NF, BFS-I, BF-II, BFS-VI and BFS-VII and similarly BFS-II by 

73.46, and 00.81% over the NF and BFS -I at the 120 DAS, whereas BFS-V is 

increased it by 1.4% over the BFS-II only. The dry weight of plant increased on 

application of BFS-III was 16.44, 4.23, 3.66 and 4.31% over NF, BFS-I, BFS-II, BFS-

VI and BFS-VII at 120 DAS respectively (Table 4.2.1).  
 

Table 4.2.1 Effect of Organic Matrix Immobilized Biofertilizers on Growth of 

Wheat (T. aestivum L. cv. PBW-502) Shoot on 30, 60, 90 and 120 DAS 
 

Treatments 30 DAS 60 DAS 90 DAS 120 DAS 

Shoot Height  (cm) 

NF 21.45±1.86 a 34.88±1.09 a 43.21±1.59 a 46.02±1.25 a 

CF-RD 36.42±1.29 g 53.13±2.02 e 58.38±1.27 e 66.70±2.00f 

BFS- I 26.25±1.85 c 46.41±1.62 b 51.55±1.19 b 54.98±4.53 b 

BFS- II 26.77±1.99 c 47.85±2.32 c 52.68±1.49 b 55.88±4.61 c 

BFS- III 27.87±1.78 d 49.60±1.97 d 53.92±3.41 bc 57.83±3.11 e 
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BFS- V 30.40±1.58 f 49.63±1.45 d 54.58±2.42 d 57.80±2.22 e 

BFS- VI 28.30±1.99 e 48.34±2.64 cd 54.22±1.38 cd 56.05±4.51 cd 

BFS- VII 25.62±2.26 b 47.83±3.38 c 52.30±1.b 55.68±4.57 c 

Number of leaves 

NF 3.17±0.41 a 5.33±0.82 a 6.33±1.03 a 6.83±1.17 a 

CF-RD 6.33±1.03 bc 8.00±1.41 d 10.83±1.33 d 12.83±2.04 f 

BFS- I 5.00±1.26 b 7.00±1.26 c 8.33±1.63 bc 9.17±1.47 d 

BFS- II 6.67±1.51 c 6.50±1.22 b 8.50±1.22 bc 8.00±1.26 c 

BFS- III 7.50±1.05 d 8.67±1.03 d 11.50±1.52 e 12.83±2.04 f 

BFS- V 6.50±1.05 c 7.67±1.03 c 8.67±1.37 bc 9.83±1.72 de 

BFS- VI 7.00±1.26 a 7.17±1.33 c 8.33±1.37 bc 9.17±2.14 d 

BFS- VII 5.33±0.52 b 6.50±1.05 b 7.67±1.21 b 7.17±0.75 b 

Fresh weight of shoot (g) 

NF 0.89±0.04 a 1.73±0.04 a 2.36±0.03 a 1.30±0.03 a 

CF-RD 1.69±0.05 c 3.71±0.07 e 5.24±0.08 e 5.83±0.07 f 

BFS- I 1.25±0.04 a 2.95±0.28 a 3.96±0.01 bc 4.86±0.01 bc 

BFS- II 1.28±0.02 a 3.05±0.18 b 4.01±0.04 d 4.90±0.02 bc 

BFS- III 1.33±0.02 b 3.45±0.09 cd 4.11±0.13 d 5.03±0.07 e 

BFS- V 1.25±0.02 a 3.29±0.41 c 4.09±0.02 d 4.97±0.03 cd 

BFS- VI 1.22±0.02 a 3.28±0.39 c 4.01±0.02d 4.89±0.03 bc 

BFS- VII 1.19±0.01 a 3.12±0.07 b 3.97±0.02 bc 4.88±0.02 bc 

Dry  weight of shoot (g) 

NF 0.19±0.01 a 0.45±0.01 a 0.80±0.06 a 1.92±0.04 a 

CF-RD 0.43±0.02 d 0.96±0.02 d 1.85±0.03 c 3.86±0.04 d 

BFS- I 0.29±0.01 bc 0.64±0.05 b 1.04±0.01 b 2.20±0.03 bc 

BFS- II 0.30±0.01 c 0.68±0.03 b 1.06±0.01 b 2.22±0.05 bc 

BFS- III 0.30±0.01 c 0.71±0.02 c 1.08±0.01 a 2.30±0.06 c 

BFS- V 0.30±0.00 c 0.72±0.01 c 1.09±0.01 b 2.32±0.06 c 

BFS- VI 0.30±0.01 c 0.72±0.01 c 1.10±0.01 b 2.33±0.04 c 

BFS- VII 0.29±0.00 bc 0.66±0.02 b 1.06±0.01 b 2.20±0.05 bc 
 

The enhance doses of biofertilizers at 30, 60, 90, and 120 days after shown (DAS) the seeds. Application 

of BFS-III shows the better growth followed by BFS-V and BFS-II. One way ANOVA is performed to 

compare the means of different treatments at p<0.05. Values by different letters are significantly 

differences between the treatments at 5% level. [Where NF; No fertilizer, CF-RD; Recommended dose 

of urea and DAP, BFS-I; single dose of biofertilizers in seed coated form, BF-II; twofold of 

biofertilizers in seed coated form, BFS-III; threefold of biofertilizers in seed coated form, BFS-V; 

fivefold of biofertilizers in seed coated form, BFS-VI; sixfold of biofertilizers in seed coated form 

and BFS-VII; sevenfold of biofertilizers in seed coated form] 

 

The plant growth parameters were significantly affected by the enhanced dose 

and biofertilizers in seed coated form. The application of enhanced dose of biofertilizers 

significantly increased the root length, number of roots and root biomass (Table 4.2.2). 

The root length was increased on 120 DAS by 31.43, 16.53, 12.24, 4.49 and 14.29% 

when BFS-III application was applied over NF, BFS-I, BFS-II, BFS-VI and BFS-VII 

respectively.  The number of roots of wheat plant increased by 62.3, 24.59, 14.75, 
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22.95, 24.5 and 29.51% and 51.47, 27.94, 25, 30.88, 27.94 and 32.35% at 60 and 90 

DAS over NF, BFS-I, BFS-II, BFS-V, BFS-VI and BFS-VII over respectively.  

The fresh and dry weights of roots were also recorded significantly with 

application of enhanced dose of biofertilizers in seed coated form. Fresh weight of root 

increased in the presence of  BFS-III was 48.24, 7.98, 3.57, 6.60, 8.42 and 8.58% at 60 

DAS,  45.6, 11.67, 4.6, 5.04, 6.69 and 15.2% at 90 DAS and 56.91, 10.41, 5.13, 14.36, 

16.92 and 20.51% at 120 DAS over NF, BFS-I, BFS-II, BFS-V, BFS-VI and BFS-VII 

respectively. The dry weight of plant root increased an application of BFS-III was 34.6, 

15.65, 7.38, 13.92, 18.43 and 25.25% and  60.23, 15.61, 5.44, 21.62, 25.75 and 31.91% 

over NF, BFS-I, BFS-II, BFS-V, BFS-VI and BFS-VII  at 60 and 120 DAS respectively 

(Table 4.2.2). 
 

Table 4.2.2 Effect of Organic Matrix Immobilized Biofertilizers (A. chroococcum 

and B. subtilis) on Growth of Wheat (T. aestivum L. cv. PBW-502) Roots on 30, 60, 

90 and 120 DAS 
 

Root length (cm) 

NF 2.40±0.19 a 2.88±0.25 a 3.63±0.18 a 5.60±0.32 a 

CF-RD 3.93±0.37 b 5.47±0.31 d 7.30±0.37 e 8.40±0.25 e 

BFS- I 3.23±0.21 a 3.70±0.18 b 6.12±0.40 d 6.82±0.23 b 

BFS- II 3.33±0.26 a 4.13±0.14 c 6.37±0.67 d 7.17±0.58 c 

BFS- III 3.43±0.36 a 4.47±0.31 c 6.97±0.16 d 8.17±0.36 e 

BFS- V 3.35±0.19 a 4.43±0.36 c 6.40±0.58 d 8.28±0.48 e 

BFS- VI 3.20±0.28 a 4.33±0.26 c 5.67±0.42 bc 7.80±0.32 cd 

BFS- VII 3.02±0.15 a 4.23±0.21 c 5.47±0.34 bc 7.00±0.42 c 

Number of root 

NF 3.33±0.52 a 3.83±0.75 a 5.50±0.55 a 5.83±0.75 a 

CF-RD 7.00±1.55 d 9.33±1.51 d 9.50±1.52 d 12.67±1.51 d 

BFS- I 6.17±1.60 c 7.67±1.37 b 8.17±1.33 c 9.00±0.89 c 

BFS- II 6.50±2.17 c 8.67±1.21 bc 8.50±1.05 c 9.50±1.52 c 

BFS- III 8.00±1.79 e 10.17±2.40 d 11.33±1.75 e 13.33±2.42 e 

BFS- V 6.17±1.17 c 7.83±1.72 b 7.83±1.17 bc 9.17±0.75 c 

BFS- VI 6.33±1.51 c 7.67±1.63 b 8.17±0.98c 8.67±1.21 bc 

BFS- VII 5.67±1.21 b 7.17±0.75 b 7.67±1.37 bc 8.00±1.10 b 

Fresh weight of root (g) 

NF 0.07±0.01 a 0.20±0.01 a 0.37±0.02 a 0.49±0.02 a 

CF-RD 0.17±0.01 e 0.53±0.02 d 0.94±0.03 e 1.21±0.07 ef 

BFS- I 0.10±0.01 b 0.36±0.00 b 0.60±0.03 c 1.02±0.03 a 

BFS- II 0.11±0.01 bc 0.38±0.01 a 0.65±0.03 cd 1.08±0.04 e 

BFS- III 0.11±0.01 bc 0.40±0.01 c 0.68±0.02 d 1.13±0.03 e 

BFS- V 0.12±0.01 c 0.37±0.00 b 0.64±0.04 cd 0.97±0.03 bcd 

BFS- VI 0.13±0.02 d 0.36±0.00 b 0.63±0.06 d 0.94±0.03 bcd 

BFS- VII 0.11±0.01 bc 0.36±0.00 b 0.58±0.05 bc 0.90±0.03 bcd 
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Dry  weight of root (g) 

NF 0.04±0.01 a 0.12±0.02 a 0.19±0.02 a 0.23±0.00 a 

CF-RD 0.11±0.01 e 0.23±0.02 g 0.44±0.01 e 0.69±0.03 f 

BFS- I 0.06±0.00 bc 0.15±0.01 c 0.34±0.03 bcd 0.49±0.03 cd 

BFS- II 0.07±0.00 d 0.17±0.02 e 0.35±0.03 cd 0.55±0.03 e 

BFS- III 0.08±0.04 dc 0.18±0.01 f 0.39±0.02 cd 0.58±0.03 e 

BFS- V 0.07±0.00 d 0.16±0.02 d 0.34±0.02 bcd 0.46±0.03 cd 

BFS- VI 0.07±0.00 d 0.15±0.01 c 0.34±0.03 bcd 0.43±0.03 bc 

BFS- VII 0.06±0.00 bc 0.13±0.01 b 0.31±0.03 bcd 0.40±0.03 bc 

 

The seed coated form and free form of biofertilizers significantly increased the yield of wheat. (Other 

details are described in Table. 4.2.1) 

 

4.2.2 Level of Nitrate Content in Rhizospheric Soil, Roots and Leaves of Wheat (T. 

aestivum L.) Plant Applied with Enhance Doses of Biofertilizers in Seed Coated 

Form  

 

The enhanced dose of biofertilizers increased soil nitrate content in the plants’ 

rhizosphere at the depth of 0-15 cm significantly. The soil nitrate increased by 15.31, 

7.22, 6.11, 1.51, 3.72 and 6.36 % at 60 DAS and 44.28, 4.22, 3.08, 1.70, 3.27 and 6.53 

% at 90 DAS over NF, BFS-I, BFS-V, BFS-VI and BFS-VII respectively with 

application on BFS-III. The application on BF-II also increased was 9.19, 1.11 and 

0.25%, 41.20, 1.14 and 3.4% and 92.68, 50.34 and 70.45% at 60, 90 and 120 DAS 

respectively over NF, BFS-I and BFS-VII 

The percentage increase of nitrate content in roots when applied with application 

on BFS-III was 44.04, 15.30, 10.16, 2.15, 0.03, 17.03% at 60 DAS, 45.77, 8.62, 4.49, 

10.75, 14.65 and 25.57% at 90 DAS and 43.20, 15.47, 7.23, 6.72, 16.74 and 19.52% 

over NF, BFS-I, BFS-II, BFS-V, BFS-VI and BFS-VII respectively (Figure 4.2.1).  

The nitrate content was significantly recorded in leaves of wheat plant by 41.82, 

2.99, 0.95, 4.17, 5.83 and 8.48% at 60 days after sowing with application of the BFS-III 

over NF, BFS-I, BFS-II, BFS-V, BFS-VI and BFS-VII respectively. (Figure 4.2.1) 
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Figure 4.2.1  The enhance dose of biofertilizers on the nutrient availability of nitrate content  in the soil, 

roots and leaves on 30, 60, 90, and 120 DAS the seeds. All the values are means of three replicates with 

two determinations (n=6) ±S.E). (Other details are described in Table. 4.2.1) 

 

4.2.3 Level of Nitrite Content in Rhizospheric Soil, Roots and Leaves of Wheat (T. 

aestivum L.) Plant Applied with Enhance Doses of Biofertilizers in Seed Coated 

Form  

 

An application of enhanced dose of biofertilizers increased soil nitrite on BFS-III was 

53.99, 18.39, 10.30, 6.22, 15.89 and  21.29 % at 90 DAS and 46.67, 18.61, 11.95, 7.68, 

11.06  an 21.94% at 120 days after sowing over NF, BFS-I, BFS-II, BFS-V,  BFS-VI 

and BFS-VII respectively Seed coated with biofertilizers also increased nitrite content 

in soil by 43.69, 8.09, and 10.98% and 34.71, 6.6 and 9.98% on 90 and  120 DAS  

respectively over NF, BFS-I, and BFS-VII (Figure 4.2.2) 

The root nitrite increased by 61.46, 21.40, 17.04, 13.09, 17.59, 25.72% at 60 

DAS and 63.40, 8.32, 1.57, 4.65, 20.85, 23.73% at 90 DAS and 59.36, 11.06, 7.24, 

7.86, 13.58, 23.11% at 120 DAS with the application of BFS-III over NF, BFS-I, BFS-
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II, BFS-V, BFS-VI and BFS-VII respectively. Similarly BFS-II also increased nitrite 

content in root of wheat plant over NF and BFS-I (Figure 4.2.2).  

Nitrite content in wheat leaves applied with BFS-III also increased by 60.65, 

21.27, 14.82, 5.42, 9.66 and 17.05% at 60 DAS  59.42, 5.27, 3.07, 4.14, 5.80 at 90 DAS 

and 10.30%  and 41.87, 16.69, 10.72, 6.89, 9.92 and 19.68% at 120 DAS over  NF, 

BFS-I, BFS-II, BFS-VI and BFS-VII respectively on applied with BFS-III (Figure 

4.2.2). 

     

Figure 4.2.2  The enhance doses of biofertilizers on the nutrient availability of nitrite content  in the soil, 

roots and leaves on 30, 60, 90, and 120 days after shown (DAS) the seeds. (Other details are described in 

Table. 4.2.1) 
 

4.2.4 Level of Ammonium Content in Rhizospheric Soil, Roots and Leaves of 

Wheat (T. aestivum L.) Plant Applied with Enhance Doses of Biofertilizers in Seed 

Coated Form  

 

The soil ammonium increased by 41.04, 11.53, 7.33, 4.87, 6.95 and 12.52%  and 48.92, 

10.00, 1.50, 3.24, 6.05 and 10.92% with the application on BFS-III over NF, BFS-I, BFS-

II, BFS-V, BFS-VI and BFS-VII at 60 and 90 DAS respectively. Application on BFS-II 

increased significantly was 33.7 and 4.20%, 47.41 and 8.5%, and 74.64 and 42.16% at 

60, 90 and 120 DAS over NF and BFS-I (Figure 4.2.3). 
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The ammonium content in root of wheat plant was increased by 62.00, 32.95, 

28.17, 5.21, 17.31 and  21.56% at 60 DAS and 61.27, 10.23, 8.56,  12.83, 16.16  and 

21.47% at 90 DAS respectively on application of BFS-III over  NF, BFS-I, BFS-II, 

BFS-V, BFS-VI and BFS-VII .Similarly BFS-II also increased ammonium content in 

root over NF, BFS-I and BFS-VII (Figure 4.2.3).  

Ammonium content in leaves of plant was increase in applied with BFS-III by 

55.64, 13.30, 11.38, 7.25, 12.51 and 12.63% and 58.10, 21.66, 18.02, 12.44, 16.93 and 

27.95% on application of  BFS-III at 60 and 90 DAS  respectively over  NF, BFS-I, 

BFS-II, BFS-V, BFS-VI and BFS-VII. Similarly the ammonium content significantly 

increased on 90 and 120 DAS over NF and BFS-I (Figure 4.2.3). 

Figure 4.2.3 Levels of ammonium (μg g
-1

) in soil of T. aestivum L. at 30, 60, 90 and 120 days after 

sowing in different treatments. (Other details are described in Table 4.2.1) 

 

4.2.5 Level of Phosphate Content in Rhizospheric Soil, Roots and Leaves of Wheat 

(T. aestivum L.) Plant Applied with Enhance Doses of Biofertilizers in Seed Coated 

Form  
 

The application of BFS-III increased soil phosphate was 82.57, 2.01, 6.61, 16.63 and 

23.52% and 83.65, 17.09, 6.33, 15.84 and 21.23% over NF, BFS-I, BFS-V, BFS-VI and 
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BFS-VII at 60 and 90 DAS respectively. Application of BFS-II also increased soil 

phosphate was 70.61, 4 and 8.19% over NF, BFS-I and BFS-VII (Figure 4.2.4). 

The root phosphate increased by 61.75, 16.97, 25.48, 8.48, 17.34 and 23.33% at  

60 DAS, 62.58, 19.97, 12.70, 2.28, 4.27 and 9.47% at 90 DAS and 54.99, 21.22, 11.80, 

7.43, 14.32 and 18% 120 DAS with the application of BFS-III over NF, BFS-I, BFS-V, 

BFS-VI and BFS-VII. The percentage increase of phosphate in root of the plant applied 

with BFS-II was 49.87 and 7.26% and 43.19 and 9.4% respectively on 90 and 120 DAS 

over NF and BFS-I (Figure 4.2.4).  

Further, phosphate content in wheat leaves applied with BFS-III increased 

64.93, 12.59, 7.51, 3.10, 6.26 and 12.54% at 60 DAS respectively over NF, BFS-I, 

BFS-II, BFS-V, BFS-VI and BFS-VII. Similarly at 90 and 120 DAS nitrate content was 

recorded over NF, BFS-I, BFS-V, BFS-VI and BFS-VII on application of BFS-III 

(Figure 4.2.4). 

     

     

 

 

 

 

 

 

 

 

 

 

Figure 4.2.4 The seed coated with biofertilizers significantly effect on the nutrient availability of 

phosphate content in the soil roots and leaves at on 30, 60, 90, and 120 days after shown (DAS) the seeds. 

The nutrient transfer from soil to roots and root to leaves were significantly recorded with the application 

of BFS-III followed by BFS-II and BF-V. (Other details are described in Table. 4.2.1) 
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4.2.6 Yield and Productivity of Wheat (T. aestivum L.) Plant Applied with Free 

Form of Biofertilizers in seed coated form 
 

The percent increased significantly by 43.34, 19.93, 17.57, 6, 13.89 and 27.80 % in grain 

yield was recorded on application of BFS-III over NF, BFS-I, BFS-II, BFS-VI and 

BFS-VII (Figure 4.2.5). Application of BFS-II was increased by 36 and 2.35% over NF 

and BF-I after harvesting crop 

Wheat straw yield increased on application of BFS-III was 60.62, 3.34, 2.72, 1.34, 

2.85 and 3.01% over NF, BFS-I, BFS-II, BFS-VI and BFS-VII after harvesting the crop. 

BFS-II was increased by 71.41 and 0.61% over NF and BF-I after harvesting crop. 

       

 
 

Figure 4.2.5 Effect of enhanced dose of biofertilizers on yield of wheat T. aestivum L. at after harvesting. 

One way ANOVA is performed to compare the means of different treatments at p<0.05. Values by 

different letters are significantly differences between the treatments at 5% level. (Other details are 

described in Table. 4.2.1) 
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4.3. Growth and Productivity of Wheat (T. aestivum L. cv. PBW-502) Applied with 

Charcoal Based Biofertilizers (A. chroococcum and B. subtilis) in Enhanced Dose 

and Seed Coated with Biofertilizers and Organic Matrix form on 30, 60, 90 and 

120 days after sowing (DAS)  
 

4.3.1 Growth Parameters of Wheat Applied with Seed Coated Biofertilizers and 

Organic Matrix, Recorded on 30, 60, 90 and 120 (DAS)  
 

Mode of application of biofertilizers (A. chroococum and B. subtilis) significantly effect 

on growth of the plant. The increased fresh and dry weight of roots and shoots, numbers 

of leaves and roots significantly recorded over no fertilizers, free form of biofertilizers 

on 60 and 120 days after sowing (DAS). The optimized dose of biofertilizers (A. 

chroococcum- 1.80 kg ha
-1

 and B. subtilis- 1.80 kg ha
-1

) was increased the plant height over 

the no fertilizer and free form of biofertilizers. The plant height of BF-3(SV) application 

was 62.13, 14.55, 10.70, 4.38 and 16.01% and 35.31, 2.36, 2.07, 4.01 and 9.35% on 30 

and 90 DAS over NF, BF-1(SV), BF-2(SV),  BF-6(SV) and BF-7(SV) respectively 

(Table 4.3.1). 

On application of BF-3(SV) the number of plant leaves recorded significantly by 

60.54, 50.04, 7.89, 31.57, 50 and 47.36%, and 53.45, 37.19, 13.96, 25.54, 34.89 and 

41.87% over NF, BF-1(SV), BF-2(SV), BF-5(SV), BF-6(SV) and BF-7(SV) at 60 and 

120 DAS respectively. The number of tillers  increased by 62.55, 50, 12.73, 25.09, 

50.19 and 37.45% at 60 DAS over NF, BF-1(SV), BF-2(SV), BF-5(SV), BF-6(SV) and 

BF-7(SV) respectively (Table 4.3.1). 

The optimized dose of biofertilizers was increased the fresh weight of wheat 

plant. The percentage of fresh weight of shoot was increased by 51.47, 21.69, 17.28, 

11.03, 12.50 and 22.43% at 30 DAS and 47.50, 21.68, 15.83, 4.99, 10.84 and 14.55%  

at 120 DAS respectively over NF, BF-1(SV), BF-2(SV), BF-5(SV), BF-6(SV) and BF-

7(SV) on application of biofertilizers with vermicompost in seed coated form BF-3(SV) 

(Table 4.3.1)  

The charcoal based biofertilizers has significantly found the dry weight of plant 

production. Dry weight of plant shoot of BF-3(SV) contains 63.89, 4.17, 2.78, 1.39, 

5.56 and 8.33% at 60 DAS and 75, 3.23, 1.61, 1.61, 4.03 and 6.45% at 90 DAS  and 

42.02, 5.32, 2.66, 3.19, 5.85 and 6.91% at 120 DAS respectively by the application of 

BF-3(SV) over NF, BF-1(SV), BF-2(SV), BF-5(SV), BF-6(SV) and BF-7(SV) was 

significantly recorded (Table 4.3.1).  
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Table 4.3.1 Effect of Coated Seed with Organic Matrix and Biofertilizers on Plant 

Growth of Wheat (T. aestivum L. cv. PBW-502) Shoot on 30, 60, 90 and 120 DAS 

 

  30 DAS 60 DAS 90 DAS 120 DAS 

 

Shoot Height 

NF 21.60±1.42 a 46.90±1.73 a 50.93±1.22 ab 56.10±1.80 a 

CFC R/D 21.53±2.30 a 64.13±2.41 bc 81.23±2.41 d 87.57±1.75 d 

BF-1 (SV) 48.73±0.64 bc 68.63±1.40 bc 76.87±0.78 bc 78.57±0.81 bc 

BF-2 (SV) 50.93±0.90 c 72.23±0.23 cd 77.10±0.79 bc 79.03±0.91 bc 

BF-3 (SV) 57.03±0.45 cd 74.97±0.68 cd 78.73±0.57 bc 81.27±1.20 cd 

BF-5 (SV) 57.37±1.88 cd 75.40±0.53 d 77.60±1.31 bc 80.23±1.17 cd 

BF-6 (SV) 54.53±0.90 cd 73.83±0.31 cd 75.57±0.95 bc 78.90±1.06 bc 

BF-7 (SV) 47.90±0.36 bc 67.17±1.26 bc 71.37±1.10 bc 76.13±1.64 bc 

 Number of Leaves 

NF 3.67±0.58 a 5.00±1.00 a 5.67±0.58 a 6.67±0.58 a 

CFC R/D 3.67±0.58 a 10.67±1.15 a 15.67±2.08 a 16.67±3.06 a 

BF-1 (SV) 3.67±0.58 a 6.33±1.53 b 6.33±0.58 b 9.00±3.46 c 

BF-2 (SV) 6.67±1.15 c 11.67±3.51 e 11.67±2.89 e 12.33±2.08 f 

BF-3 (SV) 6.33±0.58 c 12.67±3.06 f 14.00±2.65 f 14.33±1.53 g 

BF-5 (SV) 6.00±2.00 c 8.67±1.15 cd 9.67±1.53 d 10.67±2.08 e 

BF-6 (SV) 4.67±1.15 b 6.33±1.53 b 9.67±2.52 d 9.33±1.15 cd 

BF-7 (SV) 4.33±1.53 b 6.67±1.53 b 8.67±3.06 cd 8.33±1.15 bcd 

 Number of Tillers 

NF 1.00±0.00 a 1.00±0.00 a 1.00±0.00 a 1.00±0.00 a 

CFC R/D 1.00±0.00 a  2.00±0.00 b 2.33±0.58 b 3.00±0.00 d 

BF-1 (SV) 1.00±0.00 a 1.33±0.58 a 1.00±0.00 a 1.33±0.58 a 

BF-2 (SV) 2.00±0.00 b 2.33±0.58 a 2.33±0.58 b 2.33±0.58 b 

BF-3 (SV) 2.00±0.00 b 2.67±0.58 b 2.67±0.58 b 2.67±0.58 bc 

BF-5 (SV) 2.00±0.00 b 2.00±0.00 b 2.00±0.00 b 2.00±0.00 b 

BF-6 (SV) 1.67±0.58 ab 1.33±0.58 a 2.00±0.00 b 1.67±0.58 ab 

BF-7 (SV) 1.33±0.58 a 1.67±0.58 ab 1.33±0.58 ab 1.67±0.58 ab 

 Fresh weight of Shoot 

NF 1.32±0.07 a 2.09±0.08 a 2.44±0.07 a 3.68±0.18 a 

CF R/D 1.27±0.01 a 3.86±0.13 a 6.73±0.42 d 11.18±0.20 a 

BF-1 (SV) 2.13±0.10 b 2.87±0.13 ab 3.76±0.11 bc 5.49±0.15 bc 

BF-2 (SV) 2.25±0.12 b 3.11±0.06 c 3.87±0.07 bc 5.90±0.04 bc 

BF-3 (SV) 2.72±0.13 b 3.95±0.05 cd 4.45±0.11 c 7.01±0.13 e 

BF-5 (SV) 2.42±0.30 b 3.45±0.10 c 4.40±0.14 c 6.66±0.08 de 

BF-6 (SV) 2.38±0.02 b 3.39±0.06 c 4.15±0.15 c 6.25±0.16 d 

BF-7 (SV) 2.11±0.11 a 3.19±0.06 c 3.91±0.17 bc 5.99±0.15 bc 

 Dry weight of Shoot 

NF 0.11±0.02 a 0.26±0.03 a 0.31±0.01 a 1.09±0.05 a 

CFC R/D 0.11±0.01 a 0.72±0.01 df 1.60±0.02 f 4.00±0.17 h 
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BF-1 (SV) 0.58±0.01 bcd 0.69±0.01 bcd 1.20±0.02 a 1.78±0.02 d 

BF-2 (SV) 0.65±0.05 de 0.70±0.01 cd 1.22±0.02 d 1.83±0.02 ef 

BF-3 (SV) 0.70±0.02 f 0.72±0.01 df 1.24±0.01 e 1.88±0.01 g 

BF-5 (SV) 0.65±0.02 de 0.71±0.01 cd 1.22±0.01 d 1.82±0.04 e 

BF-6 (SV) 0.60±0.01 d 0.68±0.02 bcd 1.19±0.01 bc 1.77±0.02 cd 

BF-7 (SV) 0.53±0.01 bcd 0.66±0.03 bcd 1.16±0.01 bc 1.75±0.02 bcd 
 

The enhance doses of biofertilizers in seed coated form significantly increased the growth of plant and 

biomass. One way ANOVA is performed to compare the means of different treatments at p<0.05. Values 

by different letters are significantly differences between the treatments at 5% level. [Where NF; No 

fertilizer, CFC-R/D; Recommended dose of urea and DAP, BF-1(SV); single dose of biofertilizers in 

seed coated form, BF-2(SV); twofold of biofertilizers in seed coated form, BF-3(SV); threefold of 

biofertilizers in seed coated form, BF-5(SV); fivefold of biofertilizers in seed coated form, BF-

6(SV); sixfold of biofertilizers in seed coated form and BF-7(SV); sevenfold of biofertilizers in seed 

coated form] 

The root length of wheat plant increased on application of BF-3(SV) was 57.11, 

9.97, 5.50, 8.31, 8.31and 28.35% and 45.95, 15.84, 12.40, 8.95 and 29.82% on 60 and 

120 DAS over NF, BF-1(SV), BF-2(SV), BF-5(SV), BF-6(SV) and BF-7(SV) 

respectively (Table 4.3.2) 

Number of plant roots recorded significantly by on application of BF-3(SV) was 

56.85, 22.77, 15.95, 20.45, 22.61 and 31.83%, at 120 DAS respectively over NF, BF-

1(SV), BF-2(SV), BF-5(SV), BF-6(SV) and BF-7(SV) (Table 4.3.2) 

Application of BF-3(SV) increased dry weight of the plant parts significantly 

(p<0.05) over minimum and higher doses of biofertilizers on 30, 60, 90 and 120 DAS. 

About 30-70% increase in fresh weight of root and 25-62 % increase in dry weight of 

root was observed in 120 days after sowing by application of BF-3(SV) (Table 4.3.2). 

The percentage of fresh weight of roots increased by on application of BF-3(SV) 

was 63.01, 17.81, 10.96, 23.29, 26.03 and 30.14% at 60 DAS and 74.79, 15.13, 2.52, 

18.49, 20.17 and 25.21 at 120 DAS over NF, BF-1(SV), BF-2(SV) BF-5(SV), BF-

6(SV) and BF-7(SV) respectively (Table 4.3.2). 

The percentage of dry weight of roots  increased by 62.50, 18.75, 12.50, 25, 

27.08 and 31.25% at 120 DAS respectively on application of BFS-III over NF, BF-

1(SV), BF-2(SV) BF-5(SV), BF-6(SV) and BF-7(SV) respectively. On application of 

BF-2(SV) was increased by 50, 6.25, 12.50, 14.58 and 18.75 % at 120 DAS over NF 

and BF-1(SV), BF-5(SV), BF-6(SV) and BF-7(SV) respectively (Table 4.3.2) 

 

 



Chapter -4- Results 

    Rose Minj / Ph.D. Thesis / DES / BBAU, Lucknow, UP, India / 2016                                                         75 
 

Table 4.3.2 Effect of Application of A. chroococcum and B. subtilis and Organic 

Matrix as Seed Coated Form, on Plant Growth of Wheat (T aestivum L. cv. PBW-

502) Roots at 30, 60, 90 and 120 DAS 

 

 Root Height 

NF 3.77±0.25
 a
 4.13±0.32

 a
 4.97±0.45

 a
 5.80±0.53

 a
 

CFC R/D 3.80±0.30
 a
 9.27±0.38

 a
 11.73±0.86

 a
 11.97±0.61

 a
 

BF-1 (SV) 7.63±0.32
 a
 8.67±0.29

 cd
 8.80±0.26

 c
 9.03±0.21

 c
 

BF-2 (SV) 7.97±0.15
 cd

 9.10±0.10
 cd

 9.43±0.40
 cd

 9.40±0.36
 c
 

BF-3 (SV) 9.10±0.10
 e
 9.63±0.23

 cd
 10.30±0.20

 e
 10.73±0.21

 e
 

BF-5 (SV) 9.23±0.21
 e
 9.80±0.20

 d
 10.27±0.21

 e
 10.03±0.80

 de
 

BF-6 (SV) 8.27±0.25
 d
 8.83±0.42

 cd
 9.77±0.25

 d
 9.77±0.46

 d
 

BF-7 (SV) 6.37±0.42
 b
 6.90±0.90

 b
 7.13±0.71

 bc
 7.53±0.45

 b
 

 Number of Roots 

NF 4.33±0.58
 a
 5.00±1.00

 a
 5.67±0.58

 a
 6.33±0.58

 a
 

CFC R/D 4.67±0.58
 a
 10.00±1.00

 a
 11.33±1.15

 de
 12.33±1.53

 cde
 

BF-1 (SV) 6.67±0.58
 bc

 9.67±1.53
 bcd

 11.33±0.58
 de

 11.33±0.58
 cd

 

BF-2 (SV) 8.00±1.00
 d
 10.67±1.15

 d
 11.67±1.53

 de
 12.33±0.58

 cde
 

BF-3 (SV) 8.67±0.58
 d
 11.00±1.00

 d
 13.33±1.53

 e
 14.67±1.53

 f
 

BF-5 (SV) 8.00±1.00
 d
 10.00±0.00

 d
 11.00±1.00

 de
 11.67±0.58

 cd
 

BF-6 (SV) 8.67±0.58
 d
 10.67±1.53

 d
 11.33±1.53

 de
 11.33±1.53

 cd
 

BF-7 (SV) 6.33±0.58
 bc

 9.00±1.00
 bcd

 9.67±0.58
 bcd

 10.00±0.00
 bc

 

 

Fresh weight of Root 

NF 0.11±0.01
 a
 0.19±0.01

 a
 0.27±0.01

 a
 0.30±0.01

 a
 

CFC R/D 0.11±0.01
 a
 0.40±0.02

 a
 0.59±0.00

 f
 0.61±0.02

 a
 

BF-1 (SV) 0.17±0.02
 b
 0.28±0.01

 bc
 0.32±0.02

 bc
 0.34±0.01

 bc
 

BF-2 (SV) 0.21±0.01
 c
 0.30±0.01

 c
 0.35±0.01

 a
 0.35±0.00

 cd
 

BF-3 (SV) 0.24±0.01
 d
 0.34±0.03

 e
 0.38±0.01

 e
 0.39±0.01

 f
 

BF-5 (SV) 0.24±0.02
 d
 0.31±0.02

 d
 0.36±0.02

 d
 0.37±0.02

 e
 

BF-6 (SV) 0.22±0.01
 c
 0.28±0.01

 bc
 0.34±0.02

 bc
 0.35±0.01

 cd
 

BF-7 (SV) 0.18±0.02
 b
 0.29±0.01

 bc
 0.33±0.01

 bc
 0.33±0.01

 b
 

 

Dry weight of Root 

NF 0.04±0.01
 a
 0.06±0.00

 a
 0.08±0.01

 a
 0.08±0.01

 a
 

CFC R/D 0.04±0.00
 a
 0.13±0.01

 cd
 0.15±0.00

 e
 0.17±0.01

 de
 

BF-1 (SV) 0.06±0.01
 b
 0.12±0.01

 bcd
 0.12±0.00

 bc
 0.13±0.01

 bcd
 

BF-2 (SV) 0.08±0.01
 cd

 0.13±0.01
 cd

 0.13±0.00
 bcd

 0.14±0.01
 bcd

 

BF-3 (SV) 0.09±0.01
 e
 0.15±0.00

 a
 0.14±0.00

 cd
 0.15±0.00

 cd
 

BF-5 (SV) 0.08±0.01
 cd

 0.13±0.01
 cd

 0.13±0.00
 bcd

 0.14±0.00
 bcd

 

BF-6 (SV) 0.08±0.01
 cd

 0.12±0.00
 bcd

 0.13±0.00
 bcd

 0.14±0.00
 bcd

 

BF-7 (SV) 0.06±0.00
 b
 0.12±0.01

 bcd
 0.13±0.00

 bcd
 0.13±0.00

 bcd
 

 

All the values are means of three replicates with two determinations (n=6) ±S.D.) (Other details are 

described in Table. 4.3.1) 
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4.3.2 Level of Nitrate, Nitrite, Ammonium and Phosphate Content in Soil of Wheat 

(T. aestivum L.) Plant Applied with Seed Coated with Biofertilizers and Organic 

Matrix 

 

The soil nitrate content was increased by 64.12, 10, 4.12, 9.41, 11.18 and 7.23%, 

and 63.83, 2.13, 3.19, 1.06, 2.13 and 10.64% at 60 and 120 DAS respectively by the 

application of BF-3(SV) over NF, BF-1(SV), BF-2(SV), BF-5(SV), BF-6(SV) and BF-

7(SV) respectively.  

 

The percentage increase of nitrite content in the soil when applied with BF-

3(SV) was 61.32, 18.33, 12.93, 5.88, 10.59 and 18.78 %, 55.10, 10.94, 7.07, 3.25, 7.51 

and 11.68% on 90 and 120 days after sowing over NF, BF-1(SV), BF-2(SV), BF-5(SV), 

BF-6(SV) and BF-7(SV) respectively (Figure 4.3.1). 

 

The ammonium content of soil increased by 71.49, 11.88, 6.34, 4.16, 4.95 and 

11.49% and 68.40, 24, 12.4, 7.20, 12 and 18% on 60 and 120 days after sowing over 

NF, BF-1(SV), BF-2(SV), BF-5(SV), BF-6(SV) and BF-7(SV) respectively (Figure 

4.3.1). 

 

Phosphate content in soil increased on application of (BF-3(SV) was 94.14, 

19.01, 15.81, 8.53, 11.19 and 16.34% on 90 days after sowing respectively over NF, 

BF-1(SV), BF-2(SV), BF-5(SV), BF-6(SV) and BF-7(SV) (Figure 4.3.1). 
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Figure 4.3.1 Seed coated with biofertilizers and organic matrix significantly increased nutrient 

availability in the soil on 30, 60, 90, and 120 days after shown (DAS) the seeds. The nutrient transfer 

from soil to roots and root to leaves were significantly recorded with the application of BF-3(SV) 

followed by BF-2 (SV) and BF-5(SV). All the values are means of three replicates with two 

determinations (n=6) ±S.E) (Other details are described in Table. 4.3.1) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plate:4.3.1 Experimental site at Environmental field Station, Babasaheb Bhimrao Ambedkar University, Lucknow 

 

4.3.3 Level of Nitrate, Nitrite, Ammonium and Phosphate Content in Roots of 

Wheat (T. aestivum L.) Plant Applied with Seed Coated with Biofertilizers and 

Organic Matrix 
 

Nitrate content increased in wheat roots when applied with biofertilizers in seed 

coated form; (BF-3(SV) )by 73.98, 19.90, 16.33, 7.65, 11.73 and 17.35% on 90 DAS 

and 66.67, 17.54, 9.65, 9, 14.91 and 16.67% on 120 DAS over NF, BF-1(SV), BF-

2(SV), BF-5(SV), BF-6(SV) and BF-7(SV) respectively (Figure 4.3.2) 

Nitrite content in wheat roots applied with enhanced dose (1.8 kg ha-1) of 

biofertilizers (BF-3(SV) increased by 59.12, 12.88, 9.75, 3.58, 7.22 and 11.09% and 
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52.56, 13.64, 6.94, 5.41, 8.74 and 10.22% on 60 and 120 days after sowing respectively 

over NF, BF-1(SV), BF-2(SV), BF-5(SV), BF-6(SV) and BF-7(SV) (Figure 4.3.2).  

Significant increase in ammonium content in roots on application of BF3-(SV) 

was 78.85, 11.54, 3.85, 7.69, 17.31 on 30 DAS and 71.43, 20, 11.43, 11.1 and 25.71% 

on 120 DAS respectively over NF, BF-1(SV), BF-2(SV), BF-6(SV) and BF-7(SV) 

(Figure 4.3.2). 

In roots, phosphate content was observed in BF3-(SV) by 97.27, 17.52, 11.74, 

13.02, 16.24 and 26.21% at 120 DAS over the NF, BF-1(SV), BF-2(SV), BF-6(SV) and 

BF-7(SV) respectively (Figure 4.3.2). 

   

   

 

Figure 4.3.2 The seed coated with biofertilizers and organic matrix increased nutrient availability in the 

roots on 30, 60, 90, and 120 days after sown (DAS) the seeds. All the values are means of three replicates 

with two determinations (n=6) ±S.E) (Other details are described in Table. 4.3.1) 

4.3.4 Level of Nitrate, Nitrite, Ammonium and Phosphate Content in Leaves of 

Wheat (T. aestivum L.) Plant Applied with Seed Coated with Biofertilizers and 

Organic Matrix 

Nitrate content in leaves on application of BF-3(SV) increased by 63.59, 8.72, 2.56, 

8.21, 9.74 on 60DAS  and 14.87%, 68.18, 9.09, 5.30, 3.79, 6.82, 20.45% on 90DAS  

and 67.26, 32.74, 16.81, 6.19, 9.73 and 14.16% on 120 days after sowing respectively 

over NF, BF-1(SV), BF-2(SV), BF-6(SV) and BF-7(SV) (Figure 4.3.3). 
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The nitrite content in leaves increased by 57.37, 10.25, 5.46, 2.66, 5.95, 12.65% 

and 49.99, 12.06, 7.45, 4.80, 11.24 and 17.30% respectively in 60 and 120 days old 

plants with the application of BF3-(SV) over  NF, BF-1(SV), BF-2(SV), BF-5(SV), BF-

6(SV) and BF-7(SV) respectively. The application of BF5-(SV) increases phosphate 

content by 45.19, 7.25, 2.65, 6.43, 12.50%  over NF, BF-1(SV), BF-2(SV), BF-6(SV) 

and BF-7(SV) at 120 DAS respectively (Figure 4.3.3). 

Application with BF3-(SV) was recorded significantly ammonium content at 

different level by 74.07, 9.26, 1.85, 5.56 and 12.96% at 60 DAS,  73.33, 15.56, 2.22, 

6.67, 17.78% at 90 DAS and 67.86, 21.43, 10.71, 14.29 and 21.43% at120 DAS on 

application of BF3-(SV) over NF, BF-1(SV), BF-2(SV), BF-6(SV) and BF-7(SV) 

respectively (Figure 4.3.3). 

The percentage of phosphate content in the leaves increased by 95.45, 11.44, 

7.33, 10.85, 12.90 and 25.95% and 49, 8, 4, 2, 4 and 10% respectively at 60 and 120 

days old plants with the application of BF3-(SV) over that in NF, BF-1(SV), BF-2(SV), 

BF-6(SV) and BF-7(SV) respectively (Figure 4.3.3). 

   Figure 4.3.3 Seed coated with biofertilizers organic matrix increased nutrient availability in the leaves 

on 30, 60, 90, and 120 days after sown (DAS) the seeds. (Other details are described in Table. 4.3.1) 
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4.3.5 Grain and Straw Yield Production of Wheat on Application of Biofertilizers 

in Seed Coated Form with Organic Matrix 
  

Organic matrix and biofertilizers applied as in seed coted form increased the grain yield 

of T. aestivum L. The percentage increases of the grain yield significantly with the 

application of BF-3(SV) over the application of NF, BF-1(SV), BF-2 (SV), BF-5(SV), 

BF-6(SV) and BF-7(SV) after the harvest of crop was 48.71, 17.72, 8.45, 8.83, 10.94 

and 24.35% respectively at 120 DAS (Figure 4.3.4). Applied with seed coated form on 

BF-5(SV) increased the percentage was 39.88, 8.89, 2.11 and 15.52% respectively after 

harvesting over application on NF, BF-1(SV), BF-6 (SV), and BF-7(SV).  

The straw production also increased by the application on BF-3(SV) was 50.33, 

21.68, 15.85, 4.91, 10.83 and 14.59% over NF, BF-1(SV), BF-2 (SV), BF-5(SV), BF-

6(SV) and BF-7(SV) and by BF-2(SV) was 34.47 and 5.83% over NF and BF-1(SV)  

respectively at 120 DAS (Figure 4.3.4). 

 

Figure: 4.3.4. Effect of seed coated organic matrix and biofertilizers on yield of wheat T. aestivum 

L. at after harvesting. One way ANOVA is performed to compare the means of different treatments at 

p<0.05. Values by different letters are significantly differences between the treatments at 5% level.  

(Other details are described in Table 4.3.1). 

 

 

 

 

 

 

 

 

 

Plate: 4.3.2   Effect of enhanced dose of biofertilizers (A. chroococcum and B. subtilis) in seed 

coated form for dose optimization during wheat crop cultivation in net house 
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4.4. Characterization of Organic Matrix and Immobilized Form of A. chroococum 

and B. subtilis with Various Organic Matrix as Super Granular Biofertilizer  

The microbial biofertilizers were immobilized in organic matrix to prepare super 

granular biofertilizer. To assess the nutritional potential of the organic matrix with or 

without chemical/microbial fertilizers its physical and chemical properties were 

determined using various relevant techniques. The objective of these studies was to 

certain the additional structural and nutritional availability provided by these granules to 

commercial microbial fertilizers in immobilized forms. 

4.4.1. Scanning Electron Microscope Energy Dispersive X-ray (SEM EDX) 

analysis 

The elemental properties of different components of organic matrix i.e. clay soil, cow-

dung, neem leaf powder and urea and DAP; charcoal based biofertilizers immobilized 

in clay soil and neem leaf powder in combination with organic matrix such as cow 

dung, vermicompost, and Farm Yard Manure (FYM) separately with different organic 

binders i.e. acacia gum, molasses and jaggery in form of granules. Organic matrix 

immobilized granular biofertilizer are shown in (Figure 4.4.1-4.4.12).  

Plate: 4.4.1. - Consortium of biofertilizers (A. chroococum and B.s subtilis) with enhance doses, 

immobilized in organic matrix i.e. cow dung, vermicompost, FYM (combination with clay soil+ neem 

leaf) with different organic binders i.e. acacia gum, molasses and jaggery 



Chapter -4- Results 

    Rose Minj / Ph.D. Thesis / DES / BBAU, Lucknow, UP, India / 2016                                                         82 
 

The elemental properties of prepared super granular biofertilizer shows that out of these 

elements C, Mg and Zr are not present in the chemical fertilizers; urea and DAP 

whereas C in range of 18-58, O- 54.35-70.81, Mg- 00.28-1.80, Ca- 0.44-5.02, Al- 0.28-

2.38, F- 3.68-7.52, Si- 1.91-7.42, P- 0.50-3.54, S- 0.07-0.10, K- 0.09-0.30, Zr- 1.13-

2.20 are present in various organic matrix immobilized fertilizers. 

 

 

Table 4.4.1. Percent weight and 

 Percent atomic of clay soil 

Element Weight% Atomic% 

C 12.84 20.32 

O 58.40 60.39 

Mg 2.57 1.25 

Al 6.58 4.38 

P 0.59 0.24 

S 0.22 0.13 

K 1.94 0.83 

Others 16.86 12.2 

Totals 100.00  

Figure 4.4.1. SEM EDX analysis of clay soil 

  

 
Table 4. 4.2. Percent weight and 

percent atomic of neem leaves 

powder 

 

 

Element Weight% Atomic% 

C 17.63 23.90 

O 65.05 66.23 

Na 3.53 2.50 

Mg 0.62 0.41 

Al 4.10 2.48 

Si 7.05 4.09 

K 0.09 0.04 

Zr 1.93 0.34 

Figure 4.4.2. SEM EDX analysis of neem leaves powder 
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 Table 4.4.3. Percent weight and 

percent atomic of FCF-I 
 

Element Weight% Atomic% 

O 79.81 80.33 

Al 1.32 0.26 

Si 0.36 0.11 

P 3.25 11.70 

S 0.71 0.40 

K 3.00 0.15 

Other 11.55 7.05 

Totals 100.00  

Figure 4.4.3. SEM EDX analysis of FCF; (RD; urea and DAP) 

 Table 4.4.4. Percent weight and 

percent atomic of immobilized form 

of biofertilizers with cow dung and 

binder acacia 
 

Element Weight% Atomic% 

C 18.00 23.81 

O 70.81 70.33 

Na 0.37 0.25 

Mg 0.58 0.38 

Al 1.25 0.74 

Si 7.42 4.20 

K 0.09 0.03 

Zr 1.50 0.26 

Totals 100.00  

Figure 4.4.4. SEM EDX analysis of organic matrix immobilized form of biofertilizers, BFCD 

 (Acacia)-III 

 

 

Table 4.4.5. Percent weight and 

percent atomic of immobilized form 

of biofertilizers with cow dung and 

binder molasses 
 

Element Weight% Atomic% 

C 18.35 24.71 

O 64.49 65.19 

F 3.68 3.13 

Mg 0.58 0.39 

Al 5.02 3.01 

Si 5.29 3.05 

K 0.30 0.12 

Zr 2.29 0.41 

Totals 100.00  

Figure 4.4.5. SEM EDX analysis of organic matrix immobilized form of biofertilizers,  BFCD 

(Molasses) - III 
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Table 4.4.6. Percent weight and 

percent atomic of immobilized form 

of biofertilizers with cow dung and 

binder jaggery 

Element Weight% Atomic% 

C 26.60 33.80 

O 60.24 57.47 

F 4.54 3.65 

Mg 4.07 2.56 

Al 2.38 1.34 

Si 2.17 1.18 

Totals 100.00  

Figure 4.4.6. SEM EDX analysis of organic matrix immobilized form of biofertilizers BFCD 

(Jaggery)-III 

 

Table 4.4.7. Percent weight and 

percent atomic of immobilized form 

of biofertilizers with farm yard 

manure and binder acacia 

 

 

 

 

Element Weight% Atomic% 

C 29.47 36.94 

O 58.22 54.78 

F 5.82 4.62 

Mg 1.80 1.12 

Al 1.91 1.06 

Si 2.77 1.49 

Totals 100.00  

Figure 4.4.7. SEM EDX analysis of organic  matrix immobilized form of biofertilizers EV(Acacia)-III 

 

  

 

Table 4.4.8. Percent weight and 

percent atomic of immobilized form 

of biofertilizers with vermicompost 

and binder molasses 

 

Element Weight% Atomic% 

C 42.80 50.08 

O 56.47 49.60 

Mg 0.28 0.16 

Ca 0.45 0.16 

Totals 100.00  

Figure 4.4.8. SEM EDX analysis of organic matrix immobilized form of biofertilizers EV(Molasses)-

III 
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Table 4.4.9. Percent weight and 

percent atomic of immobilized form 

of biofertilizers with vermicompost 

and binder jaggery  
 

Element Weight% Atomic% 

C 58.00 65.54 

O 39.73 33.71 

Mg 0.29 0.16 

Al 0.28 0.14 

Si 0.50 0.24 

S 0.07 0.03 

Zr 1.13 0.17 

Totals 100.00  

Figure 4.4.9. SEM EDX analysis of organic matrix immobilized form of biofertilizers,  EV(Jaggery)-

III 

 

 

Table 4.4.10. Percent weight and 

percent atomic of immobilized form 

of biofertilizers with farm yard 

manure and binder acacia 
 

Element Weight% Atomic% 

C 29.01 36.72 

O 61.92 58.84 

Mg 0.92 0.57 

Al 2.88 1.62 

Si 3.54 1.91 

K 0.20 0.08 

Zr 1.53 0.26 

Totals 100.00  

Figure 4.4.10. SEM EDX analysis of organic matrix immobilized form of biofertilizers, BFFY(Acacia)-

III 

 

 

Table 4.4.11. Percent weight and 

percent atomic of immobilized form 

of biofertilizers with farm yard 

manure use molasses as binder  
 

Element Weight% Atomic% 

C 29.31 37.30 

O 54.35 51.93 

F 7.52 6.05 

Mg 0.83 0.52 

Al 2.04 1.15 

Si 3.13 1.71 

P 2.38 1.17 

Ca 0.44 0.17 

Totals 100.00  
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Table 4.4.12. Percent weight and 

percent atomic of immobilized form 

of biofertilizers with farm yard 

manure and jaggery 

 

 

Element Weight% Atomic% 

C 40.20 48.63 

O 53.49 48.58 

Na 0.74 0.47 

Mg 0.77 0.46 

Al 0.96 0.52 

Si 1.91 0.99 

S 0.10 0.04 

Cl 0.12 0.05 

Zr 1.71 0.27 

Totals 100.00  

Figure 4.4.12. SEM EDX analysis of organic matrix immobilized form of biofertilizers, 

BFFY(Jaggery)-III 

 

4.4.2 Fourier Transform Infrared Spectrophotometer (FTIR) Analysis   

FTIR analysis of the organic matrix and organic matrix based granular 

biofertilizer was performed to evaluate the importance of various functional groups 

associated with the nutritional makeup of these granules. The FTIR spectra of organic 

matrix based granules showed strong absorption bands in the range of 2850-3000 cm
-1

 

and 3200-3500 cm
-1

. The occurrence of peak band at 3375 cm
-1

 depicts the N-H bonded 

secondary amines in the organic matrix. The occurrence of peaks in the band region of 

500-540 is due to S-S (disulphide) weak group in granule mixtures of ECF-I, ECF-II 

and ECFBF. The absorption peak at 3300-3400 are related to stretching vibration of 

structural OH and NH groups of granules consisting of organic matrix based urea 

granules, potassium dihydrogen and ammonium dihydrogen phosphate. 

The qualitative analysis of super granules, using SEM EDX detection and FTIR 

analysis indicate that the granular biofertilizer contain higher carbon, potassium and 

phosphorous per unit weight as compared to commercial chemical fertilizers (Figure 

4.4.13-4.4.18 and Table – 4.4.1). 
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Figure 4.4.13 FTIR transmittance spectra of clay soil 

 

Figure 4.4.14 FTIR transmittance spectra of neem leaves powder 

Figure 4.4.15 FTIR transmittance spectra of free form of charcoal based biofertilizer  
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Figure 4.4.16 FTIR transmittance spectra of free form of urea and DAP  

Figure 4.4.17 FTIR transmittance spectra of organic matrix immobilized form of Biofertilizers with cow-

dung 

Figure 4.4.18 FTIR transmittance spectra of organic matrix immobilized form of biofertilizers with 

vermicompost 
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Figure 4.4.19 FTIR transmittance spectra of organic matrix immobilized form of Biofertilizers with farm 

yard manure 

Table 4.4.13 Fourier Transform Infrared Spectrophotometer (FTIR) Analysis of 

Organic Matrix (clay soil, neem leaves), Conventional Chemical Fertilizer (urea 

and DAP) and Organic Matrix Immobilized Granular Biofertilizers (cow dung, 

vermicompost and farm yard manure) 

 

Stretching 

frequency 

range (cm
-1

) 

 CS NL FBF-III FCF-I 
BFCDC

N-III 

EV-

III 

BFFY

CN-III 

500-540 S-S - - - + - + + 

500-600 C-Br  + - - - - - 

550-690 C-Br + + - - - - - 

600-700 C-H + + + + + + + 

600-800 C-Cl  + + + + + + 

550-850 C-Cl + + + + - + + 

660-900 N-H + + + + + + + 

690-900 C-H + + + + + + + 

780-850 C=C + + - + + + + 

880-995 =C-H, =CH2 +  - - - - - 

970-1250 C-O + + + + + + + 

1000-1250 C-N + + + + + + + 

1000-1400 C-F + + + + + + + 

1350-1470 
CH3, 

CH2,CH 
- + + + - + + 

1395-1440 O-H - + + + - + - 

1400-1450 C=O - + - + - + - 

1500-1560 NH2 - + + - - - - 

1630-1680 C=C + + + + + + + 

1630-1695 C=O + + + + + + + 

1720-1740 C=O - + - - - - - 

2280-2440 P-H - - - + - - - 
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2850-3000 
CH3,CH2, 

CH 
- + + + + + + 

2500-3300 O-H + + + + + + + 

3200-3550 O-H + + + + + + + 

3300-3400 N-H - + - + + + - 

3400-3500 N-H + - +  - + + 

3400-3650 O-H +  + - + + + 

3580-3650 O-H + - - - - - - 
 

(Where, CL- clay soil, NL- neem leaf, FBF- Free form of charcoal based consortium of biofertilizers (A. 

chroococum and B. subtilis), FCF-I- Free form of recommended dose of urea;150 kg ha
-1

 and DAP; 75 kg 

ha
-1

), BFCDCN-III- immobilized form of organic matrix (combination of clay soil+ cow dung+ neem  

leaf) and charcoal based consortium of biofertilizers (A. chroococum and B.s subtilis), EV-III- 

immobilized form of organic matrix(combination of clay soil+ vermicompost+ neem leaf)  and charcoal 

based consortium of biofertilizers (A. chroococum and B. subtilis), BFFYCN-III- immobilized form of 

(combination of clay soil+ farm yard manure+ neem leaf) and charcoal based consortium of biofertilizer 

(A. chroococum and B. subtilis).  

 

4.4.3 Microbial Growth and Biochemical Properties in Organic Matrix 

Immobilized Super Granules  

 

Microbial growth (total bacterial count; Azotobacter and Bacillus) counted in organic 

matrix immobilized with biofertilizers i.e. A. chroococcum and B. subtilis were 

measured using colony forming count (cfu) technique. The study indicate that organic 

matrix contain 15 to 20 cfu g
-1

 bacteria  g
-1

 of granules, whereas after addition of 

Azotobacter and Bacillus the bacterial count increased by two to four fold in various 

organic matrix immobilized biofertilizers. Eight to ten cfu g
-1

 granule material 

Azotobacter and Bacillus was present in organic matrix without any amendment of 

microbes which increased by about four fold for Azotobacter and Bacillus count when 

vermicompost used as organic carrier for making super granules. The addition of 

commercial preparation of Azotobacter and Bacillus increased their population very 

significantly (upto about four folds) which was highest in the presence of organic 

matrix. It appears that presence of organic nutrients in the granules increased the 

population of bacteria in general and Azotobacter and Bacillus in particular (Table 

4.4.14). 

 

In this study various combinations of super granules were prepared in which the 

super granule of BFVCN contained highest growth of bacterial population by 78.28, 

13.67 and 7.30% over soil (control), BFCDCN and BFFYCN. On super granule of 
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BFFYCN increased percentage by 76.96, 7.27 and 16.36 over soil (control), BFCDCN 

and BFC. BFCDCN was also increased the percentage by 74.73% over soil (control). 

Amendment of organic matrix as carrier in granules significantly enhanced the 

population of the microbial growth. 

 

 Nitrate content in this granules also recorded significantly by BFVCN was 

72.22, 3.98 and 6.21 over soil (control), BFCDCN and BFFYCN. Similarly phosphate 

content by BFVCN was 64.49, 14.83 and 24.49% over soil (control), BFCDCN and 

BFFYCN on freshly prepared granule. The all biofertilizer immobilized organic matrix 

in form of super granules contain high level of nutrients content in it.  

 

Table 4.4.14 Bacterial Colonies in Organic Matrix Immobilized Super Granules, Soil and 

Biochemical Properties 
Treatments  

(granules) 

10
-4 

(cfu g
-1

) of 

granules 

Nitrate conc. µg/g 

of granules 

Phosphate conc. 

µg/g of granules 

Soil(control) 38.66±3.05
a
 22.42±1.31

a
 0.157±0.02

a
 

BFCDCN 153.66±9.86
bc

 75.71±0.41
i
 0.379±0.02

e
 

BFCDN 144.66±4.93
bc

 46.52±2.12
g
 0.337±0.01

bcd
 

BFCDC 148.66±8.73
bc

 54.18±0.27
e
 0.353±0.02

bcde
 

BFCD 150.33±21.36
bc

 28.73±0.39
c
 0.317±0.02

b
 

BFVCN 178.00±17.57
c
 80.73±1.41

k
 0.445±0.00

f
 

BFVN 158.00±25.23
bc

 50.12±0.55
h
 0.360±0.01

cde
 

BFVC 161.00±13.11
bc

 60.52±0.41
f
 0.382±0.02

e
 

BFV 174.33±24.37
bc

 34.07±1.59
d
 0.336±0.00

bcd
 

BFFYCN 165.00±44.30
bc

 77.51±0.78
j
 0.366±0.03

de
 

BFFYN 154.00±8.18
bc

 48.94±0.53
h
 0.349±0.02

bcde
 

BFFYC 157.33±29.02
bc

 59.10±0.26
f
 0.370±0.01

de
 

BFFY 163.00±7.93
bc

 30.36±0.27
c
 0.333±0.01

bcd
 

BFNC 131.33±8.73
b
 23.33±1.24

a
 0.318±0.01

b
 

BFC 138.66±51.47
bc

 26.24±1.74
b
 0.328±0.01

bc
 

 

Note: The biofertilizers immobilized with organic matrix (cow dung, vermicompost and FYM, clay soil, 

neem leaves powder and organic binder acacia gum) in granular form. Counted microbial growth 

(Azotobacter and Bacillus) used colony forming count (cfu) technique. The vermicompost immobilized 

biofertilizer shows the highest microbial growth in compare with FYM and cow dung immobilized 

biofertilizers. One way ANOVA is performed to compare the means of different treatments at p<0.05. 

Values by different letters are significantly differences between the treatments at 5% level. (Other details 

are described in Table. 4.5.1) 
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4.4.4. Microbial Growth of Super Granules at Storage Condition and Different 

Temperature  
 

 

Microbial growth was counted in organic matrix immobilized with biofertilizers (A. 

chroococcum and B. subtilis) were measured using colony forming count (cfu) 

technique at storage condition. The super granules were stored in different temperature 

to check the growth of microbial population at 30 days of time intervals.  In super 

granules which contains nutrients for growth of microbial population significantly. For 

formulation of super granules used various organic carriers such as cow dung, 

vermicompost, FYM, clay soil, neem leaf powder and organic binders acacia gum, 

molasses and jaggery. The immobilized form of fertilizer used acacia gum as binders 

showed the best formulation at storage condition in comparisons with molasses and 

jaggery. 

 

The percentage increases of microbial growth by prepared granules significantly 

at storage in different temperature. At 4
0
C the granule of BFVJ-III increased percentage 

by 4.41% over BFVS-III.  BFVM-III increased percentage was 12.16% over BFVS-III. 

But at 34
0
C temperature BFVJ-III increased percentage by 31.03 and 13.79% over 

BFVS-III and BFVM-III respectively. After 30 days of prepared granules at 45
0
C 

temperature increased percentage of microbial growth by 24.59 and 13.93 respectively 

on BFVJ-III over BFVS-III and BFVM-III. 

 

 After 90 days of prepared granules at 4
0
C temperature increased percentage of 

microbial growth by 7.25 and 5.64 on BFVJ-III over BFVS-III and BFVM-III 

respectively. At 34
0
C temperature BFVJ-III was increased percentage by 14.16% over 

BFVS-III.  At 45
0
C temperature increased percentage of microbial growth by 3.90 and 

3.22 respectively on BFVJ-III over BFVS-III and BFVM-III. Similarly other granules 

also increased the microbial growth during the storage condition.  
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Table-4.4.15 Microbial Counting in Various Organic Matrix Based Granular Biofertilizer 

at Storage Condition and Temperature  

 
 

Treatments cfu /g
-1

  at   30 DAY cfu / g
-1

  at  90 DAY 

 Temperature 

 4
0
C 34

0
C 45

0
C 4

0
C 34

0
C 45

0
C

 
 

BFVS-II 53±8
 bcdefg

 67±4
 bc

 80±9
 abc

 108±4
 cd

 97±3
 abcde

 114±7
 bcd

 

BFFYS-II 56±10
 cdef

 63±7
 b
 77±5

 ab
 102±6

 bcd
 91±9

 abc
 105±4

 a
 

BFCDS-II 41±8
 abc

 49±6
 a
 68±6

 a
 104±7

 bcd
 90±6

 ab
 112±7

 bcd
 

BFVS-III 65±8
 efgh

 80±7
 def

 92±8
 cdef

 115±5
 efg

 103±5
 cdef

 123±7
 fghi

 

BFFYS-III 56±6
 bcdefg

 73±6
 bcde

 87±4
 bcde

 114±5
 efg

 103±7
 def

 118±4
 def

 

BFCDS-III 43±6
 abc

 69±8
 bcd

 84±5
 bcd

 109±6
 cd

 97±4
 abcde

 116±4
 cde

 

BFVS-V 40±6
 ab

 85±7
 efg

 100±9
 efg

 116±7
 efgh

 108±7
 efg

 116±7
 cde

 

BFVM-II 65±12
 fgh

 78±9
 cdef

 84±9
 bcd

 97±7
 a
 89±8

 a
 110±7

 bcd
 

BFFYM-II 55±8
 bcdefg

 70±8
 bcd

 87±9
 bcde

 104±9
 bcd

 94±5
 abcd

 113±7
 bcd

 

BFCDM-II 35±7
 a
 76±4

 cdef
 92±3

 cdef
 111±6

 efg
 102±5

 cdef
 118±5

 def
 

BFVM-III 74±9
 h
 100±8

 hi
 105±6

 ghi
 117±6

 fghi
 120±10

 hi
 124±6

 ghij
 

BFFYM-III 59±9
 defg

 89±6
 fgh

 102±4
 fg

 115±7
 efg

 110±8
 fgh

 122±6
 fghi

 

BFCDM-III 54±8
 bcdefg

 96±8
 ghi

 104±7
 fgh

 120±6
 hi

 113±6
 fghi

 119±4
 efgh

 

BFVM-IV 51±9
 bcdef

 106±7
 ij

 116±7
 hij

 121±4
 i
 124±7

 i
 136±7

 j
 

BFVJ-II 53±9
 bcdef

 87±8
 fg

 93±5
 defg

 108±5
 cd

 101±5
 bcdef

 119±3
 efgh

 

BFFYJ-II 42±5
 abc

 103±7
 ij

 97±7
 defg

 112±5
 efg

 103±8
 cdef

 114±5
 bcd

 

BFCDJ-II 41±8
 abc

 82±6
 def

 88±4
 bcde

 103±5
 bcd

 97±5
 abcde

 110±5
 bcd

 

BFVJ-III 68±6
 gh

 116±9
 j
 122±6

 j
 124±7

 ij
 120±5

 hi
 128±6

 ij
 

BFFYJ-III 50±6
 abcde

 105±7
 ij

 121±9
 j
 117±4

 fghi
 118±5

 ghi
 120±5

 fghi
 

BFCDJ-III 45±7
 abcd

 106±8
 ij

 117±10
 ij

 119±9
ghi

 105±7
 def

 124±7
 ghij

 

BFVJ-IV 47±8
 abcd

 114±9
 j
 116±7

 hij
 129±3

 k
 124±7

 i
 136±6

 j
 

 

 

Note: Microbial counting in various organic matrix based granular biofertilizers. Counted microbial 

growth (Azotobacter and Bacillus) used colony forming count (cfu) technique (cfu count at *10
-4

 Dilution 

Factor). Bacterial colony in growth culture was determined by serial dilutions of the suspension. [Where 

BFVS-II; Twofold of biofertilizers immobilized in vermicompost used saresh as binder, BFFYS-II; Twofold of 

biofertilizers  immobilized in FYM used saresh as binder, BFCDS-II; Twofold of biofertilizers  immobilized in 

cow dung, used saresh as binder, BFVS-III; Threefold of biofertilizers  immobilized in vermicompost used 

saresh as binder, BFFYS-III; Threefold of biofertilizers  immobilized in FYM used saresh as binder, BFCDS-

III; Threefold of biofertilizers immobilized in cow dung used saresh as binder, BFVS-V; Fivefold of 

biofertilizers immobilized in vermicompost used saresh as binder, BFVM-II; Twofold of biofertilizers 

immobilized in vermicompost molasses, BFFYM-II; Twofold of biofertilizers  immobilized in FYM used 

molasses as binder, BFCDM-II; Twofold of biofertilizers  immobilized in cow dung used molasses as binder, 

BFVM-III; Threefold of biofertilizers  immobilized in vermicompost used molasses as binder, BFFYM-III; 

Threefold of biofertilizers immobilized in FYM used molasses as binder, BFCDM-III; Threefold of 

biofertilizers immobilized in cow dung used molasses as binder, BFVM-IV; Fourfold of biofertilizers  

immobilized in vermicompost used molasses as binder, BFVJ-II; Twofold of biofertilizers  immobilized in 

vermicompost used jaggery as binder, BFFYJ-II; Twofold of biofertilizers  immobilized in FYM used jaggery 

as binder, BFCDJ-II; Twofold of biofertilizers immobilized in cow dung used jaggery as binder, BFVJ-III; 

Threefold of biofertilizers immobilized in vermicompost used jaggery as binder, BFFYJ-III; Threefold of 

biofertilizers  immobilized in FYM used jaggery as binder, BFCDJ-III; Threefold of biofertilizers  

immobilized in cow dung used jaggery as binder, BFVJ-IV; Fourfold of biofertilizers immobilized in 

vermicompost used jaggery as binder] 
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4.5. Growth and Productivity of Wheat (T. aestivum L. cv. PBW-502) Applied with 

Charcoal Based Biofertilizers (A. chroococcum and B. subtilis) Immobilized with 

Different Organic Matrix with Enhanced Dose (triple dose) on 30, 60, 90 and 120 

days After Sowing (DAS)  

4.5.1 Growth Parameters of Wheat Applied with Optimised Dose of Biofertilizers 

Immobilized with Organic Matrix analysed on 30, 60, 90 and 120 (DAS)  

The optimized dose of biofertilizers (A. chroococcum- 1.80 kg ha
-1

 and B. subtilis- 1.80 

kg ha
-1

) has increases the plant growth over free form of biofertilizers and seed coated 

form of biofertilizers when applied as immobilized form with organic matrix. The plant 

height of BFVCN application was 29.15, 7.05, 20.97, 5.43, 11.49, 8.29, 14.92, 5.51, 

2.81, 9.23, 2.35, 10.08, 7.57, 13.08, 9.63 and 4.28%  at 90 DAS and 30.82, 10.86, 

20.29, 8.09, 12.44, 12.16, 18.61, 9.92, 7.04, 16.51, 5.29, 11.01, 9.55, 17.13, 15.60 and 

8.83% at 120 DAS over NF, CF-RD, FB-3, BFCDCN, BFCDN, BFCDC, BFCD, 

BFVN, BFVC, BFV, BFFYCN, BFFYN, BFFYC, BFFY, BFCN and BFC 

respectively (Table 4.5.1). 

On application of BFVCN the number of plant leaves recorded significantly by 

66.67, 13.73, 36.27, 8.82, 26.47, 24.51, 39.22, 11.76, 12.75, 22.55, 1.96, 10.78, 9.80, 

18.63, 17.65, and 31.37% at 90 DAS over NF, CF-RD, FB-3, BFCDCN, BFCDN, 

BFCDC, BFCD, BFVN,  BFVC, BFV, BFFYCN, BFFYN, BFFYC, BFFY, BFCN and 

BFC respectively (Table 4.5.1).  

Number of tillers was increased by  60, 6.67, 33.33, 6.67, 13.33, 6.67, 13.33,  

20, 6.67 and 20% at 6o DAS and 71.43, 14.29, 38.10, 4.76, 4.76, , 14.29, , 23.81, 19.05, 

14.29 and 19.05% at 120 DAS over NF, CF-RD, FBF, BFCDN,  BFCD, BFVN, BFV, 

BFFYN, BFFYC and BFFY respectively on application of BFVCN (Table 4.5.1). 

The optimized dose of biofertilizers was increased the fresh weight of wheat 

plant. The percentage of fresh weight of shoot was increased by 70.94, 22.41, 47.37, 

19.38, 28.61, 33.17, 38, 26.88, 31.64, 35.12, 4.49, 27.58, 32.18, 35.97, 39.35 and 

44.57% at 60 DAS and 73.53, 14.21, 50.90, 7.41, 27.49, 31.41, 36.67, 18.43, 28.55, 

31.71, 4.01, 28.14, 30.64, 34.21, 45.11 and 49.85% at 120 DAS respectively over NF, 

CF-RD, FB-3, BFCDCN, BFCDN, BFCDC, BFCD, BFVN,  BFVC, BFV, BFFYCN, 

BFFYN, BFFYC, BFFY, BFCN and BFC on application of the BFVCN (Table 4.5.1).

The charcoal based biofertilizers has significantly found the dry weight of plant 

production. Dry weight of plant shoot increased by 71.60, 20.26, 46.52, 14.68, 18.10, 
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24, 31.24, 9.16, 15.86, 23.26, 5.92, 14.15, 19.62, 26.47, 39.78 and 45.14% at 60 DAS 

and 69.68, 14.38, 51.29, 16.76, 20.21, 23.69, 29.97, 17.21, 21.04, 23.63, 11.57, 20.86, 

24.91, 26.92, 44.38 and 49.79% at 120 DAS respectively on application of BFVCN was 

significantly recorded over NF, CF-RD, FB-3, BFCDCN, BFCDN, BFCDC, BFCD, 

BFVN, BFVC, BFV, BFFYCN, BFFYN, BFFYC, BFFY, BFCN and BFC  respectively 

(Table 4.5.1). 

Table 4.5.1 Effect of Organic Matrix Immobilized Biofertilizers (A. chroococcum 

and B. subtilis) on Plant Growth of Wheat (T. aestivum L. cv. PBW-502) Shoot on 

30, 60, 90 and 120 DAS 

Treatments 30 DAS 60 DAS 90 DAS 120 DAS 

Root Height 

NF 2.33±0.27 a 3.30±0.42 a 4.82±0.62 a 5.85±0.54 a 

CF-RD 2.45±0.37 a 5.63±0.31 b 7.80±0.52 b 8.52±0.33 b 

FB-3 2.52±0.34 a 6.95±0.58 cd 8.12±0.36 bc 8.75±0.19 bc 

BFCDCN 2.32±0.29 a 7.50±0.52 cde 9.30±1.00 defg 10.07±0.73 defg 

BFCDN 2.25±0.25 a 7.37±0.24 cde 8.45±0.31 cdefg 9.65±0.62 defg 

BFCDC 2.47±0.22 a 7.02±0.42 cde 8.17±0.80 cdef 9.53±0.34 cde 

BFCD 2.42±0.28 a 6.88±0.32 bc 10.38±0.51 cdef 9.12±0.61 cd 

BFVNC 2.42±0.39 a 7.97±0.55 de 10.62±0.54 i 10.72±0.78 h 

BFVN 2.50±0.30 a 7.85±0.48 cde 9.48±0.69 hi 9.92±0.56 efg 

BFVC 2.53±0.32 a 7.48±0.51 de 8.97±0.18 cde 9.62±0.33 defg 

BFV 2.55±0.48 a 7.17±0.87 cde 8.88±0.68 defg 9.28±0.31 cdef 

BFFYCN 2.43±0.27 a 7.85±0.81 cde 9.43±0.67 ghi 10.13±0.63 fg 

BFFYN 2.53±0.37 a 7.75±0.34 cd 9.27±0.39 efg 9.77±0.30 def 

BFFYC 2.40±0.25 a 7.53±0.53 cd 8.75±0.67 defg 9.52±0.25 cde 

BFFY 2.43±0.30 a 7.35±0.65 cde 8.55±0.42 cdefg 9.23±0.33 cd 

BFCN 2.63±0.46 a 7.28±0.55 c 9.10±0.44 ef 9.39±0.41 cd 

BFC 2.53±0.33 a 7.2±0.60 c 9.47±0.72 efgh 9.75±0.45 defg 

No. of Roots 

NF 3.67±0.82 a 7.17±1.17 a 8.83±0.75 a 10.00±0.89 a 

CF-RD 4.00±0.89 a 15.00±0.89 cd 19.67±1.63 efg 22.83±2.04 def 

FB-3 3.67±0.52 a 11.83±1.33 cd 13.67±1.21 bc 17.67±1.63 bcde 

BFCDCN 3.50±0.55 a 13.67±2.94 def 19.00±3.29 efg 20.33±3.27 de 

BFCDN 4.00±0.63 a 10.50±2.17 bcd 17.33±1.97 efg 18.50±2.17 cde 

BFCDC 3.61±0.49 a 9.33±1.75 bc 16.83±2.14 def 18.50±1.87 cde 

BFCD 3.50±0.55 a 8.50±1.05 a 15.17±0.75 de 16.67±1.63 bcd 

BFVNC 3.83±0.75 a 18.83±1.33 ghi 25.67±2.66 i 30.17±2.99 fgh 

BFVN 3.50±1.38 a 14.17±1.83 efg 23.17±2.04 hi 28.00±1.41 fg 

BFVC 3.83±0.75 a 11.50±2.95 a 21.33±1.97 ghi 24.50±2.35 efg 

BFV 4.28±0.77 a 9.94±2.34 bc 19.67±1.37 ghi 18.17±1.83 cde 

BFFYCN 3.50±0.55 a 15.17±2.99 fgh 20.33±3.14 ghi 21.50±1.76 de 
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BFFYN 3.39±0.49 a 12.50±2.26 cde 18.83±1.72 fghi 18.50±1.38 cde 

BFFYC 3.67±1.51 a 11.00±1.79 cd 18.67±2.16 fghi 18.33±1.63 cde 

BFFY 3.44±0.50 a 9.50±1.52 bc 17.33±1.97 ef 17.50±1.76 bcde 

BFCN 3.50±0.84 a 13.33±1.51 def 18.33±1.63 fgh 22.33±1.75 def 

BFC 3.67±0.52 a 10.67±1.21 bcd 14.67±1.51 cde 20.33±2.42 de 

Fresh wt. of Root     

NF 0.14±0.04 a 0.22±0.02 a 0.29±0.02 a 0.35±0.02 a 

CF-RD 0.17±0.01 a 0.45±0.04 def 0.60±0.02 ef 0.68±0.03 ef 

FB-3 0.13±0.01 a 0.29±0.01 ab 0.33±0.03 bcd 0.39±0.01 bc 

BFCDCN 0.14±0.01 a 0.43±0.05 de 0.56±0.03 def 0.65±0.05 ef 

BFCDN 0.13±0.01 a 0.38±0.02 bcd 0.54±0.03 def 0.61±0.04 def 

BFCDC 0.13±0.01 a 0.36±0.03 bc 0.53±0.03 def 0.60±0.03 def 

BFCD 0.13±0.01 a 0.35±0.03 bc 0.51±0.03 de 0.58±0.03 de 

BFVNC 0.16±0.01 a 0.58±0.02 fgh 0.69±0.02 a 0.76±0.03 gh 

BFVN 0.14±0.01 a 0.52±0.01 defg 0.63±0.05 a 0.72±0.02 fgh 

BFVC 0.14±0.01 a 0.49±0.01 def 0.61±0.04 ef 0.69±0.03 ef 

BFV 0.14±0.01 a 0.47±0.04 def 0.57±0.03 de 0.67±0.03 ef 

BFFYCN 0.14±0.01 a 0.52±0.02 defg 0.64±0.03 efg 0.72±0.03 fgh 

BFFYN 0.14±0.01 a 0.52±0.01 defg 0.62±0.04 efg 0.69±0.01 ef 

BFFYC 0.14±0.01 a 0.51±0.01 defg 0.59±0.02 a 0.67±0.03 ef 

BFFY 0.14±0.01 a 0.48±0.03 def 0.57±0.02 a 0.61±0.02 def 

BFCN 0.14±0.01 a 0.31±0.02 bc 0.37±0.02 bcd 0.42±0.01 bc 

BFC 0.13±0.01 a 0.28±0.03 ab 0.34±0.02 bcd 0.39±0.03 b 

Dry wt. of Root     

NF 0.04±0.01 a 0.06±0.01 a 0.07±0.01 a 0.08±0.01 a 

CF-RD 0.04±0.01 a 0.12±0.01 ef 0.15±0.01 fg 0.15±0.01 ef 

FB-3 0.03±0.00 a 0.07±0.01 bcd 0.08±0.01 bc 0.11±0.01 cde 

BFCDCN 0.04±0.00 a 0.10±0.01 dc 0.15±0.01 fg 0.14±0.02 def 

BFCDN 0.04±0.01 a 0.09±0.01 d 0.14±0.01 fg 0.13±0.01 de 

BFCDC 0.04±0.00 a 0.09±0.00 d 0.12±0.01 de 0.13±0.00 de 

BFCD 0.03±0.00 a 0.09±0.00 d 0.11±0.01 de 0.11±0.01 cde 

BFVNC 0.04±0.01 a 0.15±0.01 g 0.17±0.01 gf 0.18±0.01 hi 

BFVN 0.03±0.01 a 0.13±0.01 f 0.16±0.01 g 0.16±0.01 efg 

BFVC 0.03±0.00 a 0.10±0.01 de 0.16±0.01 g 0.14±0.01 a 

BFV 0.04±0.01 a 0.10±0.01 de 0.15±0.01 fg 0.13±0.01 de 

BFFYCN 0.04±0.01 a 0.13±0.02 f 0.16±0.01 g 0.16±0.01 efg 

BFFYN 0.03±0.01 a 0.10±0.01 de 0.16±0.00 g 0.15±0.01 ef 

BFFYC 0.04±0.00 a 0.10±0.01 de 0.15±0.01 fg 0.14±0.01 def 

BFFY 0.03±0.01 a 0.09±0.01 d 0.14±0.01 fg 0.14±0.01 def 

BFCN 0.03±0.00 a 0.08±0.01 cd 0.09±0.01 c 0.11±0.01 cde 

BFC 0.03±0.00 a 0.07±0.01 bcd 0.08±0.01 bc 0.09±0.01 bc 

 [Data are represented by mean of six individual measurement ± SD. One way analysis of variance was 

used to compare the means. Values followed by different letters are significantly different at P < 0.05.] 



Chapter -4- Results 
 

    Rose Minj / Ph.D. Thesis / DES / BBAU, Lucknow, UP, India / 2016                                                         97 
 

 

The root length of wheat plant increased on application of BFVCN was 58.58, 

29.29, 12.76, 5.86, 7.53, 11.92, 13.60, 1.46, 6.07, 10.04, 1.46, 2.72, 5.44 and 7.74% on 

60 DAS and 54.63, 26.53, 23.55, 12.39, 20.41, 23.08, 2.20, 10.68, 15.54, 16.33, 11.15, 

12.72, 17.58 and 19.47% 120 DAS over NF, CF-RD, FB-3, BFCDCN, BFCDN, 

BFCDC, BFCD, BFVN, BFVC, BFV, BFFYCN, BFFYN, BFFYC and BFFY 

respectively (Table 4.5.2) 

Number of plant roots recorded significantly by on application of BFVCN was 

61.95, 20.35, 27.43, 44.25, 50.44 and 33.63% and 66.85, 24.31, 2.60, 38.67, 38.67 and 

38.67%, at 60 and 120 DAS respectively over NF, CF-RD, BFCDCN, BFCDN, 

BFCDC and BFFYN (Table 4.5.2). 

The percentage of fresh weight of roots increased on application of BFVCN was 

63.05, 22.30, 50.82,26.05, 39.41, 19.60 and 17.29% and 54.13, 11.11, 49.21, 14.43, 

23.48, 12.46 and  19.82% at 60 and 120 DAS and 74.79, 15.13, 2.52, 18.49, 20.17 and 

25.21 at 120 DAS over NF, CF-RD, FB-3, BFCDCN, BFCD, BFV and BFFY 

respectively (Table 4.5.2). 

The percentage of dry weight of roots  increased by 60.60, 21.24, 55.42, 14.05, 

29.75 and 33.25%, 60.75, 14.60, 54.75, 3.66, 6.62 and 10.14% and 54.96, 15.14, 42.10, 

10.36, 21.16 and 27.65% at 60, 90 and 120 DAS respectively on application of BFVCN 

over NF, CF-RD, FB-3, BFVN, BFVC, and BFV (Table 4.5.2). 

 

Table 4.5.2 - Effect of Organic Matrix Immobilized Biofertilizer on Growth of 

Wheat (T. aestivum L. cv. PBW-502) Shoots on 30, 60, 90 and 120 DAS 

Treatments 30 DAS 60 DAS 90 DAS 120 DAS 

Plant Height     

NF 21.38±1.92 a 37.22±3.44 a 44.15±3.34 a 48.18±1.91 a 

CF-RD 21.48±2.05 a 50.60±1.41 de 57.93±1.48 cde 62.08±2.17 def 

FB-3 20.05±1.82 a 43.59±1.54 bcd 49.25±1.44 bc 55.52±2.31 bcde 

BFCDCN 20.02±1.45 a 50.85±2.30 de 58.93±1.19 ef 64.02±2.52 defg 

BFCDN 20.92±1.07 a 47.02±0.90 bdc 55.16±2.50 de 60.99±1.64 a 

BFCDC 21.95±1.57 a a 47.60±1.32 bcd 57.15±1.59 cde 61.18±1.07 def 

BFCD 21.60±1.99 a 45.63±1.03 bcd 53.02±2.46 cde 56.69±0.83 bcde 

BFVNC 20.07±2.01 a 54.15±1.35 a 62.32±2.63 efg 69.65±4.46 efg 

BFVN 21.97±1.75 a 47.50±1.17 bcd 58.88±4.18 ef 62.74±0.99 def 

BFVC 22.20±1.31 b 48.57±0.90 cd 60.57±3.60 efg 64.75±1.71 defg 
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BFV 22.17±1.66 b 46.05±1.21 bcd 56.57±2.05 de 58.15±1.59 cde 

BFFYCN 20.33±1.99 a 52.82±2.47 de 60.85±2.37 a 65.97±2.48 defg 

BFFYN 19.95±1.21 a 47.25±1.16 bcd 56.03±1.95 de 61.98±1.17 def 

BFFYC 20.58±1.40 a 47.47±1.16 bcd 57.60±1.62 de 63.00±2.24 def 

BFFY 20.90±2.07 a 45.47±1.65 bcd 54.17±1.71 cde 57.72±1.46 bcde 

BFCN 20.73±1.49 a 49.67±2.28 cd 56.32±1.37 de 58.78±2.76 cde 

BFC 21.75±1.85 a 55.02±1.87 def 59.65±2.06 ef 63.50±1.49 a 

No. of leaves     

NF 3.33±0.52 a 4.33±0.52 a 5.67±0.82 a 5.67±0.52 a 

CF-RD 3.17±0.41 a 10.00±2.10 e 14.67±2.42 def 15.50±3.45 cd 

FB-3 3.17±0.41 a 7.17±2.14 bc 10.83±2.23 a 10.50±2.95 bc 

BFCDCN 3.33±0.52 a 9.33±1.21 de 15.50±1.52 efg 17.67±1.51 def 

BFCDN 3.17±0.41 a 6.83±1.83 b 12.50±2.66 cd 15.00±2.00 cd 

BFCDC 3.17±0.41 a 8.33±1.51 cd 12.83±1.83 cd 15.67±2.07 cde 

BFCD 3.00±0.00 a 6.83±1.83 b 10.33±1.37 bc 14.17±1.33 cd 

BFVNC 3.17±0.41 a 11.50±2.81 fg 17.00±3.74 gh 21.67±5.13 h 

BFVN 3.17±0.41 a 8.67±3.93 cd 15.00±1.26 ef 19.67±2.73 a 

BFVC 3.00±0.00 a 8.67±3.01 cd 14.83±1.60 def 19.33±2.50 a 

BFV 3.00±0.00 a 6.83±2.14 b 13.17±1.60 de 15.83±1.60 cde 

BFFYCN 3.00±0.00 a 10.50±1.22 ef 16.67±1.21 fgh 19.67±2.94 fg 

BFFYN 3.17±0.41 a 8.67±0.82 cd 15.17±1.83 ef 16.83±2.04 de 

BFFYC 3.17±0.41 a 8.83±2.04 cd 15.33±1.63 ef 19.33±1.63 fg 

BFFY 3.00±0.00 a 8.33±1.51 cd 13.83±1.60 de 17.67±1.86 def 

BFCN 3.17±0.41 a 8.50±2.35 cd 14.00±3.58 de 15.50±3.21 cde 

BFC 3.17±0.41 a 7.50±2.51 bc 11.67±2.58 bc 11.67±3.14 bcd 

No. of tillers     

NF 1.00±0.00 a 1.00±0.00 a 1.17±0.41 a 1.00±0.00 a 

CF-RD 1.00±0.00 a 2.33±0.52 b 3.17±0.41 a 3.00±0.63 cd 

FB-3 1.00±0.00 a 1.67±0.52 a 2.33±0.52 bc 2.17±0.41 b 

BFCDCN 1.00±0.00 a 2.50±0.55 bc 3.67±0.82 d 3.50±0.55 cde 

BFCDN 1.00±0.00 a 2.33±0.52 b 3.00±0.00 cd 3.33±0.52 cd 

BFCDC 1.00±0.00 a 2.50±0.55 bc 3.00±0.00 cd 3.33±0.52 cd 

BFCD 1.00±0.00 a 2.17±0.41 b 3.00±0.00 cd 3.00±0.00 cd 

EVNC 1.00±0.00 a 2.50±0.55 bc 3.50±0.55 cde 3.50±0.55 cde 

BFVN 1.00±0.00 a 2.33±0.52 b 2.83±0.41 bc 3.00±0.00 cd 

BFVC 1.00±0.00 a 2.50±0.55 bc 3.00±0.00 cd 3.00±0.00 cd 

BFV 1.00±0.00 a 2.17±0.41 b 2.83±0.41 bc 2.67±0.52 bc 

BFFYCN 1.00±0.00 a 2.50±0.55 bc 3.50±0.55 cde 3.50±0.55 cd 

BFFYN 1.00±0.00 a 2.00±0.63 b 2.83±0.41 bc 2.83±0.41 bc 

BFFYC 1.00±0.00 a 2.33±0.52 b 3.00±0.00 cd 3.00±0.00 cd 

BFFY 1.00±0.00 a 2.00±0.00 b 2.83±0.41 bc 2.83±0.41 bc 

BFCN 1.00±0.00 a 2.00±0.00 b 2.17±0.41 b 2.17±0.41 b 

BFC 1.00±0.00 a 2.00±0.00 b 2.00±0.00 b 2.17±0.41 b 



Chapter -4- Results 
 

    Rose Minj / Ph.D. Thesis / DES / BBAU, Lucknow, UP, India / 2016                                                         99 
 

Fresh wt. of Shoot     

NF 0.18±0.01 a 1.11±0.04 a 1.35±0.13 a 3.23±0.28 a 

CF-RD 0.17±0.01 a 2.97±0.24 cd 4.18±0.23 ef 10.46±0.84 fgh 

FB-3 0.16±0.01 a 2.01±0.11 bc 2.68±0.20 bc 5.99±0.51 bcd 

BFCDCN 0.17±0.01 a 3.08±0.13 fg 4.62±0.18 ef 11.29±0.59 gh 

BFCDN 0.15±0.01 a 2.73±0.15 ef 3.92±0.04 def 8.84±0.24 ef 

BFCDC 0.17±0.01 a 2.56±0.14 de 3.67±0.09 de 8.37±0.14 de 

BFCD 0.16±0.02 a 2.37±0.07 cd 3.31±0.06 d 7.72±0.14 cd 

BFVNC 0.18±0.01 a 3.83±0.26 gh 5.55±0.51 fg 12.20±1.07 h 

BFVN 0.17±0.01 a 2.80±0.12 fgh 4.14±0.25 ef 9.95±0.42 fg 

BFVC 0.16±0.01 a 2.62±0.19 efg 3.81±0.12 de 8.71±0.26 def 

BFV 0.17±0.01 a 2.48±0.15 de 3.62±0.13 de 8.33±0.17 de 

BFFYCN 0.16±0.01 a 3.65±0.18 g 5.23±0.37 f 11.71±0.44 gh 

BFFYN 0.16±0.01 a 2.77±0.12 ef 4.03±0.15 ef 8.76±0.24 def 

BFFYC 0.17±0.01 a 2.60±0.19 def 3.69±0.10 de 8.46±0.09 de 

BFFY 0.18±0.01 a 2.45±0.17 cde 3.35±0.18 d 8.02±0.26 de 

BFCN 0.17±0.01 a 2.32±0.15 cd 3.07±0.18 d 6.70±0.53 bcd 

BFC 0.16±0.01 a 2.12±0.10 bc 2.90±0.22 bc 6.12±0.11 bcd 

Dry wt. of Shoot     

NF 0.04±0.00 a 0.27±0.02 a 0.34±0.03 a 1.11±0.15 a 

CF-RD 0.04±0.00 a 0.76±0.05 cde 1.01±0.08 abc 3.13±0.20 de 

FB-3 0.04±0.00 a 0.51±0.04 bcd 0.67±0.08 ab 1.78±0.17 bc 

BFCDCN 0.07±0.03 bc 0.81±0.05 f 1.30±0.06 bc 3.04±0.12 de 

BFCDN 0.07±0.02 bc 0.78±0.05 de 1.22±0.06 bc 2.92±0.06 cde 

BFCDC 0.06±0.04 b 0.72±0.03 de 1.15±0.03 bc 2.79±0.06 cde 

BFCD 0.06±0.03 b 0.65±0.04 cd 1.02±0.12 abc 2.56±0.10 cde 

BFVNC 0.05±0.00 ab 0.95±0.07 i 1.37±0.15 bcd 3.66±0.16 ef 

BFVN 0.06±0.04 b 0.86±0.05 h 1.32±0.06 bcd 3.03±0.14 de 

BFVC 0.06±0.03 b 0.80±0.10 f 1.24±0.10 bcd 2.89±0.07 cde 

BFV 0.06±0.04 b 0.73±0.09 ed 1.18±0.03 bcd 2.79±0.06 cde 

BFFYCN 0.06±0.04 b 0.90±0.05 a 1.33±0.08 bcd 3.23±0.14 de 

BFFYN 0.07±0.02 b 0.82±0.04 f 1.26±0.02 bcd 2.89±0.06 cde 

BFFYC 0.06±0.04 b 0.76±0.09 cd 1.20±0.05 bcd 2.75±0.05 cde 

BFFY 0.06±0.01 b 0.70±0.02 c 1.11±0.03 bcd 2.67±0.05 cde 

BFCN 0.04±0.00 a 0.57±0.04 bcd 0.77±0.07 ab 2.03±0.11 cd 

BFC 0.04±0.00 a 0.52±0.04 bcd 0.71±0.06 ab 1.84±0.08 bc 
  

[Data are represented by mean of six individual measurement ± SD. One way analysis of variance was 

used to compare the means. Values followed by different letters are significantly different at P < 0.05.] 

(Other details are described in Table. 5.3.1) 
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4.5.2 Level of Nitrate, Nitrite, Ammonium and Phosphate Content in Rhizospheric 

Soil, of Wheat (T. aestivum L.) Plant Applied with Immobilized form of 

Biofertilizers 

Nitrate content assimilation was recorded highest by the application of BFVCN by 

61.69, 30.90, 41.45, 10.98, 11.69, 8.03, 12.13, 5.76, 7.13, 10.67, 5.88, 6.57, 7.78, 11.95, 

37.23 and  39.44% at 120 120 DAS on application of  BFVCN over NF, CF-RD, FB-3, 

BFCDCN, BFCDN, BFCDC, BFCD, BFVCN, BFVN, BFVC, BFV, BFFYCN, 

BFFYN, BFFYC, BFFY, BFCN, BFC respectively. Soil nitrate content were also 

increased on application of BFCDCN and BFFYCN over FB-3, BFCDN, BFCDC, 

BFCD and BFFY at 60, 90 and 120 DAS (Figure 4.5.1). 

The immobilized biofertilizers with organic matrix increases the percentage of 

nitrite content in the soil. Soil nitrite was 63.64, 24.24, 39.39, 21.21, 24.24, 30.30, 

36.36, 15.15, 21.21, 24.24, 15.15, 21.21, 24.24, 30.30, 33.33 and 39.39% recorded at 

120 DAS respectively on application of BFVCN over NF, CF-RD, FBF, BFCDCN, 

BFCDN, BFCDC, BFCD, BFVCN, BFVN,  BFVC, BFV, BFFYCN, BFFYN, BFFYC, 

BFFY, BFCN and BFC respectively (Figure 4.5.1). 

The increased ammonium content in soil was highest recorded by the 

application of BFVCN by 68.28, 20.54, 31.72, 6.95, 12.39, 17.82, 21.75, 3.32, 5.74, 

11.18, 3.02, 8.16, 12.69, 16.01, 15.41, 20.85% at 90 DAS respectively over NF, CF-RD, 

FBF, BFCDCN, BFCDN, BFCDC, BFCD, BFVCN, BFVN, BFVC, BFV, BFFYCN, 

BFFYN, BFFYC, BFFY, BFCN and BFC. Similarly increased soil ammonium content 

also recorded at 60 and 120 DAS (Figure 4.5.1). 

Soil phosphate content in soil was recorded significantly by  90.48, 31.31, 46.18, 

11.98, 19.48, 24.96, 29.73, 8.23, 15.58, 18.47, 9.38, 17.46, 19.77, 26.26, 36.80 and 

39.39% at 120 DAS respectively over NF, CF-RD, FBF, BFCDCN, BFCDN, BFCDC, 

BFCD, BFVCN, BFVN,  BFVC, BFV, BFFYCN, BFFYN, BFFYC, BFFY, BFCN and 

BFC (Figure 4.5.1). 
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Figure 4.5.1 The effect of enhance doses of biofertilizers on nitrate, nitrite, ammonium and phosphate 

content in the soil on 30, 60, 90, and 120 days after sowing (DAS). All the values are means of three 

replicates with two determinations (n=6) ±S.E). (Other details are described in Table. 4.5.1) 

4.5.3 Level of Nitrate, Nitrite, Ammonium and Phosphate Content in Roots of 

Wheat (T. aestivum L.) Plant Applied with Immobilized form of Biofertilizers  

 

Nitrate content in plant roots was recorded highest on application of (BFVCN) 

during cultivation of wheat crop. Increased nitrate percentage in roots by BFVCN was 

56.03, 6.15, 25.50, 6.15 and 3.73% at 60 DAS over NF, CF-RD, FB-3, BFCDCN and 

BFFYCN respectively (Figure 4.5.2) providing nutrient availability to the plants for 

better plant growth.  

Application of biofertilizers immobilized with organic matrix increased the 

nitrite content in plants roots by BFVCN was 74.55, 12.73, 32.73, 9.09, 10.91, 14.55, 

20, 9.09, 14.55, 20, 5.45, 10.91, 16.36, 20, 21.82 and 29.09% at 90 DAS respectively 

recorded significantly over  NF, CF-RD, FB-3, BFCDCN, BFCDN, BFCDC, BFCD, 

BFVN,  BFVC, BFV, BFFYCN, BFFYN, BFFYC, BFFY, BFCN and BFC (Figure 

4.5.2). 

Similarly the root ammonium content was recorded significantly and it increases 

at different level by 78.83, 18.80, 51.30, 8.29, 18.06, 21.29, 24.91, 9.61, 14.15, 22.45, 

3.20, 11.59, 20.04, 24.11, 26.45 and 27.44% at 90 DAS respectively over NF, CF -RD, 

FB-3, BFCDCN, BFCDN, BFCDC, BFCD, BFVN, BFVC, BFV, BFFYCN, BFFYN, 

BFFYC, BFFY, BFCN and BFC. The immobilized formulations enhanced the 

ammonium content in soil. The nutrient uptake by plant roots significantly and it 

translocate into the plants leaves as well (Figure 4.5.2). 

0

1

2

3

4

5

6

7

8

9

10

P
h

o
sp

h
at

e 
 c

o
n

te
n

t 
  

µ
g
 g

-1
in

 d
ry

 s
o
il

 

 

Treatments 

30 DAS 60 DAS 90 DAS 120 DAS



Chapter -4- Results 
 

    Rose Minj / Ph.D. Thesis / DES / BBAU, Lucknow, UP, India / 2016                                                         103 
 

In roots, application of BFVCN was increased phosphate percentage by 75.14, 

15.17, 39.56, 11.12, 13.50, 19.46, 24.78, 11.04, 21.29,  25.34, 8.74, 16.28, 20.89, 26.05, 

32.80 and 32.17% at 120 DAS respectively over NF, CF-RD, FB-3, BFCDCN, 

BFCDN, BFCDC, BFCD, BFVN, BFVC, BFV, BFFYCN, BFFYN, BFFYC, BFFY, 

BFCN and BFC , the various combinations of organic matrix immobilized biofertilizer. 

The application of BFVCN also increased phosphate content at different intervals 

(Figure 4.5.2). 
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Figure 4.5.2 The effect of enhance doses of biofertilizers on nitrate, nitrite, ammonium and phosphate 

content in the roots on 30, 60, 90, and 120 days after sowing (DAS). All the values are means of three 

replicates with two determinations (n=6) ±S.E). (Other details are described in Table. 4.5.1) 

4.5.4 Level of Nitrate, Nitrite, Ammonium and Phosphate Content in leaves of 

Wheat (T. aestivum L.) Plant Applied with Enhance Doses of Free form of 

Biofertilizers  

 

The biofertilizers in the form of super granules contains different organic carrier 

in which immobilized biofertilizers with vermicompost as a carrier (BFVCN) was 

provide  nitrate content in soil from where it assimilate in the wheat leaves and 

increased percentage by 58.17, 10.23, 26.35, 9.01, 10.40, 13.24, 18.85, 8.69, 11.38, 

15.94, 3.24, 11.38, 9.58, 12.13 and 16.80% at 120 DAS over the others organic 

combination respectively NF, CF-RD, FB-3, BFCDCN, BFCDN, BFCDC, BFCD, 

BFVN, BFVC, BFV, BFFYCN, BFFYN, BFFYC, BFFY, BFCN and BFC. Similarly 

the increased amount of nitrate content in plant leaves was also recorded at the different 

intervals of 30, 60 and 90 DAS (Figure 4.5.3). 

 

Nitrite content in plant leaves were significantly increased by the application of 

BFVCN followed by BFFYCN (FYM) as a carrier) and BFCD with cow dung as a 

carrier over controls NF, CCF (RD), FBF, at different days of intervals. Application of 

super granule of BFVCN was increased 74.07, 12.96, 33.33, 9.26, 11.11, 14.81, 20.37, 

9.26, 14.81, 20.37, 5.56, 11.11, 16.67 and 20.37% at 90 DAS over the application of 

NF, CF-RD, FB-3, BFCDCN, BFCDN, BFCDC, BFCD, BFVN,  BFVC, BFV, 

BFFYCN, BFFYN, BFFYC, BFFY, BFCN and BFC respectively (Figure 4.5.3). 
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The ammonium content in leaves of wheat plants significantly assimilate there 

and it was highest recorded by the application of BFVCN was 79.22, 14.21, 46.28, 

12.20, 12.69, 18.05, 20.10, 9.46, 12.50, 19.41, 5.47 and 12.46% at 90 DAS respectively 

over NF, CF-RD, FB-3, BFCDCN, BFCDN, BFCDC, BFCD, BFVN, BFVC, BFV, 

BFFYCN, BFFYN, BFFYC and BFFY (Figure 4.5.3). 

The phosphate content in rhizospheric soil was uptakes by the plant leaves 

recorded highest by the application of BFVCN was 71.92, 7.94, 24.79, 6.45, 10.27, 

13.30, 18.74, 6.93, 12.94, 17.03, 3.20, 10.36, 14.70 and 17.90% at 90 DAS over NF, 

CF-RD, FBF, BFCDCN, BFCDN, BFCDC, BFCD, BFVN,  BFVC, BFV, BFFYCN, 

BFFYN, BFFYC, BFFY, BFCN and BFC .The increased phosphate content percentage 

also recorded at 30, 60 and 120 DAS (Figure 4.5.3). 
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Figure 4.5.3The effect of enhance doses of biofertilizers on nitrate, nitrite, ammonium and phosphate 

content in the leaves on 30, 60, 90, and 120 days after sowing (DAS). All the values are means of three 

replicates with two determinations (n=6) ±S.E). (Other details are described in Table. 4.5.1) 

 

4.5.5 Yield and Productivity of Wheat (T. aestivum L.) Plant Applied with Free 

Form of Biofertilizers 

 

Application of commercial free form of charcoal based biofertilizers (A. chroococcum 

and B. subtilis) increased the yield percentage. Enhance doses of biofertilizers increased 

percentage grain yield by 54.47, 12.14, 46.45, 3.99, 27.02, 28.88, 35.11, 12.22, 26.67, 

30.20, 3.37, 20.49, 28.10, 32.18, 39.94 and 44.93% on application of BFVCN over NF, 

CF-RD, FB-3, BFCDCN, BFCDN, BFCDC, BFCD, BFVN,  BFVC, BFV, BFFYCN, 

BFFYN, BFFYC, BFFY, BFCN and BFC after harvesting at 120 DAS (Fig. 4.5.4). 

The percentage of straw yield was increased by 73.53, 14.21, 50.90, 17.07, 

27.49, 31.41, 36.67, 18.43, 28.55, 31.71, 9.94, 28.14, 30.64, 34.21, 45.11 and 49.85% 

on after harvesting with the application on BFVCN over NF, CF-RD, FB-3, BFCDCN, 
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BFCDN, BFCDC, BFCD, BFVN,  BFVC, BFV, BFFYCN, BFFYN, BFFYC, BFFY, 

BFCN and BFC respectively (Figure 4.5.4). 

Figure 4.5.4 The application of enhance doses of  immobilized form of biofertilizers on soil significantly 

recorded yield and straw weight. One way ANOVA is performed to compare the means of different treatments at 

p < 0.05. Values followed by different letters are significantly differences between the treatments. (Other details are 

described in Table. 4.5.1) 

Plate: 4.5.1 Experimental site at Mohanlalganj, Lucknow during cultivation of wheat crop 
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4.6. Growth and productivity of wheat (T. aestivum L. cv. PBW-502) 

applied with charcoal based Immobilized biofertilizers (A. 

chroococcum and B. subtilis) in enhanced doses (triple dose) with 

different organic carrier and  binders on 30, 60, 90 and 120 days after 

sowing (DAS)  

4.6.1 Growth Parameters of wheat applied with charcoal based Immobilized 

biofertilizers in enhanced doses (triple dose) with different organic carrier and  

binders on 30, 60, 90 and 120 days after sowing (DAS)  

The optimized dose of biofertilizers (i.e. A. chroococcum- 1.80 kg ha
-1

 and B. subtilis- 1.80 

kg ha
-1

) immobilized with organic matrix using highly nutritive organic binders 

significantly affects the growth of wheat plants. Application of IVJ increased the fresh 

and dry weight of shoots and roots, height of shoot and length of roots, numbers of 

leaves, tillers and roots significantly recorded over the controls of no fertilizers (NF) 

and free form of chemical fertilizers (CF) on 60, 90 and 120 DAS (Table 4.6.1).  

The application with IVJ has increases the plant height by 42.84, 11.05%, 42.83, 

9.15% and 40.31, 6.00% over NF and CF at 60, 90 and 120 DAS. IVM increased the 

plant height was 41.20, 8.50%, 42.54, 6.68% and 39.20, 4.25% and by the application 

of IVA was increased 40.36, 7.20% 41.81, 5.49% and 38.39, 2.98% at 60, 90 and 120 

DAS over NF and CF respectively (Table 4.6.1). 

The percentages of fresh weight of shoot was increased by 53.20, 9.49%, 72.95 

and 10.12% at 60 and 120 DAS with the application of IVJ over NF and CF. Same as 

IVM and IVA by 66.53, 7.25% 72.72 and 9.37%, and 65.93, 5.60%, 72.10 and 7.29% 

over NF and CF at 90 and 120 DAS. And also IVJ was increased by .83 and 3.14% over 

the application of immobilized biofertilizers with vermicompost using binder as 

molasses IVM and immobilized biofertilizers with vermicompost using binder as acacia 

gum IVA respectively at 120 DAS (Table 4.6.1). 

The dry weight of plant production was recorded by 67.02, 8.51% and 72.88, 

11.72% at 90 and 120 DAS respectively and 66.66, 7.52% and 72.64, 10.94% and 

66.12, 6.01% and 72.04, 8.97% by the application of IVM and IVA over the NF and CF 

respectively at 90 and 120 DAS. The biofertilizers immobilized with organic matrix 

using various nutritive binders found significantly differential between them. IVJ was 
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recorded by .88, 5.30% and 1.06 and 2.65% over IVM and IVA at 60 and 90 DAS 

respectively (Table 4.6.1). 

 

Table 4.6.1 Effect of Immobilized Biofertilizers on Growth of Wheat (T. aestivum 

L. cv. PBW-502) Shoots on 30, 60, 90 and 120 (DAS) 

  30 DAS  60 DAS  90 DAS  120 DAS 

Plant Height  NF 24.93±0.48  39.04±1.79ns 

 

50.52±1.29ns 

 

54.97±1.36ns 

 CF 24.80±1.14  60.75±1.91* 

 

82.05±2.78* 

 

86.57±0.93* 

 IVA 24.68±0.77  65.47±1.59* 

 

86.82±1.29* 

 

89.23±0.81** 

 IVM 24.71±0.95  66.40±1.58** 

 

87.93±1.30** 

 

90.42±1.13** 

 IVJ 24.35±0.65  68.30±0.80** 

 

88.37±1.55** 

 

92.10±1.61** 

Number of leaves NF 3.67±0.52 

 

6.33±0.52ns 

 

7.50±1.05 

 

7.17±0.75 

 CF 3.50±0.55 

 

11.33±1.21* 

 

17.00±1.10* 

 

18.83±0.98* 

 IVA 3.17±0.41 

 

11.50±1.52** 

 

22.17±2.99** 

 

22.00±1.41** 

 IVM 3.83±0.41 

 

11.83±0.75** 

 

22.33±1.86** 

 

22.67±1.97** 

 IVJ 3.67±0.52 

 

12.50±1.22** 

 

24.67±1.63** 

 

24.33±1.37** 

Number of tillers NF   1.00±0.00 

 

1.17±0.41 

 

1.17±0.41 

 CF   2.50±0.55** 

 

3.33±0.52* 

 

3.50±0.55** 

 IVA   2.17±0.41* 

 

3.67±0.52** 

 

3.50±0.55** 

 IVM   2.50±0.55** 

 

3.67±0.52** 

 

3.67±0.52** 

 IVJ   3.00±0.00** 

 

3.83±0.41** 

 

3.83±0.41** 

Fresh wt. of shoot NF 1.16±0.02  2.12±0.03 

 

2.49±0.08ns 

 

3.90±0.07ns 

 CF 1.16±0.02  4.10±0.09* 

 

6.90±0.04* 

 

12.96±0.40* 

 IVA 1.15±0.01  4.27±0.08* 

 

7.31±0.17** 

 

13.98±0.17** 

 IVM 1.15±0.01  4.48±0.24* 

 

7.44±0.23** 

 

14.30±0.13** 

 IVJ 1.15±0.02  4.53±0.32** 

 

7.54±0.20** 

 

14.42±0.20** 

Dry wt. of shoot NF 0.35±0.01 

 

0.53±0.01ns  0.62±0.02ns  2.15±0.04ns 

 CF 0.35±0.01  1.02±0.02*  1.72±0.01*  7.00±0.09* 

 IVA 0.34±0.00  1.07±0.02*  1.83±0.04**  7.69±0.09** 

 IVM 0.35±0.00  1.12±0.06**  1.86±0.06**  7.86±0.07** 

 IVJ 0.35±0.01  1.13±0.08** 

 

1.88±0.05** 

 

7.93±0.11** 

 

All the values are means of three replicates with two determination (n=6) ±SD. Where, NF: No 

Fertilizers; CF; Chemical fertilizers, IVA; Immobilized form of biofertilizers with vermicompost  

used acacia gum as binder, IVM; Immobilized form of biofertilizers with vermicompost used 

molasses as binder, IVJ; Immobilized form of biofertilizers with vermicompost used jaggery as 

binder. (One way ANOVA) ns= Not significant; *= P< 0.05, **= P< 0.01. Treatment symbols are 

defined in the text. 
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Application of IVJ increased the root length of the wheat plant by 63.63, 9.29%, 

58.47, 12.28% and 50.88, 5.92% over NF and CF at 60, 90 and 120 DAS. Application 

on IVM was increases the root length by 60.53, 1.56%, 57.86, 11% and 49.10, 4.08% 

over NF and CF at 60, 90 and 120 DAS respectively. The numbers of roots was 

significantly recorded by the application of IVJ at 60, 90 and 120 DAS was 71.52, 

43.80, 65.86, 25.87, 68.54 and 23.69% over NF and CF respectively. Similarly the 

significant increased number of leaves, roots and tillers were counted at regular 

intervals during crop cultivation (Table 4.6.2). 

Biofertilizers immobilized with organic matrix using organic binder increases 

the root dry biomass. The percentages of increased dry root weight recorded by 63.94, 

8.19% and 55.84, 8.97% at 60 and 120 DAS on application of IVJ over NF and CF. 

Same as IVM and IVA by 62.71, 5.08%, 53.24, 7.79% and 61.40, 1.75%, 52.63 and 

6.57% over NF and CF at 90 and 120 DAS. The dry weight of root biomass was also 

increases by applied the SGBs used nutritive binders. The percentage of dry weight of 

root was highest recorded by immobilized biofertilizers with organic matrix used 

jaggery as a binder (IVJ) was 60, 6.66% and 55 and 15% over NF and CF at 60 and 120 

DAS (Table 4.6.2). 

 

Table 4.6.2 Effect of Immobilized Biofertilizers on Growth of Wheat (T. aestivum 

L. cv. PBW-502) Roots on 30, 60, 90 and 120 (DAS) 

  30 DAS  60 DAS  90 DAS  120 DAS 

Root length NF 2.42±0.17 

 

3.52±0.23 

 

4.90±0.45 

 

5.98±0.45 

 CF 2.40±0.18 

 

8.78±0.17* 

 

10.35±0.49* 

 

11.27±0.54* 

 IVA 2.38±0.19 

 

8.85±0.39* 

 

11.35±0.42* 

 

11.55±0.42** 

 IVM 2.42±0.28** 

 

8.92±0.55* 

 

11.63±0.42**  11.75±0.15** 

 IVJ 2.46±0.23** 

 

9.68±0.63** 

 

11.80±0.74**  11.98±0.44** 

Number of roots NF 4.17±0.41 

 

6.50±1.05ns 

 

9.67±0.52ns 

 

10.17±0.75ns 

 CF 4.17±0.75 

 

12.83±0.98* 

 

21.00±0.89* 

 

24.67±1.21* 

 IVA 4.00±0.63 

 

22.17±2.40** 

 

27.00±0.89** 

 

29.83±1.33** 

 IVM 4.50±0.55 

 

22.33±2.25** 

 

28.00±1.10** 

 

30.50±1.64** 

 IVJ 4.00±0.89 

 

22.83±2.14** 

 

28.33±1.21** 

 

32.33±2.25** 

 NF 0.18±0.02 

 

0.22±0.02ns 

 

0.30±0.02ns 

 

0.36±0.02ns 

Fresh wt. of root CF 0.18±0.01 

 

0.56±0.03* 

 

0.62±0.03* 

 

0.71±0.03* 

 IVA 0.18±0.01 

 

0.57±0.02* 

 

0.67±0.02** 

 

0.76±0.01** 
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 IVM 0.17±0.02 

 

0.59±0.01** 

 

0.69±0.01** 

 

0.77±0.03** 

 IVJ 0.18±0.02 

 

0.61±0.03** 

 

0.70±0.02** 

 

0.78±0.01** 

Dry wt. of roots NF 0.04±0.00 

 

0.06±0.01ns 

 

0.08±0.01ns 

 

0.09±0.00ns 

 CF 0.04±0.00 

 

0.14±0.01* 

 

0.16±0.01* 

 

0.17±0.01* 

 IVA 0.04±0.00  0.14±0.00*  0.17±0.01**  0.19±0.00** 

 IVM 0.04±0.00  0.15±0.00**  0.17±0.00**  0.19±0.01** 

 IVJ 0.04±0.00  0.15±0.01**  0.18±0.01**  0.20±0.00** 

 

All the values are means of three replicates with two determinations (n=6) ±SD, (one way ANOVA). 

ns= Not significant; *= P< 0.05, **= P< 0.01. (Other details are described in Table. 4.6.1) 

 
 

4.6.2 Root Transverse Section Examine under Scanning Electron Microscope  

It is observed that on application of IVJ was the maximum surface area, root strength 

and enlarged cortex over NF, CF, IVA and IVM respectively (Figure 4.6.1). 

Biofertilizers immobilized with organic matrix used organic binders which increases the 

fresh and dry weight of root. The percentages of fresh and dry root weight was recorded 

significantly at 60 and 120 DAS (Table 4.6.1 and 4.6.2).on application of IVJ over NF, 

CF, IVA and IVM respectively. Immobilized biofertilizers with organic matrix used 

jaggery as a binder significantly increased the root biomass. The SEM analysis of 

transverse section of wheat roots showed the well differentiated vascular tissues.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.6.1 (A-E) - Transverse section of root examine under Scanning Electron Microscope  

Note: The transverse section of root shows the well differentiated vascular tissues, A; NF, B; FCF- (R/D; Recommended dose of 

Urea and DAP), and by amending the C; EVC-III immobilized form of organic matrix (combination of clay soil+ vermicompost+ 

neem leaf) and charcoal based consortium of biofertilizers (A. chroococum and  B. subtilis) with binder acacia and D; EVC-III 

immobilized form of organic matrix (combination of clay soil+ vermicompost+ neem leaves powder) with binder molasses and 

charcoal based consortium of biofertilizers (A. chroococum and B. subtilis), E; EVC-III immobilized form of organic matrix 

(combination of clay soil+ vermicompost+ neem leaves powder) and charcoal based consortium of biofertilizers (A. chroococum 

and B. subtilis) with binder jaggery. 
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4.6.3 Level of Nitrate Content Assimilation in the Soil and Wheat (T. aestivum L.) 

Plant Parts on Application of Immobilized Biofertilizers 

 

On applications of biofertilizers in immobilized form with organic matrix used organic 

binders enhanced the assimilation rate of nitrate content in the soil. Nitrate content was 

recorded highest by the application of IVJ by 64.99, 2.64, 1.64, 4.13%, 67.44, 12.64, 

1.37, 3.80% and 56.94, 8.91, 1.20, 4.67% at 60, 90 and 120 DAS over the NF, CF, IVM 

and IVA respectively. Application on IVM was recorded by 64.40, 1%, 66.99, 11.42% 

and 56.41, 7.80% over NF and CF at 60, 90 and 120 DAS respectively and IVA by 

66.15, 9.18% and 55.24, 4.44% over NF and CF at 90 and 120 DAS respectively 

(Figure 4.6.2). 

The immobilized form of biofertilizers with organic matrix increases the 

percentages of nitrate content in the root. The nitrate content in the root was increases 

by 82.15, 1.37%, 77.45, 16.70% and 75.48, 6.39% over the NF and CF at 60, 90 and 

120 DAS respectively. Application on IVM and IVA nitrate content increased by 76.81, 

14.34%, 74.75, 3.59% and 76.20, 12.09%, 74.49, 2.62% at 90 and 120 DAS over NF 

and CF respectively (Figure 4.6.2). 

The application IVJ has increases nitrate content significantly at different levels 

by 83.94, 2.86, 4.27, 9.49% and 87.16, 9.51, 1.37 and 6.09% over NF, CF, IVM and 

IVA at 60 and 120 DAS respectively. The increased nitrate content in leaves was also 

recorded by the application of IVM by 86.98, 8.24% and 86.33, 3.64% at 90 DAS over 

the control of NF and CF respectively (Figure 4.6.2). Correlation between average soil 

nitrate and average plant nitrate content in different formulation was linearly significant 

at 120 DAS (R
2 

= 0.660). 
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Figure 4.6.2 Levels of Nitrate (μg g
-1

) in dry soil, roots and leaves of T. aestivum L. at 30, 60, 90 and 

120. All the values are means of three replicates with two determinations (n=6)±SE (one way ANOVA). 

Values followed by different letters show significant differences between the treatments at p<0.05.  

(Other details are described in Table. 4.6.1) 

 

4.6.4 Level of Nitrite Content Assimilation in the Soil and Wheat (T. aestivum L.) 

Plant Parts on Application of Immobilized Biofertilizers 

 

Application of SGBs significantly increases the nitrite content in soil. By applied with 

IVJ were increases by 75, 10.41%, 69.04, 26.19%, application of IVM by 74.46, 8.51%, 

67.5, 22.5% over the NF and CF at 90 and 120 DAS respectively. Application of IVA 

was 72.09 and 64.86% over NF at 90 and 120 DAS respectively (Figure 4.6.3). 

Nitrite content assimilation in roots was recorded significantly and it increases at 

different level by the application of immobilized form of biofertilizers; (IVJ) was 68.33, 

10%, IVM by 67.24, 6.89% and IVA BY 66.66, 5.26% at 120 DAS over over no 

fertilizer (NF) and conventional free form of chemical fertilizer (CF) respectively 

(Figure 4.6.3). 

Nitrite content assimilation in plant leaves significantly increases their 

percentage levels applied with IVJ by 64.55, 12.65, 5.06 and 6.32% over the NF, CF, 

IVM and IVA at 120 DAS. Same as by the application of IVM and IVA at 120 DAS 

was recorded by 62.66, 8% and 62.6 and 6.75% over NF and CF respectively (Figure 

4.6.3). By the application of different formulation was applied in experimental field and 

find the correlation between average soil nitrite and average plant nitrite content at 120 

DAS was linearly significant (R
2 

= 0.952).  
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Figure 4.6.3 Levels of nitrite (μg g-1) in dry soil, roots and leaves of  T. aestivum L. at 30, 60, 90 and 120 

DAS in different treatments. All the values are means of three replicates with two determinations 

(n=6)±SE (one way ANOVA). Values followed by different letters show significant differences between 

the treatments at p<0.05. (Other details are described in Table. 4.6.1) 

 
 

4.6.5 Level of Ammonium Content Assimilation in the Soil and Wheat (T. aestivum 

L.) Plant Parts on Application of Immobilized Biofertilizers 

 

The soil ammonium content increased by application on (IVJ) was 72.84, 10.54%, 

71.46, 11.95% and 62.82, 14.52% at 60, 90 and 120 DAS over the no fertilizer (NF) and 

free form of chemical fertilizers (CF) respectively. On Application of (IVM) and (IVA) 

recorded ammonium content by 71.76, 6.97% and 62.33, 13.41% and 70.07, 1.40% and 

61.16, 10.71% over of NF and CF at the 60 and 120 DAS respectively (Figure 4.6.4). 

Ammonium content in the roots of wheat plant recorded significantly, it 

increases by the application of IVJ was 68.44, 54, 3.02, 6.04%, 77.36, 17.86, 3.77, 9% 

and 71, 20.88, 2.09, and 9.25% over the NF CF, IVM and IVA at 60, 90 and 120 DAS 

respectively. Application of (IVM)  and (IVA) also increases their concentration level 
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in root by 76.60, 15.08% and 70.38, 19.19% and 75.12, 9.73% and 68.04 and 12.81% at 

90 and 120 DAS respectively over NF and CF(Figure 4.6.4).  

In leaves, the assimilation of ammonium content was recorded different levels 

by applied with SGBs i.e. immobilized biofertilizers with organic matrix used jaggery 

as a binder; (IVJ) by 78.54, 5.62, 4.01, 15.75%, 79.42, 21.35,6.12, 9.78% and 82.47, 

24.70, 1.75 and 15.30% over the NF CF, IVM, and IVA at 60, 90 and 120 DAS 

respectively. Similarly by the application of IVM and IVA increased percentage by 

78.08, 16.22%, 82.16, 23.36% and 77.19, 12.82% and 79.31 and 11.10% over the NF 

and CF at 90 and 120 DAS respectively (Figure 2c). Correlation between average soil 

ammonium and average plant leaves ammonium content by the application of SGBs 

based different formulation was found linearly significant at 120 DAS (R2 = 0.983) 

(Figure 4.6.4). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.6.4 Ammonium content on soil and plant parts at 30, 60, 90 and 120 DAS. All the values are 

means of three replicates with two determinations (n=6)±SE (one way ANOVA). Values followed by 

different letters show significant differences between the treatments at p<0.05. (Other details are 

described in Table. 4.6.1) 
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4.6.6 Level of Phosphate Content Assimilation in the Soil and Wheat (T. aestivum 

L.) Plant Parts on Application of Immobilized Biofertilizers 
 
 

The phosphate content increased on application of IVJ was 90.71, 8.88, 1.98 and 5.43% 

at 120 DAS over the NF, CF, IVM and IVA respectively. By the application of IVM 

was increased by 90.52, 7.03 and 3.38% over the NF, CF and IVA at 120 DAS 

respectively. Application on IVA increased by 90.18, 3.64 over NF and CF at 120 DAS 

respectively (Figure 4.6.5). 

The phosphate content assimilation in the plant roots increased when applied on 

IVJ was 84.66, 7.96%, 82.03, 5.76% at 60 and 120 days old plants, with the application 

of IVM 83.51, 3.51% and 81.79, 4.49% over NF and CF respectively. Application of 

IVA increases by 82.39 and 81.63% over NF at 60 and 120 DAS and 3.63% at 120 

DAS over controls of CF.  

By application of SGBs based application IVJ was increased phosphate content 

in leaves by 94.34, 5.86%, 92.80, 11.40%, 92.97 and 12.85% at 60, 90 and 120 DAS 

over NF and CF respectively. And also the leading application of IVM was recorded 

significantly by 94.11, 1.98%, 92.79, 10.30%, 92.67, and 9.12% over NF and CF at the 

60, 90 and 120 DAS respectively (Figure 4.6.5). 

By application of IVA was 93.73, 92.63, and 92.28% over NF at 60, 90 and 120 

DAS and 8.39, 92.28, 4.34% over CF at 90 and 120 DAS respectively. The phosphate 

content of soil and plant leaves was also analysed linearly significant at 120 DAS. 
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Figure  4.6.5 Levels of phosphate (μg g-1) in dry soil and plant tissue of T. aestivum L. at 30, 60, 90 and 

120 DAS in different treatments Values followed by different letters are significantly differences between 

the treatments at P< 0.05. (Other details are described in table 4.6.1). 

 

4.6.7 Levels of NRA Content in Root and Leaves of Wheat (T. aestivum L.) Plant 

Parts on Application of Immobilized Biofertilizers 
 

In root system the nitrate reductase (NR) activity was increased the level by 28.11 and 

7.13% on amending of IVJ over the CF at 60 and 90 DAS. The application applied with 

IVM was also increased 19.37 and 2.84% in leaves of wheat plant at the 60 and 90 DAS 

over CF (Figure 4.6.6). 

The nitrate reductase activity as same in roots, application with IVJ was 

significantly recorded by 24.28 and 31.15% at 60 and 90 DAS. On application on IVM 

was also increased by 16.39 and 27.68% over NF and CF respectively (Figure 4.6.6). 

     

Figure 4.6.6 Levels of NRA (μg g-1) in dry soil and plant tissue of T. aestivum L. at 30, 60, 90 and 120 

DAS in different treatments Values followed by different letters are significantly differences between the 

treatments at P< 0.05. (Other details are described in table 4.6.1).  
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4.6.8 Level of Dehydrogenase Activity DHA in Rhizospheric Soil, of Wheat (T. 

aestivum L.) Plant Parts on Application of Immobilized Biofertilizers 

 

The dehydrogenase activity (DHA) in soil was significantly increased on application of 

IVJ was 54.63, 25.64, 12.91 and 6.31% over NF, CF, IVA and IVM at 60 DAS. The 

application on IVM was also increased by 20.63 and 7.05% in soil of wheat plant at the 

60 DAS over CF and IVA and on application of IVA by 14.60 over CF at 60 DAS 

(Figure 4.6.7). 

 

 

Figure 4.6.7 Dehydrogenase activity (µg TPF/24 hr) in soil of experimental plot cultivated with T. 

aestivum L. at 60 and 90 DAS in different treatments. One way analysis of variance was used to compare 

the means. Values followed by different letters are significantly different at P < 0.05. (Other details are 

described in table 4.6.1) 

 

4.6.9 Level of Alkaline Phosphate Activity (mg/g/hr) in Soil, of Wheat (T. aestivum 

L.) Plant Parts on Application of Immobilized Biofertilizers 

 

Alkaline phosphate activity (APA) (mg/g/hr) in soil increased application on IVJ was 

40.61, 19.87, 13.93 and 7.16% over NF, CF, IVA and IVM at 60 DAS. Application on 

IVM was also increased by 35.71, 13.69 and 7.29% at 60 DAS respectively. In soil 

APA significantly increased by amending organic matrix over NF and CF by 30.99 and 

6.89% at 60 DAS respectively on application of IVA. Similarly APA also significantly 

increased at 90 DAS (Figure 4.6.8). 
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Figure 4.6.8 Alkaline phosphate activity (mg/g/hr) in soil of experimental plot cultivated with T. 

aestivum L. at 60 and 90 DAS in different treatments. One way analysis of variance was used to compare 

the means. Values followed by different letters are significantly different at P < 0.05. (Other details are 

described in table 4.6.1) 

 

4.6.10 Grain, Straw Yield and Harvesting Index of Wheat Crop by the Application 

of Biofertilizers with Organic Matrix  

Biofertilizers immobilized with organic matrix increases significant seed yield of wheat 

(T. aestivum L.) during cultivation. The percentage increased the seed yield (q/ha) on 

application of immobilized form of biofertilizers with organic matrix used jaggery as 

binder (IVJ) over the application of no fertilizer (NF) and free form of chemical 

fertilizers (CF) after the harvest of crop was 77.97 and 21.71% respectively. 

Application with Immobilized form of biofertilizers with organic matrix using molasses 

substrate as binder (IVM) has increases the percentage of yield was 76.36 and 15.99% 

over the controls of NF and CF respectively. Application with Immobilized form of 

biofertilizers with organic matrix using acacia gum substrate as binder (IVA) has 

increases by 75.77 and 13.89% over the controls of NF CF respectively at 120 DAS. 

Application of IVJ increases the yield over the IVA and IVM by 9.08 and 6.81% 

respectively at 120 DAS. 

The straw production were also increased significantly by the application of 

Immobilized form of biofertilizers with organic matrix using jaggery substrate as binder 

(IVJ) at 120 DAS was 69.65 and16.82% over the NF and CF. Immobilized form of 

biofertilizers with organic matrix using molasses substrate as binder (IVM) recorded by 

68.92 and 14.80% respectively and IVA by 67.88 and 11.95% at 120 DAS old plants. 
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By the application of immobilized form of biofertilizers with organic matrix 

using various substrates as immobilizing agent in the formulation of SGBs is directly 

related to biomass of wheat crop produced and crop yield during cultivation of wheat. 

The harvest index was increased by the application of immobilized form of 

biofertilizers with organic matrix using jaggery substrate as a binder by 18.63, 3.77, 

2.51 and 3.02% over NF, CF, IVA and IVM at 120 DAS respectively. Application 

applied with immobilized form of biofertilizers with organic matrix using molasses as 

immobilizing agent was recorded by 16.10 and .77% over NF and CF, by the 

application of IVA was 16.53 and 1.29% over NF and CF respectively at 120 DAS.  

           

Figure 4.6.9 Effect of organic matrix based co- immobilized biofertilizers on seed yield, straw 

yield and harvesting index at 120 (DAS) old plants. Values are mean of data (n=6) ± SE. 

differences are statistically significant and shown different alphabets using Duncan’s multiple range test 

(DMRT). Data analysed by one way ANOVA at <0.05. (Other details are described in table 4.6.1) 

 

     
Plate: 4.6.1 Effect of immobilized biofertilizers on wheat plants at 60 DAS. (Other details are described 

in table 4.6.1) 
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4.7. Growth and productivity of wheat (T. aestivum L. cv. PBW-502) 

applied with charcoal based biofertilizers (A. chroococcum and B. 

subtilis) in triple dose under the stress condition (salinity and high 

cadmium) on 30, 60, 90 and 120 days after sowing (DAS)  

 

4.7.1 Growth Parameters of wheat plant applied with Immobilized and 

Optimized Biofertilizer on 30, 60, 90 and 120 days after sowing (DAS)  

 
 

The significant increase in growth parameters was recorded on application of charcoal 

based biofertilizers (A. chroococcum and B. subtilis; R/D = 0.6 kg h
-1

) with enhanced 

dose (A. chroococcum and B. subtilis; R/D = 0.18 kg h
-1

) immobilized in organic 

carriers under salinity and high cadmium (Cd) stresses. The application of immobilized 

biofertilizer significantly increased shoot height by IVJ(SL) was 50.58, 48.38, 43.00, 

17.78, 38.04, 19.05, 30.05 and 43.21% at 60 DAS, 42.15, 39.51, 31.86, 6.65, 28.15, 

20.15, 11.05 and 29.38% at 120 DAS respectively over NF, CF, BFFOM, IVS(SL+Cd), 

IVJ(Cd), IVJ(SL+Cd), SCVJ(SL+Cd), IVM(SL) and IVM(SL+Cd) (Table-4.7.1). 

Application on IVJ(SL) significantly increased number of leaves over their 

respective doses of charcoal based biofertilizers immobilized form on 90 DAS was 

71.13, 61.86, 53.61, 17.53, 60.82, 47.42, 31.96 and 53.61% over NF, CF, BFFOM, 

IVS(SL+Cd),  IVJ(Cd), IVJ(SL+Cd), SCVJ(SL+Cd), IVM(SL) and IVM(SL+Cd) 

respectively (Table-4.7.1). 

The percentage of fresh weight of shoot was significantly recorded by 73.81, 

54.61, 37.42, 15.24, 44.83, 19.06, 28.71 and 46.44% at 60 DAS and 65.66, 46.66, 

27.07, 15.04, 35.43, 30.51, 25.34 and 43% at 120 DAS old plants on  application of 

IVJ(SL) over NF, CF, BFFOM, IVS(SL+Cd), IVJ(Cd), IVJ(SL+Cd), SCVJ(SL+Cd), 

IVM(SL) and IVM(SL+Cd) respectively (Table-4.7.1). 

 The dry weight of shoot was significantly increased on application of  72.26, 

48.52, 47.92, 10.22, 41.57, 24.49, 14.27 and 33.71% at 60 DAS and 64.37, 47.99, 

26.99, 23.05, 35.88, 23.14, 12.43 and 41.25% at 120 days after sowing respectively 

over NF, CF, BFFOM, IVS(SL+Cd), IVJ(Cd), IVJ(SL+Cd), SCVJ(SL+Cd), IVM(SL) 

and IVM(SL+Cd) (Table 4.7.1). 
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Table 4.7.1 Effect of Immobilized Biofertilizers under Stress of Salinity and 

Cadmium, on Plant Growth Parameters of Wheat (T. aestivum L. cv. PBW-502) 

Shoot on 30, 60, 90 and 120 DAS 

  30 days 60 days 90 days 120 days 

Plant Height 

NF 23.67±2.04 b 35.67±1.65 a 45.10±1.34 a 49.30±2.35 a 

CF 23.80±3.05 b 58.45±1.33 e 75.20±2.48 e 82.47±4.48 ef 

BFFOM  22.23±3.34 ab 37.25±1.88 a 48.08±1.10 a 51.55±0.83 a 

IVS(SL+Cd) 20.07±1.46 a 41.13±1.78 b 53.57±1.73 b 58.07±3.61 b 

IVJ(SL) 23.20±3.72 ab 72.17±4.55 f 80.05±5.09 e 85.22±2.89 f 

IVJ(Cd) 23.53±1.67 ab 59.33±3.26 e 74.12±2.97 e 79.55±2.84 de 

IVJ(SL+Cd) 22.70±3.87 ab 44.72±2.28 c 60.87±4.83 c 61.23±2.01 b 

SCVJ(SL+Cd) 35.85±2.35 c 58.42±3.93 e 65.87±3.89 d 68.05±6.59 c 

IVM(SL) 22.53±1.75 ab 50.48±3.31 d 69.70±2.77 d 75.80±2.94 d 

IVM(SL+Cd) 22.45±1.63 ab 40.98±1.45 b 56.31±4.85 b 60.18±3.53 b 

No. of leaves 

NF 2.50±0.55 a 3.33±0.52 a 4.67±0.52 a 5.17±0.98 a 

CF 3.00±0.00 a 7.33±1.75 b 9.17±1.17 c 11.33±3.01 cd 

BFFOM  3.00±0.00 a 4.83±0.75 a 6.17±0.75 ab 7.00±1.10 ab 

IVS(SL+Cd) 3.17±0.41 a 5.17±0.75 a 7.50±1.64 bc 7.50±1.22 ab 

IVJ(SL) 3.67±1.03 a 10.17±2.40 c 16.17±1.60 f 16.00±1.41 e 

IVJ(Cd) 3.00±0.00 a 9.50±2.51 c 13.33±2.50 e 12.67±2.25 d 

IVJ(SL+Cd) 3.17±0.41 a 4.67±0.52 a 6.33±0.52 ab 7.83±1.33 b 

SCVJ(SL+Cd) 5.00±0.63 a 13.50±1.76 d 8.50±2.26 c 11.67±2.42 cd 

IVM(SL) 3.83±0.75 a 9.83±1.72 c 11.00±1.55 d 12.00±2.53 d 

IVM(SL+Cd) 3.00±0.00 a 4.67±0.52 a 7.50±1.22 bc 9.33±1.75 bc 

Fresh wt. of Shoot 

NF 0.54±0.05 a 1.05±0.07 a 1.64±0.18 a 1.97±0.10 a 

CF 0.57±0.05 a 2.74±0.23 de 4.04±0.29 ef 4.82±0.15 f 

BFFOM  0.52±0.05 a 1.83±0.34 b 2.55±0.11 b 3.05±0.18 b 

IVS(SL+Cd) 0.53±0.12 a 2.52±0.32 d 2.86±0.06 c 4.18±0.36 de 

IVJ(SL) 0.57±0.06 a 4.02±0.15 g 5.08±0.24 g 5.73±0.28 g 

IVJ(Cd) 0.52±0.10 a 3.41±0.12 f 4.26±0.19 f 4.87±0.22 f 

IVJ(SL+Cd) 0.50±0.09 a 2.22±0.15 c 3.12±0.14 c 3.70±0.17 c 

SCVJ(SL+Cd) 1.50±0.09 b 3.26±0.11 f 3.76±0.38 de 3.98±0.40 d 

IVM(SL) 0.58±0.06 a 2.87±0.10 e 3.91±0.19 e 4.28±0.23 e 

IVM(SL+Cd) 0.52±0.06 a 2.16±0.25 c 3.55±0.46 d 3.26±0.07 b 

Dry wt. of Shoot 

NF 0.06±0.02 a 0.21±0.01 a 0.49±0.05 a 0.79±0.04 a 

CF 0.06±0.01 a 0.65±0.05 f 1.21±0.09 ef 1.85±0.13 e 

BFFOM  0.05±0.01 a 0.39±0.01 b 0.77±0.03 b 1.16±0.07 b 
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IVS(SL+Cd) 0.05±0.01 a 0.40±0.03 b 0.86±0.02 c 1.62±0.21 d 

IVJ(SL) 0.06±0.01 a 0.76±0.03 g 1.49±0.10 g 2.22±0.10 f 

IVJ(Cd) 0.05±0.01 a 0.68±0.02 f 1.17±0.06 e 1.71±0.09 d 

IVJ(SL+Cd) 0.05±0.01 a 0.44±0.03 c 0.94±0.04 c 1.43±0.06 c 

SCVJ(SL+Cd) 0.06±0.01 a 0.57±0.02 f 1.18±0.09 e 1.71±0.09 d 

IVM(SL) 0.24±0.02 b 0.65±0.02 e 1.28±0.06 f 1.95±0.09 e 

IVM(SL+Cd) 0.05±0.01 a 0.50±0.06 d 1.06±0.14 d 1.31±0.03 c 

 

The optimized dose of biofertilizers at 30, 60, 90, and 120 days after shown (DAS) . One way ANOVA is 

performed to compare the means of different treatments at p<0.05. Values by different letters are 

significantly differences between the treatments at 5% level. [Where NF; No fertilizer, CF- Free form 

of recommended chemical fertilizers, BFFOM; Free form of biofertilizers and organic matrix, 

IVS(SL+Cd); Immobilized form of biofertilizers with salinity and Cd (Saresh as binder), IVJ(SL); 

Immobilized form of biofertilizers with salinity, IVJ(Cd); Immobilized form of biofertilizers with 

Cd (Jaggery as binder), IVJ(SL+Cd); Immobilized form of biofertilizers with salinity and Cd 

(Jaggery as binder), SCVJ(SL+Cd); Seed coated with biofertilizers and vermicompost+ salinity and 

Cd, IVM(SL); Immobilized form of biofertilizers with salinity (Molasses as binder), IVM(SL+Cd); 

Immobilized form of biofertilizers with salinity and Cd (Molasses as binder)] 

 

Application of immobilized biofertilizers increased the root length, number of roots, 

fresh and dry weight of roots significantly over no fertilizers on 30, 60, 90 and 120 days 

after sowing (DAS) under stress conditions. An incremental dose of charcoal based as 

well as organic matrix immobilized biofertilizers threefold increases the plant growth 

very significantly. The prepared immobilized form of biofertilizers with organic matrix 

under this study enhanced the growth parameters. The percentage of root length 

increased by 60.84, 31.07, 20.05, 10, 15.58, 12.27, 10 and 14.40% at 90 DAS was 

recorded on application of IVJ(SL) over NF, CF, BFFOM, IVS(SL+Cd), IVJ(Cd), 

IVJ(SL+Cd), SCVJ(SL+Cd), IVM(SL) and IVM(SL+Cd) (Table-4.7.2). 

Biofertilizers (1.8 kg ha
-1

) in immobilized form IVJ(SL) caused a very 

significant growth in root biomass over the recommended dose (0.6 kg ha
-1

) of 

biofertilizers and recommended dose of chemical fertilizers (urea; 150 kg ha
-1

and DAP 

75; kg ha
-1

). The fresh weight of root increased by 66.31, 49.04, 42.71, 16.87, 41.60, 

17.82, 16.87 and 44.57% at 90 day, 66.56, 50.15, 43.68, 16.97, 41.52, 23.77, 22.02 and 

44.28% at 120 DAS respectively over NF, CF, BFFOM, IVS(SL+Cd), IVJ(Cd), 

IVJ(SL+Cd), SCVJ(SL+Cd), IVM(SL) and IVM(SL+Cd) on application of the IVJ(SL) 

(Table-4.7.2). 
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The percentage increase of 57.58, 54.61, 52.78, 21.34, 38.05, 12.93, 14.70 and 

47.38% at 120 DAS  in dry weight of roots on the application of IVJ(SL) over NF, CF, 

BFFOM, IVS(SL+Cd), IVJ(Cd), IVJ(SL+Cd), SCVJ(SL+Cd), IVM(SL) and 

IVM(SL+Cd) respectively (Table-4.7.2). 

Table 4.7.2 Effect of Immobilized Biofertilizers under Stress of Salinity and 

Cadmium, on Plant Growth Parameters of Wheat (T. aestivum L. cv. PBW-502) 

Roots on 30, 60, 90 and 120 DAS 

 

No. of Roots 

NF 3.33±1.03 a 5.17±1.83 a 6.50±0.55 a 7.00±0.63 a 

CF 4.00±0.89 a b 10.33±2.25 b 15.17±4.31 bc 16.33±6.22 bc 

BFFOM  4.00±0.89 a b 9.00±2.76 b 10.83±1.83 b 12.33±4.50 b 

IVS(SL+Cd) 4.33±1.21 abc 10.50±2.51 b 13.00±2.19 bc 14.33±3.01b 

IVJ(SL) 4.33±1.03 bc 15.17±4.88 c 20.00±4.47 d 20.67±4.89 c 

IVJ(Cd) 4.17±0.75 bc 12.17±2.40 bc 15.67±3.44 c 17.00±3.79 bc 

IVJ(SL+Cd) 4.00±0.63 ab 8.67±1.97 de 12.83±4.31 bc 13.50±5.43b 

SCVJ(SL+Cd) 4.83±0.41 c 11.00±3.79 b 14.00±3.79 bc 14.00±4.38 b 

IVM(SL) 5.67±0.52 c 11.00±2.37 b 16.17±3.92 cd 14.50±2.35 b 

IVM(SL+Cd) 4.00±0.89 a b 10.50±2.51 b 12.83±3.54 bc 13.17±2.79 b 

Root length 

NF 2.57±0.47 a 3.68±0.47 a 4.03±0.69 a 5.55±0.50 a 

CF 2.67±0.40 a 7.40±0.66 cde 8.82±0.60 cd 10.03±0.68 cd 

BFFOM  2.84±0.40 a 6.62±0.77 b 7.10±0.40 b 8.05±0.33 b 

IVS(SL+Cd) 2.67±0.50 a 6.86±0.56 c 8.24±0.62 c 8.85±0.40 bc 

IVJ(SL) 2.71±0.53 a 8.02±0.43 f 10.30±0.54 e 10.55±0.80 d 

IVJ(Cd) 2.85±0.14 a 7.77±0.37 f 9.27±0.83 d 9.08±0.80 b 

IVJ(SL+Cd) 2.55±0.33 a 7.10±0.30 cd 8.70±0.56 d 9.00±0.55 bcd 

SCVJ(SL+Cd) 4.48±0.47 b 7.77±0.41d ef 9.04±0.48 d 8.88±0.60 bcd 

IVM(SL) 2.85±0.29 a 7.61±0.21 def 9.27±0.83 d 9.95±0.30 cd 

IVM(SL+Cd) 2.61±0.44 a 7.35±0.18 cde 8.82±0.44 cd 8.35±0.36 bc 

Fresh wt. of Root  

NF 0.03±0.01 a 0.07±0.01 a 0.10±0.01 a 0.12±0.01 a 

CF 0.03±0.01 a b 0.17±0.02 c 0.28±0.03 d 0.30±0.02 e 

BFFOM  0.03±0.00 a  0.09±0.01 a b 0.15±0.01 ab 0.18±0.02 b 

IVS(SL+Cd) 0.02±0.01 a 0.12±0.04 a b 0.17±0.02 b 0.20±0.02 bc 

IVJ(SL) 0.03±0.01 ab 0.19±0.02 c 0.30±0.03 b 0.35±0.03 f 

IVJ(Cd) 0.03±0.01 a 0.17±0.02 c 0.25±0.02 d 0.29±0.02 de 

IVJ(SL+Cd) 0.04±0.01 b 0.12±0.04 b 0.17±0.01 b 0.21±0.02 c 

SCVJ(SL+Cd) 0.03±0.01 ab 0.23±0.02 d 0.25±0.02 b 0.27±0.03 d 

IVM(SL) 0.18±0.01 c 0.12±0.04 b 0.25±0.02 b 0.28±0.01 de 

IVM(SL+Cd) 0.03±0.00 a 0.11±0.01 b 0.17±0.01 b 0.20±0.02 bc 
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Dry wt. of Root 

NF 0.04±0.00 a 0.04±0.01 a 0.05±0.01 a 0.06±0.01 a 

CF 0.04±0.02 a 0.08±0.00 d 0.12±0.01 e 0.13±0.01 f 

BFFOM  0.05±0.00 a 0.05±0.01 ab 0.05±0.01 ab 0.06±0.01 a 

IVS(SL+Cd) 0.05±0.01 a 0.06±0.02 c 0.05±0.01 a 0.06±0.01 ab 

IVJ(SL) 0.04±0.01 a 0.10±0.01 e 0.13±0.01 f 0.14±0.01 f 

IVJ(Cd) 0.05±0.00 a 0.09±0.01 de 0.10±0.00 d 0.11±0.00 d 

IVJ(SL+Cd) 0.05±0.00 a 0.06±0.02 c 0.07±0.01 c 0.08±0.01 c 

SCVJ(SL+Cd) 0.07±0.01 b 0.11±0.01 f 0.12±0.01 e 0.12±0.01 e 

IVM(SL) 0.04±0.00 a 0.08±0.01 d 0.11±0.01 e 0.12±0.01 de 

IVM(SL+Cd) 0.04±0.01 a 0.05±0.01 bc 0.06±0.00 b 0.07±0.01 b 

 

Effect of optimized dose of biofertilizers on growth of roots on 30, 60, 90, and 120 days after shown 

(DAS), (Other details are described in Table. 4.7.1) 

 

4.7.2 Level of Nitrate, Nitrite, Ammonium and Phosphate Content in Rhizospheric 

Soil, of Wheat (T. aestivum L.) Plant Applied with Immobilized Form of 

Biofertilizers under Stress of Salinity and Cadmium 

 

The soil nitrate content increased by the application on IVJ(SL) was 72.90, 45.33, 

29.28, 21.37, 51.63, 17.09, 12.50 and 70.42% at 60 and  77.40, 56.68, 47.93, 21.77, 

36.18, 30.16, 32.09 end 58.00 at 90 DAS over NF, BFFOM, IVS(SL+Cd), IVJ(SL), 

IVJ(Cd), IVJ(SL+Cd), SCVJ(SL+Cd), IVM(SL) and IVM(SL+Cd) respectively (Figure 

4.7.1). 

The nitrite content in the soil on application with IVJ(SL) recorded significantly 

and it increased at different level by 32.01, 38.10, 29.81, 27.78, 38.80, 22.02, 8.51 and 

31.09%  and 79.71, 68.68, 66.73, 29.14, 47.98, 33.47, 21.26 and 57.94% and 81.80, 

72.81, 66.73, 29.14, 52.26, 38.30, 22.65 and 57.94% at 60, 90 and 120 DAS 

respectively over  NF, BFFOM, IVS(SL+Cd), IVJ(SL), IVJ(Cd), IVJ(SL+Cd), 

SCVJ(SL+Cd), IVM(SL) and IVM(SL+Cd) respectively (Figure 4.7.1). 

Ammonium content was recorded different level by IVJ(SL) by ammonium in 

soil86.02, 84.87, 80.86, 44.29, 83.22, 54.71, 41.54 end 84.60% at 60 DAS 83.28, 65.16, 

54.24, 27.50, 49.96, 46.60, 13.72 end 60.35% at 120 DAS respectively over NF, 

BFFOM, IVS(SL+Cd), IVJ(SL), IVJ(Cd), IVJ(SL+Cd), SCVJ(SL+Cd), IVM(SL) and 

IVM(SL+Cd) respectively (Figure 4.7.1). 

The phosphate content in the root, the application with IVJ(SL) has recorded 

significantly and it increase at different level by 76.97, 45.96, 32.54, 17.17, 33.36, 
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18.05, 13.78 and 37.39% and 86.78, 50.53, 32.40, 19.46, 35.67, 23.75, 11.66 and 

45.86%  at 60 and 120 DAS respectively over NF, BFFOM, IVS(SL+Cd), IVJ(SL), 

IVJ(Cd), IVJ(SL+Cd), SCVJ(SL+Cd), IVM(SL) and IVM(SL+Cd) (Figure 4.7.1). 
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 Figure 4.7.1 The effect of optimized dose of biofertilizers on   nutrient availability in the soil on 30, 60, 

90, and 120 days after sowing. All the values are means of three replicates with two determinations (n=6) 

±S.E).  (DAS). (Other details are described in Table. 4.7.1) 

4.7.3 Level of Nitrate, Nitrite, Ammonium and Phosphate Content in Roots of 

Wheat (T. aestivum L.) Plant Applied with Immobilized Form of Biofertilizers 

under Stress of Salinity and Cadmium 

 

The organic matrix immobilized biofertilizers also increased root nitrate content in 

under stress condition on application of  IVJ(SL) increased by 87.90, 66.71, 59.36, 

22.22, 63.88, 44.18, 20.57, 62.86% at 60 days after sowing respectively over NF, 

BFFOM, IVS(SL+Cd), IVJ(SL), IVJ(Cd), IVJ(SL+Cd), SCVJ(SL+Cd), IVM(SL) and 

IVM(SL+Cd) (Figure 4.7.2). 

The root nitrite increased by 93.67, 57.99, 51.65, 26.64, 42.64, 19.99, 10.43 end 

58.53%  at 60 DAS 87.86, 62.12, 51.65, 10.43, 53.51, 42.64, 20.26, 57.99%  at 120 

DAS, respectively, with application of IVJ(SL) over NF, BFFOM, IVS(SL+Cd), 

IVJ(SL), IVJ(Cd), IVJ(SL+Cd), SCVJ(SL+Cd), IVM(SL) and IVM(SL+Cd) (Figure 

4.7.2). 

The ammonium content in root of wheat plant was increased by ammonium in 

root90.68, 48.43, 38.88, 25.82, 36.01, 14.82, 25.10 end 40.51% at 60 DAS, 88.73, 

47.40, 35.65, 20.02, 32.41, 31.82, 20.15 and 40.12% at 120DAS with the application on 

IVJ(SL) over NF, BFFOM, IVS(SL+Cd), IVJ(SL), IVJ(Cd), IVJ(SL+Cd), 

SCVJ(SL+Cd), IVM(SL) and IVM(SL+Cd) (Figure 4.7.2). 
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The root phosphate increased on application of IVJ(SL) was , 95.17, 53.53, 

28.50, 23.00, 33.61, 18.90, 10.53 end 37.96% at 60 DAS  93.33, 51.24, 24.97, 19.20, 

30.33, 15.44, 1.79 end 34.90%  at 90 DAS over applications on NF, BFFOM, 

IVS(SL+Cd), IVJ(SL), IVJ(Cd), IVJ(SL+Cd), SCVJ(SL+Cd), IVM(SL) and 

IVM(SL+Cd) (Figure 4.7.2).  
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Figure 4.7.1 The effect of optimized dose of biofertilizers on   nutrient availability in the soil on 30, 60, 

90, and 120 days after sowing. All the values are means of three replicates with two determinations (n=6) 

±S.E). (Other details are described in Table. 4.7.1) 

 

4.7.4 Level of Nitrate, Nitrite, Ammonium and Phosphate Content in Leaves of 

Wheat (T. aestivum L.) Plant Applied with Immobilized Form of Biofertilizers 

under Stress of Salinity and Cadmium  

 

Nitrate content in leaves increased when applied with enhanced dose of biofertilizers 

(1.8 kg ha-1) immobilized with organic matrix; IVJ(SL) used jaggery as a nutritive 

binder was recorded by 85.12, 78.13, 72.01, 41.63, 71.92, 46.87, 55.46 and 74.88% at 

60 DAS and 77.54, 61.38, 50.25, 7.00, 40.52, 41.69, 20.82 and 57.36% at 120 days after 

sowing respectively over NF, BFFOM, IVS(SL+Cd), IVJ(SL), IVJ(Cd), IVJ(SL+Cd), 

SCVJ(SL+Cd), IVM(SL) and IVM(SL+Cd) (Figure 4.7.3). 

Nitrite content in wheat leaves increased by 84.45, 63.90, 47.90, 29.85, 39.80, 

50.25, 37.07 end 56.37% 90 days after sowing applied with IVJ(SL) over NF, BFFOM, 

IVS(SL+Cd), IVJ(SL), IVJ(Cd), IVJ(SL+Cd), SCVJ(SL+Cd), IVM(SL) and 

IVM(SL+Cd) (Figure 4.7.3). 

In leaves the ammonium content assimilates and was recorded different level 

IVJ(SL) by 7.80, 55.75, 41.89, 21.43, 42.05, 34.13, 38.18, 51.18% sixty78.33, 57.66, 

40.83, 23.54, 49.46, 45.33, 34.92 end 41.69% at 60 and 120 DAS respectively over NF, 

BFFOM, IVS(SL+Cd), IVJ(SL), IVJ(Cd), IVJ(SL+Cd), SCVJ(SL+Cd), IVM(SL) and 

IVM(SL+Cd) (Figure 4.7.3). 

The increased phosphate content assimilation in leaves by the application of 

IVJ(SL) was 86.89, 80.17, 65.74, 25.98, 56.24, 36.43, 38.78 end 72.81%  at 60 DAS 
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respectively over on applications of NF, BFFOM, IVS(SL+Cd), IVJ(SL), IVJ(Cd), 

IVJ(SL+Cd), SCVJ(SL+Cd), IVM(SL) and IVM(SL+Cd) respectively (Figure 4.7.3). 

 

 

 

0

50

100

150

200

250

300

350

400

450
N

it
ra

te
  (

µ
g 

g-
1

 f
re

sh
 le

av
es

) 

Treatments 

30 DAS 60 DAS 90 DAS 120 DAS

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

N
it

ri
te

  (
µ

g 
g-

1
 f

re
sh

 le
av

es
) 

Treatments 

30 DAS 60 DAS 90 DAS 120 DAS

0

1

2

3

4

5

6

A
m

m
o

n
iu

m
  (

µ
g 

g-
1

 f
re

sh
 le

av
es

) 

Treatments 

30 DAS 60 DAS 90 DAS 120 DAS



       Chapter -4- Results 
 

   Rose Minj / Ph.D. Thesis / DES / BBAU, Lucknow, UP, India / 2016                                                       131 
 

 
 

Figure 4.1.3 Nutrient concentrations in the leaves on 30, 60, 90, and 120 DAS the seeds. (Other details 

are described in Table. 4.7.1) 
 

4.7.5 Yield and Productivity of Wheat (T. aestivum L.) Plant Applied with 

Immobilized Form of Biofertilizers under Stress of Salinity and Cadmium 
 

Application of immobilized biofertilizers (A. chroococcum and B. subtilis) increased the 

yield (g plant
-1

). Enhanced dose of biofertilizers increased grain yield by 63.07, 56.54, 

49.67, 21.26, 56.54, 38.4, 18.19 and 68.46% respectively on application of IVJ(SL) 

over NF, BFFOM, IVS(SL+Cd), IVJ(SL), IVJ(Cd), IVJ(SL+Cd), SCVJ(SL+Cd), 

IVM(SL) and IVM(SL+Cd)  after harvesting at 120 DAS (Figure 4.7.4). 

The straw yield was significantly increased by 65.66, 46.66, 27.07, 15.04, 35.43, 

30.51, 25.34 and 43% on after harvesting with the application on of IVJ(SL) over NF, 

BFFOM, IVS(SL+Cd), IVJ(SL), IVJ(Cd), IVJ(SL+Cd), SCVJ(SL+Cd), IVM(SL) and 

IVM(SL+Cd)  after harvesting at 120 DAS respectively (Figure 4.7.4). 

Figure 4.7.4 Application of optimized dose of biofertilizers in immobilized form on soil significantly 

increased grain yield and straw yield. (Other details are described in Table. 4.7.1) 
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4.8. Growth and Productivity of Wheat (T. aestivum L. cv. PBW-

502) Applied with Charcoal Based Biofertilizers (A. chroococcum 

and B. subtilis) in Triple Dose under Drought Condition on 30, 60, 

90 and 120 Days After Sowing (DAS)  

 

4.8.1 Growth Parameters of Wheat Applied with Immobilized 

biofertilizer under Drought Stress, Recorded on 30, 60, 90 and 120 

Days After Sowing (DAS)  
 

There was a significant increases in growth parameters on application of 

immobilized form of charcoal based optimised biofertilizers (A. chroococcum and B. 

subtilis; R/D = 0.18 kg h
-1

) with vermicompost as a carrier. Application on IVJ(NI), 

increased shoot height, number of leaves, fresh and dry weight of shoot significantly 

(p<0.05) over their respective dose on 30, 60, 90 and 120 days after sowing (Table-

4.8.1). 

The application of biofertilizers significantly increased shoot height on 

IVJ(NI) was 50.15, 9.51, 44.26, 41.61, 46.52, 9.48, 48.45, 26.56, 32.07 and 55.18% 

at 90 DAS  and 47.44, 9.74, 41.17, 37.79, 42.38, 9.13, 44.57, 22.83, 26.99 and 

52.91% at 120 DAS over NF, FCF, FBF, BFOM (NI), FOM (NI), SCVJ(NI)FOM,  

BFOM(D), IVJ(D), SCVJ(D)FOM, FOM(D) respectively (Table-4.8.1). 

The number of leaves was increased by  65.38, 13.46, 46.15, 42.31, 52.88, 

7.69, 53.85, 42.31, 45.19 and 66.35% at 90 DAS and 72.27, 4.20, 50.42, 46.22, 

53.78, 16.81, 56.30, 38.66, 49.58 and 73.11% at 120 DAS in IVJ(NI) over NF, FCF, 

FBF, BFOM (NI), FOM (NI), SCVJ(NI)FOM,  BFOM(D), IVJ(D), SCVJ(D)FOM, 

FOM(D) respectively. Similarly the number of tillers was increased by 68.18, 22.73, 

31.82, 27.27, 40.91, 13.64, 54.55, 31.82, 31.82 and 68.18% at 90 DAS  in IVJ(NI) 

over NF, FCF, FBF, BFOM (NI), FOM (NI), SCVJ(NI)FOM,  BFOM(D), IVJ(D), 

SCVJ(D)FOM, FOM(D) respectively (Table-4.8.1). 

The percentage fresh weight of shoot was significantly increased on 

application of  IVJ(NI)  was  67.94, 10.76, 51.33, 49.47, 62.99, 8.34, 60.34, 41.41, 

48.03 and 71.67% at 90 DAS and 76.12, 16.44, 68.13, 55.43, 71.25, 15.51, 64.43, 

32.38, 39.71 and  80.22%, on 120 days old plant over  NF, FCF, FBF, BFOM (NI), 

FOM (NI), SCVJ(NI)FOM, BFOM(D), IVJ(D), SCVJ(D)FOM, FOM(D) 

respectively (Table-4.8.1). 



Chapter -4- Results 

   Rose Minj / Ph.D. Thesis / DES / BBAU, Lucknow, UP, India / 2016                                               133 
 

The dry weight of shoot was also significantly increased by  69.72,  10.61, 

53.36, 49.84,  63.69, 9.37, 60.71, 41.57, 49.22 and 71.59%  on 90 DAS and 74.23, 

17.35, 58.38, 55.40, 71.96, 15.19, 65.72, 33.95, 40.88 and 80.33% on 120 days after 

sowing respectively by the application of IVJ(NI)  over NF, FCF, FBF, BFOM (NI), 

FOM (NI), SCVJ(NI)FOM, BFOM(D), IVJ(D), SCVJ(D)FOM, FOM(D) (Table 

8.1.1).  Application of immobilized biofertilizers increased shoot length, number of 

leaves, fresh and dry weight of shoots significantly over no fertilizers on 30, 60, 90 

and 120 days after sowing (DAS) under drought condition (Table-4.8.1). 

 

Table 8.1.1 Effect of Free form, Seed Coated and Immobilized Forms of 

Charcoal Based Biofertilizers on Plant Growth Parameters of Wheat (T. 

aestivum L. cv. PBW-502) Shoot on 30, 60, 90 and 120 DAS under Drought 

Stress 

  30 days 60 days 90 days 120 days 

  Plant Height 

NF 26.15±1.51 b 38.37±1.09 ab 44.45±2.20 b 49.00±1.56 b 

FCF 26.67±1.09 b 59.78±1.78 g 80.68±2.85 h 84.15±1.92 h 

FBF 26.53±1.32 b 42.38±2.08 c 49.70±2.51 de 54.85±1.76 d 

BFOM (NI) 24.98±0.94 ab 45.40±1.90 d 52.07±1.22 e 58.00±1.29 e 

FOM (NI) 25.53±1.50 ab 40.28±1.83 bc 47.68±1.39 cd 53.72±1.90 d 

SCVJ(NI)FOM 56.53±1.92 d 76.50±2.52 i 80.72±3.16 h 84.72±1.37 h 

IVJ(NI) 25.52±1.38 ab 67.13±4.76 h 89.17±0.65 i 93.23±1.90 i 

BFOM(D)  23.68±1.32 a 41.00±1.18 bc 45.97±2.08 bc 51.68±0.63 c 

IVJ(D) 23.75±0.99 a 51.75±3.56 e 65.48±2.97 g 71.95±1.22 g 

SCVJ(D)FOM 40.70±3.88 c 55.27±1.54 f 60.57±1.46 f 68.07±1.42 f 

FOM(D) 23.52±0.95 a 35.67±1.27 a 39.97±1.22 a 43.90±2.06 a 

  

      No. of leaves 

NF 3.00±0.00 a 3.67±0.82 a 6.00±0.00 a 5.50±0.55 a 

FCF 3.00±0.00 a 9.00±0.89 e 15.00±1.26 d 19.00±1.41 f 

FBF 3.00±0.00 a 5.33±0.52 bc 9.33±0.82 bc 9.83±0.98 bc 

BFOM (NI) 3.00±0.00 a 5.83±0.41 c 10.00±1.41c 10.67±1.21 cd 

FOM (NI) 3.00±0.00 a 4.50±0.55 ab 8.17±1.17 b 9.17±1.60 bc 

SCVJ(NI)FOM 5.33±0.82 b 14.00±1.67 g 16.00±1.41 de 16.50±1.87 f 

IVJ(NI) 3.00±0.00 a 10.50±1.22f 17.33±2.16 e 19.83±1.47f 

BFOM(D)  2.50±0.55 a 5.33±1.03 bc 8.00±1.55 b 8.67±1.63 b 

IVJ(D) 2.50±0.55 a 7.83±0.98 d 10.00±1.90 c 12.17±1.60 d 

SCVJ(D)FOM 5.00±0.63 b 9.17±0.98 e 9.50±1.52 bc 10.00±1.41 bc 

FOM(D) 2.50±0.55 a 3.67±0.52 a 5.83±0.41 a 5.33±0.52 a 

  

      No. of tillers 

NF 1.00±0.00 a 1.17±0.41 a 1.17±0.41 a 1.50±0.84 a 

FCF 1.00±0.00 a 2.67±0.52 de 2.83±0.75 cd 3.33±0.52 cd 

FBF 1.00±0.00 a 2.33±0.52 cd 2.50±0.55 cd 2.50±0.55 b 

BFOM (NI) 1.00±0.00 a 2.50±0.55 de 2.67±0.52 cd 2.67±0.52 bc 

FOM (NI) 1.00±0.00 a 1.83±0.41 bc 2.17±0.41 bc 2.50±0.55 b 
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SCVJ(NI)FOM 2.50±0.55 c 3.00±0.00 e 3.17±0.41 de 3.33±0.52 cd 

IVJ(NI) 1.00±0.00 a 3.00±0.00 e 3.67±0.52 e 4.00±0.63 d 

BFOM(D)  1.00±0.00 a 1.33±0.52 ab 1.67±0.52 ab 2.67±0.52 bc 

IVJ(D) 1.00±0.00 a 1.83±0.75 bc 2.50±0.55 cd 2.67±0.52 bc 

SCVJ(D)FOM 1.67±0.52 b 2.33±0.52 cd 2.50±0.55 cd 2.67±0.52 bc 

FOM(D) 1.00±0.00 a 1.00±0.00 a 1.17±0.41 a 1.33±0.52 a 

  

      Fresh wt. of Shoot 

NF 1.21±0.02 b 1.79±0.09 b 2.41±0.10 b 3.55±0.11 b 

FCF 1.22±0.02 b 3.84±0.12 i 6.71±0.13 h 12.43±0.17 i 

FBF 1.22±0.01 b 2.13±0.02 e 3.66±0.07 e 4.74±0.05 d 

BFOM (NI) 1.22±0.01 b 2.15±0.03 e 3.80±0.16 ef 6.63±0.18 de 

FOM (NI) 1.21±0.01 b 1.92±0.06 c 2.78±0.14 c 4.28±0.23 c 

SCVJ(NI)FOM 2.85±0.08 d 4.03±0.13 j 6.89±0.07 h 12.57±0.35 i 

IVJ(NI) 1.23±0.02 b 3.36±0.07 h 7.52±0.08 i 14.87±0.22j 

BFOM(D)  1.15±0.01 a 2.03±0.02 d 2.98±0.39 d 5.29±0.16 e 

IVJ(D) 1.16±0.02 a 2.29±0.13 f 4.41±0.16 g 10.06±0.38g 

SCVJ(D)FOM 2.17±0.01 c 3.06±0.05 g 3.91±0.19 f 8.97±0.12 f 

FOM(D) 1.15±0.02 a 1.58±0.10 a 2.13±0.06 a 2.94±0.14 a 

  

      Dry wt. of Shoot 

NF 0.07±0.00 b 0.52±0.03 b 0.68±0.05 a 1.95±0.06 b 

FCF 0.15±0.00 g 1.11±0.04 h 2.01±0.04 g 6.25±0.05 i 

FBF 0.15±0.01 gh 0.61±0.01 cd 1.05±0.07 d 3.15±0.03 e 

BFOM (NI) 0.08±0.00 cd 0.63±0.02 d 1.13±0.04 e 3.37±0.01 f 

FOM (NI) 0.08±0.00 b 0.57±0.06 c 0.82±0.04 b 2.12±0.03 c 

SCVJ(NI)FOM 0.16±0.01 f 1.18±0.05 i 2.04±0.02 f 6.41±0.05 i 

IVJ(NI) 0.13±0.00 h 1.01±0.06 g 2.25±0.02 h 7.56±0.03 j 

BFOM(D)  0.08±0.00 c 0.62±0.02 d 0.88±0.07 c 2.59±0.06 d 

IVJ(D) 0.09±0.01 d 0.68±0.04 e 1.31±0.05 f 5.00±0.12 h 

SCVJ(D)FOM 0.13±0.00 e 0.94±0.01 f 1.14±0.03 e 4.47±0.06 g 

FOM(D) 0.06±0.01 a 0.47±0.04 a 0.64±0.02 a 1.49±0.04 a 
 

All the values are means of three replicates with two determinations (n=6) ±S.D.), One way ANOVA 

is performed to compare the means of different treatments at p < 0.05. Values followed by different 

letters are significantly differences between the treatments.[Where, NF-No fertilizer, FCF-Free 

form recommended dose of urea and DAP,  FBF- free form of biofertilizers, BFOM (NI)-free 

form of biofertilizers with organic matrix under normal irrigation, FOM (NI)-free form of 

organic matrix under normal irrigation, SCVJ(NI)FOM- Seed coat with biofertilizers and 

vermicompost + free form organic matrix, IVJ(NI)- Immobilized form of biofertilizers with 

normal irrigation, BFOM(D)- Biofertilizers and free form of organic matrix under drought, 

IVJ(D)- Immobilized form of biofertilizers under drought condition SCVJ(D)FOM- Seed coat 

with biofertilizers and vermicompost + free form organic matrix under drought condition,  

FOM(D)- free form of organic matrix under drought condition] 

 

Application of biofertilizers immobilized with organic carriers increased root 

length, number of roots, fresh and dry weight of roots significantly over no 

fertilizers on 30, 60, 90 and 120 days after sowing (DAS), the increase in the plant 

growth was however, more pronounced when measured on 30 days after sowing 

(Table 4.8.2). Root length increased due to application on IVJ(NI)  was 59.85, 7.26, 

29.78, 25.33, 37.48, 6.96, 33.04, 20.59, 25.93 end 60.15% at 90 DAS and 53.69, 
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8.07, 31.57, 26.27, 33.80, 7.79, 33.24, 21.84, 27.57 end 57.44% at 120 DAS 

respectively over applications on NF, FCF, FBF, BFOM (NI), FOM (NI), 

SCVJ(NI)FOM,  BFOM(D), IVJ(D), SCVJ(D)FOM, FOM(D) (Table 4.8.2). 

 Number of roots was increased on application of IVJ(NI)  by   73.23, 45.67, 

60.63, 57.48, 62.99, 25.98, 64.57, 48.03, 48.82 and 74.80% at 60 DAS and 78.79, 

50.51, 58.59, 55.05, 60.10, 37.37, 61.11, 54.04, 56.57 and 76.77% at  120 DAS 

respectively over applications on NF, FCF, FBF, BFOM (NI), FOM (NI), 

SCVJ(NI)FOM,  BFOM(D), IVJ(D), SCVJ(D)FOM, FOM(D) (Table 4.8.2). 

Addition of 1.8 kg ha-1 biofertilizers in immobilized form IVJ(NI)  

significantly increased the root biomass over the recommended dose of biofertilizer 

(0.6 kg ha-1) and recommended dose of chemical fertilizers. The increased in root 

biomass was  59.58, 11.86, 50.93, 44.03, 55.85, 7.72, 55.30, 24.43, 29.48 and 

65.09%  on 90 DAS  and 55.10, 13.66, 47.94, 38.51, 51.41, 11.04, 52.83, 19.40, 

29.18 and 62.75%  on 120 days after sowing respectively, by the application of 

organic matrix immobilized biofertilizers in triple dose (IVJ(NI) ) over NF, FCF, 

FBF, BFOM (NI), FOM (NI), SCVJ(NI)FOM,  BFOM(D), IVJ(D), SCVJ(D)FOM, 

FOM(D)  (Table 4.8.2). 

The percentage dry weight of root was increased by  63.84, 11.68, 58.27, 

48.91, 58.70, 6.90, 53.57, 30.53, 31.10 and 69.72%  on 90 DAS and 68.61, 11.38, 

55.86, 50.11, 63.55, 9.37, 60.76, 41.99, 45.54 and 71.77% recorded in 120 days old 

plants by the application of IVJ(NI) over NF, FCF, FBF, BFOM (NI), FOM (NI), 

SCVJ(NI)FOM,  BFOM(D), IVJ(D), SCVJ(D)FOM, FOM(D)  (Table 4.8.2). 

 

Table 4.8.2 Effect of charcoal based A. chroococcum and B. subtilis 

biofertilizers on plant growth parameters of wheat (T. aestivum L. cv. PBW-

502) Roots on 30, 60, 90 and 120 DAS under drought stress  

  No. of Roots 

NF 4.50±1.64 a 5.67±1.63 ab 8.33±1.21 ab 7.00±0.63 a 

FCF 4.00±0.89 a 11.50±1.76 e 20.17±1.60 f 16.33±6.22 b 

FBF 4.00±0.89 a 8.33±1.97 c 11.67±2.50 cd 13.67±3.01 b 

BFOM (NI) 4.33±1.21 a 9.00±2.76 cd 12.83±3.49 cd 14.83±1.72 b 

FOM (NI) 4.00±0.63 a 7.83±1.17 bc 10.50±1.22 bc 13.17±2.79 b 

SCVJ(NI)FOM 7.67±0.82 c 15.67±3.50 f 19.17±3.76 f 20.67±4.89 c 

IVJ(NI) 4.17±0.75 a 21.17±2.04 g 27.83±1.72 g 33.00±2.28 d 

BFOM(D)  3.83±0.75 a 7.50±0.55 abc 10.67±1.21 bc 12.83±1.33 b 

IVJ(D) 3.50±0.55 a 11.00±2.00 de 16.00±1.55 e 15.17±2.04 b 
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All the values are means of three replicates with two determinations (n=6) ±S.D.) (Other details are        

described in Table. 4.8.1) 
 

 

SCVJ(D)FOM 5.67±0.52 b 10.83±0.98 de 13.33±1.21 d 14.33±3.14 b 

FOM(D) 3.67±0.52 a 5.33±0.82 a 7.50±0.84 a 7.67±0.82 a 

  
      Root length 

NF 2.57±0.47 a 3.67±0.35 a 4.52±0.42 a 5.55±0.50 a 

FCF 2.67±0.40 a 9.13±0.51 f 10.43±0.68 f 11.02±0.77 d 

FBF 2.58±0.51 a 6.45±0.37 c 7.90±0.47 cd 8.20±0.84 bc 

BFOM (NI) 2.83±1.20 a 6.75±0.46 cd 8.40±0.49 d 8.84±0.39 c 

FOM (NI) 2.55±0.33 a 5.90±0.51 b 7.03±0.33 b 7.93±0.42 bc 

SCVJ(NI)FOM 7.67±0.98 a 9.93±0.41 g 10.47±0.51 f 11.05±0.72 d 

IVJ(NI) 2.71±0.35 a 9.37±0.42 f 11.25±0.57 g 11.98±0.51 d 

BFOM(D)  2.43±0.45 a 5.62±0.39 b 7.53±0.35 bc 8.00±0.26 bc 

IVJ(D) 2.41±0.24 a 7.17±0.23 de 8.93±0.42 e 9.37±0.32 c 

SCVJ(D)FOM 5.15±0.44 b 7.53±0.26 e 8.33±0.31 d 8.68±0.57 b 

FOM(D) 2.38±0.26 a 3.43±0.34 a 4.48±0.33 a 5.10±0.17 a 

  
      Fresh wt. of Root 

NF 0.20±0.01 b 0.23±0.01 b 0.29±0.02 b 0.35±0.03 b 

FCF 0.19±0.03 b 0.57±0.04 g 0.63±0.03 g 0.68±0.02 h 

FBF 0.19±0.03 ab 0.29±0.01 cd 0.35±0.02 d 0.41±0.01 d 

BFOM (NI) 0.19±0.02 b 0.30±0.01 d 0.40±0.01 e 0.48±0.03 e 

FOM (NI) 0.20±0.01 b 0.25±0.03 bc 0.32±0.01 c 0.38±0.01 c 

SCVJ(NI)FOM 0.35±0.04 d 0.64±0.05 h 0.66±0.03 i 0.70±0.02 h 

IVJ(NI) 0.19±0.01 b 0.59±0.02 g 0.72±0.03 j 0.79±0.01 i 

BFOM(D)  0.17±0.01 ab 0.26±0.03 bc 0.32±0.01 c 0.37±0.02 bc 

IVJ(D) 0.17±0.02 a 0.37±0.03 e 0.54±0.03 g 0.63±0.01 g 

SCVJ(D)FOM 0.26±0.03 c 0.43±0.03 f 0.50±0.02 f 0.56±0.03 f 

FOM(D) 0.16±0.01 a 0.19±0.01 a 0.25±0.01 a 0.29±0.02 a 

          

 Dry wt. of Root 

NF 0.04±0.00 b 0.06±0.00 b 0.07±0.00 b 0.08±0.00 a 

FCF 0.04±0.00 b 0.14±0.00 h 0.16±0.01 g 0.22±0.00 g 

FBF 0.04±0.00 b 0.07±0.00 cd 0.08±0.01 c 0.11±0.01 c 

BFOM (NI) 0.04±0.00 b 0.08±0.00 d 0.09±0.00 e 0.13±0.01 d 

FOM (NI) 0.04±0.00 b  0.07±0.00 c 0.08±0.00 c 0.09±0.01 b 

SCVJ(NI)FOM 0.09±0.01 d 0.15±0.01 i 0.17±0.00 h 0.23±0.00 g 

IVJ(NI) 0.04±0.00 b 0.13±0.00 g 0.19±0.00 i 0.25±0.00 h 

BFOM(D)  0.04±0.00 a 0.08±0.00 d 0.09±0.00 d 0.10±0.01 b 

IVJ(D) 0.04±0.00 a 0.08±0.01 e 0.13±0.01 f 0.15±0.00 f 

SCVJ(D)FOM 0.07±0.00 c 0.12±0.00 f 0.13±0.01 f 0.14±0.00 e 

FOM(D) 0.04±0.00 a 0.05±0.01 a 0.06±0.00 a 0.07±0.00 a 
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4.8.2 Availability of Nitrate, Nitrite, Ammonium and Phosphate Content in the 

Soil on Application of Immobilized Biofertilizers Super Granules under 

Drought Stress Condition 

Nitrate content was highest when applying the applications of immobilized 

biofertilizers with vermicompost as a carrier; IVJ(NI) during cultivation of wheat 

crop. Increased percentage by IVJ(NI) was 74.59, 11.25, 66.48, 51.91, 65.08, 61.03, 

19.28 and 77.64% at 60 DAS,  79.98, 4.79, 72.48, 65.17, 73.36, 72.90, 25.11 and 

81.71% at 90 DAS and 76.26, 16.64, 64.23, 57.65, 66.85, 69.97, 35.01 and 84.17%  

at 120 DAS over applications on  NF, FCF, FBF, BFOM (NI), FOM (NI), 

BFOM(D), IVJ(D) and FOM(D) respectively (Figure 4.8.1). 

The increased nitrite content according to the application of IVJ(NI)  in soil 

was Nitrite in soil 68.53, 7.97, 43.13, 25.72, 56.22, 55.77, 30.75, 13.01 and 73.35% 

at 60 DAS and 75.78, 12.58, 53.67, 43.71, 59.73, 19.69, 52.34, 16.80, 34.23 and 

79.90% at 120 DAS significantly over NF, FCF, FBF, BFOM (NI), FOM (NI), 

BFOM(D), IVJ(D), SCVJ(D)FOM and FOM(D) respectively (Figure 4.8.1). 

On application of IVJ(NI) was increased ammonium content in soil at 

different concentration level by 74.16, 4.37, 59.04, 38.59, 50.55, 16.37, 49.97, 

28.36, 36.19 and 75.26% at 90 DAS 77.41, 17.15, 70.36, 41.84, 51.04, 24.84, 58.42, 

26.47, 38.41 and 41.70%  at 120 DAS respectively over NF, FCF, FBF, BFOM (NI), 

FOM (NI), SCVJ(NI)FOM, BFOM(D), IVJ(D), SCVJ(D)FOM and FOM(D) (Figure 

4.8.1). 

 Phosphate content in soil was also increased on application of IVJ(NI) by 

l83.39, 10.86, 74.46, 58.89, 71.61, 76.02, 44.56, 11.49 and  86.05%  at 60 DAS over 

NF, FCF, FBF, BFOM (NI), FOM (NI), BFOM(D), IVJ(D), SCVJ(D)FOM and 

FOM(D) respectively (Figure 4.8.1). 
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Figure 4.8.1 Effect of immobilized biofertilizers on the nutrient availability in the soil on 30, 60, 90, 

and 120 days after shown (DAS). All the values are means of three replicates with two 

determinations (n=6) ±S.E), (Other details are described in Table. 4.8.1) 
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4.8.3 Availability of Nitrate, Nitrite, Ammonium and Phosphate Content in the 

Roots on Application of Immobilized Biofertilizer Based Super Granules under 

Drought Stress Condition 

 

Immobilized form of biofertilizers with vermicompost based super granules 

increased the nitrate content in roots was recorded significantly on application of  

IVJ(NI)  by Nitrate in root 58.05, 2.93, 47.69, 23.72, 49.03, 46.72, 21.01, 17.25 and  

67.54% and 56.50, 9.84, 46.31, 21.14, 31.89, 27.84, 13.02, 27.96 and 60.57%  at 60, 

and 120 DAS respectively over NF, FCF, FBF, BFOM(NI), FOM(NI), BFOM(D), 

IVJ(D), SCVJ(D)FOM, FOM(D). Similarly application of Immobilized biofertilizers 

with IVJ(D) and SCVJ(D)FOM also increased nitrate content in roots of wheat plant 

at different days of intervals over NF, FBF, BFOM(NI) and FOM(NI) (Figure 

4.8.2). 

The increased nitrite content in roots by application of IVJ(NI) at 60 DAS  

and 120 DAS was 79.02, 4.65, 51.32, 31.95, 48.25, 45.96, 20.11 and 81.25%  and 

87.86, 13.46, 72.62, 51.67, 59.50, 59.10, 22.17 and 89.32% over NF, FCF, FBF, 

BFOM(NI), FOM(NI), BFOM(D), IVJ(D) and FOM(D) (Figure 4.8.2). 

The increased percentage of ammonium content was 73.88, 14.13, 44.53, 

37.64, 57.15, 51.66, 23.47, 19.84 and 76.36% at 60 DAS  85.76, 19.62, 56.80, 37.56, 

49.93, 45.33, 23.48, 34.41and 86.56% at 120 DAS in roots of wheat plant by 

application on super granule of IVJ(NI) over NF, FCF, FBF, BFOM(NI), FOM(NI), 

BFOM(D), IVJ(D) and SCVJ(D)FOM, FOM(D) (Figure 4.8.2). 

On application of IVJ(NI) which enhanced the nutrient availability of 

phosphate content in plant roots was recorded highest by Phosphate in root 94.19, 

8.03, 29.57, 20.40, 32.85, 42.24, 9.71, 0.40 and 95.93% and 94.21, 14.40, 43.09, 

36.11, 43.77, 55.29, 29.78, 35.07 and  95.94% at 60 and 120 DAS respectively over 

NF, FCF, FBF, BFOM(NI), FOM(NI), BFOM(D), IVJ(D), SCVJ(D)FOM and 

FOM(D) (Figure 4.8.2). 
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Figure 4.8.2 The immobilized biofertilizers increased nutrient availability in the roots on 30, 60, 90, 

and 120 days after shown (DAS). All the values are means of three replicates with two 

determinations (n=6) ±S.E). (Other details are described in Table. 4.8.1) 

 

4.8.4 Availability of Nitrate, Nitrite, Ammonium and Phosphate Content in the 

Leaves by the Application of Immobilized Biofertilizers Based Super Granules 

under Drought Stress Condition 

Nitrate content was recorded highest with the application of IVJ(NI) in plant leaves 

by 60.46, 2.13, 49.89, 31.20, 51.32, 3.94, 42.96, 13.24, 19.75 and 63.23%  at 90 

DAS and 56.40, 8.42, 38.63, 21.25, 44.77, 10.19, 51.44, 13.70, 25.56 and 68.97%  at 

120 DAS over NF, FCF, FBF, BFOM(NI), FOM(NI), SCVJ(NI)FOM, BFOM(D), 

IVJ(D), SCVJ(D)FOM and FOM(D) respectively (Figure 4.8.3). 

Similarly by the application of IVJ(NI) also increased the nitrite content in 

plant leaves over NF, FCF, FBF, BFOM(NI), FOM(NI), BFOM(D), IVJ(D) and 

FOM(D) was 73.40, 12.18, 58.13, 50, 63.76, 59.15, 20.67 and 79.60%  at 60 DAS 

and 85.29, 19.72, 70.05, 57.73, 77.30, 69.68, 27.30 and 87.11%  at 120 DAS 

respectively (Figure 4.8.3). 

On application of IVJ(NI) the nutrient availability of ammonium content in 

plant leaves was recorded highest by 78.60, 12.16, 54.55, 46.01, 62.87, 55.64, 47.47, 

14.31, 81% and 87.52, 17.15, 56.85, 46.59, 64.13, 67.34, 36.59, 44.53 and 90.88% 

at 60 and 120 DAS respectively over NF, FCF, FBF, BFOM(NI), FOM(NI), 

BFOM(D), IVJ(D), SCVJ(D)FOM and FOM(D) (Figure 4.8.3). 

The phosphate content in leaves was highest recorded on the application of 

IVJ(NI) by 77.85, 12.07, 42.13, 36.70, 52.67, 15.08, 53.43, 16.83, 28.22 and 79.88% 

at 90 DAS  86.78, 19.22, 46.41, 32.40, 45.86, 20.76, 50.53, 23.75, 35.68 and 88.15% 
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at 120DAS respectively NF, FCF, FBF, BFOM(NI), FOM(NI), SCVJ(NI)FOM, 

BFOM(D), IVJ(D), SCVJ(D)FOM and FOM(D) respectively (Figure 4.8.3) 
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Figure 4.8.3 Nutrient concentrations in the leaves increased on 30, 60, 90, and 120 DAS. All the 

values are means of three replicates with two determinations (n=6) ±S.E). (Other details are described 

in Table. 4.8.1) 

 

4.8.5 Grain and Straw Yield of Wheat (T. aestivum L.) Plant Applied with 

Immobilized Biofertilizers Based Super Granules under Drought Stress 

Condition 

Application on immobilized biofertilizers in form of the super granules increased the 

yield percentage by 72.09, 14.76, 60.95, 54.22, 67.47, 26.92, 67.12, 30.86, 40.97 and 

77.06% on application of IVJ(NI) over NF, FCF, FBF, BFOM(NI), FOM(NI), 

SCVJ(NI)FOM, BFOM(D), IVJ(D), SCVJ(D)FOM and FOM(D)  after harvesting at 

120 DAS (Figure 4.8.4). 

The percentage of straw yield significantly increased on application of 

IVJ(NI) was 71.2, 8.75, 62.39, 47.19, 66.02, 12.9, 57.91, 21.2, 29.44 and 78.32% on after 

harvesting over NF, FCF, FBF, BFOM(NI), FOM(NI), SCVJ(NI)FOM, BFOM(D), 

IVJ(D), SCVJ(D)FOM and FOM(D) respectively (Figure 4.8.4). 

 

Figure 4.8.4 Grain and straw yield significantly increased on application of immobilized 

biofertilizers on soil. Values are mean of data (n=6) ± SE, differences are statistically 

significant and shown different alphabets using Duncan’s multiple range test (DMRT). Data 

analysed by one way ANOVA at <0.05.  (Other details are described in Table. 4.8.1) 
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4.8.6 Changes in Physico-Chemical Properties of Soil by the Application of 

Biofertilizers in free form, Seed Coated form and Immobilized within Organic 

Matrix 

 

The immobilized biofertilizers decreased soil pH more significantly than no fertilizer 

and free form of biofertilizers applied in field. Water holding capacity of the soil 

increased during the crop cultivation, which was higher in the plots applied with the 

chemical fertilizers (CF) (Table 8.4.3). The organic matrix immobilized biofertilizers 

increased organic carbon (%) and organic matter (%) in the soil very significantly in 

comparison to the no fertilizers or conventional chemical fertilizers. In addition total N, 

available N, available P and soluble K were significantly increased on harvest in the 

presence of immobilized biofertilizers over the other treatments (Table 8.4.3). 

 

Table 4.8.3 Changes in Physico-Chemical Properties of Soil on Application of Free 

Form of Biofertilizer, Seed Coated Form and Immobilized Form with Organic 

Matrix 

  NF FBF CF FBF+OM BFS BF-3(SV) IVJ 

pH SS 8.27 ± .04 8. 64 ± .06 8.04 ± .03 8.15 ± .05 8.35 ± .05 8. 76 ± .05 7.91 ± .05 

 H 7.56 ± .03 7.78 ± .05 7.65 ± .02 7.47 ± .02 8.02 ± .04 8.12 ± .03 7.47 ± .10 

EC ds/m2 SS 0.88 ± .02 0.41 ± .02 0.60 ± .05 0.84 ± .05 0.87 ± .05 0.90 ± .03 0.48 ± .03 

 H 0.47 ± .02 0.35 ± .05 0.28 ±.01 0.22 ± .05 0.65 ± .02 0.21 ± .04 0.19 ± .04 

WHC % SS 49 ± 3.05 46 ± .05 47 ± .10 50 ± .02 47 ± 3.02 45 ± .08 46 ± .02 

 H 30 ± .05 58 ± .03 58 ± .05 62 ± .04 59 ± .04 66 ± .06 69 ± .03 

OC % SS 0.38 ± .03 0.40 ± .02 0.38 ± .09 0.41 ± .04 0.42 ± .05 0.40 ± .03 0.32 ± .02 

 H 0.42 ± .06 0.57 ± .05 0.61 ± .03 0.63 ± .02 0.57 ± .02 0.57 ± .05 0.57 ± .05 

OM SS 0.65 ± .05 0.68 ± .02 0.65 ± .05 0.70 ± .02 0.72 ± .09 0.68 ± .03 0.55 ± .05 

 H .72±. 02 .98 ± .01 1.05 ± .03 1.08 ± .05 .98 ± .04 .98 ± .05 .98 ± .01 

N 

(kg/ha) 
SS 

124.21± 

4.08 

128.01 ±2 

.09 

125.41 ± 

4.03 

118.12 ± 

5.02 
121 ± 4.21 

126.16 ± 

5.2 
119 ± 6.86 

 H 
169.25 ± 

5.26 

198.34 ± 

4.32 

225.64 ± 

9.05 

220.75 ± 

8.02 

205.32 ± 

9.25 

248.52 ± 

8.93 

285.66 ± 

10.05 
P2O5 

(kg/ha) 
SS 7 ±0 .4 8 ± 0.05 8 ± 0.05 6 ± 0.04 9 ± 0.05 10 ± 0.08 9 ±0 .03 

 H 10±0. 06 18 ± 0.04 25 ±0 .03 29 ± 0.08 26 ±0 .08 30 ±0 .05 48 ±0 .04 

K 

(kg/ha) 
SS 

165.24 ± 

8.5 

168.21 ± 

9.02 

165.65 ± 

10.55 

150.43 ± 

5.12 

172.22 ± 

8.92 

166.56 ± 

10.30 

165.24 ± 

8.54 

 H 
195 ±10 

.25 

215 ±12 

.06 
265 ± 16.4 

220 ±12 

.12 

252 ±20 

.29 

288 ± 

18.03 
297 ±12 .5 

 

Analysis of physico-chemical parameters before seed sowing and at harvest stage. All the values are 

means of three replicates with two determinations (n=6)±SD. [Where, NF; No Fertilizer, FBF; Free Form 

of Biofertilizers (Optimized dose; A. chroococcum- 1.80 kg ha
-1

and B. subtilis -1.80 kg ha
-1

), CF; 

Recommended dose of Urea-150 kg ha
-1

 and DAP- 75 kg ha
-1 

, FBF+OM; free form of biofertilizers with 

organic matrix free form, BFS; Seed coated with biofertilizers, IVJ; immobilized form of biofertilizers 

with vermicompost,  BF-3(SV); Seed coated with biofertilizers and organic matrix] 
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4.9 Cost Benefits Analysis 

The total cost of cultivation of wheat was calculated by detailed economic analysis of 

input cost and income obtained and it was the sum of common and valuable costs of 

different treatments. The cost calculation was carried out on the basis of prevailing 

market rates during the crop years (Table 4.9.1). 

 

Table 4.9.1 Net loss/gain in terms of economic return for wheat (Triticum aestivum 

L.) cultivated using biofertilizers in free form, seed coated form and immobilized 

organic matrix based super granular forms 

 

Labour day
-1

=  300.00/-; Organic Matrix (100 Kg) =  500.00/-; Urea (100 Kg) =  1000.00/-;  

Biofertilizers/Kg=  120.00/-;  DAP (100 Kg) =  2000.00/-; Binder(saresh)/ kg=  300.00/- ; 

Binder(molasses)/ lt. =  80.00/- ; Binder (jaggery)/ kg=  35.00/-[Where, NF= No fertilizers; CF= 

conventional chemical fertilizers (urea and DAP); FBF-III= free form of Biofertilizers; FBF+OM = 

Free form of biofertilizer and free form of organic matrix; BF-3(SV)= Biofertilizers in triple dose 

with vermicompost in seed coated form; SCV+OM = biofertilizers coated with biofertilizer and 

vermicompost + free form of organic matrix; BFS-III =Biofertilizers in triple dose in seed coated 

form; IVJ(SL) = Immobilized biofertilizers in vermicompost used binder as jaggery in applied in 

saline condition; IVA=  Immobilized biofertilizers in vermicompost used binder as jaggery; IVM =  

Immobilized biofertilizers in vermicompost used binder as molasses; IVJ= Immobilized 

biofertilizers in vermicompost used binder as jaggery. 

 Input cost  ha
-1

 Income  ha
-1

 

 

Approx. 
Labour+ 

Field Prep. 
( ha

-1
) 

Seed ha
1
 

( ha
-1

) 

Fertilize
r 

( ha
-1

) 

Other/ 
Irrigation 
/Organic 

Matrix ( ha
-

1
) 

Total 
(Rs ha

-1
) 

Net 
seed 
yield 

(t ha
-1

) 

Approx. 
rate 
/ton 

Cost of 
product 
( ha

-1
) 

Net ( ha
-1

) 
Loss (-) / 
gain(+) 

NF 13,000.00 3,600.00 0.00 2,500.00 19,100.00 0.79 16,000.00 2,640 (-) 16,460.00 

CF 13,000.00 3,600.00 3000.0 2,500.00 22,100.00 3.31 16,000.00 52,960 (+) 30,860.00 

FBF-III 13,000.00 3,600.00 0.00 2620.00 19,220.00 1.20 16,000.00 19,200 (-) 20.00 

FBF+OM 13,000.00 3,600.00 0.00 3120.00   19,720.00 1.77 16,000.00 28,320 (+) 8,600.00 

BF-3(SV) 13,000.00 3,600.00 0.00 3360.00 19,960.00 1.9 16,000.00 30,400 (+) 10,440.00 

SCVJ+O
M 

13,000.00 3,600.00 0.00 3120.00 19,720.00 2.8 16,000.00 44,800 (+) 25,080.00 

BFS-III 13,000.00 3,600.00 0.00 2,870.00 19,470.00 1.73 16,000.00 27,680 (+) 8,210.00 

IVJ(SL) 13,000.00 3,600.00 0.00 3,420.00 20,020.00 2.71 16,000.00 43,360 (+) 23,340.00 

IVA 13,000.00 3,600.00 0.00 6,000.00 22,600.00 3.84 16,000.00 61,440 (+) 38,840.00 

IVM 13,000.00 3,600.00 0.00 3,800.00 20,400.00 3.86 16,000.00 61,760 (+) 41,360.00 

IVJ 13,000.00 3,600.00 0.00 3420.00 20,020.00 3.88 16,000.00 62,080 (+) 42,060.00 
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Chapter 5 

DISCUSSION 

Excessive loading of chemical fertilizers is a common feature in green revolution 

belts, which causes many economic, environmental and health related problems 

(Gupta et al., 2008; Rawat et al., 2011; Kumar et al., 2014a, b). Low efficiency of 

uptake of nutrients in many crops is another factor that aggravates the process of 

leaching, volatilization, and emissions of nutrients of the added soluble chemical 

fertilizers, which are readily released in the soil and atmosphere (Akiyama, 2000; 

Tilman et al., 2002; Jagadeeswaran et al., 2005; Menendez et al., 2008; Monem et 

al., 2010; Myrbeck et al., 2012; Kumar et al., 2014a). Such losses in various forms 

pollute the ecosystems, degrade air and water quality and enhance the process of 

global warming (Velmurugan et al., 2008; Rawat et al., 2010; Weligama et al., 2010; 

Rawat et al., 2012).  

It has been reported that application of biofertilizer is a common practices for 

crop cultivation throughout the world as it increases plant productivity and grain 

yield (Gudadhe et al., 2005; Rajpar et al., 2006; Zaman et al., 2010; Guizazu et al., 

2013; Xin-Kai et al., 2012; Sapkota et al., 2014; Kumar et al., 2014a, b; 2015a, b). 

Biofertilizers can modify soil conditions and enrich soil fertility. Which play a 

critical role in soil nutrient cycling, and agricultural fertilization that significantly 

affects the communities and activities of microbes involved in the soil nitrogen cycle 

(Sun et al., 2015). The mode of application (seed coating, and soil inoculation) of 

biofertilizers may also affects efficacy of microbes (Ramus et al., 2000; Al-Moudi 

and Moujahed 2006; Arshad et al., 2008; Kizilkaya, 2008; Malusa et al., 2012; 

Herrmann and Lesueur, 2013; Zang et al., 2014).  

The present data indicates that the application of enhanced dose of 

biofertilizers i.e. three fold of its recommended dose increased wheat productivity 

significantly. The fivefold (BF-V) and sixfold (BF-VI) doses of biofertilizer 

maintained the plant growth productivity but failed to increase grain yield, which 

was higher than the threefold dose of biofertilizer. The enhanced doses of 
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biofertilizer increased the plant growth parameters i.e., biomass of the plant, nitrate, 

nitrite, ammonium and phosphate content in rhizosphere soil and plant parts as 

measured on 30, 60, 90 and 120 days after sowing the seeds (Ashok et al., 2014; 

Kumar et al., 2014a, b; 2015a, b). The triple dose dose of biofertilizer increased 

plant growth parameters over recommended dose of biofertilizer, single dose of 

biofertilizer, double dose of fertilizer and enhanced fivefold dose of biofertilizer in 

terms of fresh weight of plant and biomass, nutrient availability and yield 

productivity (Table - 4.1.1; 4.1.2 and Figure 4.1.1-4.1.4). 

 

Today, interest in Azotobacter as inoculants for agriculture has only recently 

been revived in granular form, free form, seed inoculation and as root colonization 

forms etc. (Cocking, E.C., 2003; Al- Amoudi, O.A., Moujahed, H.M., 2006; Kundu 

et al., 2009; Sharma et al., 2011, 12; Nayak et al., 2012; Otinga et al., 2013; Kumar 

et al., 2013a,b,c; Kizilkaya et al., 2012; 2014; Ashok et al., 2014; Kumar et al., 

2015a,b). Seed coating with charcoal based biofertilizer have been shown that, the 

enhanced doses of biofertilizer can produce more yield with certain technical 

interventions and improve nutritional qualities (Packowski and Berryhill 1979; 

Yang, 2003; Ogut et al., 2005; Cheng and Yang et al., 2006;). The application of 

enhanced dose of biofertilizer as seed coated form increased the root and shoots 

length and mainly increased the fresh weight of shoot and root ratio. Seed coated 

with biofertilizer in threefold (BFS-III) increased the plant growth parameters over 

without adding fertilizers, single dose of biofertilizer (BFS-I), twofold (BFS-II) and 

sevenfold (BFS-VII) by obtained significantly total plant biomass was 16.44, 4.23, 

3.66 and 4.31% at 120 days after shown (DAS) respectively (Table -4.2.1; 4.2.2 and 

Figure 4.2.1-4.2.4). 

 

Another mode on application of seed coated with enhanced doses of 

biofertilizer and organic matrix significantly increased the shoots height, root length, 

fresh and dry weight of shoot and root. Seed coated with threefold of biofertilizer 

and vermicompost; BFS-3(SV) increased the plant growth parameters over without 

fertilizer adding,  single dose of biofertilizer and vermicompost coated seed; BFS-

1(SV), similarly twofold of BFS-2(SV), fivefold BFS-5(SV), sixfold BFS-6(SV), 

and sevenfold BFS-7(SV) by obtained significantly total plant biomass was 75, 3.23, 

1.61, 1.61, 4.03 and 6.45% at 90 days after shown (DAS) respectively. The nutrient 
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content in wheat cultivated soil was increased in all the treatments as compared to 

control. It may be stated that the increased soil fertility and improvement in the 

nitrogen fixing and phosphate solubilisation in rhizospheric soil. The nitrogenous 

and phosphate content in soil and plant tissue part significantly recorded in increased 

level (Table - 4.3.1, 4.3.2 and Figure 4.3.1- 4.3.4). 

 

The present data of this study indicates that the application of enhanced dose 

of biofertilizer increased the wheat productivity. The application of biofertilizer in 

free form, seed coat form and in immobilized form separately in pot as well as plot 

condition indicate that the enhanced doses of biofertilizers increased the plant 

growth parameters in terms of shoot height, root length, number of leaves, number 

of roots, number of tillers and fresh and dry weight of shoot and root as measured on 

30, 60, 90 and 120 days after sowing the seed. But when pot plant compare 

with plot plant it showed the significance different between them in terms of their 

growth productivity. The plant biomass of pot was less than the plot, the significant 

different was there is no tillers or short height in pot condition. The yield 

productivity was also less as compared to the plot plant (Figure- 5.1.1). 
 

Figure 5.1.1 Yield of wheat crop affected by enhanced dose of biofertilizer with different mode 

of application at pot and field conditions. One way ANOVA is performed to compare the means of 

different treatments at p < 0.05. Values followed by different letters are significantly differences 

between the treatments [Where NF- No fertilizers, CF-RD- Recommended dose of urea and DAP, 

BF-III- Triple dose of biofertilizers, BFSC- Seed coated with biofertilizers and IVJ- Immobilized 

form of biofertilizers with organic binder jaggery] 

 

The enhanced dose of biofertilizer in different agro-climatic conditions 

reported significantly (Ashok et al., 2014; Kumar et al., 2013a, Kumar et al., 2014a, 

b; Sharma et al., 2011; 2012). In this experiment it was found that the threefold 

(optimal dose) of biofertilizer (recommended dose) doses increased the plant growth 
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and yield over the no fertilizer, free form of biofertilizer and free form of 

conventional chemical fertilizers. It appears that a dose optimization for use of 

biofertilizer is needed in different crops and different agro climatic conditions to 

obtain better efficacy of these fertilizers. To achieve that, the improvement of the 

microbial biofertilizers quality and availability is crucially needed near future for the 

sustainable development.  
 

Organic matrix are good for sustainable agriculture in present scenario, it 

enhanced the crop productivity, soil fertility and enhance the efficacy of 

biofertilizers (Yang,2003; Dahiya et al., 2004; Kumar et al., 2012; 2015a Ashok et 

al., 2014; Sharma and Singh, 2011; Kumar et al., 2013a, b; 2014a, b; 2015b) ) 

inoculants have to be designed in organic matrix to provide a dependable/suitable 

source of beneficial bacteria that survive in the soil and become available to the 

plant) too (Gopinath et al., 2008; Shaharoona et al., 2008; Hasanuzzaman et al., 

2010; Ardakani, et al., 2011; Sharma et al., 2012; Minaxi et al., 2013; Singh et al., 

2013; Kumar et al., 2014 a, b; 2015a, b). Organic matrix based super granules 

contained lower chemical fertilizers but shows higher nitrate, nitrite, ammonium and 

phosphate in rhizosphere and its wheat roots and  leaves as measured on 30, 60, 90 

and 120 days after sowing the seeds during cultivation. As well as it improves soil 

properties and soil nutritional level at harvest stage of the crop. This is possibly 

because of slow release and slow leaching of the nutrients in soil leaching (Kondo et 

al., 2005; Tang et al., 2006; Grant et al., 2012; Yushi et al., 2013; Ibrahim et al., 

2014; Steng et al., 2014). The cow-dung, neem leaves and acacia gum binder 

available in the immobilized matrix may also be adding to the organic matter and 

nutritional and microbial status of soil same with farm yard manure and cow-dung 

based super granules. The increase in organic matter, organic carbon and soil 

microbial activities on application of organic manures have been reported for some 

cropping system (Sharma et al., 2011, 2012; Wild et al., 2014; Tamilselvi et al., 

2015). The neem leaves are known to contain urease inhibitors which subsequently 

may decrease the release of free ammonia from the granules (Mohanty et al., 2008; 

Abbasi et al., 2011; Abalos et al., 2012). 

 

The elemental properties of organic matrix and immobilized super granules 

were detected by the SEM-EDX analyser. SEM-EDX of organic matrix and 

immobilized super granules and free form of chemical fertilizers (urea and DAP) 
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indicate that the C, O, Mg, Al, Si, P, S, K and Zr present in these fertilizers. The 

ratio of CHN of the different organic matrix; clay soil, neem leaf, cow-dung, 

commercial chemical fertilizers and various organic matrix immobilized granular 

slow release fertilizers is shown in Figure 4.1- 4.12. The results indicate that organic 

matrix based fertilizers possess higher carbon percentage and slightly lower or same 

percentage of nitrogen as compared to urea and DAP, clay soil and neem leaf 

powder.  
 

The analytical analysis by Fourier transmission infrared radiation (FTIR) of 

various organic matrix based immobilized super granules showed that the highest 

absorption bands ranges from 2850-3000 cm
-1

 to 3200-3500 cm
-1

 (Figure 4.13-4.20 

and Table 4.1). Generally, the bands around 3300 cm-1 represent O-H and N-H 

stretching vibrations that are mainly represent the proteins and carbohydrates (D’ 

Souza et al., 2008). The absorption peak band at 3375 cm-1 depicts the N-H bonded 

secondary amines in the organic matrix. The absorption peak at 3300-3400 are 

related to stretching vibration of structural OH and NH groups of granules consisting 

of organic matrix based urea granules, potassium dihydrogen and ammonium 

dihydrogen phosphate (Olad and Rashidzadeh, 2012).  
 

A absorption bands peak at 1630-1695 cm
-1

 and 1720-1740 cm
-1

 is due to 

C=O stretching mode related to urea (Emrani et al., 2011). The absorption broad 

band at 3200- 3500 cm
-1

 may also be due to OH groups in the polysaccharides of 

granules and carboxylic acid functional groups in the substrate (Pourjavadi et al., 

2012). The appearance of bands between 2850-3000 cm
-1

 is due to the combined 

stretching of CH3 and CH2 groups in all granule formulations. The protein 

absorption bands between 1500-1560 cm
-1

 contains amide I and amide II bands. The 

bands between 1500 and 1000 cm
-1

 belong to the fingerprint region (Rashidzadeh 

and Olad, 2014), amide III and the functional groups of nucleic acids and 

carbohydrates contributed to these absorption bands in samples. A very sharp band 

of wave number 1733.8 which represents acid, aldehyde and ketone groups appeared 

in the neem leaves, showing the presence of saturated aldehydes. The absorption 

band in the ranges from band region of 500-540 is due to S-S (disulphide) weak 

group in certain granule mixtures. The studied IR spectrum of urea and DAP based 

granules showing bands in the range of 1400-1450 and 1630-1680 are the 

characteristic absorption bands of urea (Liu et al., 2008). The absorption bands of 

spectra on various granule formations showed the presence of important functional 
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groups of various biomolecules and other inorganic nutritional compounds present 

in them.  
 

The co-immobilized super granule fertilizers possess higher carbon 

percentage due to it contains cow dung, vermicompost and FYM organic matrix as 

carrier (Ramos and Martinez 2006; Sahni et al., Prabha et al., 2007; 2008; Vivas et 

al., 2009; Wang et al., 2010; Warman and Anglopez, 2010; Lazcano and Dominguez 

2011; Singh et al., 2013). In which vermicompost co-immobilized biofertilizer 

showed the significant elemental properties which are required by the plant for 

better growth and productivity.  

 

 Data of this study indicate that the organic matrix based immobilized 

biofertilizers in form of super granules increase the microbial population (Kumar et 

al., 2005; Sharma et al., 2011a, b; Dong et al., 2014; Kumar et al 2015b), it contains 

15 to 18 cfu g-1 bacteria per granule. The biofertilizer (threefold) co-immobilized in 

organic matrix with different combinations in the form of super granules. The 

vermicompost based immobilized super granules contains significant microbial 

growth and population followed by farm yard manure and cow dung (Table 4.4.14). 

The data of this study also indicates that the application of immobilized form of 

biofertilizers i.e. Azotobacter chroococum and Bacillus subtilis increased the total 

biomass of the crop plant, which is directly correlated to the growth and productivity 

of the plants. This study also indicates that the dose optimization and the use of 

organic carrier to formulate super granules provide the available nutrients to the 

plant for better yield productivity and enrich the soil fertility. 

 

Whereas co-immobilized Azotobacter and Bacillus with organic matrix and 

used different binders and stored it in different temperature showed the significant 

results. Microbial growth in super granules at different storage temperature shows 

the various aspects. The organic matrix (vermicompost) immobilized with 

biofertilizers used jaggery as binder shows the significant growth at storage 

condition followed by organic matrix (vermicompost) immobilized with 

biofertilizers used binder as molasses and organic matrix (vermicompost) 

immobilized with biofertilizers used acacia (plant gum) as binder at different 

temperature (Table 4.4.15). (There is no previous work/references with molasses 

and jaggery used as binders to formulate super granular fertilizer in 

agricultural field).  
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Kumar et al., 2015a, b; Sharma et al. 2011a, b; 2012 demonstrated that the 

application of organic matrix in agricultural field, increase nutritional and microbial 

status of soil. The significant increase of soil microbial population and activities in 

the presence of organic manures was reported (Sharma et al. 2011a, b; Kumar et al., 

2014a, 2015b). It has been reported that the organic manure such as cow-dung, 

vermicompost, farm yard manure, poultry manure and other organic waste materials 

combined used with biofertilizers during the crop cultivation increased the microbial 

population and its activity in soil and also increased the productivity of crop in the 

agricultural field (Ramos and Martinez 2006; Sahni et al., Prabha et al., 2007; 2008; 

Gong et al., 2009; Warman,. and Anglopez, 2010; Singh et al., 2013; Dong et al., 

2014; Radha and Rao, 2014; Wild et al., 2014; Tamilselvi et al., 2015). 
 

The application of fertilizers have been found directly co-related to the 

productivity of cereals in general and wheat in particular (Abedi et al., 2010; Cerny 

et al., 2010; Laik et al., 2014). Nitrogen losses in gaseous forms pollute the 

ecosystems, degrade water quality and enhance the process of global warming 

(Adesemoye et al., 2009; Jiang et al., 2010; Rawat et al., 2010; Weligama et al., 

2010; Liu et al., 2014; Plaza-Bonilla et al., 2014). Organic manures e.g. cow-dung, 

compost, vermicompost and farm yard manure (FYM) etc. have been found as an 

alternative to the chemical fertilizers in organic farming systems (Ardakani et al., 

2011; Moharana et al., 2012; Nayak et al., 2012; Otinga et al.,2013; Yadav et al., 

2013). Biofertilizers have been identified as another alternative to chemical 

fertilizers to increase soil fertility and crop production in sustainable manner (Kundu 

et al., 2009; Wu et al., 2005; Perez- Montano et al., 2014; Ramesh et al., 2014). In 

recent years, biofertilizers have emerged as an important component of the 

integrated nutrient management programs and hold a great promise to improve crop 

yield with minimum environmental degradation. Strains of Azotobacter, Rhizobium, 

Bradyrhizobium, Azospirillum, Pseudomonas, Bacillus and Acetobacter etc. have 

been developed as biofertilizers for cereals, pulses, vegetables, oil seeds, cotton, 

sugarcane, wheat etc (Mahajan et al., 2003; Ogut et al., 2005; Shaukat et al., 2006; 

Broschat and Moore, 2007; Adesemoye et al., 2009; Swarnalakshmi et al., 2013; 

Lavakush et al., 2014). 
 

This study has performed to investigate the effect of the biofertilizers and 

organic matrix on growth and yield of wheat at different days after sowing in field 

conditions. Application of organic matrix immobilized with biofertilizers enhanced 
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the content of higher nitrate, nitrite, ammonium and phosphate in rhizospheric soil 

and plant parts as measured on 30, 60, 90 and 120 days after sowing (Figure 4.3.1-

4.3.4). These super granules improved soil physiochemical and biological properties 

and nutrients availability which was assessed during crop cultivation. Higher nitrate 

levels in plant leaves indicate that application of these fertilizers enhanced the 

nitrogen uptake by roots (Ashok et al., 2014; Kumar et al., 2013a, 2014a, b). Sharma 

et al., 2011 and 2012 have also showed that application of farm yard manure, green 

manure and biofertilizers increase soil microbial properties in optimal irrigation and 

no tillage conditions. The experimental study revealed that the threefold dose of 

biofertilizers over recommended dose was found to be optimal dose. This data 

depicts that the formulations of super granules can help to bring out the loading of 

chemical fertilizers urea and DAP and can produced more wheat yield with better 

nutritional qualities. In addition, immobilized of these biofertilizers to a 

biodegradable, low cost organic matrix contained local and cheap agro-waste 

materials like cow-dung, FYM, vermicompost, neem leaves powder, clay soil 

(Ashok et al., 2014; Kumar et al., 2013a, 2014a, b; 2015a, b Minj and Singh 2015).  

 

The recommended dose of a nutrient is generally used by field trials in the 

given agro-climatic conditions, however many factors e.g. soil type, environmental 

stress, availability of organic matter and nutrients in soil and other agro-climatic and 

genetic factors may affect the nutrient use efficiency for specific crops in 

agricultural fields (Kumar et al., 2013a, Kumar et al., 2014a,b). This study indicates 

that the new formulation of super granules prepared in different organic carrier and 

binders they release the available nutrient to the rhizospheric soil, provide essential 

nutrient to the plant. The organic carrier based super granules protect the microbes 

from direct contact to the soil and various environmental stresses, organic matrix 

and nutritive organic binders provide nutritional and healthy environment to the 

microbes also (Heijnen et al. 1992; Adil et al., 2005; Moujahed, H.M., 2006; Kundu 

et al., 2009; Densilin et al., 2011; Sharma et al., 2011a,b, 12; Nayak et al., 2012; 

Otinga et al., 2013; Kumar et al., 2013a,b,c; Kizilkaya et al., 2012; 2014; Ashok et 

al., 2014; Kumar et al., 2015b). Cow-dung available in the matrix beading to the 

organic matter and nutritional and microbial status of soil. Sharma et al. 2011a, b, 

have also demonstrated a significant increase in soil microbial activities in the 

presence of organic manures. Organic matrix such as vermicompost is the better 
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sources to the microbes provide sufficient nutrients and shelter. Similarly with the 

FYM support the growth and enhanced the efficacy of biofertilizers. 

 

The low nutrient levels in soil leads to low crop productivity due to less 

availability of essential nutrients needed for plant growth, metabolism and 

reproductive yield. Therefore, additional fertilizers (especially N fertilizers) are 

loaded to increase crop yield. Since application of fertilizers is directly related to 

plant yield in cereals like CF- R/D, The N cycle is an essential and complex 

biogeochemical cycle that has a great impact on soil fertility (Jetten, 2008; Mc-

Allister et al., 2012; Godinot et al., 2014). In wheat, excessive loading is a common 

feature in green revolution belts, which causes many environmental, economic and 

health related problems (Singh et al., 2010; Abedi et al., 2010; Cerny et al., 2010; 

Ryan et al., 2012; Kong et al., 2013; Singh et al., 2014; Laik et al., 2014). Low 

efficiency for the uptake of fertilizers in many crops is another factor that aggravates 

the leaching, volatilization and emissions related losses of the loaded soluble/ 

chemical fertilizers which are readily released in the soil and atmosphere (Akiyama, 

2000; Guo et al., 2014). Over 50% of the applied N can be lost from agricultural 

systems as N trace gases and reactive nitrogen species (Adesemoye et al., 2009, 

Weligama et al., 2010; Cui et al., 2012; Liu et al., 2014; Plaza-Bonilla et al., 2014). 

Similarly when P, another growth limiting nutrient, is applied in high percentage, 

sometimes up to 90%, is precipitated by metal complexes in the soil and can later 

lead to P pollution (Adesemoye et al., 2009).  
 

Bacteria inoculation significantly increased number of spike/m
2
, plant height, 

spike length, 1000 kernel weight, and grain yield dry matter increased fresh and dry 

weight, P and K availability, uptake nutrient and the plant growth (Sundara et al., 

2002; Gizaway, 2009; Ahmed et al., 2011; Abou et al., 2012; Zafar et al., 2012; 

Gupta et al., 2013). In soil stress condition, bacteria possess stress tolerance along 

with the plant growth- promoting traits (Tiwari et al., 2011) also B. subtilis and B. 

cereus gave the most frequent positive growth responses (wheat seedling, root 

weight, shoot weight and shoot length) (Ryder et al., 1999). Use of biofertilizers (B. 

amyloliquefaciens and A. brasilense) improve drought stress tolerance of wheat 

which tolerant to osmotic stress, fixates nitrogen were the best inoculation for yield 

of wheat grains (Omar et al., 2000, 2009). Wheat growth under drought stress 

conditions through priming with beneficial bacteria considered biofertilizer 
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(Azospirillum) has ability to attenuate several stress consequences in plants which 

strongly supports the potential of such an approach to control drought stress in 

wheat (Kloepper, 2003; Cohen et al., 2008;Kasim et al., 2013). They are able to 

produce plant hormones such as auxin, and proteins like polyamines, fix N, increase 

root growth and enhance growth of plant under the stress condition (Ramos et al., 

2002; Bhaskara Rao and Charyulu, 2005; de-Bashan et al., 2005; Russo et al., 2008; 

Cassan et al., 2009). The beneficial effects of microorganisms are important in 

agricultural and environmental significance it can resist the unfavourable effects of 

stress. (Bashan et al., 1991; Castellanos et al., 2000; El-Komy et al., 2003; Pereyra 

et al., 2006, 2009 Fischer et al., 2007; Spaepen et al., 2008; Arzanesh et al., 2009; 

Pereyra et al., 2009). They have ability to alleviate the stress (Arzanesh et al., 2011). 

The A. chroococcum inoculations influenced plant growth and the nitrogen content 

of various plant parts, the plant growth promotion due to stimulation of native 

microbial communities of the rhizosphere/rhizoplane region (Pandey et al., 1999).  

 

Immobilizing of biofertilizer with organic matrix used nutritive organic 

binders such as acacia gum (saresh) (Sharma et al., 2011; 2012; Kumar et al., 2012; 

2013a, b; 2014 a, b; 2015 a, b), molasses and jaggery (Kirk and Othmer 1967; 

Bhosale and Gadre, 2001; Kalogiannis et al., 2003; Aksu and Tugba-Eren 2005; Li 

et al., 2007; Oliveira et al., 2007; Ren  et al., 2010; Kucukasik et al., 2011; 

Cappelletti et al., 2012; Abou-Taleb et al., 2014; Trivedi and Shah 2014). The data 

indicated that the use of organic matrix along with nutritive organic binders plays an 

important role to enhance the efficacy of charcoal based biofertilizers (Kundu et al., 

2009; Ardakani et al., 2011; Piromyou et al., 2011; Yadav et al., 2011; Panhwar  et 

al., 2012; Singh et al., 2013; Kumar et al., 2014a, b; Yadav et al., 2014). The data 

also indicate that the organic matrix provide additional nutrition and micro 

environment to these microbes in the granules which increase its population and 

activity significantly leading to enhanced nutrient availability for the crop for a 

longer duration (Sharma et al., 2011; 2012). The nutrient content was significantly 

increased in soil and plants parts. The nutrient levels was observed in organic matrix 

immobilized biofertilizers with vermicompost used jaggery as a binder (IVJ) treated 

plants showed increased nitrate assimilation at vegetative and reproductive stages 

that enhanced plant growth and seed yield. Increase the nitrate, nitrite and 

ammonium assimilation in soil and in many crops have been reported with the 
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application of slow release fertilizers, which include wheat (Ingle et al., 2010; 

Kumar et al., 2014 a, b; 2015 b), rice (Saigusa, 1999; Dahiya et al., 2004, Singh et 

al., 2006; Kumar et al., 2012; Ashok et al., 2014), Indian mustard (Sharma and 

Singh, 2011). Organic matrix immobilized triple dose of charcoal based 

biofertilizers used jaggery as binders have reported higher growth of plant especially 

fresh weight of plant by 53.20 and 9.49% on application on IVJ over no added 

fertilizer and recommended dose of chemical fertilizers respectively. IVJ the best 

formulation over recommended dose of soluble chemical fertilizers. For this there is 

a need to formulate super granules for better plant growth, development and 

productivity. The nutrient content in soil as well as plant parts recorded significantly 

by application on immobilized biofertilizer with vermicompost used jaggery as 

binder (IVJ) (Table 4.6.1, 4.6.2 and Figure 4.6.1-4.6.5). 

 

Anthropogenic influence and global change of climate there is an actual 

problem of plant adaptation to the odd environments affects the production of crops 

(Gupta et al., 2002; IPCC, 2007; Ovrutska, 2012). Under stress conditions the plant 

faces a dilemma that lowers agricultural production due to reduction in grain yield 

by drought and heat stresses, it considered that environmental constraints is an 

important agricultural problems, affecting from optimal for their plant growth, 

development and productivity (Vinocur and Altman 2005; Sekmen et al., 2012; 

Kreczmer et al., 2012; Zhang et al., 2013).  

 

Growth and productivity of crop and soil inhabiting microbial population is 

negatively affected by soil salinity (Nautiyal et al., 2013). But there is some salt 

resistant, rhizosphere competent bacteria like Bacillus amyloliquefaciens and other 

inoculation with selected PGPR could improve plant health in saline stress condition 

and increased plant growth (Nautiyal et al., 2013; Patel and Saraf, 2013). But 

organic matrix carrier provided the nutrition and a good shelter to the microbes 

where they obtain their food and protection from external stresses (Van-Elsas and 

Heijnen, 1990; Rodriguez-Navarro et al. 1991; Heijnen et al. 1992).  

 

Biofertilizer in immobilized with organic carrier showed significant results 

under over abiotic and biotic stresses (Kloepper, 2003; Lucy et al., 2004; Wu et al., 

2005; Conrath et al., 2006; Fischer et al., 2007; Spaepen et al., 2008;Dimkpa et al., 

2009; Omar et al., 2009; Tiwari et al., 2011; Tapias et al., 2012; Jha and 

Subramanian, 2014). This experimental study depicts that the immobilized 
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biofertilizers with vermicompost used jaggery as binder (IVJ) has significantly 

recorded the growth parameters, nutrient availability and yield under stress 

condition. Application with IVJ was increased yield by 72.09, and 14.76%, under 

drought condition and 63.07 and 12% under saline condition over without fertilizer 

and recommended dose of chemical fertilizer (Figure 4.7.5 and 4.8.5). 

A direct correlation between the application of NPK fertilizers and crop 

productivity have been reported for wheat cultivation (Yadav, 2003; Kumar and 

Nanwal, 2006; Osborne, 2007; Brar et al., 2013; Duan et al., 2014), biofertilizers, 

e.g., A. chroococcum, B. subtilis, Azospirillum, Acetobacter (Kumar et al., 2001,

Ogut et al., 2005; Lavakush et al., 2014; Perez-Montano et al., 2014; Ramesh et al., 

2014) and organic fertilizers (Sharma and Prasad, 1999; Yadav et al., 2013; Laik et 

al., 2014; Singh et al., 2014) organic binders (Kumar et al., 2013a,b,c; Kizilkaya et 

al., 2012; 2014; Ashok et al., 2014; Kumar et al., 2015a, b) have been applied to the 

wheat fields as alternative and eco-friendly. It has been demonstrated that the 

immobilized super granules recorded the significant increase in soil nutrient content 

and obtained better plant growth and yield in the presence of organic matrix and 

organic binders. Organic matrix such as vermicompost is the better sources to 

provide sufficient nutrients support the growth and enhanced the efficacy of 

biofertilizers.  

Cost Benefits Analysis 

From cost analysis study, it was found that our new formulated organic matrix 

immobilized bio-fertilizers based “Super Granules” were eco-friendly and cost 

effective in terms of total gain per hectare to the farmers. These formulations are 

very effective in increasing crop productivity and yield over the commercial 

chemical fertilizers, free form of charcoal based biofertilizers and no fertilizers. 

The total cost cultivation was calculated by detailed economic analysis of 

input cost and obtained income  and it was the sum of common and variable costs of 

different treatments. The cost calculation was carried out on the basis of prevailing 

market rates during the crop years. This data concerned with the cost calculation of 

grain yield showed that super granular biofertilizer i.e. IVJ-III gave maximum net 

returns of Rs.(+) 42,060.00 followed by (IVM-III) gave maximum net returns of Rs. 

(+) 41,360.00, (IAM-III) gave maximum net returns of Rs.(+) 38,840.00, SCVJ+OM  
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gave maximum net returns of Rs. (+) 25,080.00 followed by recommended dose of 

soluble chemical fertilizers CF-R/D;Rs. (+) 30,860.00, FBF+OM gave maximum net 

returns of Rs. (+) 8,600.00 and BF-3(SV) gave maximum net returns of Rs.(+) 

10,440.00 in wheat crop cultivation. The nutrient release from super granules having 

threefold dose of biofertilizers, immobilized in organic carriers (clay soil, 

vermicompost, and neem leaves) with organic binders as jaggery, molasses and 

saresh (gum of Acacia spp.) resulted in maximum net returns as compared to free 

form application of  biofertilizers and recommended dose of chemical fertilizers. 
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Chapter 6 

SUMMARY AND CONCLUSIONS 

Wheat (Triticum aestivum L.) is the most important cereal crop in the world, which is 

cultivated over a wide range of climatic conditions. Due to climatic constraints and 

shrinkage of per capita arable land wheat productivity has suffered loses worldwide. 

In India also wheat production has declined due to climate change and anthropogenic 

activities such as industrialization, urbanization, construction of roads, railway tracks, 

etc. It is estimated that in India the arable land will be reduced to 0.10 ha
-1

 by 2050. 

On the other hand India’s population is growing at the rate of 1.9% per annum which 

has increased the demand for food production. To fulfil the needs of growing 

population, dependency on conventional fertilizers as a source of nutrients to enhance 

yield has increased. The excessive use of chemical fertilizers has caused drastic 

effects on environment, economy and public health, which has resulted in 

environmental pollution, ecological damage, degraded soil fertility and increased cost 

of cultivation. The conventional chemical fertilizers are more efficient for crop 

productivity in a given unit area, however, a significant amount of applied fertilizers 

i.e. 30-50% approximately get lost by leaching, runoff, volatilization and emission 

losses. These losses account economic losses and indeed, environmental degradation 

and health hazards. To reduce the impact and load of conventional chemical fertilizers 

there is a need for some alternative measures that can provide food security for 

growing population in ecologically sustainable and cost effective manner. 

Sustainability in agriculture sector can be attained through developing an 

efficient nutrient management system with the use of organic manures and 

biofertilizers that holds potential to maintain soil fertility and crop productivity at 

lower cost.  Among various organic management approaches, application of 

biofertilizers in agricultural field considered most efficient and cost effective practice. 

Biofertilizers are products containing living cells of different types of 

microorganisms, which have ability to convert nutritionally important elements 

nitrogen, phosphorus and potassium (N, P and K) from unavailable to available form 

through biological process such as atmospheric N fixation; and solubilisation and 

mineralization of rock phosphate, etc. Thus biofertilizers can decrease the dependency 

on use of chemical N and P fertilizers making them available to plants and 
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significantly improving nutrient status of soil. They not only play major role in 

reducing use of chemical fertilizers but also reduce the rate of nutrient loss due to 

leaching, volatilization and fixation after fertilizer application to the soil and helps in 

improving yield in sustainable manner. 

 Biofertilizers when applied directly in soil or on seeds lose their efficacy as 

they fail to compete with existing microbial population and acclimatize themselves 

under prevailing environmental conditions. Their efficacy can be improved by 

immobilizing them with non-toxic, biodegradable materials which provide shelter and 

nutrients to survive and flourish in soil even under unfavourable conditions. Organic 

manures such as cow-dung, compost, vermicompost, poultry manure, farm yard 

manure (FYM), crop residue and green manure etc. which are recommended as an 

alternative to the chemical fertilizers in farming system are non-toxic, biodegradable 

materials that have capacity to provide a range of nutrients and improve physical and 

biological properties of soil. Immobilization of biofertilizers also delays their release 

in soil thereby extending time period for their availability. Thus immobilization of 

biofertilizers with organic manures as carrier is a sustainable strategy to enhance the 

efficiency of biofertilizer to increase crop productivity as well as soil fertility. 

The present investigation entitled “Enhancing the Efficacy of Azotobacter 

chroococcum and Bacillus subtilis by Dose Optimization and Immobilization within 

Organic Carrier for High Wheat (T. aestivum L.) Productivity” was carried out to 

develop and study the optimal conditions for enhanced productivity of wheat (T. 

aestivum L.) using an efficient organic nutrient system based on basic principles of 

the plant nutrient and simple technological intervention. 

 

From the present study following conclusions were drawn out: 

 

 The experiment on assessment of effect of consortium of biofertilizers on 

wheat productivity and dose optimization when applied as seed coat and in 

free form in pot: study revealed that the threefold dose of biofertilizers 

(recommended dose) increased the growth and yield compared to crops grown in 

soil without fertilizer, with recommended dose and twofold of recommended dose 

on application in form of seed coat as well as in free form. However, when 

biofertilizer was applied as seed coat showed better results in comparison to free 

form application.  Further increase in dose concentration does not produced 
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significant effect on growth and productivity of wheat. At threefold dose the yield 

was recorded to be increased by 43.34, 19.93 and 17.57% when applied as seed 

coat and 17.46, 5.41 and 4.84% when applied in free form over no fertilizer, 

single dose, and twofold dose, respectively.  

 

 The experiment on assessment of effect of consortium of biofertilizers on 

wheat productivity and dose optimization, applied as seed coat and free form 

in plots: study shown that the threefold dose of biofertilizers (recommended dose) 

was optimum to enhance the growth and yield of wheat crop compared to control 

(without fertilizer), recommended dose and twofold of recommended dose on 

both, seed coat and free form of application and increase in dose concentration 

beyond threefold does not produced any significant effect on growth and 

productivity of wheat.  

Similar to pot experiment in plot experiment when biofertilizers was applied as 

seed coat showed better results compared to free form of application. The yield 

productivity was recorded to be increased by 48.71, 17.71 and 8.45% on seed coat 

application and 20.18, 8.47 and 6.09% in case of free form of biofertilizers over 

no fertilizer, single dose and twofold dose, respectively. 

 

 Formulation and Characterization of Super granules: The super granules were 

formulated by immobilizing biofertilizers with different organic matrix i.e. 

vermicompost, farm yard manure and cow dung with binders Acacia, molasses 

and Jaggery; clay soil as inert carrier and neem leaves. The super granules 

prepared in different combinations were analyzed through SEM-EDX and FTIR to 

determine elemental properties and functional groups of granules and the result 

obtained revealed that the super granules prepared with vermicompost with all 

three binders contains higher percentage of CHN ratio.  

The microbial population in super granules was maintained in storage even at 

different temperature. The immobilization of biofertilizers in organic matrix and 

organic binder significantly supported and enhanced the microbial population. The 

highest microbial population was recorded in super granules prepared with 

vermicompost and jaggery at different storage time and varying temperature. 

 

 Application of super granules for wheat cultivation in pots: All combination of 

organic matrix and binders immobilizing biofertilizers were applied in pots to 

enhance wheat productivity. The study showed super granules of biofertilizers 
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immobilized with vermicompost and jaggery produced best results in terms of 

plant growth and yield in comparison to no fertilizer, chemical fertilizer, and other 

combinations of immobilized biofertilizers.  

 

 Application of best performing super granules of biofertilizers immobilized 

with vermicompost and jaggery under environmental stress conditions: 

Under drought condition super granules of vermicompost and jaggery (IVJ-D) 

increased percentage of grain yield by 59.63, 43.51, 33.78, and 52.92% over no 

fertilizer (NF), free form biofertilizers (FBF), free form biofertilizers + free form 

of organic matrix (BFFOM) and free form of organic matrix (FOM). Under 

salinity super granules of vermicompost and jaggery (IVJ-SL) increased yield by 

77.08, 11.27, 69.10 and 21.26% over no fertilizer (NF), free form chemical 

fertilizers (CF), free form biofertilizer + free form of organic matrix (BFFOM) 

and immobilized biofertilizers in vermicompost used jaggery as binder under 

stress condition in cadmium (IVJ-Cd). Under cadmium stress condition,  super 

granules of vermicompost and jaggery (IVJ-Cd) increased percentage of grain 

yield by 51.09, 43.11 and 34.72% over no fertilizer; (NF), free form 

biofertilizers+free form of organic matrix; (BFFOM) and immobilized 

biofertilizers in vermicompost used acacia gum as binder under stress condition in 

cadmium and salinity; (IVJ-Cd+SL). 

 

 Cost benefit analysis: From cost benefit analysis study it was concluded that the 

use of vermicompost as organic matrix and jaggery as binder for formulation of 

super granules of biofertilizer are cost effective in terms of their easy availability, 

low cost and potential to improve wheat productivity per hectare thereby reducing 

economic pressure over farmers and replacing dependency on costly chemical 

fertilizers. 

 
 

Conclusions 

 

A consortium of biofertilizers (A. chroococcum and B. subtilis) at threefold of 

recommended dose was formulated in form of super granules by immobilizing with 

organic matrix (sole nutrient source) and binder to increase wheat (T. aestivum L. cv. 

PBW- 502) productivity. Super granules of immobilized biofertilizers were observed 

to increase the growth of wheat plants on 30, 60 and 90 DAS in terms of root and 

shoot length, number of roots and leaves as well as fresh and dry wt. of roots and 
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leaves, tiller number and grain and straw yield over the recommended dose (2.47 kg 

ha
-1

) of the same biofertilizers. Biofertilizers immobilized in an organic matrix 

increased the efficacy of these biofertilizers over the non-immobilized conventional 

forms. An increase in plant growth of wheat by application of higher doses of 

biofertilizers and immobilized biofertilizers were correlated with the availability of 

NO3
-
, NO2

-
, NH4

+
 and PO4

+
 in the plant rhizosphere (0-15 cm) and their mobilization 

from soil to the plant parts was observed during wheat cultivation in experimental 

fields. 

The results indicate that the dose of biofertilizers usually used for wheat 

cultivation is not a true reflection of the actual requirements of biofertilizers for 

different crops in different agro-climatic regions and it requires a revisit. In addition, 

immobilize of these biofertilizers to a biodegradable, low cost organic matrix 

contained local and cheap agro-waste materials like cow dung, vermicompost, FYM, 

neem leaves powder, clay soil and different organic binders i.e. acacia gum, molasses 

and jaggery enhanced its efficacy over the free form of biofertilizers and free form of 

chemical fertilizers. This opens a new dimension to develop; commercial organic 

fertilizers which can maintain the crop productivity parallel to the conventional 

chemical fertilizers and simultaneously can be eco-friendly, cost effective and soil 

enriching. 

 

Recommendations 

 We can improve the efficacy of biofertilizer by amending the other organic 

carrier in organic farming systems.  

 We can prepare super granules for enhancing its efficacy by combination of 

bacteria with fungi.  

 This experimental study was done in small field. The applications of these 

type of super granules apply in essential field conditions in sustainable 

agriculture. 

 These low cost super granules can use in integrated crop management system 

to reduce the load of chemical fertilizers and reuse of organic waste. 
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