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Introduction 
India has achieved self sufficiency in food grain production after Green revolution era of 
1960s. This revolution was greatly emphasized upon the use of high yielding varieties, 
chemical fertilizers and irrigation water. The unison of these components led to increased 
food grain production manifold compared to pre green revolution period. The technologies 
created some ill-effect on the soil and environmental health in the later years due to excessive 
use of chemical fertilizers and pesticides. The indiscriminate use of chemical fertilizers, 
pesticides and irrigation water led to the decline in soil fertility and environmental quality 
besides, declining per unit factor productivity. The introduction of high yielding varieties 
further exacerbated the use of chemical fertilizers because of excessive removal of the soil 
nutrients for producing high yield. This excessive use of chemical fertilizers on account of 
high nutrients requirement caused deterioration of soil health, which in turn adverse effect on 
the soil floral and faunal composition. If such conditions, continued in future then soils would 
become unproductive to produce satisfactory yield. Such situations pose great challenges 
before the scientists, the researchers and policy planners in achieving the goals of sustainable 
crop production and in meeting the food requirements of growing population. This calls for 
some alternative strategies like integrated nutrient management approaches using crop 
rotations, organic manures, chemical fertilizers and bio-fertilizers for sustainable crop 
production and maintenance of ecological health without affecting the soil fertility. Among 
the components bio-fertilizers application seems to be an ecologically sound practice, as it is 
a substance, which contains living micro organisms like bacteria, algae or fungi which when 
applied to seed, plant surfaces, or soil, colonizes the rhizosphere or the interior of the plant 
and promotes growth by increasing the supply or availability of major nutrients to the plant.  
Bio-fertilizers either fix the atmospheric nitrogen or supply major nutrients (nitrogen and 

There is great challenge before the scientists, the researchers and policy planners in 
achieving the goals of sustainable crop production and in meeting the food 
requirements for the burgeoning population. This calls for some alternative 
strategies in crop management like integrated nutrient management approaches 
using a combination of crop rotations, organic manures, chemical fertilizers and 
bio-fertilizers for sustainable crop production and maintenance of ecological health. 
Among the components, bio-fertilizers application seems to be an ecologically and 
ecologically sound practice, particularly in present day modern agricultural 
practices for a developing nation due to their being as less expensive, easy to use 
and safe for soil and environment health.  
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phosphorus) and growth promoting substances to the crop. It supplies nutrients to the crops 
and accelerates the microbial activities in the soil thereby ensures ready availability of other 
nutrients to the crop.  The bio fertilizers being eco-friendly, no hazardous less expensive, 
easy to use and have no detrimental effect on soil and environment health advocate their use 
in present day modern agricultural practices (Sharma et al., 2007). Thus, the inclusion of bio-
fertilizers in nutrient management strategies would be advantageous to crops as well as 
environment. Looking at their positive sides in usage and crop yield, these could be 
considered as a boon to the crop production and farming community per se. Nonetheless, it is 
the need of the day to save the environment as well as huge cost on the exchequer and on 
such pretext, the popularity of bio-fertilizers are gaining importance in agriculture. 

 

Types of bio fertilizers 
1. Bacterium culture based 
2. Fungi culture based /VAM (Vascular Arbuscular Mycorrhizae) based 
3. Algae based 
4. PSM (Phosphate Solubilizing Microorganism) based 

  

1. Bacterium culture based 
1.1. Rhizobium: It comes under genus bradyrhizobium and grouped into fast and slow 
growing rhizobia. The Rhizobium inoculants establish a symbiotic association with the crops 
viz., pulses, leguminous oil-seed and fodder crops (berseem, lucerne). Crop specific 
recommended inoculants should be used for each crop because of its crop specificity. The 
genus Rhizobium includes species such as R. leguminosarum, R. Meliloti while B. japonicum 
comes under genus bradyrhizobium. Recently, Sinorhizobium and Azorhizobium have been 
added to the family Rhizobiaceae, which nodulated soybean and Sesbania crop, respectively. 
There is evidence that some of the rhizobium strains acted as bio-control agent and promoted 
crop growth (Kumar et al., 2011). Agriculturally important Rhizobium species with cross 
inoculation group and the quantum of nitrogen fixed by it are listed below in Table 1 and 2, 
respectively. 
Table 1: Important Rhizobium species for agricultural crops (Adopted from Singh et al., 2013) 
Rhizobium Species Host Group Crops 
Rhizobium leguminosarum Pea group Green pea, Lentil 
R. japonicum Soybean group Soybean 
R. lupine Lupini Group Lupinus 
R. meliloti Meliloti Group Melilotus 
R. phaseoli Beans group Phaseolus spp. 
R. trifoli Clover group Trifolium sp. 
R. species Cowpea group Green gram, Redgram, Cowpea, Groundnut 
R. species Cicer group Bengal gram 

Table 2: Quantity of nitrogen fixed by legumes with Rhizobium treatment (Adopted from 
Singh et al., 2013) 
Crop  Nitrogen fixed (kg/ha)  Crop  Nitrogen fixed (kg/ha)  
Alfalfa 100-300 Green gram 50-55 
Berseem 120-150 Groundnut 112-152 
Chickpea 26-63 Lentil 35-100 
Cluster bean 37-196 Peas 59-80 
Clover 100-150 Pigeon pea 60-200 
Cowpea 53-85 Soybean 49-130 
Black gram 38-50 Sesbania 69-90 
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1.2. Azotobacter: It is free living nitrogen fixing aerobic bacterium used as a bio-fertilizer 
for non-leguminous plants such as rice, cotton, sorghum, pearl millets and vegetables etc. The 
A. chroococcum is most common species in various arable soils (Mahato et al., 2009). The 
available studies reported that the yield of brinjal, tomato, cabbage and onion is increased by 
2-40%, while, sorghum, maize and cotton yield in the range of 9-71% while, inoculated with 
an efficient strain of Azotobacter (Shende and Apte, 1982).  
1.3. Azospirillum: It is capable of fixing nitrogen in the rhizosphere of non-leguminous 
plants such as cereals, millets, oilseeds etc. It is non-symbiotic nitrogen fixer found in 
association with the roots of millets and grasses. Azospirillum brasilense, A. lipoferum, A. 
amazonense, A. halopraeferens and A. irakense are most common species used for 
inoculation. Recently, a liquid formulation of Azospirillum brasilense was tested for their 
effect on a number of grains and yield, the results revealed that the inoculation increased the 
number of harvested grains by 6.1%, and grain yield by 8.0% in dryland wheat (Díaz-Zorita 
et al., 2009). 
 

2. Fungi based bio-fertilizers 
2.1. Arbuscular Mycorrhizae (AM): It is a type of mycorrhiza (fungus) root association, in 
which fungus penetrates the cortical cells of the roots of a vascular plant. AM is an obligate 
symbiont known to improve plant growth and yield of the crops due to improved uptake of 
phosphorus. It increases water absorption and also improves the uptake of micronutrients 
such as zinc and copper. Most common genera are Glomus, Gigaspora, Acaulospora, 
Sclerocysts and Endogone commonly used for biofertilizer production (Bagyaraj,1992). 
Glomus fasciculatum reported to improve the wheat grain yield (Singh and Rana,2005). 
 

3. Algae based biofertilizers 
3.1. Blue Green Algae (BGA)/ Cyano-bacteria: It belongs to a class of prokaryotic 
photosynthetic microorganisms capable of fixing atmospheric nitrogen. Most common 
species are Anabaena, Nostoc, Cylindrospermum, Calothrix, Scytonema, Tolypothrix etc. 
Tripathi et al. (2008) reported that BGA along with other amendments improved the growth, 
yield and mineral composition of rice plants and decreased the demand for nitrogen 
fertilizers.  
3.2. Azolla: It is a free floating water fern which forms an association with Anabaena as 
Azolla-Anabaena to fix atmospheric nitrogen. Presently, it is gaining prominence as a bio-
fertilizer for rice crop. 
3.3. Phosphate solubilizing microorganisms (PSM) as a bio-fertilizer 
The phosphate solubilizing microorganisms (bacteria, fungi) improves the phosphate uptake 
in plants and increase crop yields up to 70% (Verma 1993). The PSMs inoculation increases 
crop yield mainly due to increased availability of soluble phosphorus which in turn improves 
the plant growth by better biological nitrogen fixation (Kucey et al., 1989). Genus 
Pseudomonas and Bacillus are most common among the PSB. It helps in maintaining the soil 
nutrient status as well as the structure and thereby reduces the reliance on phosphatic 
fertilizers considerably. 
Advantages  
1. Soil fertility and water quality improvement 
a. Enrich the soil nutrients status- Nitrogenous bio-fertilizers enrich the soil through fixing 
the element atmospheric N2 into the soil. Rhizobium added nitrogen and its range varies with 
the species. Some of the bio-fertilizers are known to improve the availability of nutrients in 
the soil solution and thereby for plant growth.  
b. Improved availability of nutrients - Bio-fertilizers improves the availability of some of 
the micronutrients like zinc and copper. It also makes the phosphorus readily available for 
plant growth.  
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c. Reduces risk of ground water contamination- The excessive use of fertilizers leads to 
contamination of soil and underground water. The use of bio-fertilizers will greatly reduce 
the risk of ground water contamination and also improve the soil fertility for higher crop 
production to meet the needs of growing population. 
 

2. Economic benefits 
a. Saving on fertilizers cost- The use of bio-fertilizers will highly reduced the heavy doses 
of costly fertilizers such as nitrogen, phosphorus, zinc and copper, which in turn less reliance 
on purchase for these fertilizers from the market as it is partially supplied through 
biofertilizers inoculants application. It means a huge saving of the farmers on cost of the 
fertilizers.  
b. High yield and return from crops-Application of bio-fertilizers along with chemical 
fertilizers and crop rotation will greatly helps in improving the yield and productivity of 
crops. The high yield with better quality is able to fetch higher return per unit basis. Several 
types of research proved the efficacy of the bio-fertilizers in improving the crop yield across 
the world. 
3. Social and environmental benefits 
 

a. Benefits to the farming community- The use of bio-fertilizers in the nutrient management 
programmes will not only increase the crops yield but also reduces the cost of purchase of 
costly fertilizers. This, in turn, will reduce the huge financial burden of the farmers in 
producing the crops. While improved crop yield will also fetch high return from a unit land. 
High yield, low expense and monetary saving will be helpful in uplifting the farmers’ socio-
economic status. 
b. No or low environmental hazards- With less reliance on chemical fertilizers due to the 
application of microbial inoculants the risk of environmental hazards will greatly reduce. The 
pollution caused due to over doses of fertilizers especially the nitrogen (volatilization and 
leaching losses) will significantly curtail down with the use of bio-fertilizers. 
 

Constraints  
Despite numerous benefits offered by the application of bio-fertilizers farmers are not able to 
practice crop inoculation due to several constraints. Some of the major constraints in the 
usage of bio-fertilizers are-  
·  Among the several constraints for bio-fertilizers popularity among the Indian farmers is 

the timely supply of cultures in the far flung remote areas of the country.  
·  The storage and transportation are the major bottlenecks in handling the sophisticated 

cultures of different strains of the microorganisms at the end users/ stakeholders’ level. 
·  Farmers lack awareness and knowledge in use and application of the bio-fertilizers.  
·  Poor extension services in rural areas particularly for demonstrating the benefits of 

different inoculants/ cultures at the farm level. 
·  The large scale production of bio-fertilizers requires huge technical and skilled man 

power; hence, imparting training to such a huge man power is really a challenging job 
before the producers of such inoculants. 

 

Conclusion 
Modern agriculture heavily relies on excessive use of chemical fertilizers especially, 
nitrogenous and phosphatic fertilizers for meeting the crop nutrient demand. Some alternative 
strategies are required for sustaining agricultural production, soil and environmental health. 
Bio-fertilizers application seems to be an ecologically and ecologically sound practice for 
developing nation like India, Bangladesh and Pakistan, due to their being less expensive, easy 
to use and safe for soil and environment health. Several kinds of bio-fertilizers are available 
in the market viz., Rhizobium, VAM, PSM based culture/ inoculants for supply of nutrients. 
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Research across the world proves their efficacy in supplying the nutrients as well as yield 
increase. Despite some constraints, it offers numerous advantages on economic, ecological 
and social fronts due to their cost effectiveness, high production potential (well being of the 
farmers) and no environmental hazards. Therefore, it is imperative for the planners, 
researchers and extension workers to popularize the use of bio-fertilizers among the farming 
community in length and width of the country. 
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