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ABSTRACT 

A fertilizer is a material that is applied to soils to provide macro and micro 

plant nutrients essential for all the metabolic activities of the plants. Chemical 

fertilizers are synthetic which are hazardous whereas organic fertilizer are eco-

friendly to nature. In India rigorous farming practices are carried out to gain high 

yield for which chemical fertilizers are used. Hence one of the major anxieties in 

India is pollution and contamination of soil. The use of chemical fertilizers are 

causing unbelievable harm to human health and nature. Dependency on chemical 

fertilizers for the upcoming agricultural growth will result in additional loss of soil 

quality, ground water contamination resulting in the damage of ecological balance. 

An answer to this is the replacement of chemical fertilizers by organic fertilizers as 

they are eco-friendly and a noble example for sustainable agricultural practice. 

Organic fertilizers use living microorganisms that have symbiotic associations with 

the plants which promotes the plant metabolic activities by increasing the primary 

nutrient supply to the host plant.  They also improve the nutrient quality of soil and 

preserves the soil fertility. The chief sources of organic fertilizers are bacteria, fungi, 

and cyanophyceae (blue-green algae. The most conspicuous link that these have 

with plants is symbiosis, in which the associates derive benefits from each other. 

Plants have a number of relationships with fungi, bacteria, and algae. The most 

common of which are with mycorrhiza, rhizobium, anabaena etc. These are known 

to provide a number of benefits which include plant nutrition, disease resistance, 

tolerance to adverse soil and climatic conditions etc. This review paper focus on 

replacement of chemical fertilizers with organic fertilizers, advantages of organic 

fertilizers, various organic fertilizers available for sustainable agricultural practice 

which is the need of an hour.  This paper also throws a light on current status of 

organic fertilizers in Indian Agriculture.  

 

Keywords‐ Organic fertilizers, Eco-friendly, Sustainable Agriculture, Benefits, 

Hazardous, Nature. 
 

Introduction: 
Land is regarded as a natural resource which has many advantages for human 

beings. At the same time it provides a habitat for many living organisms. As the 

human population is increasing continuously, the demand for food is becoming one 

of the greatest challenges in future. In order to meet the challenge, a great deal of 

effort focusing on the soil biological system and the agro-ecosystem as a whole is 

required. Increase in agricultural productivity is one of the most important and major 

sectors to meet the human needs. For proper yield of the crops the use of fertilizers is 

very important. But because of the scarcity of land the people has stopped using 

natural fertilizers and are using the chemical fertilizers to gain more productivity in a 

very short time which is lethal. In India in the past 50 years of history, the chemical 

fertilizers have played a key role in increasing the agricultural productivity (Green 



INTERNATIONAL JOURNAL OF MULTIDISCIPLINARY ADVANCED RESEARCH TRENDS 
ISSN : 2349-7408  
VOLUME IV, ISSUE 1(3) JANUARY, 2017 

 289 

revolution). But the extensive use of chemical fertilizers exhibited adverse effects on 

human health and environment. Indiscriminate use of chemical fertilizers contributed 

in loss of soil productivity along with addition of salts to the soil (Aggani Latha 

Swapna.2013). Dependency on chemical fertilizers for future agricultural growth 

would affect further loss in soil quality, possibilities of water contamination and 

unsustainable burden on agricultural system (Rajasekaran et al., 2012). Hence non-

toxic mechanisms such as Bio-fertilizers is the need of an hour. Bio-fertilizers are 

living microorganisms that improve the health and quality of different types of soils 

that help the plants to obtain necessary nutrients. The soil becomes more nutritious 

and helps the plants grow to their full potential by increasing the supply or availability 

of primary nutrients to the host plant. They also activate the microorganisms that are 

found in the soil, thus restoring the soils' natural fertility and protect it against soil 

diseases and droughts, which stimulates the growth of plants.  

Problems Using Chemical Fertilizers: 

Chemical Fertilizer adversely affect human health and Environment. The 

major issues faced during the use of chemical fertilizers are ground water 

contamination. Nitrogen fertilizers breaks down to nitrates and travels easily through 

the soil and as they are water soluble they can persist in that position for decades and 

these accumulations of chemicals lead to water pollution both surface and ground 

water. In agriculture land the use of chemical fertilizers can reduce the natural 

nutrients on the soil surface (Fred, 1991). They are more resistant in the environment 

which in some cases are harmful to the environment‐especially, on soil fertility 

because most of the microorganism decrease with the increase in chemical fertilizer 

usage (Katsunori, 2003). Because agriculture is profoundly depended on the 

environmental resources, direct impacts are felt by local farmers because the use of 

chemical fertilizer on their agriculture land cause loss of ecological system from the 

pollution in the water resources (Yu LIU, et al., 2009). In fact, due to immobilization 

of phosphate by mineral ions such as Fe, Al and Ca or organic acids, the rate of 

available phosphate (Pi) in soil is below plant requirements. In addition, chemical 

Pi fertilizers are also immobilized in the soil, immediately, so that less than 20 percent 

of supplemented fertilizer is absorbed by plants. Therefore, reduction in Pi resources, 

on one hand, and environmental pollutions resulting from both production and 

applications of chemical Pi fertilizer, on the other hand, have already demanded the 

use of new generation of phosphate fertilizers globally known as phosphate-

solubilizing bacteria or phosphate bio-fertilizers. 

 

Advantages of bio-fertilizer: 

Since a bio-fertilizer is precisely living, it can symbiotically associate with 

plant roots. Microorganisms involved in symbiotic association could readily and 

safely convert complex organic material into simple compounds, so that they are 

easily taken up by the plants. Bio-fertilizers add nutrients through the natural 

processes of, nitrogen fixation and solubilizing phosphorus, stimulate the plant 

growth by supplying plants with 25 % of nitrogen and phosphorus through the 

synthesis of growth-promoting substances by replacing the chemical fertilizers. The 
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microorganisms in bio-fertilizers restore the soil's natural nutrient cycle and build soil 

organic matter. This helps in improving soil fertility and sustain natural habitat, as 

well as increase the crop yield by 20% to 30%.  Bio-fertilizers are environmentally 

friendly and also provide protection against drought and some soil-borne diseases 

(Weathers, R., & Poole, P. 2009). They can reduce the stress in plants by competing 

with the plant pathogens and suppressing them. Since bio-fertilizers have excellent 

buffering capabilities and organic matters, they can balance the pH in the soil and 

reduce the acidity. As they protect the soil from hardening, the organic matters that 

are added also enrich the soil aeration, water, and nutrient retention capacity. They 

have the ability to save water by holding moisture and releasing it slowly. This will 

improve seed germination and produce thicker roots. In plants, bio-fertilizers help in 

stabilizing the chlorophyll, which remits in photosynthesis by providing darker green 

leaves results in increase of carbohydrate content and oxygen assimilation. They also 

doesn’t possess any unpleasant odours, so the society will not feel uncomfortable 

while using them. In the economy, bio-fertilizers are cost-effective and they also have 

low manufacturing costs, especially when it comes to nitrogen and phosphorus use. 

The microorganisms and the acids that are exist in bio-fertilizers have the ability to 

improve the plants’ health and hardiness when they enter the roots. The organic 

materials and the acids that are found in the bio-fertilizers include humic and fulvic 

acids, organic fungi, and organic fertilizer nutrients. Humic acids are plant bio-

stimulants that can increase soil fertility, enhance microbial activity and reduce water 

evaporation (Gorman, D., & Poole, P. 2004). 

 

Disadvantages of Bio-fertilizers: 

Sometimes bio-fertilizers aren’t readily accepted by the society primarily 

because they do not produce quick and impressive responses. Some bio-fertilizer 

packets may have insufficient population of microorganisms, phosphorus and 

nitrogen as well as high levels of contaminants which can change the way the plants 

grow (Lodwig, E., & Poole, P. 2003). 

 

Some important groups of Bio-fertilizers: There are various types of bio-fertilizers 

and each type has a different effect on the soil, depending on the variety of crop. The 

two types of bio-fertilizers that are commonly used are nitrogen and phosphorus bio-

fertilizers. They are the building blocks for any type of soil. The nitrogen fixers like 

Rhizobium, Azospirillum, Azotobacter, Blue Green Algae (BGA) and Phosphate 

solubilizing bacteria like B.magaterium, Pseudomonas striata, and phosphate 

mobilizing Mycorrhiza have been widely accepted as bio‐fertilizers. 

 Rhizobium and legumes symbiosis: Rhizobium inoculation is a well-known 

agronomic practice to ensure adequate nitrogen. Rhizobium are soil bacteria 

that can fix atmospheric nitrogen in symbiotic association with legume plants 

forming nodules in roots and certain non‐ legumes like Parasponia (Subba 

Rao K. S. 1974). Symbiotic nitrogen fixation by Rhizobium with legumes 

contribute significantly to total nitrogen fixation. Rhizobium are however 

limited by their specificity and only certain legumes are benefited from this 
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symbiosis. Rhizobium belongs to family Rhizobiaceae, symbiotic in nature, 

fix nitrogen 50‐100 kg/ ha in association with legumes only. It is useful for 

pulse legumes like chickpea, red‐gram, pea, lentil, black gram, etc., oil‐seed 

legumes like soybean and groundnut and forage legumes like berseem and 

lucerne. Rhizobium population in the soil depends on the presence of legume 

crops in the field. In absence of legumes, the population decreases. Artificial 

seed inoculation is often needed to restore the population of effective strains 

of the Rhizobium near the rhizosphere to fasten N‐fixation. Each legume 

requires a specific species of Rhizobium to form effective nodules (Mishra 

D.J et al, 2012). Successful nodulation of leguminous crops by Rhizobium 

largely depends on the availability of compatible strain for a particular 

legume. It colonizes the roots of specific legumes to form tumour like 

growths called root nodules, which acts as factories of ammonia production. 

Inside the root, rhizobia can invade expanded cells of the cortex, and then 

differentiate into nitrogen forming "bacteroides”. The amount of atmospheric 

nitrogen fixed varies with the strains of Rhizobium, plant species and 

environmental factors. The nitrogen fixation within legume nodules results 

from a complex metabolic exchange between Rhizobium bacteria and the host 

plant. With this, carbon is supplied to the differentiated bacterial cells, termed 

bacteroides, in the form of dicarboxylic acids to fuel nitrogen fixation. In 

exchange, fixed nitrogen is transferred to the plant. Both the bacteroides and 

the plant-derived peri-bacteroid membrane tightly regulate the exchange of 

metabolites (Lodwig, E., & Poole, P. 2003). 

 Azospirillum and C4 plants symbiosis: Azospirillum is Root colonizing 

bacteria known to produce growth hormones which frequently leads to 

increase root and shoot growth. Azospirillum belongs to family Spirilaceae. 

It is heterotrophic and associative in nature. In addition to their nitrogen 

fixing ability of about 20‐40 kg/ha, they also produce growth regulating 

substances. The species under this genus are A.amazonense, 

A.halopraeferens and A.brasilense. Benefits of inoculation have been proved 

mainly with the A.lipoferum and A.brasilense. The Azospirillum form 

associative symbiosis with plants particularly with those having the C4‐ 
dicarboxylic path way of photosynthesis (Hatch and Slack pathway), because 

they grow and fix nitrogen on salts of organic acids such as malic, aspartic 

acid. Thus it is mainly recommended for maize, sugarcane, sorghum, pearl 

millet etc.  

 Azotobacter: The Azotobacter is a soil bacterium colonizes on both root 

surface and penetrates into the root tissues and lives in harmony with the 

plants. They do not produce any visible nodules or out growth on root tissue. 

Azotobacter belongs to family Azotobacteriaceae. It is aerobic, free living, 

and heterotrophic in nature. Azotobacters are present in neutral or alkaline 

soils. A.chroococcum is the most commonly occurring species in suitable 

soils. A.vinelandii, A.beijerinckii, A.insignis and A. macrocytogenes are other 

reported species. The bacterium produces anti‐fungal antibiotics which 
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inhibits the growth of several pathogenic fungi in the root region thereby 

preventing seedling mortality to a certain extent. The organism has been 

reported from the rhizosphere of a number of crop plants such as rice, maize, 

sugarcane, bajra, vegetables and plantation crops. The Azotobacter vinelandii 

has the ability to improve the seed germination and plant growth of specific 

plants (Subba Rao K. S. 1974). These microorganisms can also benefit crops 

by nitrogen fixation and by the release of growth promoting substances. It 

can also synthesise a protective 2Fe-2S protein that can bind to nitrogenase 

in conditions of oxygen stress to form an oxygen-stable complex that is 

inactive, but is protected from damage (Barich, D., & Poole, P. 2006). 

 Azolla-Anabena (BGA) symbiosis: Azolla is a small, eukaryotic, 

autotrophic, aquatic fern having global distribution. It forms a green mat over 

water with a branched stem, deeply bilobed leaves and roots. Prokaryotic blue 

green algae Anabena azolla resides in a ventral pore on the dorsal lobe of 

each Azolla leaf as a symbiont and fix the atmospheric nitrogen. BGA, 

contain tiny gas vesicles in their cells, which regulate them to float on water 

surface or sink to the bottom in response to the changing of light and nutrient 

availability. Azolla is an alternative nitrogen source which is the key input 

essential in large quantities for low land rice production. It gained wide 

interest because it mineralizes the soil nitrogen rapidly and is made available 

to the crops in a very short period.  Nitrogen released from Azolla is slow but 

steady, without leaching losses. Azolla contains 4‐5% N on dry basis and 0.2‐
0.4% on wet basis and can be the potential source of organic manure and 

nitrogen in rice production. The 50‐60% N requirement is met through the 

combination of mineralization of soil organic N and BNF (Biological 

Nitrogen Fixation) by free living and rice plant associated bacteria. Azolla 

can be applied as green manure in the fields prior to rice planting. The 

important factor in using Azolla as biofertilizer for rice crop is its quick 

decomposition in the soil and efficient availability of its nitrogen to rice 

plants. Besides N‐fixation, these bio-fertilizers also contribute significant 

amounts of P, K, S, Zn, Fe, Mb and other micronutrient. The most common 

species occurring in India is A.pinnata. It can be propagated on commercial 

scale by vegetative means. It may yield on average about 1.5 kg per square 

meter in a week. India has recently introduced some species of Azolla for 

their large biomass production, which are A.caroliniana. It also serves as a 

protein rich feed to fish and poultry (Subba Rao K. S. 1974).  

 Zinc solubilizers: microorganism that can transform micronutrients are there 

in soil that can be used as bio‐fertilizers to supply micronutrients like zinc, 

iron, copper etc., The zinc can be solubilized by microorganisms like Bacillus 

subtilis, Thiobacillus thioxidans and Saccharomyces sp. These 

microorganisms can be used as bio‐fertilizers for solubilisation of fixed 

micronutrients like zinc. The results have shown that instead of costly zinc 

sulphate a Bacillus sp. (Zn solubilizing bacteria) can be used as bio‐ fertilizer 

for zinc.  
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 Phosphate solubilizers: Several phosphate solubilizing soil bacteria were 

reported in plant rhizospheres. These include both aerobic and anaerobic 

strains.  Some of them are pseudomonas, Bacillus, Rhizobium, Burkholderia, 

Achromobacter, Agrobacterium, Microccocus, Aereobacter, Aspergillus, 

Flavobacterium and Erwinia which can solubilize insoluble inorganic 

phosphate compounds, such as tricalcium phosphate, dicalcium phosphate, 

hydroxyapatite, and rock phosphate. 

 Mycorrhiza-Phosphate absorbers: The term Mycorrhiza denotes “fungus 

roots”. Mycorrhizae are a group of fungi that include Endo-Mycorrhiza and 

Ecto-Mycorrhiza based structures formed inside or outside the root 

respectively. It is a symbiotic association between host plants and certain 

group of fungi at the root system of the plants in alkaline soils. The 

fungal symbiont gets shelter and food from the plant which, in turn, acquires 

an array of benefits such as better uptake of phosphorus, salinity and drought 

tolerance, maintenance of water balance, and overall increase in plant growth 

and development. In fact, seedlings that have mycorrhizal fungi growing on 

their roots survive better after transplantation and grow faster. There are 

specific fungi for vegetables, fodder crops, flowers, trees, etc. Mycorrhizal 

fungi can increase the yield of a plot by 30%-40%. It can absorb phosphorus 

from the soil and pass it on to the plant. Mycorrhizal plants show higher 

tolerance to high soil temperatures, heavy metal toxicity, various soil and 

root-borne pathogens.  

 

The current status of bio-fertilizer in India: 

The fertilizer consumption varies from 130, 125, 60 and 70 kg Hectare (NPK) 

for north, south, west and east respectively making for a national average of approx. 

90 kg/ Hectare. Some states like Punjab are using more than 167 kg nutrients per 

hectare where as some using less than 10 kg/Hectare. Even the full potential of 

available technologies is not utilized fully due to the fact that nutrient input doesn't 

match the needs of crop and soil. In case of bio-fertilizers the production and supply 

of microbial cultures, the quality of the cultures and the lack of publicity are affecting 

their popularity as nutrient sources. The government has no control over 

manufactures of bio-fertilizers for any of the state in India. Only a few entrepreneurs 

possess ISI mark for their products and most of the products are of substandard 

quality. Due to these laxities on the part of Govt. the farmers are confused about their 

availability, cost and expiry dates. The necessary action by government and its 

policies will certainly go to a long way in the further development of the bio-

fertilizers. (S. Rajasekaran et al 2012) 

 

Conclusion: 

In the environment, naturally occurring bio-fertilizers are known to cause less 

pollution than chemical ones. Bio-fertilizers are not harmful to the society or to the 

organisms around the plant. Bio-fertilizers such as Rhizobium, Azotobacter, 

Azospirillum and Blue Green Algae (BGA) have been in use for a long time. 
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Rhizobium inoculant is used for leguminous crops. Azotobacter can be used with 

crops like wheat, maize, mustard, cotton, potato and other vegetable crops. 

Azospirillum inoculations are recommended mainly for sorghum, millets, maize, 

sugarcane and wheat. BGA such as Nostoc, Anabaena, Tolypothrix or Aulosira, are 

used as inoculations for paddy crop. Anabaena in association with water 

fern Azolla contributes nitrogen up to 60 kg/ha/season and also enriches soils with 

organic matter (Filotas, M. 2010). Phosphate-solubilizing bacteria, such as Pantoea 

agglomerans strain P5 or Pseudomonas putida strain P13, are able to solubilize the 

insoluble phosphate from organic and inorganic phosphate sources. These bio-

fertilizers also have the ability to produce greener and healthier leaves. Bio-fertilizers 

provide eco-friendly organic agro-input and are more cost-effective than chemical 

fertilizers. Hence they can replace chemical fertilizers. However, transferring the 

technology to the farmers’ field is of utmost importance because the effect of bio-

fertilizers on crop growth and yield is not as intense as that of chemical fertilizers. 

But the usage of bio-fertilizers produce healthy plants, can enhance the sustainability 

and health of the soil. Though, they may show slow results, the benefits are worth 

it.  Thus, bio-fertilizers are important if we are to ensure a healthy future for the 

generations to come.  
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