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1  Introduction

Fertilizer Fertilizer is a chemical mixture of various macro- and micronutrients (in 
a proper ratio) required for sustainable growth and development of the plants. 
Organic fertilizer is used to maintain soil fertility. Organic fertilizers are biodegrad-
able material, which makes better nutrient sources. Organic carbon content of 
organic fertilizers has equivalent or higher value of nitrogen and phosphorus con-
tents. An organic fertilizer enhances potential growth of heterotrophic bacteria in 
soil of root zone and stimulates primary and secondary productivity in plants 
(Anderson 1987; Qin et al. 1995; Bokhtiar and Sakurai 2005). Quality and health of 
the soil could be improved by the application of organic manures at an optimum 
level (Yanan et al. 1997). A diagrammatic picture of different types of organic fertil-
izer is presented in Fig. 1.

Soil Fertility The inherent capacity of the soil to supply all essential macro- and 
micronutrients for the survival of plants in available forms and in a suitable propor-
tion is known as soil fertility (Boulaine 1989). The soil fertility mainly depends on 
the mineralogical composition of the parent material, topography, and biological 
activities in the soil and local climatic conditions as temperature, solar radiation and 
rainfall required for pedogenesis. It is the outcome of the interactions between the 
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biological, chemical and physical properties of soil due to soil nature and the effects 
of climate (Liu et al. 2010).

Maintenance of Soil Fertility Soil fertility maintenance is the retaining, cycling 
and supplying of mineral nutrients required for the growth of plant over several 
years. It can be maintained by organic amendments (plant material, animal residues 
and sewage sludge) to soil, which are rapidly decomposed by enzymatic actions of 
rhizospheric microbes such as cellulase, pectinase and protease, releasing mineral 
nutrients such as nitrogen (N), phosphorus (P), potassium (K) and sulphur (S) 
(Gianfreda and Bollag 1996; Zhang et al. 2012; Dong et al. 2012; Patil et al. 2014; 
Liu et al. 2014). Soil microbial biomass carbon (C) and nitrogen (N) represent the 
microbial size and soil fertility status and maintain nutrient pool in soil (Nair and 
Ngouajio 2012). There is an immense role of microbial flora to increase soil fertil-
ity, which is stimulated by many physical and chemical parameters of soil such as 
soil organic matter (SOM), acidity, alkalinity, and clay content (Nautiyal et al. 2010; 
Xun et al. 2015).

The activity of soil organisms (macroorganism and microorganisms), mineral 
types, soil–air exchange rates and other biological, chemical or physical processes 
are related to soil fertility (Das and Mukherjee 1990; Diacono and Montemurro 
2010). Soil microorganisms play an important role in agro-ecosystem by degrading 
soil organic matter, nutrient cycling and bioremediation of pollutant of soil (Shaheen 
et al. 2007; Dong et al. 2014; Luo et al. 2015; Matulich and Martiny 2015). The 
microbial population of soil is influenced by soil organic matter that helps in 
improving soil fertility (Ge et al. 2010). Soil organic matter (SOM) plays a very 
important role in soil fertility. SOM is a very important factor that can improve soil 
structure stability, resistance to rainfall impact, rate of infiltration and faunal activi-
ties (Roose and Barthes 2001).

Vermicompost

Organic fertilizers

Village compost

Towncompost

Water hyacinth compost

Cattle manure

Sheep and goat manure

Poultry manure

Compost Farmyard manure

Bulky Organic fertilizers Green manures Conc. Organic fertilizers Guano Biofertilizers

Algal Bacterial Fungal

Fig. 1 Types of organic fertilizers
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2  Types of Soil Fertility

 (a) Permanent Soil Fertility: This type of fertility depends on the inherent nature 
of the soil itself. It can be improved and sustained by soil management 
practices.

 (b) Temporary Soil Fertility: This type of soil fertility is acquired by appropriate 
soil management. This soil fertility is extremely dependent on the permanent 
fertility that is already available.

Organic Fertilizer Organic fertilizers are naturally occurring fertilizers produced 
by both plants and animals.

3  Types of Organic Fertilizer

 1. Bulky organic fertilizer

 (A) Compost
 (B) Farm yard manure

 2. Green manures.
 3. Concentrated organic fertilizers:

 (A) Oil cakes: richest sources of plant nutrient of all organic manures
 (B) Other concentrated organic fertilizers

 4. Guano
 5. Biofertilizers

 (A) Algal biofertilizer
 (B) Fungal biofertilizer
 (C) Bacterial biofertilizer

 1. Bulky Organic Fertilizers: These Types of Fertilizers Contain Low Amount of 
Plant Nutrient

 (A) Compost

Compost is the rotten organic matter that has been decomposed by the process of 
composting. The process of composting can be enhanced by providing controlled 
optimum conditions for the detritus eating microorganisms. Microorganisms play a 
vital role in converting heterogeneous organic matters into humus substance by the 
composting process. The main decomposers of organic matter are bacteria (includ-
ing actinomycetes), fungi and protozoa. Protozoa, mites, nematodes and springtails 
feed on microbes that are involved in decomposing of organic matter (Neher 1999). 
Compost can be prepared from a range of waste materials like crop stubbles, straw, 
crop residue such as sugar cane trash and rice husks, litter, weeds, leaves, and 
kitchen waste. This type of compost contains 0.7–1.0% K2O, 0.3–0.6% P2O5 and 0.4 
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0.8% N (Verma and Verma 2012). Degradation of organic matter is dominantly by 
fungi in early stages due to the high ratio of lignin and nitrogen and later bacteria 
are the secondary colonizers (Beare et al. 1992). The microbial populations in soil 
affects the rate of decomposition of organic matter and the successive release of 
available plant nutrients in the soil (Mukherjee et al. 1991; Debnath et al. 1994).

 (i) Village Compost: The compost made from farm refuses such as crop residue, 
weeds, stubble and leaves of tree and vegetable plants. The farm refuses are 
collected and stored in the pit and mixed with cow dung slurry and water or 
soil and water. Microorganism inoculants are used to decompose this residue. 
After turning and storage for about 6 months it is suitable for application in 
fields. The average nutrient content of village compost is 0.4–0.8% N, 0.3–
0.6%P2O5 and 0.7–1.0% K2O (Verma and Verma 2012).

 (ii) Town Compost: The compost made from town refuses like night soil, street 
sweepings, and dustbin refuse are called town compost. It contains 1–2% N, 
1% P2O5 and 1.5% K2O (Verma and Verma 2012). The biodegradable organic 
material is transformed into humic substances collected from various sources 
of the urban area (Golueke 1977; Wiles 1978; Bewick 1980). The chemical 
composition of solid urban waste is heterogeneous as organic (biodegradable) 
volatile matter, protein, lipids, sugar, cellulose, starch, lignin, phosphorus, 
potassium, crude fibre, etc. Mineralization and partial humification of these 
substances are carried out through composting (de Bertoldi et al. 1983).

 (iii) Water Hyacinth Compost: Water hyacinth–derived manures are called water 
hyacinth compost. For preparing water hyacinth compost, the plants are 
chopped into small pieces of about 5–10 cm in length to increase the surface 
area for microbial action, dried in sunlight for 3 days and filled in composting 
boxes. Water hyacinth decomposes in only 30 days as compared to other crop 
plants that require up to 2–3 months. This compost could be used as surface 
mulch or as compost. The crude powder obtained from roots of water hyacinth 
has successfully been used to support vegetable crop production. As a fertil-
izer, water hyacinth compost contains 2% nitrogen or the equivalent to 10.5 kg 
of ammonium sulphate; 1.1% P2O5 equivalent to 6.9 kg single superphosphate; 
2.5% K20 equivalent to 5.0 kg muriate of potash (Sharma 1971). Water hya-
cinth has high concentrations of nutrients and faster growth rate, so it has a 
great potential as fertilizer for the nutrient-deficient soil. Compost of water 
hyacinth is a potential source of available form of phosphorus and exchange-
able potassium for higher crop production. Higher application of hyacinth 
compost increases the soil pH, which is favourable for better growth of soil 
microorganisms. Hyacinth compost can act as a soil stabilizer and hence 
increase soil productivity.

 (iv) Vermicompost: The use of earthworms to convert biodegradable organic 
waste materials into compost is known as vermicomposting. Vermicompost is 
prepared by a variety of organic solid wastes of domestic animals, agro- 
industries, human wastes, etc. The nutrient content of vermicompost is 2–3% 
N, 1.55–2.25% P2O5 and 1.85–2.25% K2O (Sinha et al. 2009).  Vermicomposting 
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differs from other composting, as this process is active between 10  °C and 
32  °C, and is faster in comparison to composting and involve earthworms 
rather than fungi or bacteria. Several species of earthworms such as 
Eiseniafoetida, Perionyx excavatus, Eudrilus eugeniae and Lumbricus rubel-
lus are used to convert the organic wastes into high-quality compost. The gut 
of earthworms produces humic acid, which helps in stabilizing pore space dis-
tribution of soil. The soil cast of earthworms has the available form of plant 
nutrients (nitrogen as nitrate, exchangeable Ca, Mg, K and P) and organic mat-
ter. Microbial growth is enhanced due to the nutrient-enriched casting in the 
gut of earthworm (Lee 1985). The microbial community in the gut of earth-
worms helps in the decomposition of organic waste (Fischer et  al. 1995; 
Karsten and Drake 1997). Edward (1998) reported that vermicompost is rich in 
microbial populations and diversity, particularly actinomycetes bacteria and 
fungi. In the vermiculture (culture of earthworms), young earthworms grow 
and reproduce in the pit having organic waste. The faecal waste and dead tis-
sues from a large number of earthworms could be used as manure. The use of 
vermicompost for higher crop production is increasing due to awareness of the 
adverse effects of agrochemicals (Follet et al. 1981).

Impacts of Various Composts on Soil Fertility

Compost has the same effect on soil fertility as other organic fertilizers. The 
physical, chemical and biological properties of soil improve by the application of 
compost. The application of compost makes compacted to sandy soils and clay soils 
loose. Compost improves the permeability of soils by increasing in the water- 
holding and heat-absorbing capacity. Plant growth improves in alkaline and saline 
soils to which compost has been added and also makes this soil less deleterious. 
Compost is made of plant residues having all the nutrients that are needed by the 
plants. Mineral nutrients are released slowly from organic matter by the activity of 
microbes, which improves soil fertility, resulting in higher crop yield production 
(Stelly 1977; Loehr et al. 1979). Utilization of organic manure as compost has many 
advantages such as recycling of farm waste, improved soil fertility and reduced loss 
of nutrients through runoff (Gandolfi et al. 2010).

 (B) Farm Yard Manure (FYM)

Farmyard manure is the traditional and most common manure used by farmers to 
maintain fertility of the soil. It is easily available and has all the essential nutrients 
that are required by the plants. This is a heterogeneous organic material consisting 
of dung and urine of farm animals, crop residue that left part of fodder fed to the 
cattle, and household waste sweeping at various stages of decomposition. It is an 
important component of sustainable agricultural production. Application of FYM 
improves the chemical, physical and biological properties of the soil (Lee and Wani 
1989). It maintains soil fertility by recycling of the plant nutrients by applying FYM 
to the field (Parker 1990). FYM can reduce the dependency on costly chemical fer-
tilizer (King 1990). FYM amendments to the soil improve soil quality and crop 
yield (Nambiar and Abrol 1989). FYM is the most important component of 

Role of Organic Fertilizers in Improving Soil Fertility



66

 integrating nutrient management. Insoluble and undigested residues of fodder are 
passed out in the excreta that have nitrogen and potassium, mostly in liquid form in 
urine, while phosphorus is present in the solid dung (Thorneby et al. 1999).

 (i) Cattle Manures: The farm yard manure is a heterogeneous mixture of solid 
and liquid excreta of farm animals along with the crops residue that are left 
after cattle feeding. The farm yard manure is the most popular and oldest bulky 
organic manure that is utilized by farmers. This type of manure has about 0.5–
1.5% of N, 0.4–0.8% of P2O5 and 0.5–1.9% K2O (Verma and Verma 2012).

 (ii) Sheep and Goat Manure: Sheep and goat’s droppings are a good source of 
organic manure. It has higher nutrients as compared to the farmyard manure 
and are easily available to crop plants. This type of manure has about 3.0% of 
N, 1% of P2O5 and 2% K2O (Verma and Verma 2012).

 (iii) Poultry Manures: Poultry manure is an extremely rich source of nitrogen and 
organic matter. This type of manure has 1–1.8% of N, 1.4–1.8% of P2O5 and 
0.8–0.9% of K2O (Verma and Verma 2012). Poultry manure is a suitable 
manure for all crops and soils. The production of poultry manure is increasing 
due to the rapid growth in the poultry industry. Poultry litter has all essential 
plant nutrients (N, P, K, S, Ca, Mg, B, Cu, Fe, Mn, Mo and Zn) and is an out-
standing fertilizer (Subramanian and Gupta 2006). Poultry manure has the 
ability to modify the soil environment and enhance plant growth (Chalker- 
Scott 2007).

Impacts of Farm Yard Manures on Soil Fertility

FYM is the traditional organic manure used by the farmer. It releases nutrients 
slowly as it decomposes and enhances organic matter of the soil. The nutrients of 
FYM are not entirely available to the crop in the year of application. Generally, 30% 
of N, 60–70% of P2O5 and 75% of K2O become available to the first crop and rest of 
nutrients become available to the subsequent crops. This phenomenon of availabil-
ity of plant nutrients to the subsequent crop is known as the residual effect (Gaur 
and Singh 1995). FYM is very effective in increasing the organic and nitrogen con-
tent of the soils.

 2. Green Manures

Green manure is the un-decomposed green plant material that could be obtained 
in two ways: (i) by collecting green leaves and twigs of trees, shrubs and herbs that 
grow up in field forest and wastelands and (ii) by cultivating some legume crops and 
subsequently ploughing or turning them into the soil to enhance physical structure 
as well as soil fertility.

The important plant species useful for green-leaf manure are neem (Azadirachta 
indica, mahua (Madhuca longifolia), wild indigo (Baptisia australis), Mexican 
Lilac (Gliricidia sepium), Karanji (Pongamia glabra), Mudar (Calotropis procera), 
Agati (Sesbania grandiflora), subabul (Leucaena leucocephala) and other shrubs. 
The most important green manure crops are sunn hemp (Crotalaria juncea), 

T. B. Singh et al.



67

 dhaincha (Sesbania bispinosa), Ranmoong (Phaseolus trilobus), Guar (Cyamopsis 
tetragonoloba) and Sesbania (Sesbania rostrata).

Characteristics of Green Manure Crops
• Green manure crops should be fast growing, non-woody and of shorter duration 

so that they could be fitted in a cropping system.
• Green manure crops should produce high biomass and should be succulent for 

rapid decomposition.
• Green manure crops should have the ability to grow on low fertility soils.
• Green manure crops should be mixed in the soil after attaining vegetative growth 

because they are grown for their green leafy materials that are high in nutrients. 
The main purpose of practice of ploughing and mixing into the soil of un- 
decomposed green plant tissue is to increase soil organic carbon that helps in 
maintaining soil fertility.

• The green manure of legumes crop adds mainly nitrogen to the soil.
• There are improvements in physical, chemical and biological properties of the 

soil by using green manuring and it also enhances mobilization of minerals, 
leaching and percolation. The effect of green manure on soils is similar to that of 
farmyard manures. It is cheap and is the best method to increase soil fertility, as 
it can supplement farmyard and other organic manures without involving much 
cost. The legumes crops used as green manuring crops provide nitrogen, phos-
phorus, potassium as well as soil organic matter, while non-leguminous crops 
provide only organic matter to the soil.

• Impacts of Green Manures on Soil Fertility

Green manuring adds organic matter and nutrients to the soil macro (N, P, K), 
secondary and micronutrients that help in the maintenance of soil fertility needed 
for optimum plant growth and higher yield. Humus formed from green manures 
enhances water-holding capacity of soil, promotes aeration and drainage, 
decreases soil loss by erosion, conserves moisture and prevents nutrient leaching 
and granulation, which help the plant growth. Deep-rooted green-manure crops 
help in the turning of nutrient from deep soil layer to topsoil layer. The organic 
matter of soil increases through green manuring that stimulates the activity of 
soil microorganism. These microorganisms enhance the rate of decomposition of 
un-decomposed green plant material and change the biochemical properties of 
soil. All legume crops have the ability to fix free nitrogen from the atmosphere 
due to root nodule bacteria (Rhizobium sp.) and improve the nitrogen status of the 
soil that can minimize the use of nitrogenous fertilizers. Weed proliferation and 
weed growth can be reduced by cultivating green manure crops in the off-season. 
The alkaline problem of soil could be improved through application of 
green manure.

 3. Concentrated Organic Manures

 (A) Oil Cakes: Oil cakes are by-products of oilseed crops and are known as 
concentrated organic manures. These are a good source of organic nitrogen 
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and also have a small amount of phosphorus and potassium. In organic 
farming, oil cakes are used as manure for increasing crop production. This 
manure adds organic carbon to the soil and enhances growth of beneficial 
microbes of soil. Oil cakes are divided into two groups.

 (i)  Edible Oil Cakes: These oil cakes are safely fed to livestock as concen-
trates, for example, coconut cake, linseed cake, groundnut cake, mustard 
oil cakes, til cake, etc.

 (ii)  Non-Edible Oilcakes: Oil cakes that are not suitable for feeding live-
stock and hence mainly used for manuring crops, for example, castor 
cake, cotton seed cake, mahua cake, neem cake, etc.

Both these types of oil cakes can be used as manure; however, non-edible oil cakes 
are used as manures principally for horticultural crops. After application of oil cake 
in the agriculture fields, the nutrient is available for crop plant in 7–10 days. Oil 
cakes should be ground very fine before application for even distribution in the soil 
(Daji 1955).

 (B) Other Concentrated Organic Manures

Blood-meal, meat-meal, fish-meal, horn and hoof meal, raw bone-meal and 
steamed bone meal are dried and powdered and after that can be used as manure. 
These concentrated organic manures are a good source of nitrogen, phosphorus and 
potassium.

Impacts of Concentrated Organic Manures on Soil Fertility

The non-edible oil seed cakes such as castor cake (Ricinus communis), jatropha 
cake (Jatropha curcas) and neem cake (Azadirachta indica), along with other 
manure as poultry and grass trimmings, are used to improve soil fertility. Addition 
of cellulolytic fungi enhances the decomposition and improves the soil quality 
(Gaur et al. 1982; Gaind and Nain 2007).

 4. Guano

Guano is a natural organic fertilizer that is obtained from the excreta and dead 
bodies of birds. It has a high nutrient content (7–8% nitrogen, 11–14% phosphorus 
and 2.3–3% potassium). It has been reported that the nitrogen of organic fertilizers 
is water-insoluble and is gradually released with the decomposition of fertilizers 
(Cooke 1972). However, the rate of nitrification in guano is more rapid in compari-
son to other organic fertilizers (Owen et  al. 1950). Guano was the most popular 
fertilizer before the development of fertilizer through free nitrogen of the atmo-
sphere (Hadas and Rosenberg 1992). Guano has a higher nitrogen content and is 
rapidly decomposable. It is a costly fertilizer (Hadas and Kautsky 1994). Feather 
meal can be substituted for guano, as it is considerably cheaper and also has a high 
nitrogen content. It is obtained as a by-product from poultry processing plant (Hadas 
and Kautsky 1994).
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Impacts of Guano on Soil Fertility

This type of organic fertilizer is nutrient-rich and has the ability to provide nutri-
ent quickly. It is suitable for all crops and can apply before or at sowing time. The 
guano of seabirds have the highest nutrient value (10–16% nitrogen, 8–12% phos-
phorus and 2–3% potassium), while bats and other birds have a lower nutrient con-
tent. Guano stimulates soil microorganism activity by introducing an enzyme that 
enhances the process of decomposition of organic matter and improves the soil 
texture. Beneficial microbes are found in guano that increases soil fertility and con-
trols fungi and nematodes. It works in similar way to compost and helps in increas-
ing soil fertility. Guano acts as a soil binder by binding soil particles together. It 
does not leach out easily by natural weathering and helps to build up better aeration 
in the soil. Small oceanic islands are the common nesting places of seabirds where 
excreta of these birds alter physical, chemical and biological properties of soil and 
plant communities (McColl and Burger 1976; Nelson 1979). Phosphate, nitrate, and 
ammonium content are extremely high in ornithogenic soils that enhance growth of 
plants (Hutchinson 1950; Wainright et  al. 1998; Anderson and Polis 1999). Soil 
moisture increases with deposition of guano; this may be due to increasing soil 
organic matter, while pH of soil decreases with its increment in the soil (Wait 
et al. 2005).

 5. Biofertilizer

Biofertilizers are products that contain living microorganisms and enhance plant 
growth by increasing the availability of primary nutrient in the rhizosphere of the 
host plant. These are generally applied to the surface of plants and seeds. 
Biofertilizers increase soil fertility by adding nutrients through the natural process 
as nitrogen fixation, phosphorus solubilization or nutrient mobilization. Biofertilizers 
could reduce the dependency on chemical fertilizer. These biofertilizers are cost- 
effective and renewable source of plant nutrients to supplement the chemical fertil-
izers for sustainable agriculture. The organic matter of the soil can be increased by 
application of biofertilizers (Zaccaro et  al. 1999; Maqubela et  al. 2009), thus 
improving the soil structure (De Cano et al. 2002; Maqubela et al. 2009; Saadatnia 
and Riahi 2009).

Biofertilizers have been classified into three classes based on microorgan-
isms used.

 (A) Algal Biofertilizer

Algae are a natural organic source of biofertilizers that can be thought as one of 
the best substitutes to the chemical fertilizers. Algal biofertilizer is formed by algae 
as azolla and blue-green algae (BGA). Azolla (Azolla pinnata) is a water fern 
(Pteridophyte). It is also known as the aquatic weed that is commonly found floating 
in pond, lakes, shallow trenches and channels. Azolla is commonly found in the rice 
fields. Blue-green algae (BGA), also known as cyanobacteria, are commonly found 
in the rice fields and are capable of photosynthesis. BGA also produce plant growth 
regulators, stimulate the transport of nutrients from soil to plants, cause cluster of 
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soil and improve the physical and chemical properties of the soil (Singh et al. 2016; 
Naser et al. 2017). These BGA are also able to fix free nitrogen and enhance the 
level of phosphorus by converting insoluble phosphorus into a soluble form (Irisarri 
et al. 2001). Some BGA live in symbiotic association as Anabaena Azolla live in the 
epidermal cavity of the leaf of Azolla pinnata where it fixes atmospheric nitrogen. 
This association is termed as Azolla Anabaena complex. Fresh Azolla has about 
90–95% water. Decomposed Azolla contains 4–6% nitrogen, 0.5–0.9% phosphorus, 
2–6% potassium, 0.4–1.0% calcium, 0.5% magnesium, 0.11–0.16% manganese, 
0.06–0.16% iron and 9–10% total ash. BGA biofertilizer enriches nitrogen and 
decreases the stress affecting growth and yield of plants (Alam et al. 2014; Singh 
et al. 2014). Some microalgae as Tetraselmis sp. are used in the production of bio-
fertilizers that are eco-friendly and good for maintaining soil quality.

Algal biofertilizer plays a significant role in conservation and build-up of soil 
fertility, therefore increasing the growth and yield of plant as a natural biofertilizer 
(Song et al. 2005). It can be cultivated in barren areas (Saadaoui et al. 2016) and is 
a good source of majority of micro- and macronutrients that are necessary for plant 
growth. It enhances nutrient transport from soil to the plant and helps in the reduc-
tion of soil salinity (Saadatnia and Riahi 2009). Algal biofertilizers enhance the 
level of phosphorus in the soil by the production of organic acids (Wilson 2006). 
Application of algae biofertilizer increases the population of beneficial microorgan-
isms in the soil (Mishra et al. 2013). It secretes some growth-promoting substance 
like hormones (auxin, cytokinins gibberellin and abscisic acids), vitamins, amino 
acids (Roger and Reynaud 1982; Rodriguez et al. 2006). Algae biofertilizer can fix 
CO2 through photosynthesis that decreases the level of CO2 in the atmosphere and 
finally reduces the effect of global warming. It increases the pore size of the soil 
through the filamentous structure and production of adhesive substances, enhances 
the water-holding capacity of the soil through production of viscous substance 
(Roger and Reynaud 1982) and enhances the soil organic matter after death and 
decomposition (Saadatnia and Riahi 2009).

 (B) Fungal Biofertilizer

Fungal biofertilizers include plant growth stimulating fungi e.g. Aspergillus, 
Fusarium, Penicillium, Piriformospora, Phoma and Trichoderma, mycorrhizal 
fungi (ectomycorrhiza, e.g., Pisolithus tinctonus and arbuscular mycorrhizae, for 
example, Glomus mosseae or Glomus intraradices, which form mutualistic rela-
tionship with plants, enzymatic producing fungi as Myriococcumthermophilum, 
Thermoascus aurantiacus, and Thermomyces lanuginosus for compost production 
and P-solubilizing fungi (Penicillium spp. and Fusarium spp.) and K-solubilizing 
fungi (Aspergillus niger, Aspergillus terreus) Fungal biofertilizers play a significant 
role in stimulating plant growth, productivity and improving soil fertility. 
Mycorrhizae are fungi which form mutualistic relationships with roots of 90% of 
plants (Das et al. 2007; Rinaldi et al. 2008). Mycorrhizae promote absorption of 
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nutrients and water, control plant diseases, and improve soil structure (Chandanie 
et al. 2006; Rinaldi et al. 2008). The use of bioinoculants of phosphorus solubilizing 
fungi (Penicillium and Aspergillus) to soil for improving phosphorus uptake is 
becoming popular.

 (C) Bacterial Biofertilizer

Plant growth promoting rhizobacteria (PGPR) are used in the production of bio-
fertilizer. Bacteria that colonize roots of plant are known as PGPR (Kloepper and 
Schroth 1978). PGPR are mostly free-living and soil-born bacteria that are isolated 
from soil for the production of biofertilizers. Biofertilizers are applied to the seeds 
and crops to enhance growth of the plant. PGPRs are used in the production of bio-
fertilizer and have at least one characteristics as suppression of plant disease, 
improved nutrient acquirement and phytohormone production (Kloepper et  al. 
1980). The direct mode of action involves phosphorus solubilization and its uptake 
by roots of plants, free nitrogen fixation, production of siderophores, production of 
phytohormones like auxins, cytokinins and gibberellins, and depressing level ethyl-
ene in plants. In last few decades, a large array of bacteria including species of 
Azospirillum, Azotobacter, Alcaligenes, Arthrobacter, Burkholderia, Bacillus, 
Enterobacter, Klebsiella, Pseudomonas and Serratia have been reported to enhance 
the plant growth (Kloepper et al. 1989; Glick 1995). Presently several biofertilizers 
are available in the market for increasing the uptake of nitrogen through nitrogen- 
fixing bacteria associated with the root (Azotobacter and Azospirillum), iron uptake 
from siderophores-producing bacteria (Pseudomonas, Bacillus), sulphur uptake 
from sulphur-oxidizing bacteria (Thiobacillus) and phosphorus uptake from phos-
phate mineral-solubilizing bacteria (Bacillus, Pseudomonas and Azotobacter). 
Rhizobium are gram-negative soil bacteria that fix free nitrogen from atmosphere in 
the root nodules of legumes crop plant, and these bacteria were the first biofertilizer 
identified and applied in legumes crops for over 100 years ago (Kannaiyan 2002).

Impacts of Biofertilizer on Soil Fertility

Biofertilizers enhance soil fertility by adding organic matter to the soil that acts 
as binder for the soil particles together, preventing soil erosion, eructing, and desert-
ification. It also increases the water-holding capacity of the soil (Swathi 2010). 
Biofertilizers are an alternative source of chemical fertilizer to increase soil fertility. 
Biofertilizers play an important role in the increment of crop productivity and sus-
tainability of the soil (Obana et al. 2007; Malamissa et al. 2007; Pandey et al. 2008; 
Khosro and Yousef 2012). Application of biofertilizers increases the biodiversity of 
beneficial microorganisms as algae, bacteria (plant growth-promoting rhizobacte-
ria, (PGPR) and nitrogen fixers) and fungi including the arbuscular mycorrhiza 
fungi (AMF). Biofertilizers release the nutrients slowly. Soil fertility increases by 
the long-term application of biofertilizers, which leads to the buildup of nutrients 
in fields.
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4  Advantages of Using Organic Fertilizers

 1. Organic fertilizers are suitable because they supply balanced nutrients that help 
to keep plants healthy.

 2. These fertilizers enhance soil biological activity that improves nutrient mobiliza-
tion from organic and chemical sources through the process of decomposition.

 3. Enhancement in root system has been found by using organic fertilizers due to 
better soil structure.

 4. Organic fertilizers increase the organic matter content of soil and improve soil 
texture, water retention and resistance to erosion. Therefore, it helps in the 
improvement of soil physical and physiological structure.

 5. Organic fertilizers have the ability to release nutrients slowly and contribute to 
the residual pool of organic N and P in the soil, reducing N-leaching loss and P 
fixation and also supply micronutrients.

5  Disadvantages of Using Organic Fertilizers

 1. Organic fertilizers are comparatively low in nutrient content, so larger volumes 
are needed to provide enough nutrients for crop growth and yield.

 2. The nutrient release rate is too slow to meet crop requirements in a short time, 
hence some nutrient deficiency may occur.

 3. The sufficient quantity of nutrients does not exist in organic fertilizers to sustain 
maximum crop growth.

 4. The cost of compost production is high as compared to chemical fertilizers.
 5. Long-term or heavy application to agricultural soils may result in salt, nutrient or 

heavy metal accumulation and may adversely affect plant growth, soil organ-
isms, water quality and animal and human health.

6  Conclusions and Future Perspectives

In agriculture, intensive use of various kinds of chemical fertilizers has reduced soil 
fertility and made soil unsuitable for crop plants. This huge application of chemical 
fertilizers has also led to severe health and environmental threats such as soil ero-
sion, water pollution, pesticide harming, water logging and reduction of biodiver-
sity. Crop production is increased by the intensive use of inorganic fertilizer, but it 
causes soil fertility depletion. To minimize this adverse effect of chemical fertiliz-
ers, a new approach has been developed, called organic agriculture. Organic agricul-
ture includes the use of organic fertilizers. Organic fertilizers are gaining familiarity 
in many countries, these being eco-friendly and cost-effective. The best practice is 
organic farming to conserve soil fertility and the environment. In this farming sys-
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tem, different types of organic material are used as compost (village compost, town 
compost, water hyacinth compost, vermicompost), farmyard manure (cattle 
manures, sheep penning, poultry manures), green manures (leguminous plant and 
non-leguminous plant), biofertilizers (algal biofertilizers, fungal biofertilizers, bac-
terial biofertilizers or plant growth-promoting rhizobacteria, (PGPR)). These 
 fertilizers are able to increase crop yields and minimize the evil effect of chemical 
fertilizers, pesticide and herbicides. Therefore, there is an urgent need for the 
involvement of governmental and international policies for the development of eco- 
friendly production technologies to reduce the adverse effect of intensive farming to 
discontinue use of various kinds of chemical fertilizers, pesticides and insecticides.

References

Alam S, Seth RK, Shukla DN (2014) Role of blue green algae in Paddy crop. Euro J Exp Bio 
4:24–28

Anderson JPE (1987) Handling and storage of soils for pesticide experiments. In: Sommerville 
L, Greaves MP (eds) Pesticide effects on soil microflora. Taylor & Francis, London, pp 45–60

Anderson WB, Polis GA (1999) Nutrient fluxes from water to land: seabirds affect plant nutrient 
status on gulf of California Islands. Oecologia 118:324–332

Beare MH, Parmelee RW, Hendrix PF, Cheng W, Coleman D, Crossley JDA (1992) Microbial and 
faunal interactions and effects on litter nitrogen and decomposition in agro ecosystems. Ecol 
Monogr 62(569):591

Bewick MWM (1980) Handbook of organic waste conversion. Van Nostrand Reinhold Co, 
New York

Bokhtiar SM, Sakurai K (2005) Effects of organic manure and chemical fertilizer on soil fertility 
and productivity of plant and ratoon crops of sugarcane. Arch Agron Soil Sci 51:325–334

Boulaine J (1989) History of soil scientists and soil science. INRA Editions, Paris
Chalker-Scott L (2007) Impact of Mulches on landscape plants and the environment — a review. 

J Environ Hort 25:239–249
Chandanie WA, Kubota M, Hyakumachi M (2006) Interactions between plant growth promoting 

fungi and arbuscular mycorrhizal fungus Glomus mosseae and induction of systemic resistance 
to anthracnose disease in cucumber. Plant Soil 286:209–217

Cooke GW (1972) Fertilizing for maximum yield. Crosby Lockwood & Son Ltd, London, pp 13–27
Daji JA (1955) Manures and manuring. Root and tuber manuring. Farm Bull 7:24–25. lCAR, New 

Delhi
Das AC, Mukherjee D (1990) Microbiological changes during decomposition of wheat straw and 

neem cake in soil. Environ Ecol 8:1012–1015
Das A, Prasad R, Srivastava A, Giang HP, Bhatnagar K, Varma A (2007) Fungal siderophores: 

structure, functions and regulation. In: Varma A, Chincholkar SB (eds) Soil biology microbial 
siderophores, Springer, Berlin/Heidelberg, pp 1–42

De Bertoldi MD, Vallini G, Pera A (1983) The biology of composting: a review. Waste Manag Res 
1:157–176

De Cano MMS, De Caire GZ, De Mulé MCZ, Palma RM (2002) Effect of Tolypothrix tenuis and 
Microchaetetenera on biochemical soil properties and maize growth. J Plant Nutr 25:2421–2431

Debnath A, Das AC, Mukherjee D (1994) Studies on the decomposition of organic wastes in soil. 
Microbiol Res 149:195–201

Diacono M, Montemurro F (2010) Long-term effects of organic amendments on soil fertility. a 
review. Agron Sustain Dev 30:401–422

Role of Organic Fertilizers in Improving Soil Fertility



74

Dong W, Zhang X, Wang H, Dai X, Sun X (2012) Effect of different fertilizer application on the 
soil fertility of Paddy soils in red soil region of southern China. PLoS One 7:e44504

Dong W, Zhang XY, Dai XQ, Fu XL, Yang FT, Liu XY, Sun XM, Wen XF, Schaeffer S (2014) 
Changes in soil microbial community composition in response to fertilization of paddy soils in 
subtropical China. Appl Soil Ecol 84:140–147

Edward CA (1998) The use of earthworms in the break down and management of organic wastes. 
In: Earthworm ecology. CRC Press, Boca Raton, pp 327–354

Fischer K, Hahn D, Amann RI, Daniel O, Zeyer J (1995) In situ analysis of the bacterial com-
munity in the gut of the earthworm Lumbricus terrestris L. by whole-cell hybridization. Can J 
Microbiol 4:666–673

Follet R, Donahue R, Murphy L (1981) Soil and soil amendments. Prentice Hall Inc., New Jersey
Gaind S, Nain L (2007) Chemical and biological properties of wheat soil in response to paddy 

straw incorporation and its biodegradation by fungal inoculants. Biodegradation 18:495–503
Gandolfi I, Sicolo M, Franzetti A, Fontanarosa E, Santagostino A, Bestetti G (2010) Influence of 

compost amendment on microbial community and ecotoxicity of hydrocarbon contaminated 
soils. Bioresour Technol 101:568–575

Gaur AC, Singh G (1995) Recycling of rural and urban wastes through conventional and vermi-
composting. In: Tandon HLS (ed) Recycling of crop, animal, human and industrial wastes in 
agriculture. FDCO, New Delhi, pp 31–35

Gaur AC, Sadasivam KV, Mathur RS, Magu SP (1982) Role of mesophilic fungi in composting. 
Agric Wastes 4:453–460

Ge G, Li Z, Fan F, Chu G, Hou Z, Liang Y (2010) Soil biological activity and their seasonal 
variations in response to long-term application of organic and inorganic fertilizers. Plant Soil 
326:31–44

Gianfreda L, Bollag JM (1996) Influence of natural and anthropogenic factors on enzyme activity 
in soil. In: Stotzky G, Bollag JM (eds) Soil biochemistry, vol 9. Marcel Dekker, New York, 
pp 123–193

Glick BR (1995) The enhancement of plant growth by free-living bacteria. Can J Microbiol 
41(109):117

Golueke CG (1977) Biological reclamation of solid wastes. Rodale Press, Emmaus
Hadas A, Kautsky L (1994) Feather meal, a semi slow-release nitrogen fertilizer for organic farm-

ing. Fert Res 38:165–170
Hadas A, Rosenberg R (1992) Guano as a nitrogen source for fertigation in organic farming. Fert 

Res 32:209–214
Hutchinson GE (1950) Survey of existing knowledge of biogeochemistry: 3, the biogeochemistry 

of vertebrate excretion. Bull Am Mus Nat Hist 96:1–554
Irisarri P, Gonnet S, Monza J (2001) Cyanobacteria in Uruguayan rice fields: diversity, nitrogen 

fixing ability and tolerance to herbicides and combined nitrogen. J Biotechnol 191:95–103
Kannaiyan S (2002) Biofertilizers for sustainable crop production. Biotechnology of biofertilizers. 

Narosa Publishing House, New Delhi, p 377
Karsten GR, Drake HL (1997) Denitrifying bacteria in the earthworm gastrointestinal tract and 

in vivo emission of nitrous oxide (N2O) by earthworms. Appl Environ Microbiol 63:1878–1882
Khosro M, Yousef S (2012) Bacterial bio-fertilizers for sustainable crop production: a review. 

APRN J Agric Biol Sci 7:237–308
King LD (1990) Soil nutrient management in the United States. In: Edwards CA et  al (eds) 

Sustainable agricultural systems. Soil and Water Conservation society, Ankeny, pp 89–104
Kloepper JW, Schroth MN (1978) Plant growth-promoting rhizobacteria on radishes. In: 

Proceedings of the 4th international conference on plant pathogenic Bacteria, veterinary 
pathology and phytobacteriology station. INRA, Angers, pp 879–882

Kloepper JW, Leong J, Teintza M, Schorth MN (1980) Enhanced plant growth by siderophores 
produced plant growth promoting rhizobacteria. Nature 286:885–886

Kloepper JW, Lifshitz R, Zablotowicz RM (1989) Free-living bacterial inocula for enhancing crop 
productivity. Trends Biotechnol 7:9–44

T. B. Singh et al.



75

Lee KE (1985) Earthworms, their ecology and relationships with land use. Academic Press, 
Sydney, p 411

Lee KK, Wani SP (1989) Significance of biological nitrogen fixation and organic manures in soil 
fertility management. In: Special publication of the international fertilizer development center. 
pp 89–108I

Liu E, Yan CY, Mei XR, He WQ, Bing SH, Ding LP, Liu Q, Liu S, Fan TL (2010) Long-term 
effect of chemical fertilizer, straw, and manure on soil chemical and biological properties in 
Northwest China. Geoderma 158:173–180

Liu SL, Huang DY, Chen AL, Wei WX, Brookes PC, Li Y, Wu JS (2014) Differential responses of 
crop yields and soil organic carbon stock to fertilization and rice straw incorporation in three 
cropping systems in the subtropics. Agric Ecosyst Environ 184:51–58

Loehr RC, Jewell WJ, Novak JD, Clarkson WW, Friedman GS (1979) Land application of wastes. 
Van Nostrand Reinhold Co., New York

Luo P, Han X, Wang Y, Han M, Shi H, Liu N, Bai H (2015) Influence of long-term fertilization on 
soil microbial biomass, dehydrogenase activity, and bacterial and fungal community structure 
in a brown soil of northeast China. Ann Microbiol 65:533

MalamIssa O, Defarge C, Bissonnais YL, Marin BD, Bruand A, D’Acqui LP, Nordenberg S, 
Annerman M (2007) Effects of the inoculation of cyanobacteria on the microstructure and the 
structural stability of a tropical soil. Plant Soil 290:209–219

Maqubela MP, Mnkeni PNS, Malamissa O, Pardo MT, D’Acqui LP (2009) Nostoccyanobacterial 
inoculation in south African agricultural soils enhances soil structure, fertility and maize 
growth. Plant Soil 315:79–92

Matulich KL, Martiny JBH (2015) Microbial composition alters the response of litter decomposi-
tion to environmental change. Ecology 96:154–163

McColl JG, Burger J (1976) Chemical inputs by a colony of Franklin’s gulls nesting in cattails. 
Am Midl Nat 96:270–280

Mishra DJ, Singh R, Mishra UK, Kumar SS (2013) Role of bio-fertilizer in organic agriculture: a 
review. Res J Recent Sci 2:39–41

Mukherjee D, Mitra S, Das AC (1991) Effect of oi1 cakes on changes in carbon, nitrogen and 
microbial population in soil. J Indian Soc Soil Sci 39:457–462

Nair A, Ngouajio M (2012) Soil microbial biomass, functional microbial diversity, and nematode 
community structure as affected by cover crops and compost in an organic vegetable produc-
tion system. Appl Soil Ecol 92:45–55

Nambiar KKM, Abrol IP (1989) Long-term fertilizer experiments in India (an overview). Fertiliser 
News 34:11–20

Naser FK, Alshekhmoham KSN, Altaher QMA, Makani H, Salunke A (2017) Improving soil 
health and plant growth with combination of BGA and micronutrients. Imp J Interdiscip Res 
3:315–319

Nautiyal C, Chauhan P, Bhatia CR (2010) Changes in soil physico-chemical properties and micro-
bial functional diversity due to 14 years of conversion of grassland to organic agriculture in 
semi-arid agroecosystem. Soil Till Res 109:55–60

Neher D (1999) Nematode communities in organically and conventionally managed agricultural 
soils. J Nematol 31:142–154

Nelson B (1979) Seabirds: their biology and ecology. A&W Publishers/Nova Science Publishers 
Inc, New York, pp 218–233

Obana S, Miyamoto K, Morita S, Ohmori MI (2007) Effect of Nostoc sp. on soil characteristics, 
plant growth and nutrient uptake. J Appl Phycol 16:641–646

Owen O, Rogers DW, Winsor GW (1950) The nitrogen status of soils. Part I The nitrification of 
some nitrogenous fertilizers. J Agric Sci 40:185–190

Pandey SK, Singh JP, Gopal J (2008) Potato varieties and cropping systems in India. Potato J 
35:103–110

Parker CF (1990) Role of animals in sustainable agriculture. In: Edwards CA et al (eds) Sustainable 
agricultural systems. Soil and Water Conservation Society, Ankeny, pp 438–450

Role of Organic Fertilizers in Improving Soil Fertility



76

Patil M, Bheemappa A, Angadi JG, Guledgudda SS (2014) A critical analysis on economics and 
constraints in adoption of organic vegetable cultivation in Belgaum district. Karnataka J Agric 
Sci 27:539–541

Qin J, Culver DA, Yu N (1995) Effect of organic fertilizer on heterotrophs and autotrophs: implica-
tions for water quality management. Aquac Res 26:911–920

Rinaldi AC, Comandini O, Kuyper TW (2008) Ectomycorrhizal fungal diversity: separating the 
wheat from the chaff. Fungal Divers 33:1–45

Rodriguez AA, Stella AM, Storni MM, Zulpa G, Zaccaro MC (2006) Effects of cyanobacterial 
extracellular products and gibberellic acid on salinity tolerance in Oryza sativa L. Saline Syst 
2:7

Roger PA, Reynaud PA (1982) Free living blue green algae in tropical soils. In: Dommer-Gues Y, 
Diem H (eds) Microbiology of tropical soils and plant productivity. Martinus Nijhoff Publisher, 
La Hague, pp 147–168

Roose E, Barthes B (2001) Organic matter management for soil conservation and productivity res-
toration in Africa: a contribution from francophone research. Nutr Cycl Agroecosys 61:59–170

Saadaoui I, Emadi MA, Bounnit T, Schipper K, Jabri HA (2016) Cryopreservation of microalgae 
from desert environments of Qatar. J Appl Phycol 28:2233–2240

Saadatnia H, Riahi H (2009) Cyanobacteria from paddy fields in Iran as a biofertilizer in rice 
plants. Plant Soil Environ 55:207–212

Shaheen A, Fatma M, Rizk A, Singer SM (2007) Growing onion plants without chemical fertiliza-
tion. Res J Agr Biol Sci 3:95–104

Sharma A (1971) Eradication and utilization of water hyacinth-a review. Curr Sci 40:51–55
Singh S, Singh BK, Yadav SM, Gupta AK (2014) Potential of biofertilizers in crop production in 

Indian agriculture. Am J Plant Nutr Fert Technol 4:33–40
Singh AK, Singh AP, Gaurav N, Srivastava A, Gariya HS (2016) Growth of BGA on different 

types of soil, effect of BGA on physical and chemical properties of soil for paddy plants. J Med 
Plants Stud 4:111–114

Sinha R, Herat S, Valani D, Chauhan K (2009) Earthworms vermicompost: a powerful crop nutri-
ent over the conventional compost & protective soil conditioner against the destructive chemi-
cal fertilizers for food safety and security am-Euras. J Agric Environ Sci 5:01–55

Song T, Martensson L, Eriksson T, Zheng W, Rasmessen U (2005) Biodiversity and seasonal varia-
tion of the cyanobacterial assemblage in rice paddy field in Fujian, China. FEMS Microbiol 
Ecol 54:131–140

Stelly M (1977) Soils for management of organic wastes and waste waters. Soil Sciences Society of 
America, American Society of Agronomy and the Crop Science Society of America, Madison

Subramanian B, Gupta G (2006) Adsorption of trace elements from poultry litter by montmoril-
lonite clay. J Hazard Mater 128:80–83

Swathi V (2010) The use and benefits of bio-fertilizer and biochar on agricultural soils. B.Sc. the-
sis, Department of Chemical and Biological Engineering, Chalmers University of Technology, 
Goteborg Sweden, pp 20–24

Thorneby L, Persson K, Tragardh G (1999) Treatment of liquid effluents from dairy cattle and pigs 
using reverse osmosis. J Agric Eng Res 73:159–170

Verma JP, Verma R (2012) Organic fertilizers and their impact on agricultural production system: 
In organic fertilizers: types, production and environmental impact edited by Singh RP. Nova 
Science Publishers, Inc. New York , pp 218–232

Wainright SC, Haney JC, Kerr C, Golovkin AN, Flint MV (1998) Utilization of nitrogen derived 
from seabird guano by terrestrial and marine plants at St. Paul, Pribilof Islands, Bering Sea, 
Alaska. Mar Biol 131:63–71

Wait DA, Aubrey DP, Anderson WB (2005) Seabird guano influences on desert islands: soil chem-
istry and hernaceous species richness and productivity. J Arid Environ 60:681–695

Wiles CC (1978) Composting of refuse. In: Composting of municipal residues and sludges. 
Information Transfer Inc. and Hazardous Material Control Research Institute, Rockville, p 20

Wilson LT (2006) Cyanobacteria: a potential nitrogen source in Rice fields. Texas Rice 6:9–10

T. B. Singh et al.



77

Xun W, Huang T, Zhao J, Ran W, Wang B, Shen Q (2015) Environmental conditions rather than 
microbial inoculum composition determine the bacterial composition, microbial biomass and 
enzymatic activity of reconstructed soil microbial communities. Soil Biol Biochem 90:10–18

Yanan T, Emteryd O, Dianqing L, Grip H (1997) Effect of organic manure and chemical fer-
tilizer on nitrogen uptake and nitrate leaching in a Eumorthic anthrosols profile. Nutr Cycl 
Agroecosys 48:225–229

Zaccaro MC, De Caire GZ, De Cano MS, Palma RM, Colombo K (1999) Effect of cyanobacterial 
inoculation and fertilizers on rice seedlings and postharvest soil structure. Comm Soil Sci Plant 
Anal 30:97–107

Zhang FS, Cui ZL, Chen XP, Ju XT, Shen JB, Chen Q (2012) Integrated nutrient management for 
food security and environmental quality in China. AdvAgron 116:1

Role of Organic Fertilizers in Improving Soil Fertility


	Role of Organic Fertilizers in Improving Soil Fertility
	1 Introduction
	2 Types of Soil Fertility
	3 Types of Organic Fertilizer
	4 Advantages of Using Organic Fertilizers
	5 Disadvantages of Using Organic Fertilizers
	6 Conclusions and Future Perspectives
	References




