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Unit-III 

 

3.1 Raw Materials-Phosphoric acid, Sulphuric acid, Phosphate rock, Sulfur pyrite 

3.2 Method of Production-Specification, Storage and handling of Phosphatic Fertilizers 

3.3 Ground Rock Phosphate 

3.4 Bone Meal 

3.5 Single super phosphate 

3.6 Triple super phosphate 

3.7 Thermal Phosphate 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



3.1 Phosphate rock (PR) is the raw material used in the manufacture of most commercial phosphate 

fertilizers on the market. With access to large, high-quality reserves of phosphate rock, Morocco, 

China and US are the most important players in phosphate industry. 

Ground phosphate rock from the mines is first sent to recovery units to separate sand and clay and 

to remove impurities. Most of the processes are wet to facilitate material transport and to reduce 

dust. 

A weak phosphoric acid (40-55%) is produced from the reaction of PR with sulfuric acid, using a 

wet- process. The obtained phosphoric acid is then used in the production of a series of liquid or 

solid fertilizers. The most important ones are single and triple superphosphates (SSP, TSP) and 

ammonium phosphates (MAP, DAP). Usually the plants are using flexible process technologies, 

allowing the manufacture of at least two products with interchangeable lines (e.g. TSP and DAP 

combination). 

SSP is simple to produce but is nowadays less popular. TSP results from the reaction of PR with 

phosphoric acid, using the common Dorr-Oliver slurry granulation process. GTSP (granulated 

TSP) is obtained in this way, with very good storage and handling properties. 

Economical and with high nutrient content, ammoniated phosphates such as mono- and di-

ammonium phosphate (MAP, DAP) are another popular choice of fertilizers. They are obtained 

when ammonia (liquid or gaseous) is added to the weak phosphoric acid. 

Phosphate fertilizers production flow-cart can be illustrated in the following figure :  

 

 

 

  

 

 

 



3.2 Phosphatic fertilizers 

As the name suggests, insoluble phosphatic fertilizers are completely insoluble in water. They are 

very slightly soluble in weak acids like citric acid but are readily soluble in strong acids. Their use 

is, therefore, always recommended for strongly acidic soils. These fertilizers also contain 

phosphorus in the available form PO4 but this form is very slowly available in comparison to 

pervious two forms, i.e. H2PO4 and HPO4. These fertilizers are applied in large quantities and also 

ploughed under with green manuring crops or other organic materials. This group of phosphatic 

fertilizers is available in two main forms: 

a. Rock phosphate -                                     20-40% P205 

b. Bonemeal -a. Raw bonemeal                     2- 25% P205 

c. Steamed bonemeal                                   22% P205 

a. Rock phosphates: In India, rock phosphate is mainly utilized for the manufacturing of various 

other phosphatic fertilizers. It is also used directly to the field, as a phosphatic fertilizer in strongly 

acidic soils. After mining, it is processed and finally ground and sold in the polythene bags for 

field use. Rock phosphate is suitable for permanent, long duration crops like fruit and plantation 

crops (orange, apple, tea, coffee, etc.). Rock phosphate responds very well in soils rich in organic 

matter, because acids released by decomposing organic matter help in solubilizing the rock 

phosphate. Legumes which have a high Ca and P requirement, give greater response to rock 

phosphate than non-legumes. 

Areas having strongly acid soils are the most suitable ones for application of rock phosphate. Such 

areas are found in the whole of Kerala. Shimogha, Coorg and Mysore districts of Karnataka, 

Chotanagpur region of Bihar, parts of Assam, Meghalaya, West Bengal and rice cropped laterite 

soils of Orissa. 

b. Bonemeal: Bonemeal is the oldest phosphatic fertilizer used by Indian farmers. Presently. it is 

marketed: in two forms. 

i. Raw bonemeal -The bones collected from city slaughter houses and from the countryside, are 

dried and crushed without any treatment. Besides 20-25% P205' raw bonemeal also contains 2-4% 

nitrogen. 

ii. Steamed bonemeal -The bones collected are given a steam treatment in a sterilization chamber. 

They are then dried in warm, rotating ovens. Bones become brittle and easy for grinding. 

 

 

 



3.3 Apatite is the most abundant crystalline phosphate mineral found as an accessory mineral in 

practically all kinds of igneous rocks. Sometimes, it is concentrated in pegmatite’s, metallic veins 

and magmatic deposits. It also occurs in metamorphic rocks and as a secondary mineral in 

phosphatic rocks of sedimentary origin. 

Fluor-apatite Ca (PO4)3F is the most common variety of apatite and also a secondary source of 

fluorine. Collophane is apparently a cryptocrystalline or amorphous calcium phosphate complex. 

Rock phosphates or phosphorites are sedimentary phosphatic deposits comprising fine- grained 

mixture of various calcium phosphates, most important being hydroxyl-apatite, carbonate- apatite, 

fluor-apatite and their solid solutions. About 80% phosphate production in the world is derived 

from phosphate rocks (phosphorite) containing one or more phosphatic minerals, usually calcium 

phosphate of sufficient purity and quantity to permit its use directly or after concentration in 

manufacturing commercial products. 

Phosphate rock is also the source of by-product fluorine. Apatite & rock phosphate containing 3 

to 4% CaF2 are useful for recovery of fluorite. Hydrofluoro-silicic acid is recovered as by-product 

from phosphoric acid plants during processing of rock phosphate.  
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3.6 

 

 



 



 

 



 

 



3.7

 

 

 

 

 

 

 

 

 

 

 

 

 

 



3.7 THERMAL PHOSPHATE 
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   Unit-IV   

 

4.1 Types of Complex Fertilizers-composition 

4.2 Production of Ammonium phosphate fertilizer 

4.3 Ammonium sulphate 

4.4 Diammonium phosphate 

4.5 Nitro phosphate 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



4.1 Complex fertilizers 

Complex fertilisers contain varying ratios of two or three macronutrients (nitrogen, phosphorous 

and potassium) required by plants. Their application simplifies the task of balancing soil nutrients 

and boosts yields. Complex fertilisers supply crops with essential nutrients in a form favourable 

for plant nutrition, assuring peak efficiency in a variety of climatic conditions. 

The Group manufactures NPK, blends, and NP complex fertilisers. 

NPK  

     NPK is a multipurpose nitrogen-phosphate-potassium mineral fertiliser. In its highly 

digestible form, it includes all basic nutrients ensuring balanced plant nutrition. 

 

Nitrogen content  

 

At least 50% in ammonium form, no more than 50% in nitrate form. 

 

Characteristics and advantages 

• NPK activates the plant growth process and increases the seed germination rate 

• Strengthens plant immunity by activating protective properties; reduces damage caused by 

root rot, powdery mildew, and rust 

• Increases the durability of plant stems and grain resistance to lodging 

• Ensures a significant increase in yield (from 20% to 50%) 

• Can be applied using different rates and methods to customize for crop and soil type 

• NPK is well retained in soils; it has almost zero scavenging rate by precipitation and is less 

fixed by the soil-absorbing complex than single-component fertilisers 

• Reduces time and money due to the high concentration of active elements, as well as 

storage and application characteristics 

• Anti-caking agents ensure long-term preservation of all fertiliser properties, with increased 

flowability and slower dissolution, which significantly reduces nitrogen loss during 

irrigation 

Application 

 

NPK is effective on soils of various grain-size distribution in the Central Black Earth Region. It 

is suitable for unstable and insufficient watering conditions with regular droughts and intensive 

erosion processes. NPK is recommended for use in autumn during the main application for sugar 

beet, sunflower, and buckwheat. Sowing application is effective for spring wheat, barley, millet, 

maize for silage and grain, and various vegetable crops. 

 

The fertilizer shows increased efficiency when topping winter grain crops using a localised band 

placement method to a depth of 8-10 cm. It is indispensable for overgrown plants that require 

additional nutrition. NPK positively influences product quality and increases nutritional value 

and oil content in grains and fruits, which is beneficial for the duration of storage of the crop, as 

well as the ability of plants to resist bad weather conditions. 



Complex fertilizers (also known as compound fertlizers) are made from mixing two or more of 

macro-nutrient type fertlizers. They may also be further blended with elements that provide some 

of the less-common plant nutrients (known as secondary or trace nutrients, such as sulfur, 

calcium and magnesium). Compound fertilizer can be packaged and distributed in liquid or 

granular form. 

A numbering system is used to define the percentages of the three essential plant nutrients. For 

example, a 20-20-10 fertilizer would contain 20 percent nitrogen, 20 percent phosphorus and 10 

percent potassium. Secondary nutrients and trace elements are typically listed. 

Diammonium Phosphate (18-46-0) 

DAP Improves plant resistance to stress such as drought or frost and certain diseases. Increases 

the sugar content in fruit and root crops. Especially efficient as the main fertilizer for cereals, 

fodder-crops and vegetables and as a supplementary dressing for fruits. Suitable for greenhouse 

application. 

Mono Ammonium Phosphate (MAP 11-52-0) 

Monoammonium phosphate is an ideal source of Phosphorus and Nitrogen at all 

stages of plant growth. It can be used as a foliar spray on crops early during cell division and also 

during times of stress. Suitable for use on a wide range of indoor 

and outdoor crops 

NPK 23-23-0 

Highly efficient complex mineral fertilizer. Suitable for all soil and crop types. Especially efficient 

on podzolic soils with low reserves of phosphorous and potassium. Efficient as either the main 

fertilizer or extra-nutrition for vegetables, legumes, wheat, barley and maize . 

 

 

 

 

 

 

 

 



4.2 AMMONIUM PHOSPHATE 

 

 



 



 
 PROCESS FLOW DIAGRAM FOR AMMONIUM PHOSPHATE 

 

 



 
 

 

 

 

 

 

 



4.3 

 



 

 



 

 

 



 



 



 

4.4 Diammonium Phosphate 

Chemical Name 

Diammonium phosphate 

Crop Segments 

All 

Features 

High analysis nitrogen and phosphorus contained in every granule. 

Quality & Handling 

Nominal 2-4mm size granule, free flowing product. 

Bulk density 0.9 tonnes per cubic metre. 

Blending 

Can be blended with most products and trace elements. 

Features 

• High analysis source of phosphorus. 

• N:P ratio of 1:1 makes it an effective source of nitrogen. 

• DAP releases free ammonium. Nitrogen in the ammonium form resists leaching and is a 

slower release form of nitrogen. 

• The free ammonium gives a higher pH reaction immediately around the granule. 



• The low cost of nitrogen in DAP makes it a cost effective source of nitrogen if 

Phosphorus is also required. 

Manufacture 

Ammonia gas is combined with phosphoric acid in a ratio of 1:1, granulated, dried and screened. 

Uses 

One of the major cropping fertilisers used in Australia as a source of both phosphorus and 

nitrogen. The high phosphorus content makes it a true high analysis fertiliser. DAP and DAP 

blends are used on a range of crops in broad-acre farming, cereals, sugar cane, sowing pastures, 

dairy pastures, fodder crops and also in horticultural crops; for example, vegetables and tree 

crops. 

Storage and handling 

• Does tend to take up moisture, both in storage and in the field. 

• Storage in a bulk shed is the preferred storage method. Covering with a tarp may reduce 

any moist air uptake. 

• The use of augers may damage the fertiliser and increase any handling problems. 

• Do not leave exposed to moist air. 

• Either fill or empty (completely), the drill or air-seeder fertiliser box overnight. 

• Cover seeding equipment with a tarp. 

• Raise the equipment tynes from the soil to stop moisture moving up the tubes. 

Restrictions 

• For sowing there is little risk of affecting germination, even at high rates. The general 

rule of a maximum of 20kg/ha of nitrogen at seeding of cereals should be used. 

• When applying DAP, the fertiliser should be banded 5cm away from the seed, either 

below or to the side. DAP is low in sulphur – 1.5%. It is not recommended for high 

sulphur requiring crops such as canola, unless blended with sulphate of ammonia. 

• Do not store in silos. 

 

 
 

 

 

 

 



4.5 Nitro Phosphate 
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 Mixed or granulated fertilizer 

 

 

 



 

 

 

 



 

 

 

 



 

 

 



 

 

 

 BIOFERTILIZERS 

Biofertilizers  

Biofertilizers are defined as preparations containing living cells or latent cells of efficient strains 

of microorganisms that help crop plants’ uptake of nutrients by their interactions in the 

rhizosphere when applied through seed or soil.  They accelerate certain microbial processes in 

the soil which augment the extent of availability of nutrients in a form easily assimilated by 

plants. 

Very often microorganisms are not as efficient in natural surroundings as one would expect them 

to be and therefore artificially multiplied cultures of efficient selected microorganisms play a 

vital role in accelerating the microbial processes in soil. 

Use of biofertilizers is one of the important components of integrated nutrient management, as 

they are cost effective and renewable source of plant nutrients to supplement the chemical 

fertilizers for sustainable agriculture. Several microorganisms and their association with crop 

plants are being exploited in the production of biofertilizers. They can be grouped in different 

ways based on their nature and function. 

 



S. 

No.  
Groups Examples 

N2  fixing Biofertilizers 

1. Free-living 
Azotobacter, Beijerinkia, Clostridium, 

Klebsiella, Anabaena, Nostoc,   

2. Symbiotic Rhizobium, Frankia, Anabaena azollae 

3. 
Associative 

Symbiotic 
Azospirillum 

P Solubilizing Biofertilizers 

1. Bacteria 

Bacillus megaterium var. 

phosphaticum, Bacillus subtilis 

Bacillus circulans, Pseudomonas 

striata 

2. Fungi Penicillium sp, Aspergillus awamori 

P Mobilizing Biofertilizers 

1. 
Arbuscular 

mycorrhiza 

Glomus sp.,Gigaspora sp.,Acaulospora 

sp.,  

Scutellospora sp. & Sclerocystis sp. 

2. Ectomycorrhiza 
Laccaria sp., Pisolithus sp., Boletus sp., 

Amanita sp. 

3. Ericoid mycorrhizae Pezizella ericae 

4. Orchid mycorrhiza Rhizoctonia solani 

Biofertilizers for Micro nutrients 

1. 
Silicate and Zinc 

solubilizers 
Bacillus sp. 

Plant Growth Promoting Rhizobacteria  

1. Pseudomonas  Pseudomonas fluorescens  

 

2. Different types of biofertilizers 

 

Rhizobium    
 

Rhizobium is a soil habitat bacterium, which can able to colonize the 

legume roots and fixes the atmospheric nitrogen symbiotically. The 

morphology and physiology of Rhizobium will vary from free-living 

condition to the bacteroid of nodules. They are the most efficient 

biofertilizer as per the quantity of nitrogen fixed concerned. They 

have seven genera and highly specific to form nodule in legumes, 

referred as cross inoculation group.  Rhizobium inoculant was first 



made in USA and commercialized by private enterprise in 1930s and 

the strange situation at that time has been chronicled by Fred (1932).  

Initially, due to absence of efficient bradyrhizobial strains in soil, 

soybean inoculation at that time resulted in bumper crops but 

incessant inoculation during the last four decades by US farmers has 

resulted in the build up of a plethora of inefficient strains in soil 

whose replacement by efficient strains of bradyrhizobia has become 

an insurmountable problem. 

 

Azotobacter   
 

Of the several species of Azotobacter, A. chroococcum happens to 

be the dominant inhabitant in arable soils capable of fixing N2 (2-

15 mg N2 fixed /g of carbon source) in culture media.  

The bacterium produces abundant slime which helps in soil 

aggregation. The numbers of A. chroococcum in Indian soils 

rarely exceeds 105/g soil due to lack of organic matter and the 

presence of antagonistic microorganisms in soil. 

 

Azospirillum   
 

Azospirillum lipoferum and A. brasilense (Spirillum lipoferum in 

earlier literature) are primary inhabitants of soil, the rhizosphere and 

intercellular spaces of root cortex of graminaceous plants. They 

perform the associative symbiotic relation with the graminaceous 

plants.   

The bacteria of Genus Azospirillum are  N2 fixing organisms 

isolated from the root and above ground parts of a variety of crop 

plants. They are Gram negative, Vibrio or Spirillum having 

abundant accumulation of polybetahydroxybutyrate (70 %) in 

cytoplasm.   

Five species of Azospirillum have been described to date A. 

brasilense, A.lipoferum, A.amazonense, A.halopraeferens and 

A.irakense.  The organism proliferates under both anaerobic and 

aerobic conditions but it is preferentially micro-aerophilic in the 

presence or absence of combined nitrogen in the medium.  

Apart from nitrogen fixation, growth promoting substance 

production (IAA), disease resistance and drought tolerance are some 

of the additional benefits due to Azospirillum inoculation.  

 

 

   



 

 

 

 

Cyanobacteria 

 

Both free-living as well as symbiotic cyanobacteria (blue green 

algae) have been harnessed in rice cultivation in India. A 

composite culture of BGA having heterocystous Nostoc, 

Anabaena, Aulosira etc. is given as primary inoculum in trays, 

polythene lined pots and later mass multiplied in the field for 

application as soil based flakes to the rice growing field at the 

rate of 10 kg/ha. The final product is not free from extraneous 

contaminants and not very often monitored for checking the 

presence of desiredalgal flora.  

Once so much publicized as a biofertilizer for the rice crop, it 

has not presently attracted the attention of rice growers all over 

India except pockets in the Southern States, notably Tamil 

Nadu. The benefits due to algalization could be to the extent of 

20-30 kg N/ha under ideal conditions but the labour oriented 

methodology for the preparation of BGA biofertilizer is in itself 

a limitation. Quality control measures are not usually followed 

except perhaps for random checking for the presence of desired 

species qualitatively. 

Azolla 

Azolla is a free-floating water fern that floats in water and fixes atmospheric nitrogen in 

association with nitrogen fixing blue green alga Anabaena azollae. Azolla fronds consist of 

sporophyte with a floating rhizome and small overlapping bi-lobed leaves and roots. Rice 

growing areas in South East Asia and other third World countries have recently been evincing 

increased interest in the use of the symbiotic N2 fixing water fern Azolla either as an alternate 

nitrogen sources or as a supplement to commercial nitrogen fertilizers. Azolla is used as 

biofertilizer for wetland rice and it is known to contribute 40-60 kg N/ha per rice crop. 

 

 

 

 

 

 



 

 

Phosphate solubilizing microorganisms(PSM) 

 

Several soil bacteria and fungi, notably species of 

Pseudomonas, Bacillus, Penicillium, Aspergillus etc. 

secrete organic acids and lower the pH in their vicinity 

to bring about dissolution of bound phosphates in soil. 

Increased yields of wheat and potato were demonstrated 

due to inoculation of peat based cultures of Bacillus 

polymyxa and Pseudomonas striata. Currently, 

phosphate solubilizers are manufactured by agricultural 

universities and some private enterprises and sold to 

farmers through governmental agencies. These appear 

to be no check on either the quality of the inoculants 

marketed in India or the establishment of the desired 

organisms in the rhizosphere. 

AM fungi 

 

The transfer of nutrients mainly phosphorus and also zinc and 

sulphur from the soil milleu to the cells of the root cortex is 

mediated by intracellular obligate fungal endosymbionts of the 

genera Glomus, Gigaspora, Acaulospora, Sclerocysts and 

Endogone which possess vesicles for storage of nutrients and 

arbuscles for funneling these nutrients into the root system. By 

far, the commonest genus appears to be Glomus, which has 

several species distributed in soil.  

Availability for pure cultures of AM (Arbuscular Mycorrhiza) 

fungi is an impediment in large scale production despite the fact 

that beneficial effects of AM fungal inoculation to plants have 

been repeatedly shown under experimental conditions in the 

laboratory especially in conjunction with other nitrogen fixers. 

                                            

Silicate solubilizing bacteria (SSB)  

Microorganisms are capable of degrading silicates and aluminum silicates. During the 

metabolism of microbes several organic acids are produced and these have a dual role in silicate 

weathering. They supply H+ ions to the medium and promote hydrolysis and the organic acids 

like citric, oxalic acid, Keto acids and hydroxy carbolic acids which from complexes with 

cations, promote their removal and retention in the medium in a dissolved state. 



The studies conducted with a Bacillus sp. isolated from the soil of granite crusher yard showed 

that the bacterium is capable of dissolving several silicate minerals under in vitro condition. The 

examination of anthrpogenic materials like cement, agro inputs like super phosphate and rock 

phosphate exhibited silicate solubilizing bacteria to a varying degree. The bacterial isolates made 

from different locations had varying degree of silicate solubilizing potential. Soil inoculation 

studies with selected isolate with red soil, clay soil, sand and hilly soil showed that the organisms 

multiplied in all types of soil and released more of silica and the available silica increased in soil 

and water. Rice responded well to application of organic sliceous residue like rice straw, rice 

husk and black ash @ 5 t/ha. Combining SSB with these residues further resulted in increased 

plant growth and grain yield. This enhancement is due to increased dissolution of silica and 

nutrients from the soil.  

Plant Growth Promoting Rhizobacteria (PGPR) 

The group of bacteria that colonize roots or rhizosphere soil and beneficial to crops are referred 

to as plant growth promoting rhizobacteria (PGPR). 

The PGPR inoculants currently commercialized that seem to promote growth through at least 

one mechanism; suppression of plant disease (termed Bioprotectants), improved nutrient 

acquisition (termed Biofertilizers), or phytohormone production (termed Biostimulants). Species 

of Pseudomonas and Bacillus can produce as yet not well characterized phytohormones or 

growth regulators that cause crops to have greater amounts of fine roots which have the effect of 

increasing the absorptive surface of plant roots for uptake of water and nutrients. These PGPR 

are referred to as Biostimulants and the phytohormones they produce include indole-acetic acid, 

cytokinins, gibberellins and inhibitors of ethylene production.  

Recent advances in molecular techniques also are encouraging in that tools are becoming 

available to determine the mechanism by which crop performance is improved using PGPR and 

track survival and activity of PGPR organisms in soil and roots. The science of PGPR is at the 

stage where genetically modified PGPR can be produced. PGPR with antibiotic, phytohormone 

and siderophore production can be made.  

Despite of promising results, biofertilizers has not got widespread application in agriculture 

mainly because of the variable response of plant species or genotypes to inoculation depending 

on the bacterial strain used. Differential rhizosphere effect of crops in harbouring a target strain 

or even the modulation of the bacterial nitrogen fixing and phosphate solubilizing capacity by 

specific root exudates may account for the observed differences. On the other hand, good 

competitive ability and high saprophytic competence are the major factors determining the 

success of a bacterial strain as an inoculant.  

Studies to know the synergistic activities and persistence of specific microbial populations in 

complex environments, such as the rhizosphere, should be addressed in order to obtain efficient 

inoculants. In this regards, research efforts are made at Agricultural College and Research 

Institute, Madurai to obtain appropriate formulations of microbial inoculants incorporating 

nitrogen fixing, phosphate- and silicate- solubilizing bacteria and plant growth promoting 



rhizobacteria which will help in promoting the use of such beneficial bacteria in sustainable 

agriculture. 

 

 

Liquid Biofertilizers 

 

Biofertilizers are such as Rhizobium, Azospirillum and 

Phosphobacteria  provide nitrogen  and phosphorous 

nutrients to crop plants through nitrogen fixation and 

phosphorous solubilization processes. These Biofertilizers 

could be effectively utilized for rice, pulses, millets, cotton, 

sugarcane, vegetable and other horticulture crops.  

Biofertilizers  is one of the prime input in organic farming 

not only enhances the crop growth and yield but also 

improves the soil health and sustain soil fertility.  

At  present, Biofertilizers  are supplied to the farmers as 

carrier based  inoculants. As an alternative, liquid 

formulation technology has been developed in the 

Department of Agricultural  Microbiology, TNAU, 

Coimbatore which has more advantages than the carrier 

inoculants.  

Benefits 

The advantages of Liquid Bio-fertilizer over conventional carrier based Bio-fertilizers are listed 

below: 

• Longer shelf life -12-24 months. 

• No contamination. 

• No loss of properties due to storage upto 45º c. 

• Greater potentials to fight with native population. 

• High populations can be maintained more than 109 cells/ml upto 12 months to 24 

months. 

• Easy identification by typical fermented smell. 

• Cost saving on carrier material, pulverization, neutralization, sterilization, packing and 

transport. 

• Quality control protocols are easy and quick. 

• Better survival on seeds and soil. 

• No need of running Bio-fertilizer production units through out the year. 

• Very much easy to use by the farmer. 

• Dosages is 10 time less than carrier based powder Bio-fertilizers. 



• High commercial revenues. 

• High export potential. 

Liquid  Bio-fertlizer application methodology 

There are three ways of using Liquid Bio-fertilizers 

1. Seed treatment 

2. Root dipping 

3. Soil application 

Seed Treatment  

Seed Treatment is a most common method adopted for all types of inoculants. The seed 

treatment is effective and economic. For small quantity of seeds (up to 5 kgs quantity) the 

coating can done in a plastic bag. For this purpose, a plastic bag having size (21” x 10”) or big 

size can be used. The bag should be filled with 2 kg or more of seeds. The bag should be closed 

in such a way to trap the airs as much as possible. The bag should be squeezed for 2 minutes or 

more until all the seed are uniformly wetted. Then bag is opened, inflated again and shaked 

gently. Stop shaking after each seeds gets a uniform layer of culture coating. The bag is opened 

and the seed is dried under the shade for 20-30 minutes. For large amount of seeds coating can 

be done in a bucket and inoculant can be mixed directly with hand. Seed Treatment with 

Rhizobium, Azotobacter, Azospirillum, along with PSM can be done.  

The seed treatment can be done with any of two or more bacteria. There is no side (antagonistic) 

effect. The important things that has to be kept in mind are that the seeds must be coated first 

with Rhizobium, Azotobacter or Azospirillum. When each seed get a layer of above bacteria then 

PSM inoculant has to be coated as outer layer. This method will provide maximum number of 

each bacteria required for better results. Treatments of seed with any two bacteria will not 

provide maximum number of bacteria on individual seed. 

Root dipping 

For application of Azospirillum/ /PSM on paddy transplating/ vegetable crops this method is 

used. The required quantity of Azospirillum/ /PSM has to be mixed with 5-10 litres of water at 

one corner of the field and the roots of seedlings has to be dipped for a minimum of half-an-hour 

before transplantation. 

Soil application 

Use 200ml of PSM per acre. Mix PSM with 400 to 600 kgs of Cow dung FYM along with ½ bag 

of rock phosphate if available. The mixture of PSM, cow dung  and rock phosphate have to be 

kept under any tree or under shade for over night and maintain 50% moisture. Use the mixture as 

soil application in rows or during leveling of soil.  

 



 

 

 

 

Mass production of   Bacterial Biofertilizer 

 

 
  

Azospirillum Rhizobium Phosphobacteria Azotobacter 

 

Biofertilizers are carrier based preparations containing efficient strain of nitrogen fixing or 

phosphate solubilizing microorganisms. Biofertilizers are formulated usually as carrier based 

inoculants. The organic carrier materials are more effective for the preparation of bacterial 

inoculants. The solid inoculants carry more number of bacterial cells and support the survival of 

cells for longer periods of time. 

• The mass production of carrier based bacterial biofertilizers involves three stages. 

• Culturing of microorganisms 

• Processing of carrier material 

• Mixing the carrier and the broth culture and packing 

Culturing of Microorganisms  

Although many bacteria can be used beneficially as a biofertilizer the technique of mass 

production is standardizedfor Rhizobium, Azospirillum, Azotobacter and phosphobacteria. 

The media used for mass culturing are as follows: 

Rhizobium : Yeast extract mannitol broth. 

Growth on Congo red yeast extract mannitol agar medium  

Mannitol - 10.0 g 



K2 HPO4  - 0.5 g 

Mg So4 7H2 

O  
- 0.2 g 

NaCl - 0.1 g 

Yeast 

extract  
- 0.5 g 

Agar   20.0 g 

Distilled 

water  
  1000.0 ml 

Add 10 ml of Congo red stock solution (dissolve 250 mg of Congo  red  in 100ml water) to 1 

liter after adjusting the PH to 6.8 and before adding agar. 

Rhizobium forms white, translucent, glistening, elevated and comparatively small colonies on 

this medium. Moreover, Rhizobium colonies do not take up the colour of congo red dye added in 

the medium. Those colonies which readily take up the congo red stain are not rhizobia but 

presumably Agrobacterium, a soil bacterium closely related to Rhizobium.  

Azospirillum : Dobereiner's malic acid broth with NH4Cl (1g per liter) 

Composition of the N-free semisolid malic acid medium 

Malic acid  - 5.0g 

Potassium hydroxide  - 4.0g 

Dipotassium hydrogen 

orthophosphate 
- 0.5g 

Magnesium sulphate  - 0.2g 

Sodium chloride  - 0.1g 

Calcium chloride  - 0.2g 

Fe-EDTA (1.64% w/v 

aqueous)  
- 4.0 ml 

Trace element solution  - 2.0 ml 

BTB (0.5% alcoholic 

solution)  
- 2.0 ml 

Agar - 1.75 g 

Distilled water  - 1000 ml 

pH - 6.8 

Trace element solution 

Sodium molybdate - 200 mg 

Manganous sulphate  - 235 mg 

Boric acid  - 280 mg 

Copper sulphate  - 8 mg 

Zinc sulphate  - 24 mg 

Distilled water  - 200 ml 

      



 

Waksman medium No.77 (N-free Mannitol Agar Medium for Azotobacter) 

Mannitol  : 10.0 g 

Ca CO3             : 5.0 g 

K2HPO4 : 0.5 g 

Mg SO4.7H2O : 0.2 g 

NaCl : 0.2 g 

Ferric chloride : Trace 

MnSO4.4H2O : Trace 

N-free washed 

Agar 
: 15.0 g 

pH : 7.0 

Distilled Water : 1000 ml 

Phosphobacteria : Pikovskaya’s Broth 

Glucose  : 10.0 g 

Ca3(PO4)2 : 5.0 g 

(NH4)2SO4 : 0.5 g 

KCl : 0.2 g 

MgSO4. 

7H2O 
: 0.1 g 

MnSO4 : Trace 

FeSO4 : Trace 

Yeast 

Extract 
: 0.5 g 

Distilled 

Water 
: 1000 ml 

The broth is prepared in flasks and inoculum from mother culture is transferred to flasks. The 

culture is grown under shaking conditions at 30±2°C as submerged culture. The culture is 

incubated until maximum cell population of 1010 to 1011 cfu/ml is produced. Under optimum 

conditions this population level could be attained with in 4 to 5 days for Rhizobium; 5 to 7 days 

for Azospirillum; 2 to 3 days for phosphobacteria and 6-7 days for Azotobacter. The culture 

obtained in the flask is called starter culture. For large scale production of inoculant, inoculum 

from starter culture is transferred to large flasks/seed tank fermentor and grown until required 

level of cell count is reached. 

Inoculum preparation 

• Prepare appropriate media for specific to the bacterial inoculant in 250 ml, 500 ml, 3 litre 

and 5 litre conical flasks and sterilize. 



• The media in 250 ml flask is inoculated with efficient bacterial  strain under aseptic 

condition 

• Keep the flask under room temperature in rotary shaker (200 rpm) for 5- 7 days. 

• Observe the flask for growth of the culture and estimate the population, which serves as 

the starter culture. 

• Using the starter culture (at log phase) inoculate the larger flasks (500 ml, 3 litre and 5 

litre) containing the media, after obtaining growth in each flask. 

• The above media is prepared in large quantities in fermentor, sterilized well, cooled and 

kept it ready. 

• The media in the fermentor is inoculated with the log phase culture grown in 5 litre flask. 

Usually 1 -2 % inoculum is sufficient, however inoculation is done up to 5% depending 

on the growth of the culture in the larger flasks. 

• The cells are grown in fermentor by providing aeration (passing sterile air through 

compressor and sterilizing agents like glass wool, cotton wool, acid etc.) and given 

continuous stirring. 

• The broth is checked for the population of inoculated organism and contamination if any 

at the growth period. 

• The cells are harvested with the population load of 109 cells ml-1 after incubation period. 

• There should not be any fungal or any other bacterial contamination at 10-6 dilution level 

• It is not advisable to store the broth after fermentation for periods longer than 24 hours. 

Even at 4o C number of viable cells begins to decrease. 

Processing of carrier material 

The use of ideal carrier material is necessary in the production of good quality biofertilizer. Peat 

soil, lignite, vermiculite, charcoal, press mud, farmyard manure and soil mixture can be used as 

carrier materials. The neutralized peat soil/lignite are found to be better carrier materials for 

biofertilizer production The following points are to be considered in the selection of ideal carrier 

material. 

• Cheaper in cost 

• Should be locally available  

• High organic matter content 

• No toxic chemicals 

• Water holding capacity of more than 50% 

• Easy to process, friability and vulnerability. 

 

 

 

 

 



 

 

 

Preparation of carrier material 

  

• The carrier material 

(peat or lignite) is 

powdered to a fine 

powder so as to pass 

through 212 micron IS 

sieve. 

• The pH of the carrier 

material is neutralized 

with the help of 

calcium carbonate 

(1:10 ratio) , since the 

peat soil / lignite  are 

acidic in nature (  pH of 

4 - 5) 

• The neutralized carrier 

material is sterilized in 

an autoclave to 

eliminate the 

contaminants. 

Mixing the carrier and the broth culture and packing 

Inoculant packets are prepared by mixing the broth culture obtained from fermentor with sterile 

carrier material as described below: 

Preparation of Inoculants packet 

• The neutralized, sterilized carrier material is spread in a clean, dry, sterile metallic or 

plastic tray. 

• The bacterial culture drawn from the fermentor is added to the sterilized carrier and 

mixed well by manual (by wearing sterile gloves) or by mechanical mixer. The culture 

suspension is to be added to a level of 40 – 50% water holding capacity depending upon 

the population. 

• The inoculant packet of 200 g quantities in polythene bags, sealed with electric sealer and 

allowed for curing for 2 -3 days at room temperature ( curing can be done by spreading 

the inoculant on a clean floor/polythene sheet/ by keeping in open shallow tubs/ trays 

with polythene covering for 2 -3 days at room temperature before packaging). 



 

Schematic representation of mass production of bacterial biofertilizers 

 

4.7.1 Secondary and micronutrients 

Secondary nutrients are nutrients that slightly limit crop growth and are moderately required by 

plants. These nutrients are calcium (Ca), magnesium (Mg), and sulfur (S). Secondary nutrients 

are as significant as primary nutrients in plants, but they are needed in smaller quantities. They 

are necessary for the augmentation levels of roots and cells. 

The secondary nutrients include: 

1. Calcium (Ca) 

Calcium is an essential nutrient that plays a significant role in plant growth. Calcium helps to 

neutralize the organic acids that form during metabolism. Calcium also assists plants in the 

following ways: 

• Absorption and translocation of other nutrients by roots 

• Facilitates disease resistance 

• Assists in conversion of nitrate-nitrogen to other essential forms required for protein 

formation 

• Required for cell division and cell wall formation 

• Activation of growth-regulating enzyme systems 

2. Magnesium (Mg) 

Magnesium is an essential nutrient for plants because it is a fundamental element making up 

enzymes that support plant development, leaf chlorophyll, and for crop quality. The nutrient also 



assists in the formation of oils, sugars, and fats, and the nutrient serves as a phosphorous hauler. 

A magnesium deficiency causes a decrease in photosynthesis, which limits crop production. 

3. Sulfur (S) 

Sulfur is an essential element of chlorophyll. It is involved in nitrogen fixation in leguminous 

plants and also helps in seed production. Sulfur adds color, a different smell, and flavor to 

various plants like garlic, brassica crops, and onions. The nutrient also forms a significant part of 

proteins and amino acids. Sulfur is crucial for ensuring the protein content of leguminous plants. 

Plant Requirements and Soil Availability 

There are 16 elements essential to growth of crop plants: 

Supplied by air and water: carbon, hydrogen, oxygen 

Macronutrients: nitrogen, phosphorous, potassium 

Secondary Nutrients: calcium, magnesium, sulfur 

Micronutrients: boron (B), chlorine (Cl), copper (Cu), iron (Fe), manganese (Mn), molybdenum 

(Mo), and zinc (Zn). 

 

 

 

 


