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OBJECTIVES 

To provide the fundamental knowledge about the various scopes on Agricultural and 

Environmental microbiology and their concepts, Plant diseases, Aeromicrobiology, Aquatic 

microbiology, disposal of wastes and commercial aspects of soil microbiology. 

 

UNIT I 

 

Microorganisms in the rhizosphere, root surfaces and phylloplane -Biofertilizer– Advantages 

over chemical fertilizers, types, production and - quality control of biofertilizers - Isolation, 

mass inoculum production, field application, importance and marketing of bioinoculants – 

Rhizobium, Azotobacter, Azospirillum, Frankia, Cyanobacteria, Azolla and phosphate 

solubilizing microorganisms - Mycorrhizal biofertilizers. 

 

UNIT II 

 

Plant diseases (Mode of entry of pathogens, Symptoms, Disease cycle and control measures) 

Bacterial disease – Citrus canker - Fungal disease – Rust of  wheat- Mycoplasmal disease – 

Grassy shoot of sugar cane -Viral disease – cauliflower mosaic- Microbial Pesticides – types 

and applications – Pseudomonas fluorescens, Bacillus thuringiensis, Trichoderma viride and 

Nuclear Polyhedrosis Virus (NPV). 

 

UNIT III 

 

Concepts of microbial ecology: Relationship between microorganism and different 

environments land, water and air. Microorganisms inhabiting extreme environments. 

Microbiology of air – distribution and sources. Droplet nuclei, aerosol, assessment of air 

quality. Brief account of air borne transmission of harmful microbes. 

 

UNIT IV 

 

Types of aquatic ecosystems: fresh water – ponds, lakes, streams. Marine habitats – estuaries, 

mangroves, deep sea. Zonations – upwelling – eutrophication – food chain. Potability of water 

– microbial assessment of water quality – water purification – brief account of water borne 

diseases. 

 

UNIT V 

 

Types of wastes – characterization of solid and liquid wastes. Solid waste treatment – 

saccharification – gasification – composting, Utilization of solid wastes for mushroom 

production. Liquid waste treatment - Treatment methods – primary and secondary (anaerobic 

– methanogenesis) aerobic: trickling, activated sludge, oxidation pond – tertiary treatment. 
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                                                             UNIT -1 

 

                                                          Rhizosphere 

 

 

 

Origin of Rhizosphere: 

In 1904, L. Hiltner for the first time coined the term ‘rhizosphere’ to denote the area of intense 

microbiological activity that extends several millimeters from the root system of the growing 

plants. Microorganisms growing under the influence of roots are often qualitatively and 

quantitatively different from those inhabiting remote from this influence in the soil 

environment. 

Therefore, the rhizosphere is a unique subterranean habitat for microorganisms. The 

rhizosphere microflora of one plant differ from the rhizosphere microflora of the other plant. 

Thus, rhizosphere microorganisms differ plant to plant both qualitatively and quantitatively. 

The rhizosphere region can be divided into two zones: 

i. The inner rhizosphere - close vicinity of root surface, and 

ii.The outer rhizosphere - immediate adjacent soil (Fig. 30.4). 

In 1949, F.E. Clark has suggested to use the term “rhizoplane” for root surface itself in 

studying the rhizosphere phenomenon. Balandreau and Knowles (1978) have termed the 

epidermis/cortex region, the endorhizosphere and the zone in the immediate vicinity to 

epidermis, the exorhizosphere to denote the intimacy of microbial associations. 

Between the rhizosphere and soil there is an area of transition in which the root influence 

diminishes with distance. Therefore, it is generally accepted that the term rhizosphere soil 

refers to the thin layer adhering to a root after the loose soil and clumps have been removed by 

shaking. The soil coating varies in thickness according to root types, presence of moisture and 

condition of soil. This certainly influences the ‘rhizosphere effect’. 

Reasons of Increased Microbial Activity in Rhizosphere: 

The outer epidermal walls of living root hairs and all plant roots are covered with mucilage and 

cuticle (see Fig. 30.4). Organic and inorganic compounds accumulated in cytoplasm of root 

cells are diffused out. This loss occurs probably due to unfavourable conditions external to 

root. The phenomenon of loss of organic and inorganic compounds from root surface is known 

as root exudation. 

In addition, the root-hairs are sloughed off during secondary thickening. All these root tissues 

and organic and inorganic compounds constitute a food base (for microorganisms) which are 

generally lacking in non-rhizosphere soil. The microorganisms colonize the rhizosphere to 

utilize them as food, and in turn release exudates from their own cells. Thus, they are regarded 

as selective sieves. 



 
Rhizosphere Microorganisms: 

The rhizosphere region is a highly favourable habitat for the proliferation and metabolisms of 

numerous types of microorganisms. The microbial community of this zone can be examined 

by means of cultural, microscopic and manometric techniques.  

Always, the number of rhizosphere microfungi was higher than the number of non-rhizosphere 

fungi . The dominant fungi of rhizosphere were Aspergillus flavus, A. fumigatus, A. luchuensis, 

A. niger, A. terreus, Cladosporium cladosporioides, Curvularia lunata and Fusarium 

oxysporum, whereas the dominant fungi of rhizoplane were A. niger, Cladosporium herbarum, 

F. oxysporum, F. solani, Macrophomina phaseolina, Neocosmospora vasinfecta and 

Rhizoctonia solani. In addition, mycorrhizal fungi are also known to be present in rhizosphere 

soil and rhizoplane of roots. 

Protozoa are relatively conspicuous particularly the small flagellates, large ciliates and 

amoeboidal forms. They are situated in the water films on the root hairs and on the epidermal 

tissue. Cysts of nematodes have also been reported in the rhizosphere region, for example 

Heterodera, Pectus, Tylenchus, Acrobeles, Helicotylenchus, Meloidogyne, etc. 

Less is known about the algae except the blue-green algae present in the rhizosphere soil. This 

may be because of establishing symbiotic associations in certain plants such as coralloid roots 

of Cycas. 

Bacteria reported from the rhizosphere and rhizoplane regions irrespective of their dominance 

are: Arthrobacter, Pseudomonas, Bacillus brevis, B. circulans, B. polymyxa, B. megaterium, 

Agrobacterium radiobacter, A. tumifaciens, Azotobacter, Flavobacterium, Rhizobium spp., 

Cellulomonas, Micrococcus, Mycobacterium, etc. 

https://www.biologydiscussion.com/wp-content/uploads/2016/11/clip_image002-321.jpg


Actinomycetes are also important constituents of rhizosphere and rhizoplane microflora of 

different biosynthetic capabilities, antagonistic potentiality and taxonomic groups. Examples 

are A.chromogenes, Frankia, Nocardia, Micromonospora, Streptomyces. 

The Rhizosphere Effect: 

The rhizosphere is a zone of increased microbial community as well as microbial activities 

influenced by the root itself. However, this influence can be measured simply by plating 

technique and expressed as a rhizosphere effect (i.e. a stimulation that can be measured on 

quantitative basis by the use of rhizosphere: soil (R:S) ratio, obtained by dividing the number 

of microorganism in the rhizosphere soil by the number of microorganisms in the non-

rhizosphere soil). 

A single microbial species will have to compete all the time to become a permanent inhabitant 

of the rhizosphere region, which is rather impractical. This microbial selection during different 

growth stages and changing scenario of microbial community in rhizosphere/rhizoplane are 

ultimately governed by root exudates of host as well as the result of microbial interactions. 

As a rule, actinomycetes, protozoa and algae are not significantly benefited by roots, and the 

R:S ratio rarely exceeds 2:1 or 3:1. 

The bacterial count in rhizosphere soil is the maximum (R:S values 10 to 20 or more), and 

varies with plant species, plant age and fertilization. However, there is no selective stimulation 

or inhibition. 

Generally, bacteria of several distinctly different physiological, taxonomic and morphological 

groups are found to grow in rhizosphere region. However, on generic basis Pseudomonas, 

Flavobacterium, Alcaligens and Agrobacterium are especially common. 

Effect of Rhizosphere on Host Plants: 
The rhizosphere microorganisms have either beneficial or harmful effects on the development 

of plant. The microorganisms are intimately associated on the rhizoplane, therefore, any toxic 

or beneficial substance produced by them has direct effect on plant. 

Some of the possible effects are briefly described as below: 
(a) The microorganisms catalyse the reactions in the rhizosphere and produce CO2 and form 

organic acids that in turn solubilize the inorganic nutrients of plants. 

(b) Aerobic bacteria utilize O2, and produce CO2, therefore, lower O2 and increase CO2 tension 

that reduces root elongation, and nutrient and water uptake. 

(c) Some of the rhizosphere microorganisms produce growth-stimulating substances and 

release elements in organic forms through the process of mineralization. 

(d) Plant growth regulators such as indole acetic acid, gibberellins, cytokinins, etc. are known 

to be produced by the rhizosphere microflora. 

(e) They influence phosphorus availability to plant through the process of mineralization and 

immobilization. 

(f) Microorganisms in the rhizosphere zone change the availability or toxicity of sulphur to 

plants. 



(g) The products of microbial metabolisms sometimes have toxic effect on plants; therefore, 

these are termed as phytotoxins. 

Definition of rhizosphere effect. :  Enhancement of the growth of a soil microorganism 

resulting from physical and chemical alteration of the soil and the contribution of excretions 

and organic debris of roots within a rhizosphere 

Definition of rhizoplane. : External surface of roots together with closely adhering soil 

particles and debris. 

Microbiology of Rhizosphere: 

 The soil surrounding the plant root where root exudate migrate and microbiological 
activity is exceptionally high is called rhizosphere. 

 The surface of root is called rhizoplane. 

 Plant root produce and release various exudates containing sugar, aminoacids, organic 

acids, fatty acids, vitamins, nucleotides and other organic matters that promotes growth 
of microorganisms. 

 Therefore rhizospheric soil is characterized by greater number of microorganisms than 

soil away from plant roots. 

 The intensity of rhizospheric effects depends on the distance to which root exudates can 

diffuse. The number of microorganisms decreases continuously as the distance from the 

plant root increases. 

 The term rhizosphere to soil ratio (R:S) indicates number of microbes in rhizospheric soil 
divided by number of microbes in soil free of plant root. 

 R:S ratio is greater for bacteria (20:1) and less for fungi and actinomycetes. 

 Effects of rhizosphere is almost negligible for algae and protozoa. It is because algae are 

photosynthetic and do not depends upon organic matter present in root exudates. 

 

Examples of rhizospheric microorganisms: 
 Large number of bacteria, fungi and actinomycetes are found in rhizosphere. 

 i. Bacteria: 

 Many nitrogen fixing bacteria and phosphate solubilizing and other bacteria are 
found in rhizosphere. 

 For examples: Pseudomonas, Arthrobacter, Azotobacter, Agrobacterium, 

Flavobacterium, Cellulomonas, Rhizobium, Clostridium etc. 

 ii. Fungi: 

 Some fungi are found associated with root forming mycorrhiza and other occurs 
freely in soil. 

 For examples: Marticella, Cephalosporium, Tricoderma, penicillium, Gliodadium, 

Gliomastix, Fusorium etc. 

 iii. Actinomycetes: 

 Frankia, Derxia etc 

Factor affecting rhizospheric microorganisms: 

i. Proximity of root-Rhizoshere effect decline sharply with increasing distance 

between plant root and soil 

ii. Temperature and Light 

iii. Type of soil 



         

 Types of soil also influences rhizospheric effects. 

 For example; R: S ratio is very high in sandy soil and low in clay soil. It is because sandy 

soil contains very little or no organic matter and the root region is the only place where 

organics matter is available and microorganisms can grow. Therefore, number of microbes 
is high around root in sandy soil. 

 On the other hand in fertile soil such as clay soil, organic matter is sufficiently available 

for growth, so microorganisms need not to depend on the root exudates for growth. 

iv. Age of plant: 

 With age of plant, rate of exudates secretion is altered so that number of rhizospheric 

microbes changes. 

v. Types of plant and location of root: 

 Location of root affects number of rhizospheric microbes. 

 Root cap and regions of root from where lateral root arises are primary sites of exudate 
secretion. Therefore, number of microbes is comparatively high around these locations. 

 Amount and type of exudates secretion differs with species of plant that influences growth 

of rhizospheric microbes. For example; some plant root release antimicrobial chemicals 

such as glycosides, hydrocyanic acids and several antifungal agents that inhibits 

rhizospheric microbes. 

vi. Depth of root: 

 In general number of rhizospheric microorganisms decrease with increase in depth of root, 

which is mainly due to anaerobic condition. 

vii. Root respiration: 

 Plant root release carbon-dioxide during respiration that make the soil acidic. 

 Acidity of soil decrease number of rhizospheric bacteria 

viii. pH of soil: 

 pH of rhizosphere become acidic due to root respiration and by oxidation of sulphur 

caused by Thiobacillsu spp. Acidification of rhizospheric soil decrease number of 

microorganisms. 

ix. Pesticides and antibiotics: 

        Spray of pesticides and antibiotics reduce the population in Rhizosphere 

Conclusion: The rhizosphere is the zone of soil surrounding a plant root where the biology and 

chemistry of the soil are influenced by the root. As plant roots grow through soil they mostly 

release water soluble compounds such as amino acids, sugars and organic acids that supply 

food for the microorganisms. 



 

 

                                                       Phyllosphere 

The phyllosphere is a term used in microbiology to refer to the total above-ground portions of 

plants as habitat for microorganisms. The phyllosphere can be further subdivided into the 

caulosphere (stems), phylloplane (leaves), anthosphere (flowers), and carposphere (fruits). 

The term phyllosphere was coined by the Dutch microbiologist,Ruinen. J. 1961 from her 

observations on indonesian forest vegetation where thick microbial epiphytic associations exits 

on leaves 

Most phyllosphere microorganisms are bacteria, are non-pathogenic and belong to a few 

predominant phylogenetic groups, including the classes Alphaproteobacteria and 

Gammaproteobacteria and the phyla Bacteroidetes and Actinobacteria. The fungi that are also 

detected in the phyllosphere appear to be hyperdiverse. 

 

 

 

Phyllosphere and Phylloplane: 

Phyllosphere refers to the zone on leaves inhabited by microorganisms and the phylloplane 

represents the leaf surface. 

Plant parts, especially leaves are exposed to dust and air currents resulting in the establishment 

of a typical flora on their surface aided by the cuticle, waxes and appendages, which help in 

the anchorage of microorganisms. These microorganisms may die, survive or proliferate on 

leaves depending on the extent of influence of the materials in leaf diffusates or exudates. 

 Leaf diffusates or leachates have been analysed for their chemical constituents. The 

principal nutritive factors are amino acids, glucose, fructose, and sucrose. If the catchment 

areas on leaves or leaf sheaths arc significantly substantial, such specialized habitats may 

provide niches for nitrogen fixation and secretion of substances capable of promoting the 

growth of plants. The surface of leaf is called phylloplane and the zone on leaf inhibited 

by microorganisms is called phyllosphere. 

 The plant leaves are exposed to dust and air current that result in the establishment of 
typical flora on the surface of leaf. 

 Cuticles, wax, leaf appendages and leaf exudates help in anchorage of microorganisms on 

the surface of leaf. These microorganisms may die, survive, multiplies on leaf depending 
on extent or influence of leaf exudates on microorganisms. 



 Leaf exudates contains amminoacids, glucose, fructose and sucrose that provides nutrition 
for growth of phyllospheric microorganisms. 

 

Microbial Activities: 

Many bacteria in phyllosphere are considered to fix nitrogen, while the leaves in turn provide 

carbohydrates and other nutrients to them. Bacteria of the genera Bacillus, Achromobacter, 

Pseudomonas, Cellulomonas have been isolated from the phyllosphere of pea and wheat and 

have been proved to be potential nitrogen fixers  

. 

Examples of phyllospheric microorganisms: 

 The surface of leaf contains large number of bacteria, fungi, actinomycetes and algae as 
given below; 

 Bacteria: 

 Beijerinckia, Erwinia, Azotobacter, pseudomonas, Pseudobacterium, Phytomonas, 

Serratia etc 

 Blue green algae 
 Anabaena, Calothrix, Nostoc, Scytonema, Tolypothrix 

 Fungi: 
 Alternaria, Cladosphorium, Cercospora, Penicillium, Saccharomyces, 

 Actinomycetes: 
 Streptomyces 

Factors that influences phyllospheric microorganisms: 

 Various environmental factors and other conditions affects growth of microorganisms on 

the surface of leaf. They includes; 

1. Leaf exudates: 
 Leaf exudates contains many microbial growth factors such as amino acids, glucose, 

fructorse, sucrose etc that facilitates growth of phyllospheric microorganisms. 

 Moisture released during transpiration provides water for growth of microorganisms 
on leaf. 

2. Position of leaf: 
 Position of leaf also affects phyllospheric microorganisms. 

 The surface of leaf which is directly exposed to sunlight contains relatively low 

microorganisms than the other surface of leaf which is shaded. It is due to 

antimicrobial effect of UV light 

 Furthermore, surface of leaf which is directly exposed to sunlight is relatively dry 
and moisture is less available for the microbial growth. 

3. Leaf appendages: 

 Leaf appendages such as trough and veins affect growth of phylospheric 
microorganisms. 

 Trough represents shallow depression on the surface of leaf. Microorganisms 

attach easily and grow in trough. Therefore the number of microorganisms is 
relatively higher on depressed area on the leaf. 

 Veins present in leaf form depression in one surface and hence influence 

number of microorganisms. 

4. Stomatal cavities: 



 In stomata water is in the form of drops that provides moisture for growth of 

phyllospheric microorganisms. Therefore number of microorganisms is 

relatively high in and around the stomatal cavities. 

5. Age and types of plants: 
 With age of plant, rate of secretion of exudates is altered that affect growth of 

phyllospheric microorganisms, number of stomata and hence rate of 

transpiration is different in different plant species that affects growth of 

phyllospheric microorganisms. 

6. Environmental pollutants: 
 Environmental pollutants deposited on the surface of leaf in the form of dust 

influence growth of phyllospheric microorganisms. 

 For examples; cement and fertilizers are anti-microbial and they decrease 
number of phyllospheric microorganisms. 

7. Insecticides, Antibiotics, herbicides etc: 

 Insecticides, antibiotics, herbicides and other chemical sprayed on leaf on 

agricultural crops are antimicrobial and decreases the number of phyllospheric 

microorganisms. 

8. Phytoalexin: 
 Phytoalexins are the chemicals produced by plants leaf that inhibits 

phyllospheric microorganisms as well as other microorganisms. 

 Nature of phytoalexin differ from plant to plant. 

 Phytoalexin is produced by plant in response to certain stimuli called elicitor. 

 Elicitors may be biotic or abiotic factors. 

 Biotic elictors includes various chemicals produce by pathogenic and other 
phyllospheric microorganisms. 

       Abiotic elicitor includes Uv light, cold, tissue damage etc. When phytoalexin is        

produced by leaf, number of phyllospheric microorganisms decreases. 

Role of phyllospheric microorganisms: 

 Phyllospheric microorganisms are important for plant growth. They promote growth of 

plants by various ways as given below; 

 Some phyllospheric microorganisms such as Cyanobacteria and nitrogen fixing 

bacteria such as Azotobacter fix atmospheric Nitrogen and provide it to plant growth. 

 Phyllospheric microorganisms produce various plant growth hormones such as 
indole acetic acid (IAA), which is used by plant for their growth. 

 Phyllospheric microorganisms provide stimulus for production of phytoalexin by 

plants. Phytoalexin is the defensive chemical produced by plants that kill pathogenic 
as well as other microbes. 

 Phyllospheric microorganisms decompose leaf and help in formation of humus after 

falling of leaves from plant. 

 Some phyllospheric organisms have antagonistic effects against fungal pathogen and 
hence protect the plants from fungal diseases. 

 The phyllospheric microorganisms colonize the surface of leaf forming a layer. 

Therefore these organisms compete with pathogenic microorganisms for habitat and 
nutrients. 

 Some phyllospheric microorganisms degrade wax and cuticle of leaf and damage it. 



Effect of plants on phyllospheric microorganisms: 

 Surface of leaf provides natural habitat for growth and multiplication of phyllospheric 

microorganisms. Various leaf appendages as well as wax, cuticles and leaf exudates help 

in attachment of phyllospheric microorganisms to the surface of leaf. 

 Aminoacids, glucose, sucrose etc present in leaf exudates provides nutrition for growth of 

phyllospheric microorganisms. Similarly water released during transpiration provides 

moisture for growth. 

                

 

                                             BIOFERTILIZERS 

Biofertilizers are the substance that contains microorganism's living or latent cells,increase the 

nutrients of host plants when applied to their seeds, plant surface or soil by colonizing the 

rhizosphere of the plant. Biofertilizers are more cost-effective as compared to chemical 

fertilizers.  Biofertilizers are likely called as bioinoculants as they are the preparations 

containing living or latent cells of microorganisms that facilitate crop yield. 

Following are the important types of biofertilizers: 

 Symbiotic Nitrogen Fixing Bacteria. ... 

 Loose Association of Nitrogen-Fixing Bacteria. ... 

 Symbiotic Nitrogen-Fixing Cyanobacteria. ... 

 Free-Living Nitrogen-Fixing Bacteria. ... 

 Bio Compost. ... 

 Tricho-Card. ... 

 Azotobacter. ... 

 Phosphorus. 

 

Biofertilizers are the product of fermentation process, constituting efficient living soil 

microorganisms. ... Each type of biofertilizer is prepared by selection of efficient microbial 

strain, its cultivation using specific nutrient medium, scale-up, and formulation using solid or 

liquid base 

Biofertilizer is a type of fertilizer containing living microorganisms, that enrich the nutrient 

quality of the soil. The main sources of biofertilizers are bacteria, fungi, and cyanobacteria 

(blue-green algae). They form a symbiotic relationship with plants, in which the partners derive 

benefits from each other. 

It maintains the natural habitat of the soil. It increases crop yield by 20-30%, replaces chemical 

nitrogen and phosphorus by 30%, and stimulates plant growth. It can also provide protection 

against drought and some soil-borne diseases. 

 Advantages of Biofertilizes  Than chemical fertilizer 

 Biofertilizers are cost-effective. 

 They reduce the risk of plant diseases. 

 The health of the people consuming the vegetables grown by the addition of chemical 

fertilizers is more at risk. 



 Biofertilizers do not cause any type of pollution. 

Restore the fertility of the soil,enhance water holding capacity, add essential nutrients such 

as nitrogen, vitamins and proteins to the soil. and hence, widely used in agriculture. 

 

Benefits of biofertilizers 

1.  Fixing the nutrient availability in  Nitrogen deficiency soil. 

2. Since a bio-fertilizer is technically living, it can symbiotically associate with plant 

roots. Involved microorganisms could readily and safely convert complex organic 

material into simple compounds, so that they are easily taken up by the plants.  

3. It has also been shown that to produce a larger quantity of crops, biofertilizers with the 

ability of nitrogen fixation and phosphorus solubilizing would lead to the greatest 

possible effect  

4. They advance shoot and root growth of many crops versus control groups. This can be 

important when implementing new seed growth. 

5. Biofertilizers also promote healthy soil, leading to greater farming sustainability. 

Production of Biofertlizer 
In 1895, Nobbe and Hiltner applied for patents in England and the United States 

for a legume inoculant that was later marketed as Nitragin. Nitragin was produced 

on gelatin and agar nutrient media. 

Packing, storing and maintenance are other aspects of bio-fertilizer production. While 

producing bio-fertilizers the standards laid down by BIS have also to be kept in mind for 

making the product authentic. Commercial production of bacteria, involved in the production 

of bio-fertilizer is shown in Fig. 34.1. 

https://en.wikipedia.org/wiki/Symbiotic


 

 

 

Criteria for Strain Selection: 

The efficient nitrogen fixing strain is evolved or selected in laboratory, maintained and 

multiplied on nutritionally rich artificial medium before inoculating the seed or soil. In soil, 

the strain has to survive and multiply to compete for infection site on roots against hostile 

environment in soil. 

Steps for Preparing Bio-Fertilizer: 

The isolated strain is inoculated in small flasks containing suitable medium for inoculum 

production. The volume of the starter culture should be a minimum of 1% to obtain atleast 

1×109 cells/ml. Now the culture obtained is added to the carrier for inoculant (bio-fertilizer) 

preparation. 

Carriers carry the nitrogen fixing organisms to the fields. In some cases carrier is first 

sterilised and then inoculated, while in other cases it is first inoculated and then sterilised by 

UV irradiation. The inoculum is now packed with 109-1010 viable cells per gram. Final 

moisture content should be around 40-60%.  

Seed Pelleting: 

https://www.biologydiscussion.com/wp-content/uploads/2016/11/clip_image005-55.jpg


Direct seed coating with the gum arable or sugary syrup and useful nitrogen fixing strains 

especially the coating of rhizobia over specific host legume seeds are another method for 

obtaining fruitful results. As before, first of all the inoculum is prepared of the desired strain 

and then the seeds are inoculated by using either direct coating method or slurry method. 

Immediately after seed coating, CaCO3 is added to sticky seeds. 

Inoculant Carriers: 
Most inoculants are the mixture of the broth culture and a finely milled, neutralized carrier 

material. Carrier is a substance having properties such as, non-toxicity, good moisture 

absorption capacity, free of lump forming material, easy to sterilize, inexpensive, easily 

available and good buffering capacity, so that it can prolong and maintain the growth of 

nitrogen fixing microorganisms which it is carrying. 

 The most frequently used carrier for inoculant production is peat. However, peat is not 

available in certain countries such as India. A wide range of substitutes e.g. lignite, coal, 

charcoal, bagasse, filter mud, vermiculite, polyacrylamide, mineral soils, vegetable oils, etc. 

have been tested as alternative carriers. 

Carrier processing e.g. mining, drying and milling are the most capital intensive aspects of 

inoculant (bio-fertiliser) production. First of all the carrier like peat is mined, drained and 

cleared off stones, roots, etc. Then, it is shredded and dried. 

The peat is then passed through heavy mills. Material with a particle size of 10-40 µm is 

collected for seed coating. Peat with particle size of 500-1500 µm is used for soil implant 

inoculant. Carriers have to be neutralised by adding precipitated calcium carbonate (pH 6.5-

7.0). After this, the carriers are sterilized for use as inoculants. 

Quality Standards for Inoculants: 

 The inoculant should be carrier-based 

 Minimum of 108 viable cells per gram of carrier on dry mass basis within 15 days of 

manufacture, 

 107 within 15 days before the expiry date marked on the packet when the inoculant is 

stored at 25-30°C. 

 Inoculant should have a maximum expiry period of 12 months from date of 

manufacture.  

 Inoculant should not have any contaminant. 

Marketing of Biofertilizer: 

Marketed biofertilizers in India, The following types of microorganisms as 

biofertilizers are available to the farmers in India: Nitrogen fixer, e.g. Rhizobium, 

Bradyrhizobium, Azospirillum, Azotobacter, Acetobacter, Azolla and BGA. 

Phosphorus solubilizer, e.g. Bacillus, Pseudomonas and Aspergillus. Phosphate 



mobilizer, e.g. VA-mycorrhiza (VAM) like Glomus. K-solubilizer, e.g. Frateuria 

aurantia. Silicate solubilzer, e.g. Thiobacillus thiooxidans. Plant growth promoting 

biofertilizers, e.g. Pseudomonas sp. 

Now, the government of India is boosting the biofertilizer industries by providing 

subsidies to a maximum of 20 lakh rupees and awarding a national productivity award 

to the efficient biofertilizer production unit. 

Some biofertilizer production units do not have sufficient technically well-qualified 

microbiologist or skilled persons who can make available high quality biofertilizers 

rather depend on more of non-skilled labours working on contract basis that leads to 

substandard biofertilizers . Marketing of biofertilizers is troublesome as the product 

contains living organisms with restricted shelf life only six months in powder form as 

a result, it is difficult under Indian conditions to transport, store and distribute the 

material in time. Besides this, there is no standardization in packing, labeling and 

prices of biofertilizers . Sometimes, when packets arrive in villages, they are either 

spoiled or over dated; therefore, they become useless because organisms contained in 

biofertilizers die very quickly. The government should introduce strict law and policy 

against the quality of biofertilizers so that farmers can get benefits of this technology 

               

                                     CHEMICAL FERTILIZER  

Chemical fertilizers are compounds containing high concentration of nutrients required for 
plant growth. 

Chemical Fertilizers Types: 3 Types of Chemical Fertilizers 

 Nitrogenous Fertilizers: 

 Phosphate Fertilizers: 

 Potassic fertilizers. 

How chemical fertilizers are different from bio-fertilizers?  

Chemical fertilizers are manufactured artificially. They are primarily, chemicals having 

nitrogen, phosphate and potash as main soil nutrients. Bio-fertilizers are plants such as 

bacteria (azotobacter, rhizobium etc.), fungi etc. 

These are better than chemical fertilizer as they help in increasing the fertility of the soil 

naturally opposite to that chemical fertilizer improve fertility of the soil by chemical means, 

which accumulate and leech out through the soil and degrade the soil and water quality and 

lead to environmental pollution 

Biofertilizers are preferred over chemical fertilizers because they are not harmful as they 

contain organic materials while chemical fertilizers are made up of chemical which are 

harmful to the consumers. ... For example, anabaena, cyanobacteria and mycorrhiza acts 

as biofertilizer 

 

Chemical Fertiliser 

 



 Nitrogenous Fertilizers: 

 Phosphate Fertilizers 

 Nitrogen. 

 Pesticide. 

 Phosphorus. 

 

Advantages:  

Chemical fertilizers are predictable and reliable. The Fertilizer can be used in poor soil to 

make it fertile immediately. They add a sufficient amount of nutrients needed by the plant. 

Disadvantages of fertilisers: 

 They get washed away by water easily and cause pollution. 

 They harm the microbes present in soil. 

 They reduce soil fertility. 

 They are expensive. 

 They provide only short term benefits. 

 They change the nature of soil, making it either too acidic or too alkaline 

 

 

                                                              RHIZOBIUM biofertilizer 

Rhizobium is an important nitrogen-fixing bacteria, lives in symbiotic association with the 

leguminous plants, specifically in their root nodules. It traps the atmospheric nitrogen and 

converts it into usable forms that enhance the growth of the plants. R hizobia (the fast-

growing Rhizobium spp. and the slow-growing Bradyrhizobium spp.) or root nodule bacteria 

are medium-sized, rod-shaped cells, 0.5-0.9 ~m in width and 1.2-3.0 ~m in length. They do 

not form endospores, are Gram-negative, and are mobile by a single polar flagellum or two to 

six peritrichous flagella.  

Isolation of Rhizobium: Clean root nodules are preferred for isolation.nodules are crushed in 

sterile water ,serially diluted and streaked on petriplates containing Yeast Extract Mannitol 

agar medium with pH (0,5-7)white translucent colonies appear on the surface of the medium 

Identification of Rhizobium: 

CRYEMA Test: Rhizobium does not utilize congored and appear as white colonies. 

Microscopic observation: PHB granules are observed under microscope 

Glucose peptone agar test : It is confirmative test for Rhizobium.A master plate is prepared 

from replica plate using the bacterial colonies on YEMA. grow well but Rhizobium fails to 

grow. 

Salt tolerance test: Agrobacterium grow well on YEMA containing 2%Naclwhereas 

Rhizobium cannot grow Agrobacterium 

Lactose test : Agrobacterium utilize lactose by secreting ketolactose ,Rhizobium cannot 

utilize lactose 



Nodulation test for Leonard jar assembly:For selection of good Rhizobium , Leonard jar 

assembly is used for cultivation of Rhizobium.. 

Starter culture: YEM broth is prepared and autoclaved by transferring in a flask,Rhizobium 

colony is transferred into broth and incubate 28-30degree Celsius for 4days,it is called mother 

culture. 

Mother culture :For mass cultivation fermentor is used. cell counts are measured. 

Preparartion of carrier based inoculums and curing: A carrier is an inert material used for 

mixing of the broth so that inoculants can easily be handled, packed,stored/transported and 

used. 

Peat,Lignite,Charcoal powder,Farmyard manure are commonly used carrier. The carrier is 

powdered and dried in sun to get 5%moisture level,if the carrier is neutral there is no need of 

mixing calcium carbonate powder. After proper mixing carrier containing inoculants is left 

for 2-10 days by covering the trays with polythene.During this peiod, Rhizobium multiplies 

in the remaining broth. This process is called Curing. 

Package and Storage: The cured carriers are packed in polythene bags and kept at room 

temperature and should not directly exposed to sunlight. 

Quality control of Rhizobial inoculants: ISI specifications for rhizobial cultures: 

Inoculants must be carrier based, 

Expiry of inoculants, Must be  contamination free,  

Must display effective nodulation of host plant 

Each pocket must furnish the following information: 

Product Name 

Name of the host plant to be used 

Name and address of the manufacturers 

Type of carrier used  

Instructions for storage 

Packet must be marked with ISI 

Methods of Seed inoculation : 

Water in a Container 

 - add 50 g sugar,boil for 15 min, add Gum Arabic (200g) 

                    - cool it 

Sticker  solution 

                      -Add Rhizobium, mix properly 

Water  in  a  container 

container 

Sticker  solution 

Inoculum  slurry 



Inoculum  slurry 

                      -Add seeds, mix properly ,dry seeds in shade, keep it covered 

Seeds  coated  with  rhizobial  cells       -Sow it in the field 

Effects of Rhizobial inoculants on crop yield :     Increased the crop yields such as Ground 

nut,soy bean,red-gram,green-gram, Black-gram, cow pea, Bengal gram and Fodder legumes. 

Nitrogen Fixation Types: Physical and Biological Nitrogen Fixation 

                    Apart from carbon, hydrogen and oxygen, nitrogen is the most prevalent 

essential macro-element in living organisms. Plants need nitrogen to build amino acids, 

proteins, nucleic acids, cytochromes, chlorophylls, alkaloids, phytohormones and many of the 

vitamins. Plants compete with microbes for limited nitrogen content available in the soil. 

Plants mainly absorb nitrogen in the form of nitrate (NO3
–) or ammonium ions (NH4

+) from 

the soil. 

The nitrate is more abundant in well oxygenated, non-acidic soils, while ammonium is 

predominant in acidic or water logged soils. The other sources of available soil nitrogen may 

be amino acids from decaying organic matter, animal excreta (urea) and chemical fertilizers 

that can be absorbed directly by the plants. Nitrogen is obtained by the plants mainly from the 

atmosphere. It occurs as free diatomic (N2) molecules in the air. It is highly inert gas. It The 

phenomenon of conversion of free nitrogen (molecular and elemental) into nitrogenous 

compounds (to make it available to the plants for absorption) is called nitrogen fixation. 

Nitrogen fixation is carried out by physicochemical and biological means. About 10% of 

natural nitrogen fixation takes place by physicochemical methods and 90% by biological 

methods. 

These are briefly discussed below: 

(1) Physical Nitrogen Fixation: 

(i) Natural Nitrogen Fixation: 

      Cannot be used directly by the higher plants, and therefore has to be fixed. Under the 

influence of lightning (i.e., electric discharge in the clouds) and thunder, N2 and O2 of the air 

react to form nitric oxide (NO). The nitric oxides are again oxidized with oxygen to form 

nitrogen peroxide (NO2). 

The reactions are as follows: 
N2 + O2 Lightning → Thunder 2N0 (Nitric Oxide); 2NO + O2 → 2NO2 

Oxidation (Nitrogen 

peroxide) 

During the rains, NO2 combines with rain water to form nitrous acid (HNO2) and nitric acid 

(HNO3). The acids fall on the soil along with rain water and react with the alkaline radicals to 

form water soluble nitrates (NO3-) and nitrites (N02-). 

2NO2 + H2O → HNO2 + HNO3; HNO3 + Ca or K salts → Ca or K nitrates 

The nitrates are soluble in water and are directly absorbed by the roots of the plants. 

(ii) Industrial Nitrogen Fixation: 
Ammonia is produced industrially by direct combination of nitrogen with hydrogen (obtained 

from water) at high temperature and pressure. Later, it is converted into various kinds of 

fertilizers, such as urea etc. 

2.Biological Nitrogen Fixation: 

Seeds  coated  with  rhizobial  cells 



The conversion of atmospheric nitrogen into the nitrogenous compounds through the agency 

of living organisms is called biological nitrogen fixation. The process is carried out by two 

main types of microorganism: those which live in close symbiotic association with other 

plants and those which are “free living” or non-symbiotic. 

Biological nitrogen fixation (BNF) is the process whereby atmospheric nitrogen is reduced to 

ammonia in the presence of nitrogenize. Nitrogenize is a biological catalyst found naturally 

only in certain microorganisms such as the symbiotic Rhizobium and Frankia, or the free-

living Azospirillum and Azotobacter and BGA. 

Details of biological nitrogen fixation follow. 

Nearly 80% of Earths atmosphere contains nitrogen in the form of a highly inert di-nitrogen 

(N = N) which most plants cannot utilize as such. The atmospheric di-nitrogen (N2) consists 

of two nitrogen atoms linked by a triple-covalent bond. About 225 kcal of energy is required 

to break this triple bond which is difficult to achieve 

The phenomenon of reduction of inert gaseous di-nitrogen (N2) into ammonia (NH3) through 

the agency of some microorganisms so that it can be made available to the plants is called as 

biological nitrogen fixation or diazotrophy. 

Symbiotic Nitrogen Fixing Bacteria: 
Rhizobium is aerobic, gram negative nitrogen fixing bacterial symbionts of Papilionaceous 

roots. Sesbania rostrata has Rhizobium in root nodules and Aerorhizobium in stem nodules. 

Frankia is symbiont in root nodules of many non-leguminous plants like Casuarina and 

Alnus. 

Xanthomonas and Mycobacterium occur as symbiont in the leaves of some members of the 

families Rubiaceae and Myrsinaceae (e.g., Ardisia).  

Several species of Rhizobium live in the soil but are unable to fix nitrogen by themselves. 

They do so only as symbionts in the association of roots of legumes. 

Symbiotic Nitrogen Fixation: 

Both Rhizobium sp. and Frankia are free living in soil, but only as symbionts, can fix 

atmospheric di-nitrogen. 

The symbiotic nitrogen fixation can be discussed under following steps: 

Nodule formation (Fig. 5.1): 

It involves multiple interactions between free-living soil Rizobium and roots of the host plant. 

The important stages involved in nodule formation are as follows-Host Specificity: A variety 

of microorganisms exist in the rhizosphere (i.e. immediate vicinity of roots) of host roots. 



 
The roots of young leguminous plants secrete a group of chemical attractants like flavonoids 

and betaines. In response to these chemical attractants specific rhizobial Tells migrate 

towards the root hairs and produce nod (nodulation) factors. The nod factors found on 

bacterial surface bind to the lectin proteins present on the surface of root hairs. This lectinnod 

factor interaction induces growth and curling of root hairs around Rhizobia. 

At these regions wall degrades in response to node-factors and Rhizobia enter the root hair 

invagination of plasma membrane called infection thread. The infection thread filled with 

dividing Rhizobia elongate through the root hair and later branched to reach different cortical 

cells. 

https://www.biologydiscussion.com/wp-content/uploads/2015/10/image156.png


 
 

The Rhizobia are released into the cortical cells either single or in groups enclosed by a 

membrane. The Rhizobia stop dividing, loose cell wall and become nitrogen fixing cells as 

led bacteroids .The membrane surrounding the bacteroids is called peribacteroid membrane. 

The infected cortical cells divide to form nodule (Fig. 5.2). 

 

Mechanism of nitrogen fixation (Fig 5.3): 

The nodule serves as site for N2 fixation. It contains all the necessary bio-chemicals such as 

the enzyme complex called nitrogenase and leghaemoglobin (leguminous haemoglobin). The 

nitrogenase has 2 components i.e. Mo-Fe protein (molybdoferredoxin) and Fe-protein 

(azoferredoxin).The nitrogenase catalyzes the conversion of atmosphere di-nitrogen (N2) to 

2NH3. The ammonia is the first stable product of nitrogen fixation. 

The overall equation is: 
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The nitrogenase is extremely sensitive to oxygen. To protect these enzymes, nodule contains 

an oxygen scavenger called leghaemoglobin (Lb), which is a reddish-pink pigment. There are 

two views about location of leghaemoglobin that is either located outside the peribacteroid 

membrane or located in between bacteroids 

During nitrogen fixation, the free di-nitrogen first bound to MoFe protein and is not released 

until completely reduced to ammonia. The reduction of di-nitrogen is a stepwise reaction in 

which many intermediates are formed to form ammonia (NH3) which is protonated at 

physiological pH to form NH4+. In this process ferredoxin serves as an electron donor to Fe-

protein (nitrogenase reductase) which in turn hydrolyzes ATP and reduce MoFe protein, the 

MoFe protein in Turn reduce the substrate N2. The electrons and ATP are provided by 

photosynthesis and respiration of the host cells. 

 
Assimilation of Ammonia: 
The ammonia produced by nitrogenase is immediately protonated to form ammonium ion 

(NH4+). As NH4+ is toxic to plants, it is rapidly used near the site of generation to synthesize 

amino acids. Amino acids synthesis takes place by three methods: reductive animation, 

catalytic amination and transamination. 

(i) Reductive amination: 

In this process, glumate dehydrogenase (GDH) catalyzes the synthesis of glutamic acid. 

 
ii) Catalytic amidation: 
It is a two step process catalyzed by glutamine synthetase (GS) and glutamate synthetase 

(glutamine – 2-oxyglutarate aminotransferase, or GOGAT). 

 
Out of the two glutamates produced one returns to GS while the other is exported to the plant 

(iii) Transamination: 

Glutamate or glutamic acid is the main amino acid from which other amino acids are derived 

through transamination. The enzyme aminotransferases (= transaminases) catalyze all such 

reactions. Transamination involves transfer of amino group from one amino acid to the keto 

group of keto acid. 

Glutamate (amino donor) + Oxaloacetate (amino acceptor) → Aspartate (amino acid) + 2 

oxyglutarate 

In nitrogen fixing plants, the fixed nitrogen is exported in the form of amides (asparagines 

and glutamine) and Ureides (allantoin, allantoic acid and citrulline), from thenodules to other 
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plant parts via xylem. Amides are formed from two amino acids, namely glutamic acid and 

aspartic acid, by replacing – OH part by another NH2– radicle. Thus, amides contain more 

nitrogen than amino acids and are structural part of most proteins. 

Nitrate Assimilation: 

Nitrate cannot be utilized by plants as such. It is first reduced to ammonia before being 

incorporated into organic compounds. Reduction of nitrate occurs in two steps: 

1. Reduction of nitrate to nitrite: 
It is carried out by an inducible enzyme, nitrate reductase. The enzyme is a 

molybdoflavoprotein. It requires a reduced coenzyme NADH or NADPH for its activity 

which is brought in contact with nitrate by FAD or FMN. 

 
2. Reduction of nitrate: 

It is carried out by the enzyme nitrite reductase. The enzyme is a metalloflavoprotein which 

contains copper and iron. It occurs inside chloroplast in leaf cells and leucoplast of other 

cells. Nitrite reductase require reducing power. It is NADPH and NADH (NADPH in 

illuminated cells). 
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Reduction process also require ferredoxin which occurs in green tissues of higher plants. It is 

presumed that in higher plants either nitrite is trans-located to leaf cells or some other 

electron donor (like FAD) operates in un-illuminated cells. The product of nitrite reduction in 

ammonia. 

 
Ammonia thus produced combines with organic acids to produce amino acids. Amino acids 

form protein by the process of translation. 

 

 

                              

                                                    Azotobacter 
 

Azotobacter is a genus of usually motile,gram negative, oval or spherical bacteria that form 

thick-walled cysts and may produce large quantities of capsular slime, found in neutral and 

alkaline soils, in water, and in association with some plants 

 They are aerobic, free-living soil microbes that play an important role in the nitrogen cycle in 

nature, binding atmospheric nitrogen, which is inaccessible to plants, and releasing it in the 

form of ammonium ions into the soil (nitrogen fixation). In addition to being a model 

organism for studying diazotrophs, it is used by humans for the production 

of biofertilizers, food additives, and some biopolymers. The first representative of the 

genus, Azotobacter chroococcum, was discovered and described in 1901 by 

Dutch microbiologist and botanist Martinus Beijerinck.  

Role of Azotobacter: 

Azotobacter improves seed germination and has beneficiary response on Crop Growth Rate 

(CGR). It helps to increase nutrient availability and to restore soil fertility for better crop 

response. It is an important component of integrated nutrient management system due to its 

significant role in soil sustainability. Azotobacter species are free-living, nitrogen-

fixing bacteria; in contrast to Rhizobium species, they normally fix molecular nitrogen from 

the atmosphere without symbiotic relations with plants, although some associated with plants. 

 

Nitrogen fixation is mainly responsible for improvement of crop yield. In this regard, 

diazotrophs like Rhizobium, Azotobacter and Azospirillum are important as they enrich 

nitrogen nutrition in N-deficient soils. Of these, Azotobacter promotes plant growth as well as 

nitrogen fixation and plant growth-promoting microorganisms because its inoculation benefits 

a wide variety of crops. These are polymorphic, possess peritrichous flagella and produce 

polysaccharides; they are sensitive to acidic pH, high salts and temperature above 35Â°C and 

can grow on a N-free medium thus utilize atmospheric nitrogen (N2) for cell protein synthesis.  
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Growth of Azotobacter: 

Usually Azotobacter is grown on a solid medium free of nitrogen. After some times (6 months) 

old growth of Azotobacter is transferred to a fresh solid medium to renew the growth. This 

procedure is repeated periodically so that the culture can be maintained in good condition. 

Production of Azotobacter: 

i. Mother culture: A pure growth of any organism on a small scale is called as a mother 

culture. Mother culture is always prepared in a conical flask of 500 or 1000 ml.  

 

For this purpose, one litre conical flasks are taken to which 500 ml of broth of nitrogen free 

medium is added and these flasks are then plugged with non-absorbent cotton, sterilized in an 

auto slave for 15-20 minutes at 75 lbs pressure for 15 minutes. Flasks are then inoculated with 

mother culture with the help of inoculating needle aseptically. The flasks are transferred to 

shaker and shaking is done for 72-90 hours so as to get optimum growth of bacteria in broth. 

Bacteria are multiplied by binary method i.e. cell division. After about 90 days, the number of 

per milliliters comes to about 100 crores. Total growth of bacteria in this broth means starter 

culture or mother culture, which should carefully be done, since further purity of biofertilizer 

or quality of biofertilizer depends upon how mother culture is prepared. 

 

ii. Production on a large scale: Azotobacter is multiplied on a large scale by two ways viz. 

Fermenter and Shaker. The fermenter is most automatic and accurate method of multiplication 

of any micro-organism. In this method, the medium is taken in a fermenter and then sterilized. 

After this pH of the medium is adjusted and 1% mother culture is added. In order to get an 

optimum growth of the Azotobacter required temperature and oxygen supply is adjusted so that 

concentrated broth is made. This concentrated broth of the culture is then mixed with a carrier 

previously sterilized and bio-fertilizers are prepared. 

 

In the 2nd method i.e. shake method, a suitable medium is prepared transferred to conical flask 

of suitable capacity. These flasks are then sterilized in an autoclave at 15 lbs pressure for 15 

minutes. Each flask is inoclulated with 10 ml mother culture and they are transferred to shaker 

for multiplication where they are kept for 72-90 hours. This broth is mixed with a suitable 

carrier previously sterilized. Thus biofertilizer is prepared, filled in plastic bags and stored in 

cool place. 

Selection of carrier: 

A carrier is nothing but a substance which has high organic matter, higher water holding 

capacity and supports the growth of organism. In order to transport the biofertilizer and 

becomes easy to use the suitable carrier is selected.Galvanized trays are sterilized and used. To 

these trays, previously sterilized lignite is transferred and broth is then added (lignite2: broth 

1) and mixed properly. Trays are then kept one above the other for 10-12 hours for allowing 

the organism to multiply in the carrier. This mixture is then filled in plastic bags of 250 g or 

500 g capacity. Plastic bags are properly. Trays are then kept one above the other for 10-12 

hours for allowing the organism to multiply in the carrier. This mixture is then filled in plastic 

bags of 250 g or 500 g capacity. Plastic bags are properly sealed. All the required information 

such as name of biofertilizer, method of use expiry date, etc. is printed on plastic bags. In this 

way biofertilizer is ready to sell or use.  

As per ISI standards, one gram of biofertilizer immediately after it is prepared should have one 

crore cells of bacteria and 15 days before expiry date one gram of biofertilizer should have 10 



lakh bacteria. If biofertilizer is stored at 15-20 0C then it will remain effective for 6 months. 

However, at 0 to 4 ₀C (cold storage) the bacteria will remain active for 2 years. The storage 

periods are decided after testing the biofertilizer for that particular storage conditions, such 

temperature and humidity..  

How to apply Azotobacter bio-fertilizer?-seed inoculation 

On the basis of efficiency of Azotobacter, other micro-organisms present in the soil, benefits 

obtained from biofertilizer and expenditure it has been fixed to use Azotobacter - bio-

fertilizer at the rate of 250 g biofertilizer for 10-15 kg. If one knows this proportion then take 

a definite quantity of seed to be inoculated. The required quantity of fresh biofertilizer is 

secured and slurry is made by adding adequate, quantity of water. This slurry is uniformly 

applied to seed, seed is then dried in shed and sown. Some stickers are used in order to adhere 

biofertilizer to seeds. Viz. Jaggery or gum arebia. 

 

Seedling Inoculation: 

This method of inoculation is used where seedlings are used to grow the crop. Seedlings 

required for one acre are inoculated using 4-5 packets (2-2.5 kg). For this, in a bucket 

adequate quantity of water is taken and biofertilizer from these packets is added to bucket and 

mixed properly. Roots or seedlings are then dipped in this mixture so as to enable roots to get 

inoculums. These seedlings are then transplanted e.g. Tomato, Rice, Onion, Cole, Crops, 

flowers. 

 

In this method 50 litres of water is taken in a drum and 4-5 kg of Azotobacter biofertilizer is 

added and mixed properly. Sets are required for one acre of land are dipped in this mixture. 

Potato tubers are dipped in the mixture of biofertilizer and planting is done 

. 

Soil application 

 

This method is mostly used for fruit crops, sugarcane, and trees. At the time of planting fruit 

tree 20 g of biofertilizer mixed with compost is to be added per sappling, when trees became 

matured the same quantity of biofertilizer is applied. 
 

 Advantages of Azotobacter inoculants: 

  Azotobacter is heaviest breathing organism and requires a large amount of 

organic carbon for its growth 

 It is poor competitor for nutrients in soil and hence its growth promoting 

substances, fungistatic substances 

 Suitable for Cotton,Vegetables,Mulberry,Rice,Wheat,Barely,Mustard,Sun 

flower,Tobacco,Spices , Condiments and ornamental flowers. 

 

 

 

 



 
 

 

                                                 AZOSPIRILLIUM 

Azospirillum, a free-living, Gram negative motile, nitrogen-fixing bacteria closely associated 

with grasses belonging to the order Rhodospirillales, associated with roots of monocots, 

including important crops, such as wheat, corn and rice. Azospirillum bacterium fixes the 

atmospheric nitrogen and makes it available to plants in non-symbiotic manner that can replace 

50-90% of the nitrogen fertilizer required by plants. 

Azospirillum biofertilizer also secretes some fungicides, enzymes but in minute amount, 

increases the crop production in large scale, mainly useful for monocot vegetables. 

Azospirillum is an eco-friendly liquid biological fertilizer formulation containing bacteria,  

which contain large amount of lipid granules, which enters the cortical cells of the root  and 

also produces biologically active substances like vitamins, nicotinic acid, in dole acetic acid, 

gibberellins etc and helps in better retention of flowers and enhances the plant growth. 

 

Isolation of Azospirillum: Isolated from plant roots as well as soil samples.Root system is 

washed with running water and roots are cut into 0.5 cm long pieces.Roots are immersed with 

0.1% Hgcl2 solution for 1minute.then washed and roots are placed on semi solid agar medium 

containing sodium malate in screw capped tubes.Incubate 28-308₀c for 2days.white pellicles of  

Azospirillum can be observed. 

 

Characteristics of Azospirillum:  Highly aerobic when grown in ammonium containing 

medium,and found as microaerophilic when grown in nitrogen free medium,PHB 

granules,require carbon sources. 

 

Mass production: Starter culture of Azospirillum is transferred into Okon’s medium in culture 

flask.After  3 days of incubation ,on rotatry shaker the cells are harvested for inoculation of 

okon’s medium filled in a fermentor. The broth inoculums is harvested when the cell number 

reaches to 109/ml 

Preparation of carried -based inoculants:FYM+soil,FYM+charcoal.peat etc., .Harvested 

broth is mixed with FYM++soil carrier till 40% moisture is obtained. Carrier based inoculants 

is packed in polythene bags.The bags are stored at 4c for about 7 days. 

 

Application of Azospirillum inoculants in field: 

 

Seed treatment: Azospirillum slurry is mixed with seeds and sown in field @ 2kg inoculnat 

per hectare overnight. 

Seedling treatment: 

1 kg inoculants is mixed with 40 liters of water .The roots of transplanted seedlings are dipped 

in slurry for 15-20 minutes. then seedlings are transplanted in field 

Top dressing:Carrier based inoculant is top dressed throughout field especially in young 

seedlings of rice field. 

Crop response: Azospirillum inoculants increase N,P,K contents in soil,produce growth 

promoting substances like IAA,and gibberllins.It can save 25% recommended dose of 

nitrogen.Suitable for Sugarcane,Vegeatables,Maize,Rice,Wheat,Oil seed,Perlmillet,Fruits and 

Flowers.  

 

 



 

                                                        AZOLLA 

 

 Azolla is water fern ,free floating pteridophyte which contains as endosymbiont the nitrogen-

fixing cyanobacterium Anabaena azollae (Nostocaceae family)in its leaf cavity and also used 

as a biofertilizer. Azolla pinnata, a pteridophyte, is used as an excellent fertilizer . 

Azolla mat is harvested and dried to use as green manure. There are two methods for 

its application in field: (a) incorporation of Azolla in soil prior to rice plantation, and (b) 

transplantation of rice followed by water draining and incorporation of Azolla.  Widely 

cultivated in the Asian regions, Azolla is either incorporated into the soil before rice 

transplanting or grown as a dual crop along with rice.  The significance of Azolla as 

biofertilizer in rice field was realized in Vietnam. Recently, it has become very popular in 

China, Indonesia, Philippines, India and Bangladesh. 

 

A total of six species of Azolla are known so far viz., A. caroliniana, A. filiculoides, A. 

mexicana, A. microphylla, A. nilotica, A. pinnata and A. rubra. Out of these A. pinnate is 

commonly found in India. The global collections of several species of Azolla are maintained 

at CRRI (Cuttack). Within the leaf cavity filaments of Anabaena azollae are present.  

 Mass cultivation of Azolla 

     Microplots (20m2) are prepared in nurseries in which sufficient water (5-10 cm) is added. 

For good growth of Azolla, 4-20 Kg P2O5/ha is also amended. Optimum pH (8.0) and 

temperature (14-30°C) should be maintained. Finally, microplots are inoculated with 

fresh Azolla (0.5 to 0.4 Kg/ m2). An insecticide (furadon) is used to check the attack of 

insects. After three, week of growth mat formed by Azolla is harvested and the same 

microplot is inoculated with fresh Azolla to repeat the cultivation. 

Mass cultivation of Azolla 

  

                      -Water , P2o5, 

                                   -  Azolla 

                        -          Incubation 

 

 
 

                               Harvesting 
 

 
 

 

Green manure ready for use 
 

 

Azolla mat is harvested and dried to use as green manure. There are two methods for its 

application in field: (a) incorporation of Azolla in soil prior to rice plantation, 

Microplot ( 20 m2 ) 

Formation  of  Azolla  

mate 

Azolla  inoculum 



and (b) transplantation of rice followed by water draining and incorporation). However, reports 

from the IRRI (Philippines) reveal that growing of Azolla in rice field before rice 

transplantation increased the yield equivalent to that obtained from 30Kg N/ha as urea or 

ammonium phosphate. Moreover, Azolla shows tolerance against heavy metals viz. As, Hg, 

Pb, Cu, Cd, Cr, etc. It tolerates low concentration but at high levels a setback in biochemical 

pathways is caused. A. pinnata absorbs heavy metals into cell walls and vacuoles through 

evolution of specific metal resistant enzymes. Therefore, heavy metal resistant species such 

as A. pinnata can also be incorporated as green manure in rice field near the polluted areas 

where heavy metal concentration is between 0.01 and 1.5 mg/liter. Due to development of 

chemical industries and discharge of effluents into water bodies, heavy metal concentration is 

gradually increasing day by day.  

 

 

                                                CYANOBACTERIA 

Blue-Green algae or Cyanobacteria from the symbiotic association with several plants. 

Liverworts, cycad roots, fern, and lichens are some of the Nitrogen-fixing cyanobacteria. 

Anabaena is found at the leaf cavities of the fern. It is responsible for nitrogen fixation. 

 common examples of BGA biofertilizers are Aulosira, Anabaena, Nostoc, Tolypothrix, 

Gleotrichia.  They possess special type of cells called heterocysts.  Cyanobacteria have the 

ability to fix atmospheric nitrogen into organic nutrients and help to increase the fertility of soil 

and therefore act as fertilizer. 

Algalization:Process of application of blue green algal culture in field as biofertilizer,Intiated 

by Venkataraman 1961.At present it was practised in Kashmir, Andhra Pradesh, Karnataka, 

Maharastra, Tamilnadu, Uttar Pradesh and Haryana. 

Isolation of Cyanobacteria:5kg of top layer of paddy field soil is collected,powdered and 

transferred to Fogg’s medium. Incubated under light source of 12hours in a dark regime. Then 

culture of cyanobacteria are observed microscopically. 

Preparation of starter culture:Each pure culture of cyanobacteria is separately grown in 

Fogg’s medium in flasks.Flasks are incubated in light for algal growth.the cultures of 

cyanobacteria can be used as starter culture for mass cultivation 

Mass Production of Cyanobacterial Biofertilizers: 

 
For outdoor cultivation of cyanobacterial biofertilizers, the regional specific strain should be 

used. In such practices, a mixture of 5 or 6 regionally acclimatized strains of cyanobacteria 

e.g. species of Anabaena, Aulosira, Cylindrospermum, Gloeotrichia, Nostoc, Plectonema, 

Tolypothrix etc. are generally used as starter inoculum. 

The following methods are used for mass cultivation: 
(a) Cemented tank method, 

(b) Shallow metal troughs method, 

(c) Polythene lined pit method and 

(d) Field method. 



The polythene lined method is most suitable for small and marginal farmers for the 

preparation of bio-fertilizer. In this method, small pits are prepared in field and lined with 

thick polythene sheets 

(a) Prepare the cemented tank, shallow trays of iron sheets or polythene lined pits in an open 

area. Width of tanks or pits should not be more than 1.5 m. This will facilitate the proper 

handling of culture. 

(b) Transfer 2-3 kg soil and add 100 g superphosphate. Water the pit to about 10 cm height. 

Mix lime to adjust the pH. Add 2 ml of insecticide to protect the culture from mosquitoes. 

Mix well and allow to settle down soil particles. 

(c) When water becomes clear, sprinkle 100 g starter culture on the surface of water. 

(d) When temperature remains around 35-40°C during summer, optimum growth of 

cyanobacteria is achieved. The water level is always maintained about 10 cm during the 

period. 

(e) After drying, the algal mass (mat) is separated from the soil that forms flakes. During 

summer about 1 kg pure algal mat per m2 area is produced. It is collected, powdered, and 

packed in polythene bag and supplied to the farmers after sealing the packets) The algal 

flakes can be used as starter inoculum again. 

 

Field application of  BGA Inoculants:For one hectare of paddy field,10 Kg of BGA 

inoculant is applied.10 days of transplanting of rice seedlings,powder of BGA flasks is 

dispersed which grows luxuriantly in water. 

Crop response: BGA inoculants increase the crop yield by 34% and save nitrogen fertilizer 

by 30% 

 

                                                                Mycorrhizal biofertilizer 

Mycorrhizae (Fungus root)is a distinct morphological structure which develop mutualistic 

symbiosis between some specific root-inhabiting fungi and plant roots,invented by 

Frank(1885) 

Vesicular-arbuscular mycorrhizal (VAM) fungi colonize roots of several crop plants. They 

are zygomycetous fungi belonging to the genera Glomus, Gigaspora, Acaulospora, 

Sclercystis, etc. Arbuscular Mycorrhizal Fungi (AMF) constitute a group of root obligate 

biotrophs that exchange mutual benefits with about 80% of plants. They are considered 

natural biofertilizers, since they provide the host with water, nutrients, and pathogen 

protection, in exchange for photosynthetic products. 



These are obligate symbionts and cannot be cultured on synthetic media. They help plant 

growth through improved phosphorus nutrition and protect the roots against pathogens. 

Nearly 25-30% of phosphate fertilizer can be saved through inoculation with efficient VAM 

fungi as reported by Bagyaraj (1992). 

Types of Mycorrhizae 

Mycorrhizas are commonly divided into ectomycorrhizas and endomycorrhizas. The two 

types are differentiated by the fact that the hyphae of ectomycorrhizal fungi do not penetrate 

individual cells within the root, while the hyphae of endomycorrhizal fungi penetrate the cell 

wall and invaginate the cell membrane. Endomycorrhiza includes arbuscular, ericoid, 

and orchid mycorrhiza, while arbutoid mycorrhizas can be classified 

as ectoendomycorrhizas. Monotropoid mycorrhizas form a special category. 
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Ectomycorrhizae 

Ectomycorrhizas, or EcM, are symbiotic associations between the roots of around 10% of 

plant families, mostly woody plants including the birch, dipterocarp, eucalyptus, oak, pine, 

and rose[families, orchids, and fungi belonging to the Basidiomycota, Ascomycota, 

and Zygomycota. Ectomycorrhizas are further differentiated from other mycorrhizas by the 

formation of a dense hyphal sheath, known as the mantle, surrounding the root surface. This 

sheathing mantle can be up to 40 µm thick, with hyphae extending up to several centimeters 

into the surrounding soil. The hyphal network helps the plant to take up nutrients including 

water and minerals, often helping the host plant to survive adverse conditions. In exchange, 

the fungal symbiont is provided with access to carbohydrates.                                          

Unlike other mycorrhizal relationships, such as arbuscular mycorrhiza and ericoid 

mycorrhiza, ectomycorrhizal fungi do not penetrate their host's cell walls. Instead they form 

an entirely intercellular interface known as the Hartig net, consisting of highly 

branched hyphae forming a latticework between epidermal and cortical root cells. 

Endomycorrhize 

Endomycorrhizas are variable and have been further classified as arbuscular, ericoid, 

arbutoid, monotropoid, and orchid mycorrhizas. 

Arbuscular mycorrhizae 
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Arbuscular mycorrhizas, or AM (formerly known as vesicular-arbuscular mycorrhizas, or 

VAM), are mycorrhizas whose hyphae penetrate plant cells, producing structures that are 

either balloon-like (vesicles) or dichotomously branching invaginations (arbuscules) as a 

means of nutrient exchange. Arbuscular mycorrhizas are formed only by fungi in 

the division Glomeromycota. 

Ericoid mycorrhizae 

 Ericoid are the third of the three more ecologically important types. They have a simple 

intraradical (grow in cells) phase, consisting of dense coils of hyphae in the outermost layer 

of root cells. Form mutualistic relation ship with Ericaceae family 

Arbutoid mycorrhiza 

This type of mycorrhiza involves plants of the Ericaceae subfamily Arbutoideae. It is 

however different from ericoid mycorrhiza and resembles ectomycorrhiza, both functionally 

and in terms of the fungi involved. It differs from ectomycorrhiza in that some hyphae 

actually penetrate into the root cells, making this type of mycorrhiza an ectendomycorrhiza 

Ectendomycorrhiza 

Although the Hartig net forms outside the root cells, penetration of plant cortical cells 

occasionally occurs. Many species of ectomycorrhizal fungi can function either as 

ectomycorrhizas or in the penetrative mode typical of arbuscular mycorrhizas, depending on 

the host. Because these associations represent a form of symbiosis inbetween arbuscular 

mycorrhizas and ectomycorrhizas, they are termed ectendomycorrhizas 

Orchid Mycorrhizae 

All orchids are myco-heterotrophic at some stage during their lifecycle and form orchid 

mycorrhizas with a range of basidiomycete fungi.Their hyphae penetrate into the root cells 

and form pelotons (coils) for nutrient exchange. 

Monotropoid mycorrhiza 

This type of mycorrhiza occurs in the subfamily Monotropoideae of the Ericaceae, as well as 

several genera in the Orchidaceae. These plants are heterotrophic or mixotrophic and derive 

their carbon from the fungus partner. This is thus a non-mutualistic, parasitic type of 

mycorrhizal symbiosis. 

Production of Mycorrhizal Bio-Fertilizer: 

Methods of inoculum production of mycorrhizal fungi differ with respects to their nature, 

depending upon types i.e., ectomycorrhizal or endomycorrhizal. 

(i) Ectomycorrhizal Fungi: 

In this case, the basidiospores, chopped sporocarps, sclerotia, pure mycelial culture, 

fragmented mycorrhizal roots or soil from mycorhizosphere region can be used as inoculum. 

The inoculum is mixed with nursery soil and seeds are sown thereafter 

Institute for mycorrhizal Research and Development, USA and Abbot Laboratories, USA 

have developed a mycelial inoculum of Pisolithus tinctorius in a mycelial vermiculite-peat 

moss substrate with trade name ‘MycoRhiz’ which is commercially available on large 

quantities 

VA Mycorrhizal Fungi: 
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VA mycorrhiza can be produced on a large scale by pot culture technique. This requires the 

host plant mycorrhizal fungi and natural soil. The host plants which support large scale 

production of inoculum are sudan grass, strawberry, sorghum, maize, onion, citrus, etc. 

The starter inoculum of VAM can be isolated from soil by wet sieving and decantation 

technique. VAM spores are surface sterilised and brought to the pot culture. Commonly used 

pot substrates are sand: soil (1:1, w/w) with a little amount of moisture. 

 

 

Method  of  production  of  VAM  inoculums for application in fields : 

                                                                                

                                                                                      

                    - Sterile soil : soil                                                                      

                       ( 1 : 1)                                                              isolate VAM spores (20:30) 

 

                      

                     Mix well,grow host seeds  

                       Keep in glass  houses                                             sterilize with chloramin T                                                                                                      

 

 

 

 

                       Few weeks later remove seedlings 

 

 

 

                      Check VAM spores microscopically 

 

 

                  Put small amount of starter inoculums one inch below soil, 

                     Sow host seeds in its vicinity 

 

 

 

                     

                  Remove seedlings after 3-4 months 

                 Macerate roots with soil 

 

 

 

 

Prepare pelleted seeds pack in polythene bagss 

 

 

 

There are two methods of using the inoculum: 

Sterile  pots 

Sterile  soil  +  VAM  spores 

Young  seedlings 

Seedlings 

Chooped  roots  as  starter  inoculum 

Inoculated  larger  pots 

Inoculum  in  bulk 

Soil 

( VAM  spores  in  watch  glass ) 

VAM  spores 



 (a) Using a dried spore-root-soil to plants by placing the inoculum several centimetres 

below the seeds or seedlings, 

 (b) Using a mixture of soil- roots, and spores in soil pellets and spores are adhered to 

seed surface with adhesive. 

 Commercially available pot culture of VA mycorrhizal hosts grown under aseptic 

conditions can provide effective inoculum. Various types of VAM inocula are 

currently produced by Native Plants, Inc (NPI), Salt Lake City. 

Potential Benefits of Mycorrhizae: 

 Enhanced water and nutrient uptake. 

 Reduction of irrigation requirements. 

 Reduction need for fertilizer. 

 Increased drought resistance. 

 Increased pathogen resistance. 

 Increased plant health and stress tolerance. 

 Higher transplanting success 

 Phosphorous mobilizer 

                                                  Frankia 

 Frankia is the actinomycete classified under family Frankiaceae, suborder Frankineae, 

order Actinomycetales, class Actinobacteria. This genus was named after its 

discoverer Frank in the 1880s. Frankia is filamentous, strcptomycete-like, possesses 

multilocular sporangia and forms clusters of spores when a hypha divides both 

transversely and longitudinally. 

 It is microaerophilic, grows slowly, forms non- motile spores, and grows in symbiotic 

association with the roots of earlier mentioned variety of nonleguminous 

angiosperms. 

Entry of Frankia to the Host Plant: 

 Frankia cells get embedded in a mucilage layer in the root region or the spores may 

get attached to root hairs the root hairs get deformed or curled. The actual entry of 

Frankia into root hairs has not been seen but hyphae are seen as simple or multiple 

threads often branching inside the deformed hair in a host derived cell wall material 

that is continuous with the root hair cell wall (encapsulation). 

 The threads could be seen penetrating the cortex and in some root sections, pre-nodule 

formation can be seen within 10-14 days. 

 Sooner or later, lateral roots in the vicinity of the primary nodule primordium appear, 

their meristems undergo branching and progressively get infected with Frankia 

resulting in the formation of a typical adult nodular structure referred to as a 



‘rhizothamnion’. In a sense, actinorhizal root nodule is essentially a modified lateral 

root. 

 Actinorhizal nodules of Alnus and Casuarina occur in clusters attaining a diameter of 

5 to 6 cm somewhat resembling a tennis ball (Fig. 34.5) often weighing up to 444 kg 

dry weight of nodules/ha. There are two types of structural organization in 

actinorhizal root nodules: Alnus type and Casuarina type. Alnus-type of root nodules 

possess many lenticels on nodules that provide ventilation. 

 Internally, there is a central vascular bundle surrounded by a cortex in which several 

pockets of Frankia inhabiting zones can be seen containing vesicles that are the sites 

of nitrogenase activity. Casuarina-type of root nodules possess suberized cells 

containing the hyphal endophyte with swollen tips. 

The suberized cells in Casuarina type of root nodules are impervious to air and hence provide 

protection to nitrogenase and to the swollen hyphal tips which are belived to be the sites of 

nitrogen fixation 

Nitrogen Fixation and Ammonia Assimilation by Frankia: 

Nitrogenase activity in actinorhizal nodules is host as well as Frankia dependent espeon the 

morphological state of Frankia whether in the form of spores or hyphae. Nitrogenase has 

been detected in vesicles as well as hyphae but abundance of vasicles coincides with high 

nitrogenase activity. 

The vesicles contain thick wall that retard O2 diffusion thus protecting oxygen sensitive 

nitrogenase. Two hypotheses are given to understand the possible mechanism of ammonia 

assimilation on lines similar in cyanobacterial heterocysts. One hypothesis assumes that 

glutamine is produced in vesicles and could be transported to vegetative hyphae through the 

constricted stem cell of the vesicles. 

In the hyphae, glutamine would be converted by the enzyme GOGAT to glutamate with one 

of the resulting glutamates going back to the vesicles to function as an ammonia acceptor for 

repeating the reaction. 

In the second hypothesis, it is considered that the enzyme GS (glutamine synthetase) is not 

active in ammonia assimilation in vesicles which leads to accumulation of the fixed product 

in the hyphae and surroundings where it would be assimilated by the GS-GOGAT system, 

presumably aided by the high affinity ammonia perm-ease present in nitrogen starved hyphae 

which helps in mopping up all free ammonia. 



Isolation of Frankia:  

In 1978 Callaham and co-workers in Torrey”s laboratory USA isolated Frankia from 

Camptonia peregrina.Actinorrhizal nodules are large sized,so young un-suberised young 

nodules are preferred for isolation.nodules are surface sterilised with osmium tetraoxide 

under mild vacuum in fume hood.nodules are washed several minutes to trace the 

chemical.maceration process release toxic phenolic compounds then it pass through nylon 

membrane .then mixtures inoculated into BAP medium, petridishes are sealed with paraffin 

and incubated 28-30₀c.on agar plates colonies are diffuse with a loose hypal network around 

center, 

Benefits of Frankia Inoculation:Alnus tree increases nitrogen content of soil by about 61.5 

to 157kg N/ha/annum and Casuarina by about 60kg N/ha/annum. 

 

PHOSPHATE SOLUBILIZING MICROORGANISMS(PSM) 

Phosphate solubilizing microorganisms (PSMs) are group of beneficial microorganisms 

capable of hydrolyzing organic and inorganic phosphorus compounds from insoluble 

compounds. ... Potential P solubilizing microorganisms. Soil is a natural basal media 

for microbial growth. everal 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. 

Examples of PSM: 

Pseudomonas         

Bacillus 

Micrococcus 

Flavobacterium 

Aspergillus 

Penicillium 

Fusarium 

Sclerotium 

PSM secrete organic acids, such as acetic,,Succnic ,propionic,formic acid etc.,It save 30-50 

kg/ha of superphosphate and increase crop yield upto 200-500kg/ha. 



Isolation of PSM:Pikovskaya medium is prepaed, mixed with 0.5%gum Arabic,autoclaved 

and dispensed in pertiplates.1g soil is collected and serially diluted in known volume of 

water.Each plate is oinoculated with 1mlof soil-water suspension,plates are incubated at 28*C 

for 4-5 days,only PSM grow and form colonywith clear zone.Statre culture is prepared by 

inoculating fresh pikovskaya broth and incubated on a rotary shaker at 28*c. 

Mass  production of  PSM: The  PSM  are  produced  on  a  large  scale  in  a  large  fermentor  

containing  pikovskaya  medium. Starter  culture  is  transferred  in  a  bioreactor  @  1  litre/100  

of  medium  and  grown  at  28₀ C for  10 – 15  days.  Culture  broth  is  harvested  when  cells  

have  attained  100000000 cells / ml . 

Production of  carrier – based  Inoculants: Different carriers  ( eg.  Wood charcoal , peat 

mixture or mixture of wood charcoal and wood )  are  used  for  inoculums  production.  The 

carrier  is  powdered , neutralised , sterilised   and  mixed  with  broth  inoculants.  Carrier  and  

inoculants  are  properly  mixed  till  40 %  moisture is  attained .  This  mixture  is  left  for  

curing  by  leaving  it  in a  sterile  chamber .  Then  it   is  filled  in  polythene  bags  @  200 g 

/ packet )  and  stored at  15 - 20₀ C . 

Crop  Response  Against  PSM : Slurry  is  prepared  by  diluting  water  in  PSM  in water  

and  treating  with  gum  Arabic  and  CaCO3.  Seeds   to  be  sown  in  fields  are  mixed  in  

slurry  for  bactersiation  and  dried  in  shade .  The  PSM  adhere  on  seed  surface .  Then  

the  bacterised  seeds  are  sown  in  the  fields .  The  PSM  solubilise  20 – 30 %  phosphate  

which  is  then  absorbed  by  the  plants .  Consequently ,  plant  growth  is  increased .  The  

PSM  is  used  for  all  types  of  plants  because  they  are  heterotrophs   and  show  host – 

specificity  . 


