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Abstract  

Indian agriculture is undergoing a shift toward 
sustainable and eco-friendly practices due to environmental 
degradation, soil infertility, and excessive dependence on 
chemical fertilizers and pesticides. Biofertilizers, 
biopesticides, and microbial bioagents are essential 
components of this transition, offering natural alternatives 
that improve soil health, nutrient uptake, and biological pest 
management. 

Biofertilizers such as Rhizobium, Azotobacter, 
Azospirillum, Blue-Green Algae, and mycorrhizae aid in 
nutrient cycling and biological nitrogen fixation. Bioagents 
such as Trichoderma, Pseudomonas, Bacillus, and beneficial 
insects like Trichogramma and Chrysoperla enhance disease and 
pest control within Integrated Pest Management (IPM). Their 
adoption is regulated under a complex legal framework in 
India, as there is no single unified Agriculture Act. Instead, 
agriculture is governed through a combination of central and 
state laws. Biofertilizers are specifically regulated under the 
Fertilizer (Control) Order, 1985 (FCO), which was amended 
in 2006 to legally define and standardize biofertilizers. 

This article presents a comprehensive understanding 
of microbial mechanisms, nitrogen fixation, Nif–Nod gene 
functions, nodule formation, cross-inoculation groups, 
microbial mass multiplication, and quality control standards 
under Indian laws. It also integrates major agriculture-related 
laws such as the Essential Commodities Act, 1955; 
Insecticides Act, 1968; APGM Act, 1937; and relevant state 
biofertilizer quality control acts. The article offers a complete 
academic resource for students, scholars, and agricultural 
professionals. 
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Introduction 

Sustainable agriculture is essential to address issues 
of soil degradation, reduced productivity, and environmental 
risks associated with excessive chemical usage. Biofertilizers 
and bioagents improve soil fertility, promote plant growth, 
and ensure environmentally conscious farming practices. 
India does not have a single Agriculture Act; instead, the 
sector is governed by a network of central and state laws. 
Biofertilizers fall under the Fertilizer (Control) Order, 1985, 

which mandates quality standards, registration, and testing 
requirements. 

Classification of Biofertilizers 

1. Nitrogen-Fixing Biofertilizers: Rhizobium, 
Azotobacter, Azospirillum 

2. Phosphate Solubilizers: Pseudomonas, Bacillus 

3. Mycorrhizal Biofertilizers: VA Mycorrhizae 

4. Potash Mobilizers: Bacillus mucilaginosus 

5. Sulphur Oxidizers: Thiobacillus thiooxidans 

6. Organic Matter Decomposers: Trichoderma, 
Phanerochaete species 

Growth Characteristics of Biofertilizer Microbes 

Different microbes possess unique growth patterns 
and physiological requirements: 

1. Rhizobium grows slowly, forming mucilaginous 
colonies. 

2. Azotobacter grows rapidly and produces 
pigmentation. 

3. Trichoderma demonstrates vigorous growth with high 
enzymatic activity. 

Nitrogen Cycle and Biological Nitrogen Fixation 

The nitrogen cycle involves nitrogen fixation, 
nitrification, ammonification, and denitrification. 

1. Nif genes regulate nitrogenase enzyme production 
for converting atmospheric nitrogen into ammonia. 

2. Nod genes initiate nodule formation and symbiotic 
host recognition. 

3. Nitrogenase enzyme system consists of Fe-protein 
and Mo-Fe protein essential for nitrogen fixation. 

Cross-Inoculation Groups in Rhizobium 

1. R. leguminosarum – pea, lentil 

2. R. japonicum – soybean 

3. R. meliloti – alfalfa, clovers 

Methods for Selecting Efficient Rhizobium Strains 

1. Plant infection test 

2. Nodulation efficiency analysis 

3. Acetylene Reduction Assay (ARA) 

4. Competitive saprophytic ability evaluation 
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Role of Microorganisms in Organic Waste Decomposition 
Microbes decompose cellulose, lignin, and organic 

residues, improving soil organic carbon, nutrient release, and 
humus formation. 
Mass Multiplication and Packaging of Biofertilizers 

Common production and packaging methods 
include: 

1. Carrier-based formulations using peat, lignite, or 
vermiculite 

2. Liquid biofertilizers with increased shelf life 
3. Polypropylene and aluminum-laminated pouches 

ensuring microbial survival 
Indian Legal Framework Governing Agriculture 

Agriculture in India is regulated by multiple laws 
rather than one unified act. Key legislations include: 
1. Essential Commodities Act, 1955 

Ensures availability of essential goods, prevents 
hoarding, and regulates fertilizers and food grains. 
2. Indian Contract Act, 1872 

Governs agricultural contracts, procurement 
agreements, and sale transactions. 
3. Agricultural Produce (Grading and Marking) Act, 1937 

Provides AGMARK standards for grading 
agricultural commodities. 
4. Insecticides Act, 1968 and Rules, 1971 

Regulates manufacture, import, sale, and usage of 
insecticides and biopesticides. 
The proposed Pesticides Management Bill aims to replace it. 
5. State-Level Agriculture Acts 

Different states regulate land reforms, tenancy, crop 
protection, and specific agricultural practices. 
Legal Framework for Biofertilizers and Bioagents 

1. Fertilizer (Control) Order, 1985 (FCO) 
Biofertilizers were included under FCO regulation 

in March 2006. The FCO provides: 
1. Standard definitions 
2. Quality and microbial count standards 
3. Compulsory registration for manufacturers 
4. Labeling and packaging standards 
5. Testing through notified laboratories 

2. State-Level Biofertilizer Monitoring Acts 
For example: Telangana Bio-Fertilisers (Monitoring and 
Quality Control) Act, 2006: These acts prevent adulteration 
and ensure quality compliance. 

3. Registration with the Central Insecticides Board 
(CIB&RC): Mandatory for biopesticides and microbial 

bioagents such as Trichoderma, Beauveria, Metarhizium, NPV, 
Bacillus thuringiensis. 

4. National Centre for Organic and Natural Farming 
(NCOF) 

Under the Ministry of Agriculture & Farmers 
Welfare. Ensures promotion, quality assessment, and 
certification support under schemes including: 

1. Paramparagat Krishi Vikas Yojana (PKVY) 

2. National Project on Organic Farming (NPOF) 

5. Other Relevant Laws 

1. Biological Diversity Act, 2002 

2. Environment Protection Act, 1986 

3. Food Safety and Standards Act (FSSA), 2006 

4. National Program for Organic Production (NPOP) 

Important Bioagents and Their Role in Agriculture 

1. Fungal Bioagents 

1. Trichoderma spp. – antagonistic to plant pathogens 

2. Beauveria bassiana, Metarhizium anisopliae – insect 
control 

2. Bacterial Bioagents 

1. Pseudomonas fluorescens, Bacillus subtilis – induce 
systemic resistance 

3. Insect Bioagents 

1. Trichogramma spp. – egg parasitoid 

2. Chrysoperla carnea – predator 

3. Cryptolaemus montrouzieri – mealybug predator 

4. NPV viruses – effective against Helicoverpa and 
Spodoptera 

Conclusion 

Biofertilizers and bioagents form the backbone of 
sustainable and eco-friendly agriculture. Their scientific 
effectiveness, combined with stringent quality regulations 
under the FCO and other agriculture-related laws, ensures 
that farmers receive reliable and beneficial biological inputs. 
India's multipronged legal framework supports the safe 
production, sale, and application of microbial products, 
contributing to soil health, environmental safety, and long-
term agricultural sustainability. 
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