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Course Objectives

By the end of this course, students will be able to:

% Explain the types, production, and applications of biofertilizers and biopesticides.



« Understand the microbial ecology and mechanisms involved in nutrient
mobilization and pest control.

< Apply knowledge in designing sustainable farming practices.

% Gain hands-on skills in handling microbial inoculants and biopesticide

formulations.

«+ Evaluate the role of bio-inputs in organic and eco- friendly agriculture.
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(Week 12)

Module 1: Introduction to Biofertilizers and Biopesticides

Sustainable agriculture is a farming system that meets current food and fiber needs
without compromising the ability of future generations to meet their own needs. It
aims to balance productivity, environmental health, and social well-being. The core
principles of sustainable agriculture include ensuring economic viability so that
farming remains profitable and supports farmers’ livelihoods, maintaining

environmental health by conserving and enhancing soil, water, and biodiversity, and



promoting social equity so that the benefits of agriculture reach farmers, workers, and
society fairly. It also emphasizes long-term productivity through practices that
maintain soil fertility, reduce erosion, and support ecosystem services, while
encouraging the use of renewable resources by preferring inputs derived from natural

and sustainable sources.

The overuse of chemical fertilizers and pesticides has created several problems
in modern agriculture. Continuous application of synthetic fertilizers depletes organic
matter in the soil and disturbs microbial balance, leading to reduced soil fertility.
Pesticide residues often remain in crops and soils, contaminating food chains and
water bodies. Excessive pesticide use also results in pest populations developing
resistance, which in turn demands higher doses and more frequent applications.
Run- off and leaching of these chemicals contribute to widespread environmental
pollution, affecting rivers, groundwater, and aquatic life. Ultimately, over-reliance on
chemicals becomes costly, harmful, and unsustainable for farming communities and

ecosystems alike.

In response to these issues, the use of bio-inputs is gaining importance.
Bio- inputs include biofertilizers, which are microbial inoculants that fix or mobilize
nutrients, and biopesticides, which are based on beneficial microbes or botanical
products that help control pests. These inputs reduce dependence on synthetic
fertilizers and pesticides, are environmentally friendly because they are non- toxic and
biodegradable, and are safe for humans and beneficial organisms. They are often
cost- effective as they can be locally produced and are frequently cheaper than
imported chemical inputs. Moreover, bio-inputs improve soil fertility by enhancing
microbial activity and restoring natural nutrient cycles, thus supporting long- term soil

health and sustainable crop productivity.

The history of biofertilizers and biopesticides has deep roots. Traditional
farmers used farmyard manure, compost, and green manuring for soil enrichment.
Symbiotic nitrogen fixation in legumes was observed centuries ago, but it was only
later studied scientifically. A significant milestone was the discovery of Rhizobium in
1888 by Martinus Beijerinck, who identified the bacteria in root nodules capable of
fixing atmospheric nitrogen. In the early 1900s, Bacillus thuringiensis (Bt) was

discovered as a bacterial pathogen effective against caterpillars, and its commercial



use as a biopesticide began in the 1960s. In India, the National Project on
Biofertilizers was launched in 1983 to promote biofertilizer production and use. In
recent years, there has been a growing integration of biofertilizers and biopesticides

into organic and sustainable farming policies worldwide.

The scope of bio-inputs today is wide and promising. There is an increasing
demand for organic farming and residue-free produce, and governments are
introducing schemes that encourage the use of bio-inputs, such as the Paramparagat
Krishi Vikas Yojana in India. Research 1is actively progressing toward
next- generation bio-inoculants, including microbial consortia and advanced
formulations. This expanding field also offers considerable potential for
entrepreneurship, with opportunities in biofertilizer and biopesticide production,

marketing, and innovation.
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Module 2: Soil Microbiology Basics (Week 2)

Soil is a dynamic and living ecosystem that serves as the foundation for plant growth
and sustainable agriculture. It is inhabited by an enormous diversity of
microorganisms, including bacteria, fungi, actinomycetes, algae, and protozoa. Each
group plays unique and complementary roles in maintaining soil fertility and health.
Bacteria are the most abundant microorganisms in soil and are involved in processes

such as nutrient transformation, organic matter decomposition, and disease



suppression. Fungi contribute by decomposing complex organic compounds, forming
mycorrhizal associations with roots, and improving soil structure through the
production of hyphal networks. Actinomycetes are filamentous bacteria that break
down resistant organic materials like cellulose and chitin, contributing to the earthy
smell of healthy soils. Algae, though less abundant, help in soil aggregation and fix
atmospheric nitrogen in some cases, while protozoa regulate bacterial populations

through predation, maintaining ecological balance.

A central concept in soil microbiology is the rhizosphere, which is the narrow
zone of soil influenced by root secretions and closely associated microbial
communities. Root exudates, which include sugars, amino acids, and organic acids,
serve as energy sources for microorganisms, stimulating their activity and growth.
This leads to a rich and dynamic microbial community around the root zone. Within
the rhizosphere, plant-microbe interactions are diverse; some microbes produce
phytohormones that enhance root growth, while others protect plants from soil-borne
pathogens by competing for resources or producing antimicrobial compounds. These

interactions collectively contribute to improved nutrient availability and plant health.

Microorganisms are key drivers of nutrient cycles, which are vital for
sustaining plant productivity. In the nitrogen cycle, specialized microbes such as
Rhizobium in root nodules and free-living bacteria like Azotobacter convert
atmospheric nitrogen (N2) into ammonia through biological nitrogen fixation. Other
bacteria then transform ammonia into nitrite and nitrate in a process called
nitrification, making nitrogen available to plants. Excess nitrogen compounds may be
converted back to gaseous forms through denitrification, which returns nitrogen to the
atmosphere. In the phosphorus cycle, many soil bacteria and fungi secrete organic
acids and enzymes that solubilize insoluble phosphate minerals, releasing phosphorus
into forms that plants can absorb. Potassium, another essential macronutrient, is often
bound in mineral structures, but certain microbes can liberate potassium through the

production of organic acids or chelating agents.

The diversity and abundance of these microorganisms serve as important
indicators of soil health. A soil rich in microbial life typically has better structure,
greater nutrient availability, and enhanced resilience against pests and diseases.

Understanding the complex interactions between soil microorganisms, nutrient cycles,



and plant roots is fundamental to developing sustainable agricultural practices.
Encouraging beneficial soil microbiology through practices such as organic
amendments, crop rotations, and reduced chemical inputs can significantly improve

long-term soil fertility and crop productivity.

Module 3: Biofertilizers — Types (Week 3 & 4)

Biofertilizers are natural preparations containing live or latent cells of efficient strains
of microorganisms that, when applied to seeds, soil, or plant surfaces, promote growth
by increasing the supply or availability of essential nutrients. They are a cornerstone
of sustainable agriculture because they reduce dependency on chemical fertilizers,

improve soil health, and enhance crop productivity in an eco-friendly manner.



Among biofertilizers, the most widely used groups include nitrogen-fixing bacteria,
phosphate- solubilizing microbes, potassium-mobilizing organisms, and symbiotic

fungi such as mycorrhizae.

Nitrogen-fixing biofertilizers play a critical role in supplying nitrogen, an essential
macronutrient for plants. One of the most important examples is Rhizobium, which
forms a symbiotic relationship with leguminous plants. These bacteria infect the root
hairs and induce the formation of nodules, where they fix atmospheric nitrogen into
ammonia, a form readily usable by plants. Different legumes require specific
Rhizobium strains, a relationship known as cross-inoculation grouping. Another
widely used nitrogen fixer is Azotobacter, a free- living bacterium found in neutral to
alkaline soils. Unlike Rhizobium, Azotobacter does not require a host plant and can fix
atmospheric nitrogen independently. It is particularly beneficial for non-leguminous
crops like wheat, maize, and vegetables. In addition to fixing nitrogen, Azotobacter
also produces growth-promoting substances such as auxins, gibberellins, and
vitamins, which further stimulate plant development. Azospirillum represents another
important group of nitrogen-fixing bacteria. It is not strictly symbiotic but forms an
associative relationship with the roots of cereals and grasses. Azospirillum colonizes
the rhizosphere, promotes root proliferation, and enhances nutrient uptake,

contributing indirectly to increased crop yields.

Phosphate- solubilizing biofertilizers are another significant group, addressing the
issue of phosphorus fixation in soils. In many soils, a large proportion of phosphorus
is present in insoluble forms and therefore unavailable to plants. Certain bacteria and
fungi secrete organic acids and enzymes that convert insoluble phosphates into
soluble forms. These are collectively known as Phosphate Solubilizing Bacteria (PSB).
The use of PSB has been shown to enhance the efficiency of applied phosphorus

fertilizers and improve root development and overall plant growth.

Potassium- mobilizing microorganisms are gaining attention because potassium is
the third major nutrient required for plant growth after nitrogen and phosphorus.
Although potassium is abundant in many soils, much of it is locked in insoluble
mineral forms. Certain microbes, including species of Aspergillus, Bacillus, and other
specialized bacteria, can release potassium through the production of organic acids

and chelating agents, making it available for plant uptake. The use of potassium



solubilizers reduces the need for chemical potash fertilizers and improves soil nutrient

balance.

Mycorrhizal fungi represent another important category of biofertilizers. Among
them, arbuscular mycorrhizal fungi (AMF) are the most widely used. They establish
symbiotic relationships with plant roots, forming a network of hyphae that greatly
extend the effective root surface area. This allows the plant to access water and
nutrients, particularly phosphorus, from regions of the soil that roots alone cannot
exploit. In return, the fungus receives carbohydrates from the plant. Mycorrhizal
associations improve plant tolerance to drought, enhance resistance to soil-borne
pathogens, and contribute to better soil aggregation through the production of

glomalin, a sticky protein exuded by fungal hyphae.

The use of these biofertilizers offers multiple advantages, including
environmental safety, cost-effectiveness, and the enhancement of soil fertility.
However, they also have certain limitations. Many biofertilizers are sensitive to
temperature and moisture fluctuations and therefore require proper storage conditions
to maintain viability. Their shelf life is usually shorter than that of synthetic fertilizers,
and they must be handled carefully to ensure effective field performance. Despite
these challenges, biofertilizers represent a vital tool in modern sustainable agriculture,
integrating biological processes into nutrient management and reducing reliance on

chemical inputs.

Module 4: Biofertilizer Production Technology (Week 5)

The production of biofertilizers is a carefully designed process that ensures beneficial
microorganisms are cultivated, preserved, and delivered to farmers in a viable and
effective form. Biofertilizer production begins with the selection of efficient microbial
strains. These strains must be highly active in nutrient mobilization, compatible with

the target crop, and capable of surviving environmental stress. Mother cultures of



selected strains are maintained under strict laboratory conditions to prevent
contamination and to retain their desired traits. Strain authentication and periodic
testing are essential steps to ensure that only the best-performing organisms enter

large-scale production.

Once a strain is selected, mass cultivation is carried out in fermenters or
bioreactors. Inoculum from the mother culture is transferred to growth media in
laboratory flasks and then scaled up to large tanks under sterile and aerated conditions.
Growth media are formulated to provide essential nutrients for rapid microbial
multiplication. Conditions such as pH, temperature, aeration, and agitation are closely
monitored to achieve high cell densities. This stage is crucial because the microbial
population must be maximized before formulation to ensure effective field

performance.

After sufficient biomass is obtained, it is blended with carrier materials.
Carriers act as vehicles that support and protect the microbes during storage and
transportation. Common carriers include peat, lignite, charcoal powder, press mud,
and vermiculite, all of which provide a suitable microenvironment and help maintain
moisture. These carriers are carefully processed, often sterilized or autoclaved, to
eliminate unwanted microorganisms and to ensure that the introduced beneficial strain
remains dominant. The biomass is thoroughly mixed with the carrier in predetermined

proportions to achieve a uniform product.

The formulated biofertilizer is then subjected to quality control tests.
National standards, such as those specified in the Fertilizer Control Order (FCO) in
India, prescribe that a biofertilizer must contain a minimum viable cell count—
typically in the range of 107 to 10® colony-forming units per gram of product.
Additionally, the product must be free from pathogens and other contaminants that
could harm crops or soil health. Samples are regularly tested to ensure compliance
with these standards, and only batches meeting quality benchmarks proceed to

packaging.

Packaging and storage are critical to maintaining viability. Biofertilizers are usually
packed in moisture-proof, aerated polythene or laminated pouches that protect them

from excessive humidity, ultraviolet light, and physical damage. Labeling must



include strain details, crop recommendations, manufacturing and expiry dates, and
instructions for use, as per regulatory norms. Shelf life is another important
consideration, as biofertilizers are living products. To extend viability, they are stored
in cool, dry conditions—often under refrigeration or at least in shaded areas with
controlled humidity. Even under ideal conditions, shelf life is generally limited to six
months to one year, emphasizing the need for proper handling throughout the supply

chain.

Application methods also influence production design. Biofertilizers are typically
used as seed treatments, root dips for seedlings, or soil applications. Therefore, the
product must adhere well to seeds, disperse uniformly in soil, and release microbes
effectively in the rhizosphere. Recent advances in biofertilizer technology include
liquid formulations, which offer longer shelf life and easier application compared to
traditional carrier-based products. These innovations, combined with stringent quality
management and adherence to regulatory standards, ensure that biofertilizers remain
reliable inputs for sustainable agriculture, providing farmers with environmentally

friendly and economically viable options for nutrient management.

Module 5: Biopesticides — Introduction (Week 6)

Biopesticides are preparations derived from natural materials or living organisms that
are used to manage agricultural pests in an environmentally sustainable manner.
Unlike synthetic chemical pesticides, which often have broad-spectrum toxicity and

persistent residues, biopesticides are generally specific in their action, biodegradable,



and safer for humans, animals, and beneficial organisms. They have become an
integral part of modern integrated pest management (IPM) programs, especially with
the global shift toward organic and sustainable farming systems. The use of
biopesticides helps to reduce dependence on synthetic chemicals, minimize
environmental pollution, and lower the risks associated with pesticide residues in food

and water.

The concept of biopesticides encompasses a wide range of agents that control
pests through biological means. These include bacteria, fungi, viruses, and plant-
derived substances, all of which have evolved natural mechanisms to suppress pest
populations. Biopesticides do not completely replace chemical pesticides in most
systems but complement them by providing safer alternatives that maintain ecological
balance. Their use contributes to sustainable pest management by reducing pesticide
resistance, enhancing biodiversity in agricultural landscapes, and protecting

pollinators and other beneficial insects.

Bacterial biopesticides form an important category. The most widely known
example is Bacillus thuringiensis (Bt), a soil-dwelling bacterium that produces crystal
proteins toxic to specific insect larvae, especially those of Lepidoptera (caterpillars).
When ingested, these proteins disrupt the gut lining of the larvae, causing paralysis
and death. Bt formulations are available as wettable powders or granules that can be
sprayed onto crops, providing targeted control with minimal impact on non-target
species. Bt-based products are used worldwide on crops such as cotton, vegetables,

and maize.

Fungal biopesticides include species like Trichoderma, Beauveria bassiana, and
Metarhizium anisopliae. These fungi act as natural enemies of plant pathogens and
insect pests. Trichoderma species, for instance, suppress soil-borne pathogens through
mechanisms such as mycoparasitism, competition for nutrients, and the production of
antimicrobial compounds. Beauveria and Metarhizium infect insects by penetrating
their cuticle and proliferating internally, leading to pest mortality. These fungi are
mass-produced and formulated as powders, granules, or suspensions that farmers can

apply to seeds, soil, or foliage.



Viral biopesticides are another category, mainly involving nuclear polyhedrosis
viruses (NPVs) and granulosis viruses that infect specific insect pests. For example,
Helicoverpa armigera NPV is used to control pod borers in cotton and chickpea.
These viruses are highly specific, infecting only their target pests and leaving other
organisms unharmed. They spread within pest populations, providing a natural

epizootic effect that can dramatically reduce pest numbers.

Botanical biopesticides are derived from plants and include products such as neem
oil, pyrethrum, and rotenone. Neem-based products, rich in azadirachtin, act as insect
growth regulators, antifeedants, and repellents. They disrupt molting and reproduction
in insects, making them less damaging to crops. Pyrethrum, extracted from
chrysanthemum flowers, targets a broad range of soft-bodied insects but decomposes

rapidly in the environment, reducing residual effects.

The advantages of biopesticides are significant. They are target-specific,
meaning they control pests without harming beneficial insects like bees and natural
predators. They are biodegradable, breaking down quickly without leaving harmful
residues, and they reduce the likelihood of pests developing resistance because they
often involve complex modes of action. Furthermore, biopesticides are generally safe
for farmers, consumers, and the environment, aligning well with organic certification

standards and export requirements.

Globally, there has been a steady increase in the development and adoption of
biopesticides. Farmers are increasingly interested in these products due to rising
awareness of the drawbacks of chemical pesticides and the demand for residue-free
produce in local and international markets. Governments and research institutions are
supporting biopesticide development through subsidies, training programs, and
regulatory policies that encourage commercialization. With proper formulation,
quality control, and farmer education, biopesticides are poised to play a central role in

future pest management strategies.

Module 6: Microbial Biopesticides (Week 7 & 8)

Microbial biopesticides are biological control agents that use living microorganisms

to manage insect pests, weeds, or plant pathogens. They have become a cornerstone of



sustainable pest management because they are highly specific to target organisms,
leave no harmful residues, and maintain ecological balance. Among the bacterial
biopesticides, Bacillus thuringiensis (Bt) is the most widely used. Bt produces
parasporal crystals containing insecticidal proteins. When insect larvae, particularly
lepidopteran caterpillars, ingest Bt spores, the toxins get activated in the alkaline
midgut, damaging the gut lining and causing paralysis and death. Bt formulations are
applied as foliar sprays and have been extensively used in crops like cotton, cabbage,

and maize, demonstrating high efficiency with minimal impact on non-target species.

Fungal biopesticides are another important group. Trichoderma species are
well-known biocontrol agents against soil-borne fungal pathogens such as
Rhizoctonia, Pythium, and Sclerotium. They suppress pathogens through mechanisms
like mycoparasitism, production of cell wall-degrading enzymes, and secretion of
antifungal metabolites. Additionally, Trichoderma enhances plant growth by
promoting root development and triggering systemic resistance. Beauveria bassiana
and Metarhizium anisopliae are entomopathogenic fungi that infect insect pests such
as whiteflies, beetles, and termites. Their spores attach to the insect cuticle, germinate,
and penetrate inside using mechanical pressure and enzymes. The fungi multiply
within the insect body, release toxins, and ultimately kill the host, after which spores

spread to other insects.

Viral biopesticides, especially nuclear polyhedrosis viruses (NPVs), are highly
host-specific and effective against caterpillar pests like Helicoverpa armigera. The
infected larvae exhibit lethargy and disintegration, releasing viral particles that infect
other larvae, leading to a natural epidemic in pest populations. These microbial agents
can be applied as sprays or drenches and are often integrated with other methods in
integrated pest management (IPM). Proper formulation and application are crucial, as
these agents are sensitive to UV light, extreme temperatures, and chemical pesticides.
Applications are best made during cooler parts of the day and under high humidity for

fungal agents.

The advantages of microbial biopesticides include safety for beneficial insects
and pollinators, reduced pesticide resistance, and compatibility with organic
certification. However, they also have limitations such as shorter shelf life, need for

specific storage conditions, and slower action compared to synthetic pesticides.



Despite these challen ges, microbial biopesticides represent an evolving and
promising sector in plant protection, with ongoing research focusing on improved

formulations, consortia of microbes, and integration into sustainable farming systems.

Module 7: Botanical Pesticides (Week 9)



Botanical pesticides are plant-derived substances that provide an eco-friendly
alternative to synthetic chemical pesticides. These products rely on bioactive
compounds naturally present in certain plants that have insecticidal, fungicidal, or
repellent properties. Among them, neem-based pesticides are the most prominent and
widely used. Neem (Azadirachta indica) contains azadirachtin and other limonoids
that act as insect growth regulators, antifeedants, and oviposition deterrents. When
applied as sprays or soil amendments, neem products disrupt insect molting, reduce
feeding, and interfere with reproduction, ultimately lowering pest populations without
harming beneficial organisms. Neem oil emulsions, neem seed kernel extracts, and
neem cakes are commonly used formulations that fit well within organic farming

systems.

Other botanical pesticides include pyrethrum, extracted from chrysanthemum
flowers. Pyrethrins in pyrethrum act on insect nervous systems, causing rapid
knockdown and death, yet they degrade quickly in sunlight, making them safe for
crops and the environment. Rotenone, derived from the roots of certain legumes, and
essential oils such as garlic, citronella, and eucalyptus are also used as botanical
pesticides, each with unique modes of action ranging from repellency to direct
toxicity. These plant-derived substances are valued for their biodegradability, reduced

persistence, and lower risk of pest resistance.

Formulation and application of botanical pesticides require care to retain their
bioactivity. Emulsifiable concentrates, wettable powders, and oil-based sprays are
popular forms. Since botanical pesticides often have multiple active compounds, they
are less prone to resistance development. They are generally safe for humans and
wildlife when used according to guidelines, but high doses can sometimes affect non-

target organisms or cause phytotoxicity.

Regulatory frameworks govern the production and sale of botanical pesticides.
In India, for instance, neem-based products are exempt from registration under certain
categories, but quality standards still apply to ensure consistent efficacy and safety.
Awareness and training are crucial for farmers to understand appropriate dosages,
timing, and compatibility with other inputs. Group activities, such as designing a
product label with instructions and safety symbols, can help students appreciate the

practical aspects of botanical pesticide use. With increasing consumer demand for



residue-free produce and supportive policies, botanical pesticides are gaining

prominence as an integral component of organic and sustainable farming.

Module 8: Bioformulation and Commercialization (Week 10)



Bioformulation is the process of preparing microbial or botanical bio-inputs in a
stable, effective form suitable for storage, transport, and field application. A good
bioformulation protects the active ingredient, maintains its viability or bioactivity, and
ensures easy and uniform application. Formulation involves combining microbial
cultures or plant extracts with carriers, additives, and stabilizers. For microbial
biofertilizers and biopesticides, carriers such as peat, lignite, talc, or vermiculite are
commonly used. These carriers support microbial survival by providing a favorable
microenvironment and protecting them from desiccation and UV light. Liquid
formulations are also gaining popularity because they offer higher cell counts, longer

shelf life, and easier application compared to traditional solid carriers.

Packaging is another critical aspect. Bioformulations are packed in moisture-
proof, UV-resistant materials like laminated pouches or high-density polyethylene
bottles. Proper labeling is essential and must include details like strain information,
viable count, crop recommendations, date of manufacture and expiry, application
methods, and regulatory approvals. Shelf life enhancement strategies include adding
desiccants, buffering agents, or using encapsulation techniques. Maintaining cold

storage during transport and distribution further prolongs viability.

Commercialization of bio-inputs requires compliance with national standards
and policies. In India, biofertilizers and biopesticides must meet specifications under
the Fertilizer Control Order (FCO) and Insecticides Act, respectively. These
regulations ensure product quality, safety, and efficacy. Entrepreneurs entering this
field need to invest in quality control laboratories, obtain licenses, and follow standard

operating procedures to meet market expectations.

Market trends show a growing demand for bio-inputs due to the global shift
toward sustainable agriculture and residue-free food. The organic farming movement
and government programs like Paramparagat Krishi Vikas Yojana are encouraging
bio-input adoption through subsidies and training. Companies are now investing in
advanced technologies such as microbial consortia, liquid formulations, and nano-
carriers to improve performance and competitiveness. Commercial success also
depends on farmer education, effective distribution networks, and after-sales support.

By combining scientific formulation practices with sound business strategies, bio-



inputs can move from research labs to large-scale adoption, contributing significantly

to eco-friendly agriculture.



Module 9: Integration in Farming Systems (Week 11)

The integration of biofertilizers and biopesticides into farming systems is central to
sustainable crop management. Instead of relying solely on chemical inputs, integrated
approaches combine biological inputs with cultural, mechanical, and minimal
chemical measures to optimize productivity while conserving resources. Integrated
Nutrient Management (INM) is one such approach, where biofertilizers like
Azospirillum, Azotobacter, and phosphate-solubilizing bacteria are used alongside
compost, green manures, and judicious doses of synthetic fertilizers. This
combination replenishes soil nutrients, improves organic matter, and enhances

microbial activity, resulting in better crop yields and long-term soil health.

Integrated Pest Management (IPM) uses biopesticides such as Trichoderma,
Bt, and neem-based formulations together with non-chemical tactics like crop rotation,
resistant varieties, pheromone traps, and mechanical removal of pests. This reduces
the pest population below economic thresholds without creating resistance or harming
beneficial organisms. Case studies from across the world show successful integration
of bio-inputs in diverse farming systems. For instance, Sikkim, India’s first fully
organic state, has demonstrated the viability of using biofertilizers and biopesticides
on a large scale. Rice farmers in Tamil Nadu have benefited from seed treatments
with Azospirillum and soil application of Trichoderma, reducing fertilizer costs and

disease incidence.

Integration also involves understanding local conditions, cropping patterns,
and farmer preferences. Extension services and farmer field schools play a critical
role in educating farmers about application methods, timing, and compatibility.
Combining biofertilizers and biopesticides creates synergistic effects; healthier plants
grown with biofertilizers are often more resilient to pests, while reduced pest pressure
maintains soil microbial balance. Over time, integrated systems reduce input costs,
maintain yields, and improve environmental quality. This holistic approach is
increasingly supported by government schemes, research organizations, and markets
demanding sustainable produce, making integration in farming systems an essential

step for the future of agriculture.



Module 10: Field Practices and Practical Guidelines (Week 12)

Effective field practices are vital to realizing the full potential of biofertilizers and
biopesticides. Since these products are living or naturally derived materials, their
application must be handled with care to ensure efficacy and longevity. Seed
treatment is one common method, where biofertilizer inoculants are coated on seeds
before sowing. This practice ensures early root colonization and nutrient availability.
Specific doses are recommended, such as 200 g of a Rhizobium inoculant for 10 kg of
legume seed, mixed with a sticking agent like jaggery solution. The treated seeds

must be dried in shade and sown on the same day to protect microbial viability.

Soil application involves mixing biofertilizer cultures with farmyard manure (FYM)
or compost and broadcasting it in the field. For example, phosphate-solubilizing
bacteria can be mixed with 20-25 kg of compost per hectare and applied near the root
zone. Root dipping is suitable for transplanted crops; seedlings are dipped in a slurry
of biofertilizer before planting to ensure root colonization. For biopesticides, foliar
sprays are common, with concentrations and timings tailored to the target pest and
crop growth stage. Applications are usually done during cooler parts of the day and

under adequate humidity for fungal agents.

Safety is paramount when handling bio-inputs. Although they are generally
safe, users should wear gloves and masks during mixing and application to avoid
inhalation or contamination. Bio-inputs should not be mixed with strong chemical
fertilizers or pesticides in the same tank, as these can harm the microbes. Storage
should be in cool, shaded areas away from direct sunlight or moisture to maintain

viability until use.

Farmer education is a key component of effective field practices.
Demonstrations, training programs, and extension services help farmers understand
the science behind biofertilizers and biopesticides, leading to better adoption. Visual
aids, posters, and local-language manuals are useful tools for spreading awareness.
Over time, proper field practices lead to improved soil health, reduced input costs, and
enhanced productivity, proving that biofertilizers and biopesticides are not only eco-

friendly but also practical and profitable for modern agriculture.



Assessment

Module 1: Introduction

Topics: Sustainable agriculture, chemical inputs vs. bio- inputs, history and scope of
biofertilizers and biopesticides.

1. Sustainable agriculture focuses on:

a) Short- term profit only

b) Balancing productivity, environment, and social equity &/
¢) Maximum use of chemicals

d) None of the above

2.0veruse of chemical fertilizers leads to:
a) Improved biodiversity

b) Soil degradation 7

¢) Increased organic matter

d) Longer shelf life of crops

3.Who discovered Rhizobium in root nodules?
a) Louis Pasteur

b) Martinus Beijerinck &/

c¢) Gregor Mendel

d) Watson and Crick



Module 2: Soil Microbiology Basics
Topics: Soil microbial communities, rhizosphere, nutrient cycles (N, P, K).

1. The rhizosphere is:

a) Entire soil profile

b) Soil region influenced by root exudates 7
¢) Sterile soil zone

d) Area above the soil

2. In the nitrogen cycle, nitrification converts:
a) Ammonia to nitrite and nitrate &/

b) Nitrate to nitrogen gas

c¢) Organic matter to ammonia

d) None of the above

3.Which microbes solubilize phosphorus?

a) Azospirillum

b) PSB (Phosphate- solubilizing bacteria) &/
¢) Rhizobium

d) NPV



Module 3: Biofertilizers — Types

Topics: N- fixers (Rhizobium, Azospirillum, Azotobacter), PSB, K- solubilizers,
Mycorrhizae.

Which biofertilizer forms nodules on legume roots?
a) Azospirillum

b) Rhizobium </

c¢) Beauveria

d) Trichoderma

Mycorrhizae enhance:

a) Water and nutrient uptake </
b) Viral infection

c) Pesticide resistance

d) Soil salinity

Potassium solubilizers act by:

a) Producing enzymes that fix nitrogen
b) Releasing K from minerals &/

c) Attacking pests

d) None of the above



Module 4: Biofertilizer Production Technology
Topics: Mass cultivation, carriers, formulation, quality control, storage, application.
MCQs

An ideal carrier should:

a) Be toxic to microbes

b) Support microbial survival &/
c¢) Degrade quickly under sunlight
d) Be acidic only

Minimum viable cell count as per FCO norms:
a) 10% cells/g

b) 107-102 cells/g &7

c) 10° cells/g

d) None of the above

Shelf life of most biofertilizers is:
a) 5 years

b) 6 months to 1 year &/

c) 2 weeks

d) Unlimited

Module 5: Biopesticides — Introduction
Topics: Concepts, advantages, classification (bacterial, fungal, viral, botanical).
MCQs

Which bacterium is used as a biopesticide?
a) Bacillus thuringiensis </

b) Azospirillum

¢) Rhizobium

d) Aspergillus

Biopesticides are:

a) Always broad- spectrum

b) Target-specific and biodegradable </
c) Persistent in the environment

d) Harmful to beneficial insects

Neem acts as:
a) Growth promoter
b) Insect growth regulator 7



c¢) Fungicide only
d) Virus carrier

Module 6: Microbial Biopesticides
MCQs

Mode of action of Bt toxin is:

a) Disrupting gut lining of larvae </
b) Fixing nitrogen

c¢) Repelling pests physically

d) Blocking photosynthesis

Which fungal biopesticide is effective against termites?
a) Metarhizium anisopliae &/

b) Rhizobium

c) PSB

d) Azotobacter

NPV is specific to:

a) All insects

b) Certain caterpillar pests </
¢) Soil bacteria

d) Nematodes

</ Module 7: Botanical Pesticides
MCQs

The active compound in neem is:
a) Azadirachtin </

b) Rotenone

c) Pyrethrin

d) Nicotine

Pyrethrum acts on:

a) Insect nervous system &/
b) Soil fungi

c¢) Nitrogen fixation

d) None of the above

Botanical pesticides are valued because:

a) They are synthetic

b) They degrade quickly and are eco-friendly &/
c¢) They persist for decades

d) They are always cheaper than chemicals

7 Module 8: Bioformulation and Commercialization

MCQs



Carriers in bioformulation are used to:
a) Increase toxicity

b) Support microbial survival &/

¢) Kill contaminants

d) Fix nitrogen

A good bioformulation should:

a) Be unstable

b) Have high viability and easy application &/
c¢) Avoid labeling

d) Be unregulated

Packaging for bio-inputs should:

a) Allow UV exposure

b) Be moisture-proof and UV-resistant &/
c¢) Contain no details

d) Be open to air

</ Module 9: Integration in Farming Systems
MCQs

INM combines:

a) Only synthetic fertilizers

b) Biofertilizers, organics, and minimal chemicals </
c) Viruses only

d) None of these

IPM aims to:

a) Eradicate all insects

b) Manage pests below economic threshold &/
¢) Increase pesticide use

d) Ignore cultural methods

Sikkim is known as:

a) A Bt cotton hub

b) India’s first organic state &/
c¢) A chemical pesticide center
d) None of the above

7 Module 10: Field Practices and Practical Guidelines
MCQs

Seeds treated with biofertilizers should be:
a) Sun-dried before sowing

b) Shade-dried and sown the same day </
c) Mixed with pesticides immediately

d) Stored for months



Bio-inputs should be stored:
a) In direct sunlight

b) In cool, dry conditions &/
c¢) Near chemicals

d) Without labels

PPE during application is important because:
a) It reduces microbial viability

b) It protects handlers &/

¢) It contaminates fields

d) It increases cost only



